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POSTER SESSION A

Combination therapies with immune 
checkpoint blockers

A001 / Clinical activity of BEMPEG plus NIVO observed in 
metastatic TNBC : preliminary results from the TNBC co-
hort of the Ph1/2 PIVOT-02 study

Sara Tolaney (Dana-Farber Cancer Institute), Capucine Baldini 
(Institut Gustave Roussy), Alexander Spira (Virginia Cancer Spe-
cialists), Daniel Cho (New York University Langone Medical Cen-
ter - NYU Cancer Institute), Giovanni Grignani (Fondazione del 
Piemonte per l Oncologia IRCCS Candiolo), Dariusz Sawka (POO 
Szpital Specjalistyczny w Brzozowie), Fabricio Racca (Instituto 
Oncologico Baselga at Hospital Quiron Salud Barcelona), Philippe 
Bedard (Princess Margaret Cancer Centre), Annemie Rutten (GZA 
Ziekenhuizen Campus Sint-Augustinus), EJ Liao (Nektar Thera-
peutics), Sunny Xie (Nektar Therapeutics), Sue Currie (Nektar 
Therapeutics), Lin Wei (Nektar Therapeutics), Mary Tagliaferri 
(Nektar Therapeutics), Stina Singel (Nektar Therapeutics), Debu 
Tripathy (MD Anderson Cancer Center).

Background : Recent advances in the treatment of metastatic tri-
ple-negative breast cancer (mTNBC) include the use of check-
point inhibitor (CPI) therapy. CPIs, in combination with chemo-
therapy, has been shown to prolong survival in mTNBC pts with 
PD-L1 positive baseline status. However, CPI monotherapy is less 
active, with objective response rates (ORR) ranging from 5% (Ad-
ams, Dirix) to 10% (Emens). ORR with CPI monotherapy also ap-
pears to be lower in PD-L1 negative baseline pts, ranging from 
0% (Emens) to 5% (Adams), as well as in ≥2L pts, with reported 
ORR of 6% (Emens). Another reported negative predictive factor 
for CPI benefit in these pts includes prior taxane (Schmid). Thus, 
more effective CPI treatment combinations are needed, partic-
ularly in pts with PD-L1 negative tumors. The safety and clinical 
activity of bempegaldesleukin (BEMPEG or NKTR-214), a CD-122 
preferential IL-2 pathway agonist, plus the anti-PD1 CPI, nivolum-
ab (NIVO) was evaluated in PIVOT-02, a multicenter Phase 1/2 
study in multiple solid tumor settings and includes a cohort of pts 
with mTNBC. PIVOT-02 recently reported promising preliminary 
clinical activity and safety data for pts with metastatic melano-
ma and urothelial cancers. This is the first report of BEMPEG plus 
NIVO in mTNBC. 

Methods : 43 pts with mTNBC received BEMPEG (0.006 mg/kg) 
+ NIVO (360 mg) q3w. Pts were categorized by line of therapy 
(1L, 1L but early relapse [defined as metastatic relapse within 12 
months of last chemotherapy in EBC setting], 2L, ≥3L). In addi-
tion to PD-L1 status, other predictive or prognostic clinical factors 
were assessed, including the following five : age, disease-free in-
terval, LDH, number and type of metastatic sites, and prior tax-
ane. Response was assessed every 3 cycles by RECIST v1.1. Per 
protocol, ORR was evaluated in the 38 pt efficacy-evaluable pop-
ulation, defined as pts with at least 1 post-baseline tumor assess-
ment (5 were not evaluable : 3 clinical progressions, 2 deaths due 
to progressive disease after 1 cycle). Baseline immunohistochem-
istry (IHC) analysis for PD-L1 was performed using 28-8 pharmDx 
(Dako) and defined as PD-L1 negative (<1% tumor cell expression) 
and PD-L1 positive (≥1% tumor cell expression). Safety and toler-
ability were assessed by adverse event (AE) analysis reported by 
CTCAE v4.03. 

Results : 42 of the 43 patients reported at least 1 of the 5 poor 
prognostic or negative predictive clinical factors for CPI ben-
efit, with a median of 2. Baseline factors that indicated a poor 
prognosis population include : young age (21% ≤ 40 years old), 
51% PD-L1-negative, 65% who had received 2 lines or more treat-
ment in the metastatic setting, and 40% had elevated LDH. Lung 
and liver were the most common sites of metastasis occurring in 
46.5% and 23.3% respectively, and 44% of all pts had ≥3 meta-
static organ sites. ORR in the 38 efficacy-evaluable pts was 13% 
(5/38), regardless of PD-L1 status, with a disease control rate (de-

fined as complete response or partial response or stable disease 
for at least 8 weeks) of 45% (17/38). ORR was 11% (2/19) in PD-L1 
negative and 17% (2/12) in PD-L1 positive pts. Pts with 2 lines or 
more of prior therapy had an ORR of 20% (5/25), regardless of 
PD-L1 status. Treatment-related Grade 3/4 AEs occurred in 23% 
of pts, with dehydration, hypotension, and myalgia as the most 
frequently reported (4.7% each), consistent with previous reports. 

Conclusion : Clinical activity was observed in mTNBC pts treated 
with BEMPEG plus NIVO, notably in pts with poor prognostic fea-
tures or negative predictive clinical factors for CPI benefit, includ-
ing negative PD-L1 status. Additional efficacy analyses, including 
ORR, duration of response, and biomarker analyses, will be pre-
sented. These data support future development of this doublet in 
mTNBC pts who are PD-L1 negative at baseline, in combination 
with chemotherapy. This study (NCT02983045) and registration-
al studies in other solid tumor settings are ongoing.

Keywords : BEMPEG, NKTR-214, Triple-negative breast cancer, 
Nivolumab.

Immunotherapies, cell based

A002 / Skewed T cell distribution in pancreatic cancer 
patients

Cecile Alanio (Institute for Immunology, Department of Systems 
Pharmacology and Translational Therapeutics, University of Penn-
sylvania, Perelman School of Medicine, Philadelphia, USA), Katelyn 
T Byrne (Abramson Cancer Center and Department of Medicine, 
University of Pennsylvania, Philadelphia, USA), Mohamed Ab-
del-Hakeem (Institute for Immunology, Department of Systems 
Pharmacology and Translational Therapeutics, University of Penn-
sylvania, Perelman School of Medicine, Philadelphia, USA), Takuya 
Ohtani (Institute for Immunology, Department of Systems Phar-
macology and Translational Therapeutics, University of Pennsyl-
vania, Perelman School of Medicine, Philadelphia, USA), Meredith 
Stone (Abramson Cancer Center and Department of Medicine, 
University of Pennsylvania, Philadelphia, USA ; Division of Hema-
tology-Oncology, Department of Medicine, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania), 
Jean-Christophe Beltra (Institute for Immunology, Department of 
Systems Pharmacology and Translational Therapeutics, Univer-
sity of Pennsylvania, Perelman School of Medicine, Philadelphia, 
USA), Josephine Giles (Institute for Immunology, Department of 
Systems Pharmacology and Translational Therapeutics, Univer-
sity of Pennsylvania, Perelman School of Medicine, Philadelphia, 
USA), Austin Huffman (Abramson Cancer Center and Depart-
ment of Medicine, University of Pennsylvania, Philadelphia, USA), 
Bertram Bengsch (Department of Medicine II, Gastroenterology, 
Hepatology, Endocrinology, and Infectious Diseases, University 
Medical Center Freiburg and Signalling Research Centres BIOSS 
and CIBSS, University of Freiburg, Germany), Sarah Henrickson 
(Institute for Immunology, Department of Systems Pharmacol-
ogy and Translational Therapeutics, University of Pennsylvania, 
Perelman School of Medicine, Philadelphia, USA), Nan-Ping Weng 
(Lymphocyte Differentiation Section, Laboratory of Molecular 
Biology and Immunology, NIA, National Institutes of Health, Bal-
timore, Maryland 21224), Janáe A Ritz-Romeo (Division of Hema-
tology-Oncology, Department of Medicine, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania), 
Mark O’Hara (Division of Hematology-Oncology, Department of 
Medicine, Perelman School of Medicine, University of Pennsyl-
vania, Philadelphia, Pennsylvania), J Joseph Melenhorst (Center 
of Cellular Immunotherapies, Abramson Cancer Center and the 
Department of Pathology and Laboratory Medicine, Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, PA 
19104, USA), Simon Lacey (Center of Cellular Immunotherapies, 
Abramson Cancer Center and the Department of Pathology and 
Laboratory Medicine, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA 19104, USA), Regina M Young (Cen-
ter of Cellular Immunotherapies, Abramson Cancer Center and 
the Department of Pathology and Laboratory Medicine, Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, PA 
19104, USA), Gregory L Beatty (Abramson Cancer Center and 
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Department of Medicine, University of Pennsylvania, Philadelphia, 
USA ; Division of Hematology-Oncology, Department of Medicine, 
Perelman School of Medicine, University of Pennsylvania, Phila-
delphia, Pennsylvania), Robert H Vonderheide (Abramson Cancer 
Center and Department of Medicine, University of Pennsylvania, 
Philadelphia, USA), Carl H June (Center of Cellular Immunothera-
pies, Abramson Cancer Center and the Department of Pathology 
and Laboratory Medicine, Perelman School of Medicine, Universi-
ty of Pennsylvania, Philadelphia, PA 19104, USA), E John Wherry 
(Institute for Immunology, Department of Systems Pharmacology 
and Translational Therapeutics, University of Pennsylvania, Perel-
man School of Medicine, Philadelphia, USA).

To understand potential immune system alterations in newly diag-
nosed, untreated, pancreatic cancer patients and provide a foun-
dation for immunotherapy, we profiled PBMC from pancreatic 
ductal adenocarcinoma (PDA) patients and age matched healthy 
controls using high dimensional CyTOF analysis. We developed 
two immune profiling panels : a broad profiling panel that includes 
45 phenotypic markers that together permit the identification 
and enumeration of the main innate and adaptive immune cell 
subsets in humans, and a deep profiling panel that includes 45 
features focusing on T cell phenotype and biology. We report a 
2-fold increase in monocytes, and more plasmocytes in circula-
tion in pancreatic cancer patients compared to age-matched con-
trols. Using high dimensional approaches, we observe skewed T 
cell differentiation in pancreatic cancer patients, with CD8 T cells 
biased towards more CD45RA-positive CD27-positive CCR7-pos-
itive CD95-positive CD49d-positive stem cell memory cells 
(P=3x10-4), more CD45RA-negative CD27-positive CCR7-neg-
ative effector memory cells (P=0.002) and less CD45RA-pos-
itive CD27-negative CCR7-negative late effector memory cells 
(P=0.01) than age-matched controls. We further examined al-
terations of T cell differentiation in CD8 T cell compartment in 
human spleens, and report increased proportions of late effec-
tor memory T cells in pancreatic cancer patients as compared 
to age-matched controls. Comparable observations of increased 
numbers of intra-splenic effector T cells were made in genetically 
engineered (KPC mice : LSL-KrasG12D/+; LSL-Trp53R172H/+; Pdx-
1-Cre), as well as orthotopic mouse models of pancreatic cancer. 
In the former, accumulation of effector T cells into the spleen was 
also observed for adoptively transferred listeria-experienced T 
cells. Together, these results demonstrate a trafficking defect of 
effector T cells in the context of pancreatic cancer at baseline. We 
are now investigating the mechanisms underlying these observa-
tions, as well as their impact on T cell immunity of the patients. 
Our goal is to understand the nature of the skewing and how any 
changes in baseline immune health of the T cell compartment re-
lated to disease progression and/or response to therapy. These 
studies should provide a foundation for improving therapy in pan-
creatic cancer patients. Additionally, they should provide new in-
sights into the heterogeneity of T cell differentiation.

Keywords : Pancreatic cancer, T cell differentiation, Baseline im-
munity, Trafficking.

References : 
Morrison, Trends in Cancer 2018

A003 / Engineering therapeutic T cell circuits that 
harness combinatorial antigen recognition to overcome 
tumor heterogeneity in glioblastoma

Joseph Choe (University of California, San Francisco), Payal 
Watchmaker (University of California, San Francisco), Diego Car-
rera (University of California, San Francisco), Wei Yu (University of 
California, San Francisco), Kira Downey (University of California, 
San Francisco), Nira Krasnow (University of California, San Fran-
cisco), Ryan Gilbert (University of California, San Francisco), Kole 
Roybal (University of California, San Francisco), Hideho Okada 
(University of California, San Francisco), Wendell Lim (University 
of California, San Francisco).

Treatment of solid cancers with chimeric antigen receptor (CAR) 
T cell is challenging because of a lack of target antigens that are 
both tumor-specific and homogeneously expressed in the can-
cer cells. In glioblastoma (GBM), the epidermal growth factor re-
ceptor variant III (EGFRvIII) antigen is highly tumor-specific but 
is a non-ideal target because it is heterogeneously expressed. In 
contrast, several more homogenously expressed antigens, while 

associated with GBM, are non-ideal targets because they are also 
expressed in other normal organs. We show that “prime-and-kill” 
dual antigen recognition circuits can overcome this challenge in 
vitro and in vivo. Where a synthetic Notch (synNotch) receptor 
that recognizes a specific but heterogeneous antigen (EGFRvIII) is 
engineered to locally induce expression of a CAR that kills neigh-
boring cells expressing tumor-associated antigens. This type of 
circuit spatially integrates recognition of multiple antigen targets 
across the tumor, yielding T cells with improved effectiveness in 
treating heterogeneous GBM.

Keywords : Tcell, Glioblastoma, Heterogeneity, Chimeric Antigen 
Receptor.

References : 
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Aldape, K. (2005). Prognostic effect of epidermal growth factor receptor and EGFRvIII 
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Large B-Cell Lymphoma. N. Engl. J. Med. 377, 2531–2544. O’Rourke, D.M., Nasrallah, M.P., 
Desai, A., Melenhorst, J.J., Mansfield, K., Morrissette, J.J.D., Martinez-Lage, M., Brem, S., 
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recurrent glioblastoma. Sci Transl Med 9. Roybal, K.T., Rupp, L.J., Morsut, L., Walker, W.J., 
McNally, K.A., Park, J.S., and Lim, W.A. (2016a). Precision Tumor Recognition by T Cells 
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June, C.H. (2018). Expanding the Therapeutic Window for CAR T Cell Therapy in Solid 
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localization and density of the tumor-associated variant of the epidermal growth factor 
receptor, EGFRvIII. Cancer Res 57, 4130-4140.

A004 / Development and implementation of the first-in-
human clinical trial of CAR-NKT Cells

Andras Heczey (Baylor College of Medicine), Amy Courtney (Bay-
lor College of Medicine), Simon Robinson (Baylor College of Med-
icine), Xin Xu (Baylor College of Medicine), Wei Huang (Baylor 
College of Medicine), Daofeng Liu (Baylor College of Medicine), 
Brandon Ngai (Baylor College of Medicine), Linjie Guo (Baylor 
College of Medicine), Michael Wood (Baylor College of Medicine), 
Jingling Jin (Baylor College of Medicine), Bin Liu (Baylor College 
of Medicine), John Hicks (Baylor College of Medicine), Gabriel 
Barragan (Baylor College of Medicine), Gianpietro Dotti (Univer-
sity of North Carolina), Leonid Metelitsa (Baylor College of Med-
icine).

Introduction : Due to their natural anti-tumor properties and ability 
to localize to the neuroblastoma (NB) tumor site, Vα24-invariant 
natural killer T cells (iNKTs) are promising candidate immune ef-
fectors for chimeric antigen receptor (CAR)-based immunother-
apies targeting NB and other solid tumors. In pre-clinical stud-
ies iNKTs expressing a CAR construct containing an optimized 
GD2-specific single-chain variable fragment with the CD28 co-
stimulatory endodomain and IL-15 (CAR.GD2.IL-15) demonstrated 
superior in vivo persistence and anti-tumor activity in a xenogenic 
NB model. These results provided rational for clinical testing of 
iNKTs expressing CAR.GD2.IL-15 in NB patients. 

Experimental procedures : Following validation of current good 
manufacturing practice (cGMP) protocols for the generation and 
clinical scale expansion of CAR-iNKTs, we initiated a phase 1 clin-
ical trial to assess safety, persistence and efficacy of autologous 
CAR-iNKTs in relapsed/refractory NB (NCT03294954) using 3+3 
dose-escalation design. To date, four cell therapy products have 
been manufactured and two patients received the infusion of 
3x106 CAR+iNKTs/m2 following lymphodepletion. One of these 
patients received a second infusion at the same dose level. 

Summary of the data : Patient derived iNKTs were successfully ex-
panded to produce ≥109 CAR-iNKTs within 9-17 days, resulting 
in 95.43% iNKT purity (median, range : 81.2 – 97.17%) and 44.52% 
CAR expression (median, range 20.18-81.2%). Lymphodeple-
tion-induced hematologic toxicities were detected but patients 
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did not experience CAR-iNKT-related toxicity. Both patients treat-
ed showed evidence of CAR-iNKT expansion in perpherial blood 
peaking at week 3 post-infusion. Flow cytometry analysis of cells 
from a tumor biopsy showed evidence of CAR-iNKT trafficking to 
a metastatic lesion and to bone marrow. One patient had stable 
disease four weeks post-injection. Another patient with two es-
tablished metastatic bone lesions prior to therapy experienced 
complete regression of a right femur lesion and a nearly com-
plete regression of a large sternum lesion as determined by MIBG-
SPECT imaging at 4 and 8 weeks post-infusion. 

Conclusion : Initial clinical results indicate that adoptively trans-
ferred autologous CAR.GD2.IL-15 iNKTs are safe, can expand in 
vivo, localize to the tumor site and induce regression of metastat-
ic lesions in heavily pretreated, relapsed/refractory neuroblasto-
ma patients.

Keywords : Natural Killer T cells, Neuroblastoma, CAR, IL-15.

A005 / Engineering T cell circuits that can sense antigen 
density with ultrasensitive threshold

Rogelio A Hernandez-Lopez (University of California San Fran-
cisco), Wei Yu (University of California San Francisco), Maria del 
Pilar Lopez (University of California San Francisco), Wendell Lim 
(University of California San Francisco).

T cells can be engineered to kill tumor cells via synthetic T cell 
receptors known as chimeric antigen receptors (CARs), this ap-
proach is becoming a highly promising therapeutic strategy for 
cancer treatment. However, current CAR T cells fail to discriminate 
between cells expressing high and low levels of common antigens 
which limits its use against solid tumors. Potential target antigens, 
such as Her2, are over expressed in tumors but often also found 
on normal cells at lower expression levels, and CAR T cells get 
activated even by low amounts of target antigen resulting in po-
tentially deadly toxic effects. We are approaching this problem of 
antigen density discrimination by engineering T cell circuits that 
can sense antigen density with ultrasensitive threshold. 

Standard CAR T cells are highly sensitive to even low densities of 
the target antigen. Current strategies for generating CAR T cells 
consist of selecting antibodies with high affinity since previous 
studies have shown that the CAR T cell activity is inversely cor-
related with the antibody’s affinity. Recent studies suggest that 
lowering the receptor affinity on a CAR T cell could increase its 
selectivity against target cells with different antigen densities. 
We have explored the effects of CAR expression and antibody 
affinity for antigen density discrimination. Overall, changing CAR 
affinity or expression leads to linear changes in antigen density 
response curves. For ultransensitive response, we have designed 
a two-step recognition-activation circuit that involves two recep-
tors. In this circuit an initial recognition event alters the potency 
of a subsequent response. We combined a weak affinity receptor 
that turns on the expression of a high affinity receptor that ful-
ly activates the cell. For these circuits we have made used of a 
new class of modular receptors called synthetic notch receptors 
(SynNotch). SynNotch receptors use antibody-based domains to 
recognize a target antigen, but when activated, they control tran-
scription via a cleaved transcriptional domain. We have designed 
and expressed several synNotch/CAR circuits and have tested 
their ability to achieve antigen density sensing. These circuits use 
a synNotch receptor to control the expression of a CAR — all rec-
ognizing the same Her2 ligand. The constructs are introduced into 
T cells via standard lentiviral infection, and sorted for receptor 
expression using flow cytometry. We took the best circuit candi-
date and performed studies in mouse models. We tested either 
conventional CAR T cells or our new engineered T cells in bilateral 
tumors into NSG immunocompromised mice, in which one side 
contains a low density Her2 K562 tumor, and the other side con-
tains a higher density Her2 K562 tumor. The engineered T cells 
are injected into the tail vein, and allowed to traffic freely to either 
tumor. We monitored tumor size by caliper measurements over 
the course of 4 weeks, and track the differential clearance of the 
high and low density tumors. We have confirmed that when us-
ing a fixed affinity standard CAR, then T cells kill both high and 
low expression level Her2 tumors with equal efficiency. This is in 
contrast with T cells expressing our recogniton-activation circuit 

that show sharp discrimination between target cells with normal 
and disease levels of Her2, both in vitro and in vivo. This work 
illustrates the power of engineering response circuits over engi-
neering only receptors for cell therapeutics.

Keywords : T cell engineering, Synthetic biology.
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A006 / Improving chimeric antigen receptor T-Cell poten-
cy by repurposing endogenous immune pathways

Laurent Poirot (Cellectis), Mohit Sachdeva (Cellectis), Julien Val-
ton (Cellectis).

CAR T-cell therapies hold great promise for treating a range of 
liquid malignancies but are however challenged to access and 
eradicate solid tumors. To overcome this hurdle CAR T-cell were 
engineered to secrete different cytokines known to improve T-cell 
antitumor activity, prevent T-cell anergy and reduce activation 
induced cell death. While cytokine-expressing CAR T-cell were 
shown to be be highly active against solid tumor in in vivo models, 
they have also led to toxicity associated with the systemic release 
of cytokine. Therefore, new engineering strategies enabling the 
fine tuning of cytokine secretion by CAR T-cell are warranted. 

We sought to explore one these engineering strategies by inte-
grating an IL-12 chimeric heterodimer expression cassette under 
the control of the endogenous promoters regulating PD1 or CD25. 
Because both genes are known to be activated upon tumor en-
gagement by CAR T-cells, they could be repurposed to secrete 
cytokine only in the vicinity of a given tumor. This approach would 
reduce the potential side effects induced by their systemic secre-
tion while maintaining their capacity to improve antitumor activ-
ity. 

By combining TALEN technology with AAV6 repair vectors de-
livering the CAR to the TRAC locus and the IL-12 to the CD25 or 
PD1 loci, we have engineered CAR and IL-12 expressions under the 
respective control of TCR and CD25 or PD1 regulatory elements. 
This double targeted insertion led to the disruption of PD1 and 
TRAC genes, to the expression of an anti-CD22 CAR and to the 
conditional secretion of IL-12 in the media. Such secretion was 
found to be transient, dependent on tumor engagement and to 
follow the regulation patterns of CD25 or PD1 genes, commonly 
observed upon T-cell activation. 

Activation-dependent secretion of IL-12 enhanced proliferative 
capacities of CAR T-cells as well as their antitumor activity, both 
in in vitro models and in vivo xenografts. The complexity of such 
gene editing approach did not impair the genomic integrity of 
the cells. 

This proof of concept paves the way for seamless multi-repur-
posing of immune pathways to generate smarter CAR T-cells able 
to sense and react to their environment in a highly regulated and 
specific manner.

Keywords : IL-12, CAR, TALEN, Synthetic biology.
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A007 / CAR-T cells with neutrophil-activating protein in-
duce bystander immunity and eradicate solid tumors with 
heterogenous expression of the CAR target antigen

Magnus Essand (Uppsala University), Chuan Jin (Uppsala Univer-
sity), Jing Ma (Uppsala University), Mohanraj Ramachandran (Up-
psala University), Di Yu (Uppsala University).

Chimeric antigen receptor (CAR) T cell therapy has been remark-
ably successful for B-cell malignancies, while many challenges 
still exist for efficient CAR-T cell therapy of solid tumors. They 
include (i) endothelial and stromal barriers, which block CAR-T 
cell infiltration, (ii) local immune suppression within solid tumors, 
which dampens the activity of CAR-T cells, and (iii) intra- and in-
tertumoral heterogeneity in antigen expression leading to clonal 
escape upon CAR-T cell treatment. Herein, we harness an efficient 
immune modulator from the pathogenic world, the neutrophil-ac-
tivating protein (NAP) from Helicobacter Pylori, to arm CAR-T 
cells and thereby increase their potency. In vitro, we show that 
NAP secreted from CAR(NAP)-T cells upon tumor cell recognition 
recruits innate immune cells such as neutrophils and monocytes 
and promotes dendritic cell (DC) maturation and polarization to-
wards a T helper type-1 immune response. The induced DCs in 
return potentiate CAR(NAP)-T cell activity, leading to enhanced 
cytotoxicity capacity. In vivo, we show that CAR(NAP)-T cells re-
gress solid tumors and prolong survival of mice significantly more 
efficient than conventional CAR-T cells. Importantly, when solid 
tumors where 50% of the tumor cells expressed the CAR target 
antigen were treated by CAR(NAP)-T cells, the bystander immune 
activation induced led to tumor growth arrest and eradication of 
“mixed tumors” in the majority of treated mice. Conventional CAR 
T-cells did not result in “mixed tumor” eradication in any mouse 
treated. CAR(NAP)-T cell-treated tumors had increased infiltra-
tion of DCs, neutrophils, inflammatory monocytes and CD107a+ 
cytotoxic T cells. Endogenous anti-tumor T cell activity, induced 
by the CAR(NAP)-T cell treatment, was evaluated by using tumors 
expressing both the CAR target antigen and ovalbumin as a mod-
el tumor antigen. We observed epitope spreading and increased 
infiltration of both effector and central memory-like cytolytic ov-
albumin-specific T cells when CAR(NAP)-T cells were used. Tak-
en together, our data show that NAP secreted from CAR(NAP)-T 
cells creates a proinflammatory tumor microenvironment, induces 
DCs to support CAR(NAP)-T cell killing, and recruits endogenous 
CD8+ T cells and innate immune cells with the ability to kill tumor 
cells, including tumor cells not expressing the antigen targeted 
by the CAP(NAP)-T cells. The results indicate that NAP-secretion 
from CAR-T cells can improve treatment efficacy for solid tumors 
and warrant this to be evaluated in a clinical study.

Keywords : CAR T cell, bystander immunity, antigen heterogene-
ity, neutrophil-activating protein.

A008 / CAR T cell therapy of solid tumors – the characte-
ristics of the scFv matters

Tina Sarén (Immunology, Genetics and Pathology, IGP), Josefin 
Thelander (Immunology, Genetics and Pathology, IGP), Di Yu (Im-
munology, Genetics and Pathology, IGP), Magnus Essand (Immu-
nology, Genetics and Pathology, IGP).

In recent years, CAR T cell therapy has been successfully imple-
mented against B cell malignancies. Despite encouraging results 
against hematological malignancies, CAR T cell therapy against 
solid tumors has been less stunning. This is in part due to the 
complexity of the solid tumors with antigen-heterogeneity and 
an immunosuppressive microenvironment but can also be due 
to an imperfect CAR design. It is evident that an optimal CAR 
design must be developed to generate a robust anti-tumor im-
mune response. The CAR construct consists of an extracellular 
antigen-recognizing domain, usually a single chain variable frag-
ment (scFv) from an antibody, a hinge region and a transmem-
brane domain that link the extracellular part to the intracellular 
activation domains. Small changes in any of these elements can 
have great impact on therapeutic efficacy and so far, no universal 
implications have been found. 

Glioblastoma is a malignant brain tumor with a median survival 

of only 15 months despite harsh treatment regimen. New ther-
apeutic strategies are needed to improve outcome for patients 
and CAR T cell therapy has shown encouraging results. We aim 
to develop novel scFv constructs targeting interleukin 13 receptor 
alpha 2 (IL13Rα2), which is over-expressed by large part of glio-
blastomas, for CAR T cell therapy. Five scFvs were selected and 
used to create CAR T cells based on their affinity to IL13Rα2, both 
as a pure protein and expressed on target cells. All five CAR T cell 
constructs displayed significant proliferation upon co-culture with 
target expressing glioblastoma cells compared to control CD19 
CAR T cells. In addition, all candidates specifically killed target 
cells in a dose dependent manner in vitro. However, there were ex-
tensive variations in both cytotoxic capacity and proliferation rate 
between the constructs upon target cell encounter, that appeared 
not to be directly linked to affinity. 

During ex vivo expansion using, CD3, CD28 and CD2 antibodies, 
the percent of CAR+ T cells in the culture decreased significantly 
within 7 days for 2 out of 5 CAR T cell constructs. Interestingly, 
the ex vivo expansion pattern could reflect proliferative and killing 
capacity of CAR T cells upon target cell encounter. It has been 
previously established that scFvs can induce clustering of CAR 
molecules on the T cell surface and thus give rise to antigen-inde-
pendent tonic signaling. We hypothesize that our scFvs induced 
tonic signaling to various extent and that reflect cytotoxic capac-
ity and viability of CAR T cells. 

In conclusion, we highlight the importance of evaluating sever-
al scFvs in a CAR T cell setting to identify the best candidate 
for treatment of solid tumors. We have found three candidates 
against glioblastoma that are persistent during expansion and 
demonstrate efficient cytotoxic capacity in vitro. These con-
structs will be further evaluated to identify the top candidate.

Keywords : CAR T cells, single chain variable fragment (scFv), 
glioblastoma, solid tumors.
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A009 / Intra-cavitary infusions of autologous dendri-
tic cell/cytokine-induced killer cells in the treatment of 
refractory malignant pleural effusions and ascites : A 
Chinese population-based cohort study

Guoliang Qiao (Capital medical university).

Purpose : To explore the safety and efficacy of intracavitary in-
fusion of autologous dendritic cell (DC)-cytokine-induced killer 
(CIK) cells in advanced cancer patients with malignant pleural ef-
fusions or ascites. 

Methods : DC-CIKs (mean yield of 1.36×109 (range, 0.74~4.98×109 
cells) were expanded ex vivo from peripheral blood mononucle-
ar cells obtained by apheresis and were infused three times into 
the pleural or peritoneal cavity. The volume of malignant effusions 
was assessed radiologically. Peripheral blood subsets were enu-
merated by flow cytometry. EORTC QLQ-30 was assessed with 
cancer related instrument during the DC-CIK treatment. 

Results : Thirty-seven patients with breast, lung and other ma-
lignancies were enrolled. The intracavitary DC-CIK infusions (16 
intrapleural and 21 intraperitoneal) were well tolerated with no 
grade 3/4 adverse events. There was one complete effusion re-
sponse (3%), 13 partial responses (35%), 12 stable diseases (32%) 
and 11 progressive diseases (PD) (30%) resulting in a clinical ef-
fusion control rate (CCR) of 70% (26/37). The infused number 
of total CIKs and the CD3+/CD8+ and CD8+/CD28+ T cell sub-
sets were associated with effusion control (p=0.013). Moreover, 
increased peripheral blood CD3+/CD8+ (P=0.035) and decreased 
CD4+/CD25+ T cells (P=0.041) following the CIK infusions were 
associated with malignant effusion and ascites control. 
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Conclusion : Intracavitary autologous cellular immunotherapy 
could control malignant pleural effusions and ascites and was as-
sociated with peripheral blood immunological T cell recovery.

Keywords : autologous T cell immunotherapy ;, Malignant pleural 
effusion ;.
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A010 / Development of human-derived synthetic Notch 
receptor augmented CAR T cells against solid tumors

Joseph K Cheng (Seattle Children’s Research Institute), Ryan 
Koning (Seattle Children’s Research Institute), Aquene Reid (Se-
attle Children’s Research Institute), Michael C V Jensen (Seattle 
Children’s Research Institute).

The chimeric antigen receptor (CAR) T-cell immunotherapy plat-

form can achieve incredible success when treating certain leuke-
mias. However, its effective adaptation to other cancers, especial-
ly solid tumor cancers, remains a frontier in translational research. 
The paucity of ligands unique to solid tumors and the heteroge-
neous ligand expression on solid tumors pose key challenges for 
CAR T-cell immunotherapy. Furthermore, while desirable ligand 
targets may be overexpressed on solid tumors, these ligands are 
often expressed on healthy tissue and their recognition by CAR 
T cells can result in potential adverse reactions that manifest as 
on-target/off-tumor toxicities. We seek to expand the clinical ap-
plicability of CAR T-cell immunotherapy for treating solid tumor 
cancers by creating “smart” CAR T cells that are armed only in the 
solid tumor microenvironment to address these functional chal-
lenges. This combinatorial activation of CAR T cells is enabled 
by the recently developed synthetic Notch (synNotch) receptor 
that can be modularly designed to recognize a desired ligand 
and consequently trigger the transcription of the CAR transgene. 
Specifically, we are evaluating a humanized synNotch receptor 
as a clinically-relevant tool to regulate CAR-mediated function 
against EGFR-expressing solid tumors. Although the EGFR ligand 
is broadly overexpressed on many solid tumors and is a desirable 
target as a key driver of the cancer phenotype, it is also expressed 
on healthy tissue. Using solid tumor model systems to demon-
strate this combinatorial approach, we aim to restrict anti-EGFR 
CAR expression to the solid tumor environment with a humanized 
synNotch receptor that recognizes a solid tumor target. Model 
Jurkat and primary T cells are genetically modified by Piggy-
bac-mediated transposition to ectopically express the humanized 
synNotch receptor and its regulated cargo (reporter protein or 
CAR). These modified T cells are co-cultured in vitro with target 
expressing tumor cells to confirm the functionality of our human-
ized synNotch receptors (quantified by flow cytometry and cyto-
kine production assays). The functional synNotch-reporter/CAR 
combinations are then tested in vivo with NSG immunocompro-
mised mice implanted with solid tumors. To date, we have verified 
the in vitro functionality of each component that comprise a hu-
manized synNotch receptor recognizing a solid tumor target and 
its regulated anti-EGFR CAR. We have finalized a genetic design 
with these components that facilitates our production of engi-
neered CAR T cells containing this humanized synNotch receptor 
and its responsive payload. While still in progress, this work ulti-
mately broadens the future designs of clinical CAR T-cell immu-
notherapies directed against solid tumor cancers.

Keywords : CAR T cell, synNotch.
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A011 / Cord-blood stem cell-derived dendritic cells speci-
fically originate from CD115-expressing precursors

Maud Plantinga (UMC Utrecht), Ester Dünnebach (UMC Utrecht), 
Denise van den Beemt (UMC Utrecht), Jaap Jan Boelens (MSK), 
Stefan Nierkens (UMC Utrecht).

Dendritic cells (DCs) are professional antigen presenting cells, 
which instruct both the innate and the adaptive immune system. 
Once mature, they provide all necessary signals to activate and 
prime naïve T-cells. These characteristics makes them excellent 
candidates for vaccination. Intervention strategies aiming at ma-
nipulation of DCs require in-depth insights in their development 
and functional properties. DCs can be generated from CD34+-
cells. CB is a good source to provide CD34+-stem cells for the 
generation of Cord blood (CB)-derived DC. We demonstrate that 
CD34+ CB -derived stem cells develop in several types of myeloid 
progenitor cells. Recent advances in state-of-the-art techniques 
led to significant insights into DC ontogeny. Isolation of the DC 
progenitor cells by flow cytometry, enables precise characteri-
zation, using RNA sequencing, to clear which progenitor drives 
the development of DCs. Here we show that CD115+-progenitor 
cells are responsible for the generation of the CB-DCs. Function-
al assays demonstrate that CD115-derived DCs are highly mature 
upon stimulation, migrate efficiently and possess a high capaci-
ty to stimulate tumor-antigen-specific T-cells. The discovery of a 
committed DC precursor in the CB-derived stem cell culture fur-
ther enables optimized utilization of DC-based vaccine to provide 
powerful anti-tumor activity and long-term memory-immunity, 
e.g. in combination with hematopoietic cell transplantation (HCT) 



SESSION A

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
7

from the same CB graft to overcome relapse in refractory cancer 
patients.

Keywords : Cord Blood, Dendritic cells, Vaccine, Stem cell trans-
plantation.

A012 / Optimization of a GMP-grade large-scale expan-
sion protocol for Cytokine-Induced Killer cells using 
gas-permeable static culture flasks

Pierangela Palmerini (Department of Surgery, Oncology and Gas-
troenterology, Immunology and Oncology Section, University of 
Padua, Padua, Italy), Elisa Cappuzzello (Department of Surgery, 
Oncology and Gastroenterology, Immunology and Oncology Sec-
tion, University of Padua, Padua, Italy), Anna Dalla Pietà (Depart-
ment of Surgery, Oncology and Gastroenterology, Immunology 
and Oncology Section, University of Padua, Padua, Italy), Roberta 
Sommaggio (Veneto Institute of Oncology IOV – IRCCS, Padua, 
Italy), Giuseppe Astori (Laboratorio di Terapie Cellulari Avanzate, 
Hematology, Vicenza Hospital, Vicenza, Italy), Katia Chieregato 
(Laboratorio di Terapie Cellulari Avanzate, Hematology, Vicenza 
Hospital, Vicenza, Italy), Omar Perbellini (Laboratorio di Terapie 
Cellulari Avanzate, Hematology, Vicenza Hospital, Vicenza, Italy), 
Maria Chiara Tisi (Laboratorio di Terapie Cellulari Avanzate, Hema-
tology, Vicenza Hospital, Vicenza, Italy), Carlo Visco (Department 
of Medicine, Section of Hematology, University of Verona, Verona, 
Italy), Marco Ruggeri (Laboratorio di Terapie Cellulari Avanzate, 
Hematology, Vicenza Hospital, Vicenza, Italy), Antonio Rosato 
(Department of Surgery, Oncology and Gastroenterology, Immu-
nology and Oncology Section, University of Padua, Padua, Italy).

Cytokine-Induced Killer (CIK) cells are ex vivo expanded T cells 
with NK cell phenotype. They express both CD3 and CD56 an-
tigens, and exert a potent antitumor activity against a variety 
of tumors. Several clinical trials demonstrated the safety and 
the feasibility of CIK cell therapy, with very low side effects and 
minimal graft-versus-host toxicity. In this study, we developed a 
GMP-compliant protocol for robust large-scale expansion of CIK 
cells using G-Rex® gas-permeable static culture flasks. CIK cells 
were obtained by stimulating healthy donor PBMCs with GMP-
grade IFN-γ, IL-2 and CD3 mAbs, and were cultured in G-Rex6® 
or G-Rex®6M well plates. CIK cells in G-Rex6® were split only 
once at day 7 to reduce cell density, whereas the number of CIK 
cells culterd in G-Rex®6M was not adjusted. In both culture con-
ditions, fresh IL-2 was provided every 3-4 days. We compared 
these two culture protocols with the culture in standard flasks. 
Phenotype was analyzed by flow cytometry and cytotoxicity was 
assessed against several tumor cell lines by calcein-release assay. 
CIK cells cultured in G-Rex6® well plates showed an outstand-
ing cell expansion compared to G-Rex®6M well plates or stan-
dard culture flasks, with a 400-fold expansion and a mean of 109 
total cells obtained per single well in 14 days, starting from just 
2.5x10^6 cells per well. Moreover, the cultures in G-Rex6® were 
characterized by an higher percentage of CD3+CD56+ cells, as 
compared to G-Rex®6M or standard culture flasks (38.6±14.9%, 
35.0±15.5%, 24.0±17.8%, respectively). Cells cultured in all devic-
es had a comparable expression of NKG2D, NKp30, NKp44, 2B4 
receptors. Importantly, CIK cells expanded in G-Rex®6 were as 
cytotoxic as cells expanded in standard culture flasks. Conversely, 
CIK cells cultured in G-Rex®6M showed a remarkable reduction of 
cytotoxicity against tumor cell targets, thus suggesting that cell 
density during expansion could affect CIK cell activity. We pro-
pose a GMP-compliant protocol for robust large-scale production 
of CIK cells. G-Rex® system allows to obtain large amounts of CIK 
cells highly enriched in the CD3+CD56+ subset and endowed with 
high cytotoxic activity ; this can be accomplished with just a single 
cell culture split at day 7, which dramatically reduces the culture 
manipulation as compared to the standard culture flasks. Notably, 
this strategy can be further and easily scalable to produce CIK 
cells for clinical immunotherapy applications.

Keywords : Adoptive cell therapy, Cytokine-Induced Killer cells, 
GMP-grade culture, large-scale expansion.
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A013 / Adoptive cell therapy of hematological malignan-
cies using Cytokine-Induced Killer cells retargeted with 
monoclonal antibodies

Anna Dalla Pietà (Department of Surgery, Oncology and Gas-
troenterology, Immunology and Oncology Section, University of 
Padua), Elisa Cappuzzello (Department of Surgery, Oncology 
and Gastroenterology, Immunology and Oncology Section, Uni-
versity of Padua, Padua, Italy), Pierangela Palmerini (Department 
of Surgery, Oncology and Gastroenterology, Immunology and 
Oncology Section, University of Padua, Padua, Italy), Roberta 
Sommaggio (Veneto Institute of Oncology IOV – IRCCS, Padua, 
Italy), Giuseppe Astori (Laboratorio di Terapie Cellulari Avanzate, 
Hematology, Vicenza Hospital, Vicenza, Italy), Katia Chieregato 
(Laboratorio di Terapie Cellulari Avanzate, Hematology, Vicenza 
Hospital, Vicenza, Italy), Omar Perbellini (Laboratorio di Terapie 
Cellulari Avanzate, Hematology, Vicenza Hospital, Vicenza, Italy), 
Maria Chiara Tisi (Laboratorio di Terapie Cellulari Avanzate, Hema-
tology, Vicenza Hospital, Vicenza, Italy), Carlo Visco (Department 
of Medicine, Section of Hematology, University of Verona, Verona, 
Italy), Marco Ruggeri (Laboratorio di Terapie Cellulari Avanzate, 
Hematology, Vicenza Hospital, Vicenza, Italy), Antonio Rosato 
(Department of Surgery, Oncology and Gastroenterology, Immu-
nology and Oncology Section, University of Padua, Padua, Italy).

Cytokine-Induced Killer (CIK) cells are a population of effector 
cells that represent a promising tool for adoptive cell therapy. 
From a technical and methodological point of view, they are easily 
expandable ex-vivo and safe, and demonstrated efficacy against 
hematological malignancies. CIK cells exert cytotoxicity against a 
broad range of tumor histotypes but not against normal tissues 
and hematopoietic precursors. We recently reported that they 
have a relevant expression of FcγRIIIa (CD16a), which can be ex-
ploited in combination with clinical-grade monoclonal antibodies 
(mAbs) to redirect their cytotoxicity in an antigen-specific man-
ner, to improve their antitumor activity. Indeed, the engagement of 
CD16a on CIK cells leads to a potent antibody-dependent cell-me-
diated cytotoxicity (ADCC) against ovarian cancer both in vitro 
and in vivo. Based on this observation, we investigated whether 
CIK cells could be specifically retargeted against B-cell malignan-
cies by combination with anti-CD20 mAbs, namely Rituximab® 
and Obinutuzumab®. CIK cells were obtained from peripheral 
blood mononucleated cells of healthy donors, and stimulated in 
vitro with IFN-γ, CD3 mAb (OKT3) and IL-2 for 14 days ; fresh IL-2 
was provided every 3-4 days. CIK cell phenotype was analyzed 
by multicolor flow cytometry ; cytotoxic activity was assessed by 
calcein AM-release assay against EHEB (CLL), Raji (Burkitt lym-
phoma), RCK-8, TMB-8, Karpas 422 (DLBCL) tumor cell lines, and 
primary samples obtained from CLL and DLBCL patients after 
written informed consent. The combination with either the mAbs 
significantly increased CIK cell cytotoxicity not only against lym-
phoma cell lines, but also against the primary tumor samples. De-
pletion of NK cells from CIK cell bulk cultures did not affect target 
cell lysis, thus confirming that the antibody-mediated increase of 
cytotoxicity was mainly accountable to the CIK cell fraction. Taken 
together, these data indicate that the combination treatment with 
CIK cells and anti-CD20 mAbs could represent a novel approach 
for the treatment of hematological malignancies, alternative to 
the use of chimeric antigen receptor (CAR)-T cells.

Keywords : Adoptive cell therapy, Cytokine-Induced Killer cells, 
B-cell malignancies, Monoclonal antibodies.
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A014 / Oncolytic virus derived type I interferon restricts 
CAR T cell therapy

Laura Evgin (Department of Molecular Medicine, Mayo Clinic), 
Amanda Huff (Department of Molecular Medicine, Mayo Clinic), 
Phonphimon Wongthida (Department of Molecular Medicine, 
Mayo Clinic), Jill Thompson (Department of Molecular Medicine, 
Mayo Clinic), Tim Kottke (Department of Molecular Medicine, 
Mayo Clinic), Jason Tonne (Department of Molecular Medicine, 
Mayo Clinic), Matthew Schuelke (Department of Immunology, 
Mayo Clinic), Katayoun Ayasoufi (Department of Immunology, 
Mayo Clinic), Christopher Driscoll (Department of Molecular Med-
icine, Mayo Clinic), Kevin Shim (Department of Immunology, Mayo 
Clinic), Pierce Reynolds (Department of Molecular Medicine, Mayo 
Clinic), Dileep Monie (Department of Immunology, Mayo Clinic), 
Aaron Johnson (Department of Immunology, Mayo Clinic), Gary 
Archer (Department of Neurosurgery, Duke University), John 
Sampson (Department of Neurosurgery, Duke University), Jose 
Pulido (Department of Ophthalmology, Mayo Clinic), Luis San-
chez Perez (Department of Neurosurgery, Duke University), Rich-
ard Vile (Department of Molecular Medicine, Mayo Clinic).

While chimeric antigen receptor (CAR) modified T cells have been 
remarkably successful in hematologic malignancies, the compar-
atively modest results in solid tumors derive from multiple im-
mune suppressive mechanisms in the microenvironment that lim-
it CAR T infiltration, persistence and function. Oncolytic viruses 
(OVs) replicate preferentially in cancer cells compared to normal 
healthy cells. OVs initiate targeted tumor infection while simulta-
neously expressing therapeutic transgenes (such as cytokines, or 
tumor antigens) to augment anti-tumor immunity. Infection initi-
ates a pro-inflammatory cascade that stimulates the production 
of chemokines and cytokines that alter the recruitment of inhib-
itory and activating immune cells. Our preclinical testing of VSV 
encoding IFNb has led to the clinical evaluation of the platform in 
diverse indications, both as a monotherapy and with checkpoint 
inhibitors. Based on our studies, the highly inflammatory nature 
of oncolytic viruses and their ability to remodel the tumor micro-
environment suggested to us that they would provide a comple-
mentary mechanism of action to both recruit and potentiate the 
functionality of CAR T cells. Despite inducing a robust pro-inflam-
matory shift in the cytokine and chemokine profile of the tumor, 
VSVIFNb infection was associated with attrition of murine third 
generation EGFRvIII CAR T cells in the B16EGFRvIII model. We 
demonstrate both a T cell intrinsic, as well as CAR T cell specif-
ic, effect of oncolytic virus derived type I interferon which pro-
moted apoptosis, activation, and inhibitory receptor expression. 
Interferon receptor knockout CAR T cells were largely refractory 
to VSV- associated attrition and provided combinatorial therapy 
with VSVmIFNb. Our study highlights the need for evaluation of 
multiplexed CAR strategies in systems which are fully immuno-
competent, and provides rationale for the modification of CAR T 
cells to insulate them against oncolytic virus-derived “heat.”

Keywords : CAR T cell, Oncolytic virus.

A015 / Novel epitope derived from PBK (PDZ-binding 
kinase), a cancer testis antigen, allows CD8+ T cell reco-
gnition of pediatric brain tumors

Michelle Brault (Fred Hutchison Cancer Research Center), Melinda 
Biernacki (Fred Hutchison Cancer Research Center), Emily Gerard 
(Fred Hutchison Cancer Research Center), Kimberly Foster (Fred 
Hutchison Cancer Research Center), James Olson (Fred Hutchi-
son Cancer Research Center), Marie Bleakley (Fred Hutchison 
Cancer Research Center).

Currently, treatment options for pediatric brain cancers are lim-
ited to surgery, radiation, and chemotherapy, often with limited 
results. With the development and early success of T cell-based 
immunotherapy for adult patients with various cancers, our goal 
is to develop immunotherapy for pediatric brain tumor patients. 
However, the mutational burden of pediatric cancers is low, lim-
iting the scope of immunotherapy targeting neoantigens. We 
hypothesized that targeting the aberrant upregulation of cancer 
testis antigens (CTAs) would allow for T cell recognition of tumors 
with low mutational burden. Our biobank, published by the Olson 

group in Nature Medicine in 2018, contains paired genomic and 
whole exome sequencing, RNA expression data, and methylation 
profiling for a variety of primary pediatric brain tumor samples, 
as well as samples xenografted into mice or adapted to grow in 
tissue culture. We performed an in silico analysis of CTA expres-
sion in these pediatric brain tumor samples to determine CTAs 
with increased expression that might be suitable targets for T 
cell-based immunotherapy. We found that PBK (PDZ binding ki-
nase), a CTA, is highly upregulated in pediatric brain tumor sam-
ples compared to normal brain tissue. Using HLA binding predic-
tion algorithms and a reverse immunology screening approach, 
we found that rare CD8+ T cells from the repertoire of normal 
healthy donors could lyse autologous target cells pulsed with a 
PBK-derived nonamer peptide predicted to bind HLA-A*02 :01, 
a prevalent HLA allele. We isolated PBK epitope-specific CD8+ 
T cell clones from multiple donors (3 out of 4 tested to date) 
indicating potent immunogenicity of the neoepitope, and found 
the clones used various nonpublic T cell receptor sequences. Im-
portantly, CD8+ T cells specific for this novel epitope could rec-
ognize and kill pediatric brain tumor cell lines in vitro, indicating 
endogenous processing and presentation of the PBK-derived 
peptide. Specifically, 4 of 4 HLA-A*02 :01+ brain tumor samples 
were killed in vitro, including 2 high grade glioma samples and 2 
atypical teratoid rhabdoid tumor (ATRT) samples. Using a panel 
of lymphoblastoid cell lines, we tested the HLA-restriction of our 
PBK-derived nonamer and confirmed that clones recognized PBK 
peptide presented by HLA-A*02 :01. Studies on the efficacy of 
A*02 :01-restricted, PBK-specific CD8+ T cells against brain tumor 
burden in vivo are planned, using pediatric patient-derived tu-
mor xenografted into mice in flank or cerebellum. Using the same 
screening approach, we have also recently isolated CD8+ T cells 
that recognize two additional novel PBK-derived epitopes pre-
dicted to bind HLA-B*07 :02, and further characterization of these 
T cell lines is ongoing. As PBK is expressed across a wide variety 
of pediatric brain tumor samples, including those with particularly 
poor prognoses like high grade gliomas, these initial results offer a 
promising first step towards the development of immunotherapy 
options for many pediatric brain tumor patients.

Keywords : Immunotherapy, Pediatric brain cancer, Cancer testis 
antigen.
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A016 / Isolation of neoantigen-specific T cell receptors 
from different human and murine repertoires

Corinna Grunert (Charité – Universitätsmedizin Berlin, corporate 
member of Freie Universität Berlin, Humboldt-Universität zu Ber-
lin, and Berlin Institute of Health, Departement of Heamatology 
and Oncology, Berlin, Germany), Caroline Anna Peuker (Charité 
– Universitätsmedizin Berlin, corporate member of Freie Univer-
sität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute 
of Health, Departement of Heamatology and Oncology, Berlin, 
Germany), Gerald Willimsky (Charité – Universitätsmedizin Berlin, 
corporate member of Freie Universität Berlin, Humboldt-Univer-
sität zu Berlin, and Berlin Institute of Health, Institute of Immu-
nology, Charité - Campus Buch, Berlin, Germany ; German Cancer 
Research Center (DKFZ), Heid), Thomas Blankenstein (Charité 
– Universitätsmedizin Berlin, corporate member of Freie Univer-
sität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute 
of Health, Institute of Immunology, Charité - Campus Buch, Ber-
lin, Germany ; Max-Delbrück-Center for Molecular Medicine), Eric 
Blank (Core Unit Bioinformatics, Berlin Institute of Health, Berlin, 
Germany ; Charité – Universitätsmedizin Berlin, corporate mem-
ber of Freie Universität Berlin, Humboldt-Universität zu Berlin, 
and Berlin Institute of Health, Berlin, Germany), Dieter Beule (Core 
Unit Bioinformatics, Berlin Institute of Health, Berlin, Germany ; 
Max-Delbrück-Center for Molecular Medicine, Berlin, Germany), 
Antonio Pezzutto (Charité – Universitätsmedizin Berlin, corporate 
member of Freie Universität Berlin, Humboldt-Universität zu Ber-
lin, and Berlin Institute of Health, Departement of Heamatology 
and Oncology, Berlin, Germany), Antonia Busse (Charité – Univer-
sitätsmedizin Berlin, corporate member of Freie Universität Ber-
lin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, 
Departement of Heamatology and Oncology, Berlin, Germany).

Mutation-specific T cell receptor (TCR)-based adoptive T cell 
therapy presents a promising immunotherapeutic strategy for 
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solid tumors with the potential for long-term recognition and 
eradication of malignant cells. Specificity of a mutation-specific 
TCR can be transferred to autologous T cells and thus engineered 
tumor-reactive T cells can be generated in sufficient numbers for 
therapeutic applications. The isolation of mutation-specific TCRs, 
however, is time consuming and laborious. Here, we exploited 
different TCR repertoires to optimize isolation strategies to gen-
erate high-avidity TCRs for potential clinical applications. Within 
the frame of the Berlin Institute of Health (BIH)-CRG study “Mov-
ing mutation-specific T cells into the clinic”, non-synonymous 
somatic mutations of cancer patients were identified. Resulting 
tumor-specific altered peptide sequences were ranked according 
to their predicted binding score to the patient’s HLA-molecules. 
These selected neoepitope candidates were used to stimulate pe-
ripheral blood lymphocytes (PBL) of either the patient, or HLA-
matched healthy donors in an in vitro culture system using peptide 
loaded autologous antigen-presenting cells (APC). Simultaneous-
ly, for HLA-A*02 :01 positive patients, HLA-transgenic mice con-
taining the human TCR repertoire were immunized with the same 
peptide to generate high affinity TCRs. TCR sequences were iden-
tified from both, human and murine peptide-reactive CD8+ cells. 
TCR gene cassettes were constructed for TCR gene transfer into 
primary human lymphocytes. Neoantigen recognition was as-
sessed in co-culture assays of transduced lymphocytes and APC 
by measuring T cell activation, degranulation and cytokine secre-
tion. Four patients were selected for in vitro stimulation cultures 
and neoepitope-reactive T cells could be isolated for two patients. 
For one colon carcinoma patient, stimulation cultures of patient 
derived CD8+ T cells did not generate neoepitope-reactive T cells. 
However, reactive T cells could be isolated from the murine reper-
toire and one HLA-matched healthy donor with reactivity against 
three out of 16 neoepitope candidates and functional TCR gene 
rearrangements were identified. Interestingly, TCRs from immu-
nized HLA-transgenic mice were specific for two different neoepi-
topes as the TCR originating from the healthy donor repertoire. 
Additionally, neoepitope candidates used to generate specific 
TCRs from one healthy donor repertoire did not result in the gen-
eration of neoepitope-reactive T cells in other donor repertoires. 
Whether this is primarily a phenomenon of immunodominance, 
related to inherent characteristics of the epitope, the MHC class 
haplotypes of the donor or an inherent poor capacity of a given 
T cell repertoire to respond to a particular peptide-MHC complex 
needs to be further investigated. Additionally, as a limiting experi-
mental factor, low precursor frequencies could also result in a low 
detection rate of neoepitope-specific T cells in different healthy 
donor repertoires.

Keywords : adoptive T cell therapy, mutation-specific TCR, neo-
epitope, in vitro stimulation.
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A017 / T cells secreting nanobody-based immune check-
point inhibitors

Pierre-Florent Petit (Ludwig Institute for Cancer Research, Brus-
sels Branch), Jingjing Zhu (Ludwig Institute for Cancer Research, 
Brussels Branch), Benoit Van den Eynde (Ludwig Institute for 
Cancer Research, Brussels Branch).

Cancer therapy is experiencing a paradigm shift due to the clin-
ical success of immune checkpoint inhibitors (ICI), yet efficacy 
remains limited to a few tumor types and a minority of patients. 
One of the main determinants of clinical response to ICI is the 
tumor infiltration by anti-tumoral lymphocytes. The main side 
effects are autoimmune toxicities related to self-directed CD8 T 
cell activation upon ICI treatment. These side effects become al-
most prohibitive when using ICI combination. Our project aims at 
bypassing the limitations of ICI systemic treatment by perform-
ing adoptive cell transfer (ACT) of tumor-targeting lymphocytes 
transduced for the secretion of anti-PD-L1 nanobodies. Nanobod-
ies offer the advantage of a good stability and penetration ability 
at the tumor site while displaying a very short half-life in the blood 
stream due to renal filtration. Altogether, our approach could im-
prove tumor infiltration by lymphocytes thanks to the adoptive 

transfer, increase the tumoral exposure to anti-PD-L1 treatment, 
while minimizing the side effects related to systemic exposure. 
We constructed viral vectors containing either the sequence of 
an anti-human or an anti-mouse PD-L1 nanobody. We obtained 
production and secretion of human and mouse nanobodies by 
human and mouse lymphocytes respectively. We confirmed the 
binding capacity of the nanobodies on PD-L1 positive cells and 
their blocking capacity on the PD-1/PD-L1 interaction. We estab-
lished an in vivo mouse model of ACT in Balb/c mice. We success-
fully extracted tumor infiltrating lymphocytes (TILs) from CT26 
tumor-bearing mice and expanded them in vitro. We proved the 
killing activity of these TILs against CT26 tumor cells in vitro. We 
also plan to evaluate our approach in the B16-Ova model as well 
as a human xenograft model in NSG mice. 

In conclusion we are now ready for the generation and evaluation 
of anti-PD-L1 nanobody-secreting CD8 T cells. We are going to 
evaluate in vitro the T cell proliferation, killing activity and cyto-
kines secretion ability. In vivo we will perform adoptive transfer of 
nanobody-secreting T cells and will evaluate both their therapeu-
tic efficacy as well as their secretion ability at the tumor site. In 
perspective, this approach can be further developed to generate 
T cells secreting multiple therapeutic molecules, including a com-
bination of different nanobody-based ICI or a combination of an 
ICI with a cytokine or chemokine. This local delivery approach, 
by avoiding systemic toxicity, broadens the possibilities of immu-
notherapeutic combinations compared to the classical systemic 
administration.

Keywords : Nanobody, PD-L1, Adoptive cell transfer, Toxicity.

A018 / Incessant ER stress responses promote dendritic 
cell dysfunction in ovarian cancer

Chang-Suk Chae (Weill Cornell Medicine, Obstetrics & Gynecol-
ogy, Meyer Cancer Center), Tito A. Sandoval (Weill Cornell Med-
icine, Obstetrics & Gynecology, Meyer Cancer Center), Juan R. 
Cubillos-Ruiz (Weill Cornell Medicine, Obstetrics & Gynecology, 
Meyer Cancer Center).

Harnessing the intrinsic ability of our immune system to recog-
nize and eliminate malignant cells represents the most promis-
ing anti-cancer therapy since the development of chemotherapy. 
However, hostile tumor microenvironmental conditions inhibit the 
optimal activity of protective immune cells. Targeting immunosup-
pression and re-programming immune cell function in the tumor 
microenvironment are fundamental requirements for developing 
successful cancer immunotherapies. The central hypothesis of this 
study is that ovarian tumors trigger endoplasmic reticulum (ER) 
stress and aberrant activation of the IRE1α-XBP1 pathway in infil-
trating DCs to cripple key immuno-metabolic processes that are 
necessary for the development of protective T cell responses. To 
determine molecular mechanism how IRE1α-XBP1 overactivation 
defines regulatory DC phenotypes in the ovarian cancer micro-
environment, we generated bone marrow-derived DCs (BMDC) 
from conditional KO (IRE1α, PERK and ATF6) mice selectively and 
independently deleting each ER stress sensor in immune cells. 
Interestingly, this extensive genetic analysis revealed that IRE1α-
XBP1 is the dominant ER stress sensor to provoke overexpression 
of immunosuppressive and tumorigenic factors such as Argin-
ase1, IL-6, Cox-2 and Vegf-A in DCs undergoing ER stress. We also 
identified that tumor-associated DCs lacking IRE1/XBP1 exhibit 
defective production of the immunosuppressive bioactive lipid 
PGE2, which correlated with decreased proportions of Foxp3+ 
regulatory T cells (Tregs) at tumor locations in mice bearing ovar-
ian cancer. These data revealed that transferred DCs lacking ER 
stress sensor IRE1/XBP1 not only demonstrate enhanced capacity 
to elicit anti-tumor T cells in situ, but also reduced PGE2-driven 
tolerogenic capacity that prevents Treg accumulation at tumor 
sites. Since therapeutic DC-based vaccines have shown limited ef-
fects in ovarian cancer patients, we tested the novel translational 
hypothesis that XBP1-deficient BMDCs would be better equipped 
to endure and function in the tumor microenvironment when 
used as therapeutic vaccines. To test this hypothesis, we implant-
ed mice with ID8 ovarian carcinoma cells and tested the effects of 
BMDC-based therapeutic vaccination in the presence or absence 
of treatment with cisplatin. At advanced stage of disease progres-
sion, and in the absence of prior cisplatin, only therapeutic vacci-
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nation with XBP1-deficient BMDCs increased host survival, while 
vaccination with their WT counterparts did not induce anti-tumor 
effects. Our results provide a unique mechanistic rationale for tar-
geting the IRE1-XBP1 arm of the ER stress response to reprogram 
and enhance anti-tumor immune cell function in cancer. These 
findings could pave the way for devising a new generation of can-
cer immunotherapies that may improve the dismal survival of >21, 
000 American women affected by ovarian cancer each year.

Keywords : Endoplasmic Reticulum (ER) stress, Ovarian cancer, 
Dendritic cell.
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A019 / γ-secretase inhibition increases efficacy of BC-
MA-specific chimeric antigen receptor T cells in multiple 
myeloma

Margot J Pont (Fred Hutchinson Cancer Research Center), Ty-
ler Hill (Fred Hutchinson Cancer Research Center), Joe Abbott 
(Fred Hutchinson Cancer Research Center), Jessica Kelliher 
(Fred Hutchinson Cancer Research Center), Melissa Comstock 
(Fred Hutchinson Cancer Research Center), Gabriel Cole (Fred 
Hutchinson Cancer Research Center), Bharvin Patel (Eli Lilly and 
Company), Alexander Salter (Fred Hutchinson Cancer Research 
Center), Andrew Cowan (University of Washington), Brent Wood 
(University of Washington), Damian Green (Fred Hutchinson Can-
cer Research Center), Stanley Riddell (Fred Hutchinson Cancer 
Research Center).

B cell maturation antigen (BCMA) is a validated target for chi-
meric antigen receptor (CAR) T cell therapy in multiple myeloma 
(MM). Despite promising objective response rates, the majority 
of patients relapse and BCMA down-modulation has been sug-
gested as a probable escape mechanism. A potential obstacle 
to BCMA-directed CAR T cell efficacy is cleavage of BCMA from 
the tumor cell surface by the ubiquitous multisubunit γ-secretase 
complex. BCMA cleavage reduces ligand density for CAR T cell 
recognition and releases a soluble BCMA (sBCMA) fragment. Suf-
ficient sBCMA can accumulate in the bone marrow of MM patients 
to inhibit CAR T cell recognition of tumor cells, and potentially 
limit efficacy of BCMA-directed adoptive T cell therapy. The aim 
of this project is to investigate whether blocking BCMA cleavage 
by small molecule γ-secretase inhibitors (GSIs), originally devel-
oped for the treatment of Alzheimer’s, could augment BCMA-tar-
geted CAR T cell therapy. We found that exposure of myeloma 
cell lines and patient samples to GSIs markedly increased surface 
BCMA levels in a rapid dose-dependent fashion, concurrently de-
creased sBCMA concentrations, and improved tumor recognition 
by CAR T cells in vitro. GSI treatment of MM tumor bearing NOD/
SCID/γc-/- mice increased BCMA expression on tumor cells, de-
creased sBCMA in peripheral blood, and improved antitumor effi-
cacy of BCMA-targeted CAR T cell therapy. Importantly, we also 
demonstrate that short term GSI administration to MM patients 
markedly increased the percentage of BCMA+ tumor cells, and 
upregulated BCMA surface expression in vivo. Based on these 
data, an FDA-approved clinical trial (NCT03502577) has been ini-
tiated, combining GSI with concurrent BCMA CAR T cell therapy.

Keywords : CAR T cell therapy, BCMA, Multiple myeloma, gamma 
secretase inhibitor.

A020 / The role of Fc-receptors in NK-mediated immunity 
against cancer and virus infection

Oscar A Aguilar (University of California, San Francisco), Dagmar 
Gotthardt (University of California, San Francisco), Lewis L Lanier 
(University of California, San Francisco).

The innate branch of the immune system plays a pivotal role in 
initiating an appropriate immune response to early disease. Nat-

ural killer (NK) cells are amongst the first line of defense against 
pathogens and cancer. Recent studies have also demonstrated 
that NK cells can possess immunological memory. Fcgr3, more 
commonly known as the CD16 receptor binds to antibodies on 
tumor or pathogen-infected cells resulting in potent activation of 
NK cells and the release of cytotoxic granules that kill pathogenic 
cells, a process known as antibody-dependent cellular cytotoxic-
ity (ADCC). In humans, memory NK cells induced by cytomega-
lovirus infection display augmented CD16-mediated ADCC func-
tion against antibody-coated tumors. To address this in an in vivo 
model, we are using various transgenic mouse lines to determine 
the importance of Fc-gamma receptors in the control of patho-
genesis by NK cells. We are investigating how CD16-mediated re-
sponses influence the control of mouse cytomegalovirus (MCMV) 
and if they plays a role in generating anti-CMV NK memory. In 
addition, we are investigating the importance of CD16 responses 
on NK in a cancer immunotherapy model using anti-CD20 an-
tibody treatments to B cell lymphoma. The findings from these 
studies will expand our knowledge of NK cell biology and will give 
insights on how to more effectively engage NK cells in cancer 
treatment.

Keywords : Natural killer cells, Lymphoma, Fc receptors, immuno-
therapy.

A021 / Genome-Wide CRISPR screens reveal SOCS-1 as a 
dominant intrinsic checkpoint of CD4 T cells quorum sen-
sing

Laurie Menger (Institut Curie).

What determines the intensity and length of the CD4 T cell re-
sponse is incompletely known. As MHC-II peptide complexes per-
sist several weeks in vivo, disappearance of antigen (Ag) does 
not explain the prototypic contraction phase observed at day 
6-8 of any primary responses. We previously showed that direct 
Ag-specific T-T interactions rapidly exclude Ag-experienced CD4 
T from an ongoing immune response in a mechanism reminiscent 
of a quorum-sensing system (1). The molecular mechanisms had 
not been deciphered. Using an in vivo genome-wide KO screen, 
we could restore the proliferation of Cas9-expressing Ag-specific 
memory CD4 T cells and identified SOCS-1 (suppressor of cyto-
kine) as the major non-redundant molecule involved in this cell-in-
trinsic dominant inhibition. We are now characterizing the prob-
ably redundant messengers (cytokines), sensors and transducers 
(receptors) governing Ag-specific CD4 T cell collective behavior. 
These findings have important consequences for vaccinations 
strategies and adoptive cancer immunotherapies.

Keywords : Genome-wide engineering, primary T cells, intrinsic 
checkpoint.
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A022 / Protransduzin™ - A novel transduction enhancer to 
accelerate clinical scale CAR-T Production

Michael Drosch (JPT Peptide).

The advent of cellular immunotherapies using genetically repro-
grammed immune cells such as T-lymphocytes with chimeric an-
tigen receptor (CAR-Ts) or engineered T-cell receptors (TCR-Ts) 
has led to promising new treatments for cancers. However, due 
to the complex multi-step manufacturing process, these thera-
pies are still very costly and currently approved therapies exceed 
400k US$ per patient. In order to make CAR-T immunothera-
py more affordable, a reduction of the production-related cost 
of goods and process optimization is highly desirable. A crucial 
manufacturing step is the actual gene transfer of CARs and TCRs 
which to date mostly relies on lenti- or retroviral vectors and of-
ten results in low transduction rates. In the past years a range 
of genetic transfer enhancers is being used to improve transduc-
tion with variable success. These include amphiphilic macromol-
ecules, cationic polymers, and adhesion molecules. Until now the 
coating of cultureware with recombinant fibronectin (or a frag-
ment thereof) has been shown to provide fair enhancement and 
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is widely accepted. However, coating procedure is cumbersome 
with time consuming liquid handling steps in a cleanroom envi-
ronment. Here we describe Protransduzin™, a novel peptide that 
can enhance transduction of CARs in human leukapheresis-de-
rived CD3 lymphocytes by up to 45% over control dependent 
on culture system and multiplicities of infection. A side-by-side 
comParison of Protransduzin™ with recombinant fibronectin and 
an additional, commercially available histidine-rich amphipath-
ic peptide showed that Protransduzin™ is at least as potent as 
the adhesion molecule but more potent than the other peptide. 
Since Protransduzin™ can be added directly with the viral parti-
cles it can be used to streamline CAR-T production. Especially in 
connection with mini bio-reactors it is possible to do an en gros 
production by allowing transduction and expansion in one vessel. 
Thanks to our optimized protocol shown here hands-on time can 
be reduced along with the contamination risk arising from repeat-
ed liquid handling steps. 

In conclusion, using Protransduzin™ reduces CAR-T cell produc-
tion costs and is a significant step towards making cellular thera-
pies more affordable in future.

Keywords : Transduction, CAR-T, Retrovirus, Cellular Therapies.

A023 / Effects of hypoxia on human T cell phenotype and 
function

Matthew J Elder (AstraZeneca), Jenna L Denton (AstraZeneca), 
Jim Hair (AstraZeneca), Matthew Robinson (AstraZeneca), Simon 
J Dovedi (AstraZeneca).

The tumor microenvironment (TME) is frequently characterised 
as immuno-suppressive, attenuating the anti-cancer immune re-
sponse. Hypoxia is characteristic of many solid tumors and can 
influence both the origination and outcome of an anti-tumor im-
mune response via multiple mechanisms, many of which involve 
expression of the hypoxia-induced transcription factor, HIF-1α on 
both tumor and immune cell compartments. Primary in vitro as-
says are frequently used to profile the activity of novel targeted 
agents pre-clinically. However, these assays are predominantly 
performed under normoxic conditions which may not represent 
those conditions found in the TME. As such we have investigated 
how hypoxic conditions impacted the activity of primary human T 
cells stimulated with Staphylococcal Enterotoxin B. T cell function 
in normoxic conditions (21% oxygen) and hypoxic conditions (1% 
oxygen) were compared including how activation under normoxic 
conditions (simulating lymph node activation) followed by culture 
in hypoxic conditions (simulating migration to the tumor) would 
impact T cell activity. Observations included differences in cyto-
kine production from T cells cultured in hypoxia compared to nor-
moxia. These results indicated a significant upregulation of both 
IL-2 (p=0.0015) and IL-12p70 (p=0.0275) in hypoxia, while IFNɣ 
(p=0.0005), IL-13 (p=0.0412), IL-4 (p=0.0030), IL-5 (p=0.0049), 
GM-CSF (p=0.0005), IL-18 (p=0.0001), IL-21 (p=0.0059), IL-22 
(p=0.0075) and IL-23 (p=0.0007) were significantly downregu-
lated. Cytokine production from T cells stimulated under normox-
ia and then moved to hypoxia more closely resembled the profile 
observed from T cells stimulated under hypoxia. We observed a 
significant decrease in the proliferation of CD4+ (p=0.0001) and 
CD8+ T cells (p=0.0002) activated in hypoxia. Furthermore, hy-
poxia resulted in the downregulation of activation markers in-
cluding CTLA-4 (p=0.0005 & p=0.0006) and PD-1 (p=0.0002 & 
p=0.0070) on CD4+ and CD8+ T cells respectively. Despite this 
downregulation, our data demonstrate that the activity of a com-
bination of anti-CTLA-4 and anti-PD-1 monoclonal antibodies 
was maintained in hypoxic conditions. However, the magnitude 
of the IFNɣ response following PD-1/CTLA-4 blockade is attenu-
ated under hypoxic versus normoxic conditions. Taken together, 
these data show clear differences in T cells stimulated in hypoxia 
compared to normoxia. Furthermore, a combination of PD-1 and 
CTLA-4 targeted antibodies are active under hypoxic conditions. 
However, pre-clinical studies should empirically determine the ac-
tivity of novel targeted agents under hypoxic conditions in order 
to provide a more physiologically and translationally relevant indi-
cator of activity in the clinical setting.

Keywords : Hypoxia, T cell, PD-1, CTLA-4.
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A024 / Suppression of GvHD and augmentation of GvL by 
allogeneic human double negative T cells and underlying 
mechanisms

Jong Bok Lee (University Health Network), Hyeonjeong Kang 
(University of Toronto), Branson Chen (University of Toronto), 
Mark D Minden (University Health Network), Li Zhang (University 
Health Network).

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) 
is a potentially curative treatment for hematological malignancy 
patients. However, disease relapse and graft-versus-host disease 
(GvHD) remain as unresolved issues. We recently demonstrated 
that ex vivo expanded human CD3+CD4-CD8- double-negative 
T cells (DNTs) induce anti-leukemic activity without attacking 
normal cells and fulfill the requirements of “off-the-shelf” ther-
apy in pre-clinical models. However, whether ex vivo expanded 
human DNTs can suppress GvHD without hampering graft-ver-
sus-leukemia (GvL) response has not been studied. In this study, 
the potential of ex vivo expanded human allogeneic DNTs as an 
“off-the-shelf” adoptive cell therapy to suppress GVHD while en-
hancing GvL effect and their underlying mechanisms of action 
have been investigated. To elucidate the immunosuppressive 
activity of ex vivo expanded DNTs conventional T (Tconv) cells 
were stimulated polyclonally or using allogeneic antigens in the 
presence or absence of DNTs. To determine whether DNTs can 
suppress GvHD, xenogeneic GvHD models were used, where NSG 
mice were infused with human Tconv cells with or without DNTs, 
and the severity of GvHD was assessed through monitoring mice 
and histological analysis of GvHD-prone tissues. To investigate 
the mode of action, potential molecules involved in DNT-me-
diated immunoregulatory activities were identified through 
high-throughput screenings of DNT surface molecules, and func-
tional involvements of the expressed molecules were determined 
via blocking assays. To investigate whether DNTs simultaneously 
suppress GvHD while inducing GVL, leukemia-bearing mice were 
treated with Tconv cells with or without DNTs, and the leuke-
mia engraftment level and normal tissue damage were assessed. 
Tconv cells proliferated significantly less when stimulated in the 
presence of DNTs, and DNTs inhibited priming of Tconv cell to al-
lo-antigens, developing resistance to host-versus-graft rejection. 
In GvHD-xenograft models, mice co-infused with DNTs showed 
enhanced survival with less severe tissue damage. Further, Tconv 
cells obtained from DNT-co-treated mice were less activated than 
those infused with Tconv cells alone. High throughput screening 
of expressed surface molecules identified an array of molecules 
expressed on DNTs, and involvement of several molecules in 
DNT-mediated Tconv cell suppression was functionally confirmed 
by blocking studies. Importantly, DNT infused with Tconv cells 
into leukemia-bearing mice simultaneously targeted leukemia 
and suppressed GvHD without compromising the GvL activity of 
Tconv cells, resulting in a higher leukemia clearance rate and less 
severe tissue damage than infusion of Tconv cells alone. 

In conclusion, this study demonstrates the potential of “off-the-
shelf” DNTs as an adjuvant therapy to allo-HSCT to prevent GvHD 
while inducing GvL in patients and identified the underlying 
mechanism of DNT-mediated GVHD-suppression.
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A025 / Preclinical development of CD37CAR T-cell the-
rapy for treatment of B-cell lymphoma

Köksal Hakan (Department of Cellular Therapy, Department of 
Oncology, Oslo University Hospital), Dillard Pierre (Department 
of Cellular Therapy, Department of Oncology, Oslo University 
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Hospital), Benard Emmanuelle (Department of Cellular Therapy, 
Department of Oncology, Oslo University Hospital), Sarah E Jo-
sefsson (Department of Cancer Immunology, Institute for Cancer 
Research, Oslo University Hospital), Solrun Melkorka Maggad-
ottir (Department of Cellular Therapy, Department of Oncology, 
Oslo University Hospital), Sylvie Pollmann (Department of Cellu-
lar Therapy, Department of Oncology, Oslo University Hospital), 
Anne Fåne (Department of Cellular Therapy, Department of On-
cology, Oslo University Hospital), Yngvild Nuvin Blaker (Depart-
ment of Cancer Immunology, Institute for Cancer Research, Oslo 
University Hospital), Klaus Beiske (Department of Pathology, 
Division of Cancer Medicine, Oslo University Hospital), Kanutte 
Huse (Department of Cancer Immunology, Institute for Cancer 
Research, Oslo University Hospital), Arne Kolstad (Department of 
Oncology, Division of Cancer Medicine, Oslo University Hospital), 
Harald Holte (Department of Oncology, Division of Cancer Med-
icine, Oslo University Hospital), Gunnar Kvalheim (Department 
of Cellular Therapy, Department of Oncology, Oslo University 
Hospital), Erlend B. Smeland (Department of Cancer Immunolo-
gy, Institute for Cancer Research, Oslo University Hospital), June 
H Myklebust (Department of Cancer Immunology, Institute for 
Cancer Research, Oslo University Hospital), Else Marit Inderberg 
(Department of Cellular Therapy, Department of Oncology, Oslo 
University Hospital), Sébastien Wälchli (Department of Cellular 
Therapy, Department of Oncology, Oslo University Hospital).

T cells modified to express chimeric antigen receptor (CAR) target-
ing CD19 (CD19CAR) have produced remarkable clinical respons-
es in patients with relapsed/refractory B-cell acute lymphoblastic 
leukemia. CD19CAR T-cell therapy has also demonstrated notable 
efficacy in B-cell non-Hodgkin lymphoma (B-NHL) patients. How-
ever, a subset of patients who relapse after CD19CAR T-cell ther-
apy have outgrowth of CD19− tumor cells. Hence, development 
of alternative CARs targeting other B-cell markers represents an 
unmet medical need for B-cell acute lymphoblastic leukemia and 
B-NHL. Here, we confirmed previous data by showing that B-NHL 
has high expression of CD37. A second-generation CD37CAR was 
designed, and its efficacy in T cells was compared with that of 
CD19CAR. In vitro assessment of cytotoxicity and T-cell function 
upon co-culture of the CAR T cells with different B-cell lympho-
ma target cell lines demonstrated comparable efficacy between 
the two CARs. In an aggressive B-cell lymphoma xenograft mod-
el, CD37CAR T cells were as potent as CD19CAR T cells in con-
trolling tumor growth. In a second xenograft model, using U2932 
lymphoma cells containing a CD19− subpopulation, CD37CAR T 
cells efficiently controlled tumor growth and prolonged survival, 
whereas CD19CAR T cells had limited effect. We further showed 
that, unlike CD19CAR, CD37CAR was not sensitive to antigen 
masking. Finally, CD37CAR reactivity was restricted to B-lineage 
cells. We are also working on several design modifications, mainly 
focused on the hinge size in order to study the impact on the 
overall CAR functionality. Collectively, our results demonstrated 
that CD37CAR T cells can effectively eradicate B-cell lymphoma 
tumors when CD19 antigen expression is lost and support clinical 
testing in patients with relapsed/refractory B-NHL.
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A026 / The investigation of personalized immunotherapy 
targeting neoantigen for liver, pancreas, and biliary tract 
cancer

Toshihiro Suzuki (GMEC., Sch. Med., Teikyo Univ.), Yu Akazawa 
(2nd Dep. of Int. Med., Grad. Sch. Med., Fukui Univ.), Yasuhiro 
Shimizu (Dep. of Gastro. Surg., Grad. Sch. Med., Yokohama City 
Univ.), Toshiaki Yoshikawa (Div. Cancer Immunother., EPOC., Natl. 
Cancer Ctr.), Motohiro Kojima (Div. of Pathology, EPOC., Natl. 
Cancer Ctr.), Naoto Gothoda (Div. Hepatobil. and Panc. Surg., 
Natl. Cancer Ctr. Hosp. East), Shinichiro Takahashi (Div. Hepatobil. 
and Panc. Surg., Natl. Cancer Ctr. Hosp. East), Motokazu Sugimo-
to (Div. Hepatobil. and Panc. Surg., Natl. Cancer Ctr. Hosp. East), 
Masahide Seki (Dept. CBMS, Grad. Sch. Front. Sci., Univ. Tokyo), 
Yutaka Suzuki (Dept. CBMS, Grad. Sch. Front. Sci., Univ. Tokyo), 
Tetsuya Nakatsura (Div. Cancer Immunother., EPOC., Natl. Cancer 

Ctr.).

In recent, the clinical benefits of immune checkpoint inhibitor and 
adoptive immunotherapy with T cells suggested that neoantigens 
derived from passenger gene mutation might cause anti cancer 
immune response in vivo. Unfortunately, the effect of immune 
checkpoint inhibitors is less than 20% in most solid cancers (1-
5). Moreover, the cancer types in which adoptive immunotherapy 
with T cells is effective are also limited. In particular, the effect 
on gastrointestinal cancer has been still unclear, while various 
passenger gene mutations have been reported (6-7). Since pas-
senger mutations are usually individual in each patient, personal-
ized immunotherapy should be required to achieve the maximum 
response by cancer immunotherapy (8-9).Here, to explore the 
possibility of personalized immunotherapy against hepatocel-
lar carcinoma (HCC), pancreas adenocarcinoma (PDAC), biliary 
tract cancer (BD), and liver metastasis (Meta), we try to identify 
tumor-reactive CTLs from tumor infiltrating lymphocytes (TILs), 
and to determine the neoantigens recognized by tumor-reactive 
CTLs. 

Methods : Total 105 patients who were received radical resection 
in our hospital (National Cancer Center East, Japan) until Dec. 
2016 to Jan. 2018 were enrolled to this study. DNA and RNA were 
harvested from both normal and tumor tissues to analyze the mu-
tation burden by WES. Refer to the results of omics analysis, the 
prediction of neoantigens was performed by netMHCpan Ver.4. In 
59 patients of these (HCC=22, PC=13, and Meta=24), the reactivity 
of TILs against autologous tumor were successfully assessed by 
in vitro degranulation assay (CD107a assay). Using Chromium (10x 
Genomics), TCR repertoire and transcriptome of primary T cells 
were analyzed by single cell levels. 

Results : When PD-1+CD8+ T cells were co-cultivated with autolo-
gous tumor, we detected the CD107a+ fraction in half of patients, 
however, the % of CD107a were always less than 1 %. Similar results 
were obtained by the analysis of TCR repertoire of primary PD-
1+CD8+ T cells in tumor tissue. Comparing the % of CD107a+ in 
each patient, we found that the % of CD107a+ CD8+ TILs tended 
to higher in HCC patients than that in others (median =0.084% 
in HCC, =0.027% in Meta, =0.019% in PC). The multi-fluorescence 
immunohistochemical analysis of HCC tissues showed the signifi-
cant activation and infiltration of CD8+ T cells into tumor masses 
in patients who had CD107a+ fractions. To explore the character 
of tumor reactive CTLs in primary tumor tissues, we analyzed the 
transcriptome of primary PD-1+CD8+ T cells, of which TCR genes 
(CDR3) were matched with tumor reactive CTLs. Omics analysis 
of tumor reactive population in primary tumor revealed that tu-
mor reactive CTLs had the expression of HSP family and S100A 
family. 

Conclusion In our study, we successfully isolate autologous tumor 
reactive CTLs from patient primary tumor in vitro. These CTLs 
may be available for T cell therapy against tumor in Liver, Pancre-
as, and Biliary tract. Now, we are going to do further experiments 
to characterize autologous tumor reactive population.

Keywords : T cell therapy, Personalized immunotherapy, Hepato-
cella Carcinoma, Single cell analysis.
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A027 / Engineering CAR NK cells for antigen-dependent 
expansion

Avishai Shemesh (University of California, San Francisco (UCSF)), 
Kole Roybal (University of California, San Francisco (UCSF)), 
Lewis Lanier (University of California, San Francisco (UCSF)).

A major limitation of CAR.NK cells therapy is the limited expan-
sion capacity following target cell recognition relative to CAR-T 
cells. In mice, expansion and memory response of NK cells to 
MCMV was shown to be mediated by receptor activation as well 
as IL-12 signaling, indicating that both signals are essential for NK 
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cell expansion and the initiation of NK cell memory formation. 
However, in most cancers, the secretion of IL-12 by myeloid cells 
is null. To translate the NK cells expansion and memory response 
from anti-viral to anti-cancer therapy, we designed a chimeric 
cytokine receptor (CCR) system based on the integration of the 
GM-CSF receptor and the IL-12 receptor. Consequently, cytokine 
secretion following NK cell activation will result in autocrine IL-12 
signaling, therefore supporting modularly NK cell expansion and 
initiation of anti-tumor NK cell memory response specifically at 
the tumor site.

Keywords : Natural Killer, Expansion, Chimeric antigen receptor, 
Chimeric cytokine receptor.
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A028 / Identification of mutant IDH1 specific T-cell recep-
tors from a glioma vaccine trial and a humanized mouse 
model

Khwab Sanghvi (German Cancer Research Center (DKFZ), Heidel-
berg), Edward Green (German Cancer Research Center (DKFZ), 
Heidelberg), Lukas Bunse (German Cancer Research Center 
(DKFZ), Heidelberg), Alina Siebenmorgen (German Cancer Re-
search Center (DKFZ), Heidelberg), Jana Sonner (German Cancer 
Research Center (DKFZ), Heidelberg), Matthias Bozza (German 
Cancer Research Center (DKFZ), Heidelberg), Isabel Poschke 
(Immune Monitoring Unit, National Center for Tumor Diseases, 
Heidelberg), Wolfgang Wick (German Cancer Research Center 
(DKFZ), Heidelberg ; Department of Neurology, University Hos-
pital Heidelberg, Heidelberg), Richard Harbottle (German Can-
cer Research Center (DKFZ)), Michael Platten (German Cancer 
Research Center (DKFZ), Heidelberg ; Department of Neurology, 
University Hospital Mannheim, Mannheim).

Central to clinically relevant immunotherapy of gliomas is the dis-
covery of tumor-specific antigens and the development of thera-
peutic strategies that effectively exploit them. One such example 
is the mutation in the gene encoding isocitrate dehydrogenase 
1 (IDH1). This tumor-specific mutation is found in greater than 
70% grade II and grade III gliomas. We have previously shown the 
therapeutic efficacy of a peptide vaccine encoding the IDH1R132H 
(mIDH1) in an MHC-humanized A2.DR1 mouse tumor model. In 
turn, the immunogenicity of the peptide vaccine was successfully 
tested in a multicentre, first-in-man clinical trial (NOA-16). The ef-
fectiveness of peptide vaccines is, however, limited by the ability 
of a patient to mount an immune response. This can be circum-
vented by employing adoptive cell therapy using T-cells transgen-
ic for T-cell receptors (TCRs) against tumor-specific antigens. To 
identify mIDH1 specific TCRs, we first subjected patient PBMCs 
post-vaccination to antigen-specific in vitro T-cell expansion to 
enrich relevant T-cell clones. Candidate TCRs were identified us-
ing single-cell VDJ sequencing of expanded PBMCs and were then 
delivered into target cells using a safe, novel S/MAR based gene 
therapy vector. The functional validity of these TCRs was probed 
using NFAT reporter based T-cell activation assay optimized for 
testing TCRs against antigens presented on MHC-II complexes. In 
turn, we developed a protocol for rapid expansion of patient PB-
MCs to facilitate testing of TCRs in an autologous, HLA-agnostic 
setting when patient sample is limited. A similar approach was 
used to identify TCRs from an antigen-specific T-cell line gener-
ated from vaccinated A2.DR1 mice. We are currently generating 
TCR-retrogenic mice to test the capacity of these TCRs in an 
adoptive T-cell therapy setting to recognize and eradicate mIDH1 
positive tumors. The proof of principle identification of mIDH1 
reactive TCRs demonstrates the feasibility of exploiting immune 
responses against neo-epitopes as a first step in developing an 
adoptive TCR-transgenic T-cell therapy for glioma patients.

Keywords : T-cell receptor, IDH1, glioma.
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A029 / Epstein-Barr Virus-induced CD137 expression in 
nasopharyngeal carcinoma

Sashigala Ponnalagu (National University of Singapore), Hiu Yi 
Wong (National University of Singapore), Herbert Schwarz (Na-
tional University of Singapore).

Epstein-Barr virus (EBV) is an oncogenic virus associated with 
the pathogenesis of cancers such as Hodgkin’s lymphoma (HL) 
and nasopharyngeal carcinoma (NPC) (Küppers et al., 2012 ; Tsao 
et al., 2015). EBV proteins and microRNAs have been identified 
to modulate the host immune environment to establish latency 
and evade immune defense (Chou et al., 2008 ; Cosmopoulos et 
al., 2009 ; Zheng et al., 2007). Latent membrane protein 1 (LMP1), 
an EBV protein, has been shown to transform B cells to adopt 
properties akin to those of malignant cells of HL (Vockerodt et al., 
2008). LMP1 can also upregulate CD137 expression in T and NK 
cell lymphomas (Yoshimori et al., 2014). CD137 is a co-stimulatory 
molecule expressed by activated T cells but CD137 is also ectop-
ically expressed by cancer cells in HL and helps to evade the im-
mune response (Ho et al., 2013 ; Shao et al., 2015). The interesting 
link between EBV and ectopic CD137 expression in HL led to the 
hypothesis that NPC cells may have EBV-induced CD137 expres-
sion to facilitate immune suppression. This hypothesis was sup-
ported by CD137-positive staining in 42/122 (34%) cases of NPC 
patient tissue by immunohistochemistry (IHC). The subset of cells 
expressing CD137 was further identified to be NPC cells (77/116, 
66%) by multiplex IHC staining for cytokeratin (epithelial cells), 
EBV encoded small RNAs (EBERs) and CD137. LMP1 was tran-
siently transfected into NPC cell lines and was observed to induce 
CD137 expression. Stable NPC cell lines expressing CD137 were es-
tablished to study the function of CD137 in NPC. CD137-expressing 
NPC cells were co-cultured with CD137 ligand (CD137L)-express-
ing B cell lines to show CD137-CD137L interaction and CD137L 
downregulation by trogocytosis. The role played by CD137 in the 
NPC stroma is currently being investigated in vitro.
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A030 / Pre-clinical evaluation of an NY-ESO-1-specific 
TCR candidate generated using AgenTus’ proprietary 
mammalian Retrocyte Display-based discovery platform

Rashmi Choudhary (AgenTus Therapeutics), Reed Masakayan 
(AgenTus Therapeutics), Eleni Chantzoura (AgenTus Therapeu-
tics), Rukmini Ladi (AgenTus Therapeutics), Marc vanDijk (Agen-
Tus Therapeutics), Andy Hurwitz (AgenTus Therapeutics).

AgenTus Therapeutics has developed a unique TCR discovery 
platform (T-RX) based on the mammalian Retrocyte Display 
functional screening system. T-RX is a differentiating platform 
that allows screening of large, fully-human TCR libraries in a 
high-throughput format and enables identification of TCRs based 
on both binding to the antigen/MHC of interest and functional 
signaling in T cells. We hypothesized that high affinity TCRs iden-
tified using this platform will confer potent anti tumor respons-
es when delivered into autologous CD4 and CD8 T cells isolated 
from patients with advanced stages of cancer. We chose to target 
NY-ESO-1 since clinical responses in solid tumors have been ob-
served in several adoptive T cell therapy clinical trials targeting 
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this antigen without severe toxicities. NY-ESO-1 is a prototypic 
cancer-testis antigen which is expressed by cancer cells and ab-
sent in normal somatic cells. Herein, we present preclinical studies 
performed with our lead TCR candidate and demonstrate the ex-
pected safety and feasibility of this approach. For lead candidate 
selection, we used an in vitro-transcribed (IVT) mRNA-based ap-
proach to express TCRs in Jurkat cells and primary T cells. One 
lead NY-ESO-1 :A*02 :01 candidate molecule was selected for 
subsequent optimization using the T-RXTM platform. Following 
CDR3 mutagenesis and guided selection (TCR α/β shuffling), 20 
additional candidates with improved activity were identified, from 
which 3 were selected for further characterization. Human T cells 
collected from HLA-A*02 :01 positive healthy donors were activat-
ed and transduced with lentiviral vectors encoding the 3 lead TCR 
candidates or a reference TCR as positive control. The majority 
(50-90%) of T cells transduced with AgenTus TCRs demonstrated 
NY-ESO-1 :HLA-A*02 :01 tetramer binding. Co-culture of AgenTus 
TCR T cells with NY-ESO-1(+) tumor cells showed target-depen-
dent upregulation of activation markers : CD69, CD25, 4-1BB and 
OX-40. Furthermore, when interrogated for in vitro cytotoxicity, a 
cell dose-dependent and target-specific lysis of NY-ESO-1(+) tu-
mor cells was observed for all 3 AgenTus TCRs ; with no response 
observed with non-transduced T cells. This was corroborated by 
analysis of cytokine secretion, indicating polyfunctional immune 
responses. The potency of AgenTus TCRs was investigated in vivo 
using a xenograft model in immune-deficient mice, established 
by implantation of the K562 cell line overexpressing HLA-A*02 :01 
and NY-ESO-1. Treatment of tumor-bearing mice with engineered 
T cells led to significant regression in tumor volume and extend-
ed survival. Importantly, the strongest anti-tumor responses were 
observed with the lead candidate TCR, with complete tumor erad-
ication observed post one week following T cell injection. Efficacy 
was comparable to treatment with the reference TCR-bearing T 
cells. Based on these findings, along with optimal cytotoxicity and 
cytokine secretion, we selected a development candidate that is 
now designated agenT-842, our clinical drug product. agenT-842 
displayed a robust specificity profile when tested against single 
amino acid substitutions of the NY-ESO-1 peptide. The candidate 
is on track for IND/CTA filing in Q42019. 

In conclusion, we believe that agenT-842, discovered using our 
proprietary T-RX platform, will be broadly applicable to tumors 
expressing NY-ESO-1 with high impact anti-tumor activity expect-
ed in solid tumors as a monotherapy with expanded clinical ac-
tivity in planned combinations with our proprietary checkpoint 
modulating antibodies developed at Agenus, Inc. Moreover, this 
discovery platform is also applicable to multiple target types, in-
cluding non-traditional neo-antigens that are shared within and 
between indications.

Keywords : Adoptive Cell Therapy, TCR, NY-ESO-1.

A031 / “Switchable” antibody via reversible and res-
ponsive chemical modification for safe and efficient can-
cer immunotherapy

Yu Zhao (Institute of Bioengineering, Institute of Materials Sci-
ence & Engineering, École polytechnique fédérale de Lausanne 
(EPFL)).

Cancer immunotherapy, such as checkpoint blockade antibody 
therapy, has achieved remarkable clinical success leading to du-
rable response in some patients with advanced-stage cancers. 
However, major challenges remain to benefit the majority of can-
cer patients with immunotherapy. Combination therapies have 
shown the potential to further increased the efficacy but could 
be limited in clinical applications due to greatly increased toxici-
ties concurrently. For example, when anti-CTLA-4 was combined 
with anti-PD-1 antibody, enhanced anti-tumor activity came at the 
cost of synergistically exacerbated toxicity ; ~55% of previously 
untreated melanoma patients given the combination experienced 
grade 3 or 4 adverse events. In addition to checkpoint blockade 
antibodies, antibodies against costimulatory molecules such as 
4-1BB, OX40, and CD28, represent another class of promising 
cancer immunotherapies but has shown limited clinical use so far 
due to their sever systemic toxicities. Therefore, new technolo-
gies are highly desired to harness the potential of antibody-based 
immunotherapies of high potency while avoiding the concurrent 

toxicities. Here, we developed a “switchable” technology based 
on facile and reversible chemical modification of antibodies for 
safe and efficient cancer immunotherapy. The switchable anti-
body (Sw-Ab) was fabricated by masking native Ab with biocom-
patible hydrophilic polymers through the formation of reversible 
covalent bonds that responded to specific physiological triggers 
in tumor microenvironment. The Sw-Ab remained “off” status in 
circulation or healthy tissues, but turned “on” in tumor tissues via 
releasing the polymer masks in response to the tumor-specific 
triggers, such as low pH, high reducing potential, ROS, etc. To 
proof the concept, we have synthesized a pH-responsive Sw-Ab 
through conjugating poly(ethylene glycol) (PEG) onto a costim-
ulatory monoclonal antibody, anti-4-1BB, through an acid-labile 
methylmaleic anhydride linker. The successful PEG conjugation 
was verified by dramatic increased molecular weight post modifi-
cation evidenced by SDS-PAGE and HPLC analyses. The complete 
removal of masking polymers was validated by SDS-PAGE and 
HPLC analyses upon incubating the Sw-Abs in acidic buffer (pH = 
6.5, mimicking tumor microenvironment) at 37 ºC overnight. We 
assessed the masking and recovery of anti-4-1BB activity through 
an in vitro T-cell binding assay. The Sw-anti-4-1BB Ab at “off” sta-
tus exhibited 25 folds higher EC50 value comparing with native 
anti-4-1BB, while almost fully recovered at “on” status. Important-
ly, circulation half-life and anti-tumor efficacy of Sw-anti-4-1BB 
Ab remained similar as the native anti-4-1BB Ab in in vivo studies 
with C57BL/6 mice bearing B16F10 melanoma. Notably, Sw-an-
ti-4-1BB Ab treatment exhibited minimal toxicities in the treated 
mice while mice treated with the same dose of native anti-4-
1BB Ab showed splenomegaly and increased NK cell depletion 
in spleen and liver. Together, the Sw-Ab technique improved the 
safety of immunotherapy while maintaining its potency. We have 
also shown that the Sw-Ab technique could be extended to many 
immune-stimulating antibodies including checkpoint blockade 
antibodies (anti-PD-1 and anti-CTLA-4) and costimulatory anti-
bodies (anti-CD40) and is a generalized strategy for next genera-
tion antibody-based immunotherapy.

Keywords : antibody-based immunotherapy, “switchable” anti-
body, reversible chemistry.
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A032 / Graphene oxide modulates dendritic cell ability to 
promote T cell activation and cytokine production

Helen Parker (University of Manchester).

An important aspect of cancer immunotherapy is the ability of 
dendritic cells (DCs) to prime T cell immunity, an approach that 
has yielded promising results in some early phase clinical trials. 
However, since tumor immunogenicity is often weak, novel ap-
proaches are required to improve DC immunotherapy efficacy 
by enhancing their uptake of, and activation by, cancer antigens. 
Graphene oxide (GO) may provide a unique way to deliver anti-
gen to DCs and modulate their ability to initiate effective adap-
tive immune responses. We have assessed whether GO affects DC 
activation and function, including their ability to take up, process 
and present the well-defined model antigen ovalbumin (OVA). We 
have found that GO flakes are internalised by DCs, while having 
minimal effect on their viability, activation phenotype or cytokine 
production. Although adsorption of OVA protein to either small 
or large GO flakes promoted antigen uptake into DCs, large GO 
interfered with OVA processing. In terms of modulation of DC 
function, delivery of OVA via small GO flakes enhanced DC ability 
to induce proliferation of OVA-specific CD4+ T cells, promoting 
granzyme B secretion. On the other hand, delivery of OVA via 
large GO flakes augmented DC ability to induce proliferation of 
OVA-specific CD8+ T cells, and their production of IFN-gamma 
and granzyme B. Together, these data demonstrate the capacity 
of GO of different lateral dimensions to act as a promising anti-
gen delivery platform for DC modulation of distinct facets of the 
adaptive immune response, information that could be exploited 
for future development of targeted cancer immunotherapies.

Keywords : Dendritic cells, Antigen, Graphene oxide.
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A034 / Immunogenic lipid fractions and infiltrating un-
conventional T-cells in pediatric papillary renal cell car-
cinoma

Nadine Lehmann (Pediatric Hematology/Oncology, University 
Medical Center of the Johannes Gutenberg-University Mainz), 
Claudia Paret (Pediatric Hematology/Oncology, University Med-
ical Center of the Johannes Gutenberg-University Mainz), Alex-
andra Russo (Pediatric Hematology/Oncology, University Medical 
Center of the Johannes Gutenberg-University Mainz), Khalifa El 
Malki (Pediatric Hematology/Oncology, University Medical Cen-
ter of the Johannes Gutenberg-University Mainz), Marie Astrid 
Neu (Pediatric Hematology/Oncology, University Medical Center 
of the Johannes Gutenberg-University Mainz), Arthur Wingerter 
(Pediatric Hematology/Oncology, University Medical Center of 
the Johannes Gutenberg-University Mainz), Francesca Alt (Pedi-
atric Hematology/Oncology, University Medical Center of the Jo-
hannes Gutenberg-University Mainz), Larissa Seidmann (Institute 
of Pathology, University Medical Center of the Johannes Guten-
berg-University Mainz), Sebastian Försch (Institute of Pathology, 
University Medical Center of the Johannes Gutenberg-Univer-
sity Mainz), Roger Sandhoff (Division of Cellular and Molecular 
Pathology, German Cancer Research Center, Heidelberg), Jörg 
Faber (Pediatric Hematology/Oncology, University Medical Cen-
ter of the Johannes Gutenberg-University Mainz).

Papillary renal cell carcinomas (RCC) rarely occur in children, 
which is why information about tumor biology and therapy is very 
limited. So far, the treatment of choice for pediatric papillary RCC 
is a complete surgical resection without any adjuvant therapy. 
Due to the rarity of the disease and the good survival, no further 
therapy for children with papillary RCC is defined. Nevertheless, 
it is important to further characterize this pediatric tumor entity 
and to expand the treatment options for the difficult cases. Be-
side the standard therapeutic options like surgical resection, che-
motherapy and radiation, immunotherapy is emerging as an im-
portant therapeutic tool for childhood cancer entities. It is known, 
that tumor cells can be recognized and killed by conventional and 
unconventional T cells such as invariant natural killer T cells (iNKT 
cells) and γδ T cells. Unlike conventional T cells, antigen recogni-
tion is independent of major histocompatibility complex (MHC) 
molecules in iNKT and γδ T cells and this offers new alternatives 
for cancer immunotherapies. Vδ1 positive cells, a subgroup of γδ 
T cells, and iNKT recognize lipids via CD1d molecules. The nature 
of those lipids is largely unknown and α-Galactosylceramide is 
currently used as a synthetic model antigen. Here, we aimed to 
identify infiltrating unconventional and conventional T cells and 
the potential immunogenic lipids in pediatric papillary RCC. By 
flow cytometric analysis of isolated tumor infiltrating lympho-
cytes (TILs) of two pediatric papillary RCC samples, we detected 
the infiltration of conventional T cells, iNKT and γδ T cells. The 
infiltration of Vδ1 T cells could be identified in one of two samples. 
The infiltration of CD45+ and γδ T cells was confirmed by immu-
nohistochemistry in both samples. CD1d expression was detected 
by qRT-PCR and IHC in both samples. To identify immunogenic 
lipids, we fractionated hydrophobic and polar tumor lipids and 
identified fractions able to induce the proliferation of iNKT and 
Vδ1 cells of healthy donors. Importantly, one hydrophobic lipid 
fraction was able to induce the proliferation of iNKT cells isolated 
from PBMCs and from TILs of one of the two papillary RCC pa-
tients and one polar fraction was able to induce the proliferation 
of Vδ1 cells isolated from the PBMCs of the same patient. In sum-
mary, pediatric papillary RCC are infiltrated by conventional and 
unconventional T cells and express lipids that can stimulate the 
proliferation of unconventional T cells. Our project is expected to 
provide new insights into the therapeutic utility of unconventional 
T cell therapy and it helps to get new information about the tumor 
immunology of pediatric papillary RCCs.

Keywords : Lipid Antigens, Unconventional T-cells, Pediatric pap-
illary RCC.
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A035 / Adoptive cell transfer following personalized can-
cer vaccination elicits newly detectable neoantigen-spe-
cific T cell responses endowed with anti-tumor activity in 
ovarian cancer patients

Sara Bobisse (Department of Oncology, Lausanne University 
Hospital and Ludwig Institute for Cancer Research, University 
of Lausanne), Valentina Bianchi (Department of Oncology, Lau-
sanne University Hospital and Ludwig Institute for Cancer Re-
search, University of Lausanne), Raphael Genolet (Department of 
Oncology, Lausanne University Hospital and Ludwig Institute for 
Cancer Research, University of Lausanne), Brian J. Stevenson (De-
partment of Oncology, Lausanne University Hospital and Ludwig 
Institute for Cancer Research, University of Lausanne), Edoardo 
Missiaglia (Institute of Pathology, Lausanne University Hospital), 
Lana E. Kandalaft (Department of Oncology, Lausanne University 
Hospital and Ludwig Institute for Cancer Research, University of 
Lausanne), Alexandre Harari (Department of Oncology, Lausanne 
University Hospital and Ludwig Institute for Cancer Research, 
University of Lausanne), Coukos George (Department of Oncolo-
gy, Lausanne University Hospital and Ludwig Institute for Cancer 
Research, University of Lausanne).

Private tumor neoantigens derived from non-synonymous so-
matic point mutations can be immunogenic and are becoming 
highly attractive targets for tailored mutanome-based immuno-
therapies. A pilot study conducted by Kandalaft and colleagues 
has shown that an autologous oxidized tumor lysate-pulsed den-
dritic cell vaccine in advanced ovarian cancer patients is feasi-
ble and safe, and induces a broad antitumor response including 
T cell reactivities against private mutated neoepitopes. Patients 
who developed antitumor T cell responses following vaccination 
but failed to achieve a complete remission (n=12), were enrolled 
in a second part of the trial involving additional vaccine doses 
and lympho-depletion followed by adoptive cell transfer (ACT) 
of autologous vaccine-primed ex vivo co-stimulated T cells, as 
second line treatment. We performed a longitudinal screening 
of circulating neoepitope-specific CD8+ T cells by IFN-γ ELIS-
pot in vaccinated patients who received T cell infusion (i.e. ACT 
patients). The TCRβ of CD137-sorted neoantigen-specific CD8+ 
T cells were sequenced and their frequencies analyzed in the T 
cell infusion product, where available, as well as tracked at dif-
ferent timepoints throughout therapy. Immuno-phenotyping 
and T cell fitness were assessed by flow cytometry over-time. 
Moreover, circulating tumor DNA (ctDNA) mutation profiling by 
high-throughput sequencing was performed on longitudinal se-
rum samples. Circulating neoepitope-specific CD8+ T cells were 
identified in 7 out of 12 ACT patients. Of interest, several (n=7) 
CD8+ T cell reactivities to neoepitopes were newly detected only 
post-ACT in the blood of 5 out of 7 patients (ACT responders). 
Pre-ACT neoepitope-specific T cell responses were also amplified 
post-ACT. Neoepitope-specific T cells were oligoclonal and dom-
inant TCRβ CDR3 sequences were identified. In ACT responders, 
CD8+ T cells preferentially expanded post-ACT while the circu-
lating regulatory CD4+ T cell compartment decreased over-time 
as opposed to ACT non-responders (p=0.04). Of note, ctDNA 
encoding immunogenic, as opposed to non-immunogenic, mu-
tations were preferentially detected and their levels specifically 
increased post-ACT (p=0.02), coincidentally with the detection 
of cognate mutation-specific T cell responses. Finally, ctDNA en-
coding immunogenic mutations was preferentially detected in 
patients clinically with stable disease (p=0.01). Taken together, 
our data show that ACT in the course of personalized vaccina-
tion induced several de novo circulating neoantigen reactivities, 
and amplified pre-existing responses to some neoepitopes. While 
the newly detected neoepitope-specific T cells were undetectable 
in the ACT product, a higher effector/Treg ratio was observed in 
ACT-responders post-treatment, suggesting that these patients 
were immunologically fitter for vaccination. Finally, the detection 
of ctDNA of immunogenic mutations suggests a role for the treat-
ment-induced neoantigen-specific T cells in tumor control. These 
findings will have important implication for the immune-monitor-
ing of T-cell responses, following immunotherapy, but also for de-
veloping new ACT strategies targeting neoepitopes in combina-
tion with personalized cancer vaccination.
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A036 / Abrogation of HLA surface expression using CRIS-
PR/Cas9 genome editing to generate universal donor T 
cells

Munkyung Kim (Mogam institute for biomedical research), Jee-
won Lee (Mogam institute for biomedical research), Joong-Hyuk 
Sheen (Mogam institute for biomedical research), Jihye Ryu 
(Mogam institute for biomedical research), Yu Young Kim (Mog-
am institute for biomedical research), Okjae Lim (Mogam institute 
for biomedical research).

Immune cell therapy including chimeric antigen receptor (CAR) 
T cells has revolutionized the way cancers are treated. Further-
more, the allogeneic donor-derived CAR T cells can pave a way 
to the off-the-shelf CAR-T cell therapy. However, rejection of the 
adoptively transferred allogeneic T cells caused by the host im-
mune system remains an obstacle for the universal CAR T cell 
therapy. To investigate the role of HLA molecules in rejection of 
donor T cells, we attempted to inhibit expression of HLA mol-
ecules through the CRISPR/Cas9 gene editing system. First, we 
screened 60 gRNAs targeting B2M and 60 each gRNA targeting 
alpha chain of HLA-II molecules (DP, DQ and DR, respectively), 
and identified gRNA sequences highly efficient in target deletion 
without carrying off-target effect. By simultaneous quadruple 
genome editing of primary human T cells, we documented that 
HLA-I/II double negative T cells are phenotypically unaltered and 
functionally intact compared to non-target gRNA treated control 
cells. We next co-cultured HLA-I or HLA-I/II negative donor T cells 
with allogeneic responder peripheral blood mononuclear cells 
(PBMC) and analyzed alloresponses from responder. The over-
night mixed lymphocyte reaction assays demonstrated that HLA-I 
negative T cells resulted in decreased IFN-γ & TNF-α production 
in the responder cells while deficiency of HLA-I/II in T cells further 
dampened alloresponses, positioning HLA-II as a key intermedi-
ary of alloresponse during allogeneic cell therapy. In summary, our 
approach will provide an invaluable tool to target HLA expression 
for the universal donor cell production.

Keywords : cell therapy, HLA, CRISPR/Cas9, universal donor T 
cells.

A039 / First direct immunotherapy against HLA-G : an-
ti-HLA-G CAR T cells

François Anna (Invectys, Paris Biopark 12 rue Jean Antoine de 
Baïf), Elodie Bole-Richard (Bourgogne Franche-Comté University, 
Inserm, EFS BFC, UMR1098, RIGHT Interactions Greffon-Hôte-Tu-
meur/Ingénierie Cellulaire et Génique, France), Joel LeMaoult (He-
mato-Immunology Research Department, CEA-DRF, Saint Louis 
Hospital, France), Pierre Langlade-Demoyen (Invectys), Julien 
Caumartin (Invectys), Maria Loustau (Invectys).

The aim of this work was to develop a new immunotherapeutic 
strategy against the tumor associated antigen (TAA) and immune 
checkpoint (ICP) HLA-G to (i) overcome its immune-tolerogenic 
functions involved in tumor immune escape, (ii) to target HLA-G 
as a TAA and (iii) prevent suppressive microenvironment relat-
ed to HLA-G. Chimeric antigen receptor T (CAR-T) cells thera-
pies are demonstrated to be very efficient against hematological 
malignancies. However, it could not be applied to solid tumors 
since specific antigens are missing. The non-classical MHC class 
I HLA-G was identified as an excellent tumor specific antigen for 
both hematological and solid tumor cells. HLA-G expression is (i) 
associated with malignant transformation, (ii) is found on tumor 

cells and (iii) is rarely observed in healthy tissues defining HLA-G 
as a remarkable tumor associated antigen (TAA). Furthermore, 
HLA-G was recently identified as an ICP molecule exerting its 
tolerogenic functions through LILRB1 and B2 receptors binding, 
inhibiting all immune cell subsets and inducing regulatory T cells 
and suppressive APCs. Indeed, contrary to PD-1 / PD-L1, HLA-G 
presents restricted expression but wide immune-inhibitory func-
tions. Despite several approaches aimed at targeting HLA-G, no 
immunotherapy against HLA-G-expressing tumor cells has been 
developed. Indeed, neither stimulatory functions nor cellular re-
sponses directed against allogenic HLA-G have been reported. 
We have generated new antibodies that are highly specific and 
bind strongly to immunosuppressive isoforms of HLA-G. VL/VH 
paratopes were used to develop 3rd generation CAR constructs 
to allow cytotoxic T lymphocytes redirection against HLA-G pos-
itive tumor cells. We first demonstrated that anti-HLA-G CAR-T 
cells generated were (i) specific and cytotoxic against tumors ex-
pressing HLA-G1 (K562-HLA-G1 and Jeg-3 cell line), (ii) bypassed 
the classical HLA-G/LILRB1 inhibition and were (iii) long-term ef-
fector memory CAR-T cells that could dampen tumor suppressive 
microenvironment. Finally, anti-HLA-G CAR-T cells functions were 
confirmed to migrate and to lyse HLA-G expressing tumor cells 
in vivo demonstrating that anti-HLA-G CAR-T immunotherapy 
is strongly efficient to control tumor progression and eradicate 
HLA-G tumor cells. We show that HLA-G CAR expressing T cells 
can be redirected against HLA-G, develop a cytotoxic phenotype 
and specifically lyse K562-HLA-G1 and JEG-3 tumor cells. Trans-
duction efficiencies were >50% and stable beyond one month. 
We report here for the first time specifically targeting HLA-G for 
immunotherapy.

Keywords : CAR-T, HLA-G, solid tumor, tumor microenvironment.
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A040 / In-depth characterization of tumor-reactive T 
cells by highly multiplexed immunofluorescence imaging

Elvira Criado-Moronati (Miltenyi Biotec GmbH), César Evaristo 
(Miltenyi Biotec GmbH), Ruth Kläver (Miltenyi Biotec GmbH), An-
dre Gosselink (Miltenyi Biotec GmbH), Jutta Kollet (Miltenyi Biotec 
GmbH), Stefan Tomiuk (Miltenyi Biotec GmbH), Ali Kinkhabwala 
(Miltenyi Biotec GmbH), Werner Müller (Miltenyi Biotec GmbH), 
Andrzej Dzionek (Miltenyi Biotec GmbH), Bianca Heemskerk 
(Miltenyi Biotec GmbH).

The adoptive cell transfer (ACT) of tumor-infiltrating lympho-
cytes (TILs) has shown remarkable results in patients with differ-
ent cancer types. The antitumor effect of this therapy is mainly 
attributed to a small fraction of tumor-reactive T lymphocytes 
(TRLs) that recognize mutated peptides (neoantigens) as well 
as (overexpressed) self-antigens. Therefore, the enrichment and 
expansion of TRLs constitutes a promising immunotherapy ap-
proach. However, the specific targeting of individual mutated 
antigens in a patient´s cancer presents a daunting challenge for 
widespread therapeutic application. Alternatively, we hypothesize 
that TRLs could be identified by a surface marker (or combina-
tion thereof) in an antigen-independent manner as a result of the 
chronic antigen exposure and other factors present in the tumor 
microenvironment (TME). We thus aim to phenotypically charac-
terize the TIL compartment and, more precisely, TRLs to improve 
and facilitate ACT approaches. For this purpose, we screened T 
cell activation and exhaustion markers, among others, on differ-
ent tumor types sections using the MACSima™ Imaging Platform, 
an instrument for the highly multiplexed immunofluorescence 
imaging technology MICS (Multiparameter Imaging Cell Screen), 
enabling investigation of hundreds of markers simultaneously 
while preserving the spatial information. Image segmentation and 
bioinformatic tools were used to analyze and integrate the large 
amount of data generated. Moreover, flow cytometry and immu-
noprofiling of T cell repertoires coupled with single cell RNA se-
quencing were performed to complement the characterization of 
TILs. Here we demonstrate the technology for epithelial ovarian 
cancer. The MICS results highlighted the complexity of the TME, 
composed by tumor cells, fibroblasts and endothelial vessels, as 
well as an extensive infiltrate composed of different immune cells, 
such as T cells, plasma cells and distinct myeloid cells. Particular-
ly, T cells from different tumor areas exhibited a tissue-resident 
memory phenotype with the expression of CD69, CD45RO or 
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CD103, as well as an activated/exhausted state determined by the 
upregulation of different markers such as PD-1, TIM-3 or CD39. 
Furthermore, different T cell subsets were identified based on 
their phenotype, and the interaction with other cell types (e.g. 
immune cells, tumor cells) was studied by calculating proximities 
between cell groups. Flow cytometry data revealed similar T cell 
phenotypes. By sequencing T cells on single-cell level dominant 
TCR clones were found, indicating an ongoing clonal expansion 
in the tumor. Moreover, RNA expression patterns were examined 
and correlated to the protein expression profile obtained by MICS. 

In conclusion, this novel imaging technology offers the possibility 
to study multiple parameters—including the localization—of rele-
vant cells in the TME such as T cells. The phenotypic and function-
al characterization of different T cell subsets will allow the further 
investigation of their potential anti-tumor reactivity. Ultimately, 
the enrichment and expansion of the identified tumor-reactive T 
cell population hold great promises to improve the efficiency of T 
cell therapy against cancer.

Keywords : Tumor-reactive T cells, Multiplexed Imaging, Ovarian 
cancer.

A041 / Personalized dendritic cell-whole tumor lysate 
vaccination synergized with immunomodulatory thera-
pies to enhance neoantigen T cell responses in ovarian 
cancer

Cheryl Lai-Lai Chiang (Vaccine development laboratory, Ludwig 
Center for Cancer Research), Johanna Chiffelle (Ludwig Center 
for Cancer Research, Department of Oncology, University of Lau-
sanne), Janos Tanyi (Ovarian Cancer Research Center, Abramson 
Cancer Center, Perelman School of Medicine, University of Penn-
sylvania), Hajer Fritah (Vaccine development laboratory, Ludwig 
Center for Cancer Research), George Coukos (Ludwig Center for 
Cancer Research, Department of Oncology, University of Laus-
anne), Alexandre Harari (Ludwig Center for Cancer Research, De-
partment of Oncology, University of Lausanne), Lana E Kandalaft 
(Ludwig Center for Cancer Research, Department of Oncology, 
University of Lausanne).

Hypochlorous acid-oxidized whole tumor lysate-dendritic cell 
(OCDC) vaccination was feasible in recurrent ovarian cancer 
(OC). We successfully elicited polyclonal T cell responses against 
different tumor-associated antigens in immunotherapy-naïve 
OC subjects. OCDC vaccination also induced “de novo” T cell re-
sponses against previously unrecognized private tumor neoan-
tigens, as well as priming significantly higher avidity (~100-fold 
increase) T cells against previously recognized neoepitopes. 
Overall, the elicited tumor-specific T cell responses was associ-
ated with significantly prolonged overall survival in the treated 
OC subjects. When we combined OCDC vaccination with bev-
acizumab and metronomic cyclophosphamide, we observed a 
significant prolongation of overall survival and enhanced anti-tu-
mor immune responses in the OC subjects. Bevacizumab and 
metronomic cyclophosphamide were used to target the tumor 
vasculature and T regulatory cells, respectively, in the OC tumor 
microenvironment. They also synergized with OCDC to improve 
the infiltration of T cells into the tumors. In this current study, we 
combined the previous OCDC vaccination regimen with aspirin 
and IL-2 to further improve the efficacy in OC subjects. Aspirin 
was shown to inhibit cyclooxygenase 1 (COX1) and COX2 activ-
ity and prostaglandin 2 production that subsequently improved 
T cell homing to the tumors. IL-2 served as a T cell growth signal 
that further amplified the anti-tumor T cell responses induced by 
OCDC vaccination. To evaluate the molecular and cellular immune 
mechanisms involved, we used an established ID8 murine OC tu-
mor model and demonstrated that OCDC vaccination indeed elic-
ited neoantigen-specific T cells. These neoantigen-specific T cells 
secreted IFN-gamma in recognition of ID8 tumor cells ex vivo. We 
also observed that the addition of anti-VEGF, cyclophosphamide, 
aspirin and IL-2 to OCDC vaccination significantly reduced tumor 
burden (P-value = 0.0008) and prolonged overall survival (P-val-
ue = 0.009) in the ID8-tumor bearing mice. Similarly, we observed 
prolonged progression-free survival till expiration in OC subjects 
who were treated with the same treatment strategy. We are cur-
rently evaluating the elicited neoantigen-specific T cells for their 
cytolytic function and cytokine production, as well as identifying 

the immune signature associated with this treatment strategy. 
These results will assist in future planning to efficacious treatment 
combinations in OC.

Keywords : Hypochlorous acid, Dendritic cells, Neoantigen-specif-
ic T cells, Anti-tumor responses.
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A042 / CAR-T therapy for prostate cancer

Joe Jiang Zhu (Peter MacCallum Cancer Centre), Deborah Mey-
ran (Peter MacCallum Cancer Centre), Jeanne Butler (Peter Mac-
Callum Cancer Centre), Daniela Tantalo (Peter MacCallum Cancer 
Centre), Lauren Giuffrida (Peter MacCallum Cancer Centre), Mi-
chael Neeson (Peter MacCallum Cancer Centre), Michael Kershaw 
(Peter MacCallum Cancer Centre), Joseph Trapani (Peter MacCal-
lum Cancer Centre), Phillip Darcy (Peter MacCallum Cancer Cen-
tre), Paul J Neeson (Peter MacCallum Cancer Centre).

Prostate cancer (PCa) affects one in six men. Treatment options 
for men with localized disease include radical prostatectomy or 
brachytherapy. Unfortunately, patients may also present with ad-
vanced disease, which is lethal due to treatment resistance. There 
is an unmet demand to develop new therapies that improve out-
come. Harnessing the immune system offers great potential in 
this regard. In this study, we generated second-generation Chi-
meric Antigen Receptor T cells targeting a carbohydrate antigen, 
Lewis Y (LeY-CAR T), with a truncated CD34 surface molecule 
for purification. Lewis Y is highly expressed in PCa, particularly in 
higher grade primary PCa and metastatic disease. By using FACS 
and CyTOF analysis, we found that the CAR T product typical-
ly generated in our clinical protocols consists predominantly of 
well differentiated effector cells and effector memory cells. Evi-
dence is now emerging that the differentiation state of the CAR 
T product can have an impact on the therapeutic response and 
post-infusion persistence. Therefore, we optimized the manufac-
turing protocol. Briefly, PBMC was activated by CD3/CD28 sol-
uble tetrameric antibody complex and the cells were transduc-
ed twice with retrovirus carrying LeY-CAR construct. LeY-CAR 
T cells expanded with optimal dose of IL-7/IL-15 exhibited pre-
dominant earlier differentiation phenotypes, including stem cell-
like memory phenotype and central memory phenotype, defined 
by CD95+CD62L+CCR7+. Using the optimized protocol, we pro-
duced CAR T cells with 20- to 30-fold expansion and over 98% 
purity in 6 to 10 days. We demonstrated that LeY-CAR T cells 
retained potent antigen-specific cytotoxicity and the capability 
to secrete cytokines such as TNF- α and IFN-γ in vitro. Our in vivo 
studies also showed that infused CAR T cells can reduce tumor 
burden and persist post infusion. In summary, we produced CAR 
T cells with high purity and early memory phenotype in a short-
ened timeframe. This may further benefit the clinical application 
of CAR T for PCa, by enriching the infused product with T cell that 
have specificity for LeY and improving anti-tumor efficacy and 
persistence in vivo.

Keywords : Prostate Cancer, CAR T, Lewis Y.
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A043 / An HLA-agnostic and functional approach to 
identifying and engineering TCR specificity against solid 
tumor neoantigens
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Montero (La Jolla Institute for Immunology), Rukman Thota (La 
Jolla Institute for Immunology), Milad Bahmanof (La Jolla Insti-
tute for Immunology), Angela Frentzen (La Jolla Institute for Im-
munology), Luise Sternberg (La Jolla Institute for Immunology), 
Aaron Miller (La Jolla Institute for Immunology), Bjoern Peters (La 
Jolla Institute for Immunology), Ezra Cohen (UCSD Moores Can-
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cer Center), Stephen Souren Schoenberger (La Jolla Institute for 
Immunology).

Neoantigens (NeoAg) offer attractive therapeutic targets for di-
recting a patient’s immune response to the immunogenic subset 
of mutations expressed exclusively by cancer cells. Despite the 
specificity with which NeoAg enable tumor recognition, the major-
ity of identification approaches rely purely on predictive Methods 
such as peptide-HLA binding affinity. These methodologies have 
met with limited success in revealing natural targets present on 
tumor cells. We have developed a novel, HLA-agnostic, and func-
tional approach to NeoAg identification which combines genomic 
sequencing with bioinformatic analysis. We nominate mutations 
for subsequent functional analysis using patients’ T cells by iden-
tifying natural responses generated under physiologic conditions. 
Exploiting this, we identified a missense mutation (V205I) in the 
ribosomal protein RPS2 that is recognized by CD8+ T cells from 
tumor-infiltrating lymphocytes (TIL) of a metastatic HPV-16+ 
Head and Neck Squamous Cell Carcinoma lesion. Importantly, this 
nearly monoclonal CD8 response is directed solely against the 
NeoAg (RPS2 V205I) and not HPV transforming proteins. Next, 
we used single-cell transcriptomics to isolate the genes encoding 
the RPS2-specific TCR and show that it recognizes a minimal, mu-
tated peptide bound to HLA-B*07.02. Further, we established an 
inducible cancer stem cell line that retains RPS2 expression and 
the V205I mutation but lost HLA-B*07 :02 expression. Reintro-
ducing the restricting HLA allele results in tumor-specific recogni-
tion and killing by autologous TIL and TCR engineered allogeneic 
T cells both in vitro and in vivo. These results demonstrate that 
high-affinity NeoAg-specific T cell responses can be identified in 
cancer patients and that the relevant TCR can be isolated for use 
in TCR engineering-based adoptive cell therapy.

Keywords : Adoptive Cell Therapy, TCR engineering.

A044 / Automated ex vivo isolation and expansion of 
CD137-positive tumor-reactive T cells on the CliniMACS 
Prodigy®

Bianca Heemskerk (Miltenyi Biotec GmbH), Christina Völzke 
(Miltenyi Biotec GmbH), Lisa Böttcher (Miltenyi Biotec GmbH), El-
vira Criado-Moronati (Miltenyi Biotec GmbH), Peter Maul (Miltenyi 
Biotec GmbH), Andrew Kaiser (Miltenyi Biotec GmbH), Mario As-
senmacher (Miltenyi Biotec GmbH), Andrzej Dzionek (Miltenyi 
Biotec GmbH).

Adoptive cell transfer (ACT) of tumor-infiltrating lymphocytes 
(TILs) have shown remarkable results in patients with metastatic 
melanoma. However, only a small fraction within the TIL popula-
tion reacts against the tumor. Therefore, the pre-enrichment of 
tumor-specific T cells and subsequent ex vivo expansion may im-
prove the efficiency of ACT therapies. In addition, tumor-reactive 
T lymphocytes circulating in the blood (TRLs) have been found in 
low frequencies, which represents a challenge for their isolation, 
but also an advantage over TIL therapy since blood is a more 
reliable and accessible source than tumor excisions. Another im-
pediment to the widespread application of ACT is the conven-
tional rapid expansion protocol (REP) that constitutes a laborious 
and extensive process with frequent culture manipulations, and 
thus requires specialized personal and equipment. Our aim is to 
develop a fully automated large scale ex vivo T cell isolation and 
expansion procedure in the CliniMACS Prodigy in order to simplify 
the manufacturing of tumor-reactive T cells for ACT. The Clini-
MACS Prodigy instrument is a controlled system that integrates 
a series of cell processes, from magnetic cell separation and cell 
culture to final product formulation, under GMP conditions in a 
closed system. We have developed and optimized an automated 
process that allows for the cultivation of single-cell suspensions 
of tumor digest or peptide-stimulated leukapheresis, followed by 
isolation of T cells expressing the activation marker CD137 using 
clinical grade reagents. Subsequently, the tubing set is cleaned 
and the positive fraction can be expanded in the CentriCult Unit 
following addition of MACS GMP CD3 pure, excess of irradiated 
feeders, and high doses of MACS GMP Recombinant Human IL-2. 
For the development, we used both cryopreserved tumor digests 
as well as virus-specific T cells from healthy donor leukapheresis 
and obtained high purities and optimal recovery of antigen-reac-
tive CD137-positive T cells following stimulation (using viral Pep-

Tivators against EBV, CMV and AdV in the case of healthy donor 
leukapheresis). The isolated fractions (as low as 2E4 up to 3E6 T 
cells) could then be expanded using the conditions mentioned 
above in an automated fashion in TexMACS GMP medium with 3% 
AB serum ; optimal shaking and feeding strategies were defined 
as the process has an activity matrix that allows for high flexibility 
regarding culture parameters. Expansions ranged from ~1, 000 to 
15, 000 fold, which mainly depended on the starting number of 
responding cells – in one extreme example an expansion of ~80, 
000 fold was achieved when starting with as low as 2E4 respond-
er cells. In summary, these data provide proof of concept for the 
isolation and expansion of antigen-reactive T cells from tumor di-
gest or from peripheral blood in a closed, automated manner in 
the CliniMACS Prodigy, allowing for the desired efficiency, simplic-
ity and automated production of ACT therapies against cancer.

Keywords : Tumor-reactive T cells, CD137 (4-1BB), CliniMACS 
Prodigy.
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A045 / Analysis of the paired TCRα- and β-V(D)J full len-
gth chains of single cell sequence from human naïve and 
antigen-experienced T cells

Linnan Zhu (Beijing Genomics Institute at Shenzhen), Qumiao Xu 
(Beijing Genomics Institute at Shenzhen).

The unbiased and paired characterization of T-cell receptor (TCR) 
alpha and beta chains is critical to understand the TCR repertoire 
and adaptive immunity. However, the direct cloning of the single 
human full length TCRα- and TCRβ-chains is very few reported. 
We present a new methodology enabling capture natively paired, 
full-length rearranged T-cell receptor (TCR) sequences at single 
cell level of human T cells. More than 50 percent paired TCRα- and 
β- chains were captured in 100 single naïve human CD8+ T cells 
using 5’SMART and 3’ TCRαβ constant region nested gene spe-
cific primers (GSP). Furthermore, we sequenced the TCR of the 
specific T cells that were stimulated by representative tumor-as-
sociated antigens (TAA), virus-related antigens (VRA) and neo-
antigens. The highest proportion of TCR subtypes were extracted 
in the TCR abundance ranking by IMGT blast. Finally, we obtained 
the paired, full-length V(D)J TCR from Melanoma antigen Melan 
A epitope 27-35 that was TRAV(12-2)J(47), TRBV(7-6)J(2-1), and 
the TCR from antigen EBV LMP2-FLY that was TRAV(26-1)J(7), 
TRBV(27)J(2-1). These results suggest the method provides ac-
curate identification of the paired, V(D)J rearrangements for each 
individual human naïve and antigen-experienced T cells. The in-
formation could be used by the construct of an engineered T-cell 
receptor (TCR) for cancer immunotherapy and infectious diseas-
es.

Keywords : TCR-T, Single cell sequencing.
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A046 / An ultraspecific monoclonal antibody recognises 
a novel marker on stem memory T cells and induce cell 
proliferation and differentiation in vitro and in vivo

Jia Xin Chua (Scancell Ltd.), Emili Cid (Josep Carreras Leukae-
mia Research Institute), Mireille Vankemmelbeke (Scancell Ltd.), 
Fumiichiro Yamamoto (Josep Carreras Leukaemia Research Insti-
tute), Lindy Durrant (Scancell Ltd.).

This report describes the generation of an ultra-specific an-
ti-SSEA-4 mouse IgG3 antibody (FG2811mG3) and the discov-
ery of the expression of SSEA-4 on 0.5 to 2% of human and 
mouse stem memory T cells (TSCMs). Transcriptomic analysis 
of CH2811hG1 (chimeric IgG1 version of FG2811) positive T cells 
confirmed that they had a similar profile to TSCMs. For the first 
time, we showed that stimulation of purified human T cells us-
ing CH2811hG1 induced CD4 and CD8 TSCM cell proliferation and 
differentiation. CH2811hG1 stimulated TSCM cells remained viable 
for more than 2 months in vitro in the absence of exogenous cy-
tokines. Assessment of cytokine and chemokine secretions in CH-
2811hG1 stimulated human T cell culture suggested that IL-7 and 
IL-21 were the self-maintaining cytokines of TSCM cells. The sple-
nocytes harvested from C57/B6 mice immunized with FG2811mG1 
remained viable in the culture for more than 3 weeks without any 
exogeneous cytokines. At day 23, phenotypic analysis of these 
viable splenocytes showed that 31% were TN/ TSCM (CD3+CD44-
CD62L+), 32% were TCM (CD3+CD44+CD62L+) and 38% were 
TEM/ TEFF (CD3+CD44+CD62L-) cells. Only TEM and TEFF cells 
were detected in the unimmunized splenocyte culture. Mice re-
ceiving vaccines in combination with FG2811mG1 antibody showed 
increased T cell responses. FG2811/CH2811 is unique in isolating 
and inducing proliferation of putative TSCM cells, which address-

es the ongoing debate regarding the methodology for inducing 
TSCM cells from naïve or activated T cells. We envision that CH-
2811hG1 positive TSCM cells are potential candidates for genetic 
manipulation to express cancer specific T cell receptors (TCRs) or 
chimeric antigen receptors (CARs). In addition, increased cellular 
immunity induced in combination with vaccines suggests it may 
have potential as a therapeutic agent for the treatment of solid 
tumors.

Keywords : Stem memory T cells, ultraspecific antibody, adoptive 
t cell transfer, CART.
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A047 / Liquidation of solid tumors by in vivo expanded 
CLDN6-CAR T cells

Katharina Reinhard (BioNTech Cell and Gene Therapies GmbH), 
Benjamin Rengstl (BioNTech Cell and Gene Therapies GmbH), 
Petra Oehm (BioNTech Cell and Gene Therapies GmbH), Kristina 
Michel (BioNTech Cell and Gene Therapies GmbH), Arne Billmei-
er (BioNTech Cell and Gene Therapies GmbH), Nina Hayduk (Bi-
oNTech Cell and Gene Therapies GmbH), Oliver Klein (BioNTech 
Cell and Gene Therapies GmbH), Kathrin Kuna (BioNTech Cell 
and Gene Therapies GmbH), Yasmina Ouchan (BioNTech Cell and 
Gene Therapies GmbH), Stefan Wöll (BioNTech SE), Elmar Christ 
(BioNTech SE), David Weber (TRON - Translational Oncology at 
the University Medical Center of Johannes Gutenberg Universi-
ty gGmbH), Martin Suchan (TRON - Translational Oncology at 
the University Medical Center of Johannes Gutenberg Universi-
ty gGmbH), Thomas Bukur (TRON - Translational Oncology at 
the University Medical Center of Johannes Gutenberg Universi-
ty gGmbH), Karolina Mroz (BioNTech Cell and Gene Therapies 
GmbH), Kathleen Hobohm (BioNTech Cell and Gene Therapies 
GmbH), Klaus Kühlcke (BioNTech Innovative Manufacturing Ser-
vices GmbH), Özlem Türeci (BioNTech SE), Ugur Sahin (BioNTech 
SE ; TRON - Translational Oncology at the University Medical Cen-
ter of Johannes Gutenberg University gGmbH).

Adoptive cell therapy based on genetically engineered T cells 
armed with chimeric antigen receptors (CARs) shows tremen-
dous clinical success in patients with B-cell malignancies. Howev-
er, only limited anti-tumoral activity was observed in multiple clin-
ical trials upon CAR T-cell therapy in patients suffering from solid 
tumors. Two key hurdles of CAR T-cell therapy targeting non-he-
matological neoplasia are i) the lack of highly cancer selective tar-
gets providing challenges for safe treatment protocols and, ii) the 
insufficient expansion and long-term persistence of CAR T cells 
probably due to inefficient co-stimulation upon antigen-exposure 
in vivo. Especially the latter point displays a fundamental differ-
ence comparing CAR-based treatment of B cell derived hemato-
logical malignancies and solid tumors. We introduce here a CAR 
T-cell therapy against Claudin 6 (CLDN6), an oncofetal cell sur-
face antigen expressed in embryonic stem cells during fetal de-
velopment. The gene encoding CLDN6 is strictly silenced and not 
expressed in healthy adult tissues but it is re-activated in different 
cancers with a high medical need including ovarian, endometrial, 
testicular and lung cancers. Based on in vitro studies, we selected 
a 4-1BB containing second generation CAR that exhibited a highly 
specific and sensitive recognition and killing of CLDN6 positive 
cells. T cells equipped with CLDN6-CAR were able to repetitively 
clear tumor spheroids in a stress test scenario recently proven 
to be predictive for in vivo efficiency. Accordingly, therapeutic 
studies in immunocompromised mice showed that CLDN6-CAR T 
cells mediate a complete eradication of advanced human tumors.
To further improve the activity we developed a novel approach 
for stimulation of CAR T cells in vivo by antigen-exposure on pro-
fessional antigen presenting cells. To this end we used on liposo-
mally formulated mRNA (RNA-Lipoplex, RNA-LPX) to systemical-
ly deliver the corresponding antigen to dendritic cells (DCs) in 
secondary lymphoid tissues. Repetitive RNA-LPX treatment can 
expand CAR T cells in vivo in a dose-dependent manner resulting 
in an improved persistence. Similarly, we demonstrated an expan-
sion of CAR T cells recognizing other antigens proving the broad 
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applicability of the approach. Further studies demonstrated that 
stimulation of CAR T cells by RNA-LPX treatment accelerates an-
ti-tumor activity and can restore anti-tumoral efficacy even at in-
sufficient CAR T-cell doses. Quantitative analyses of CAR-T cells 
demonstrated that repetitive antigen-exposure on lymphoid DCs 
in vivo allows a controlled expansion of CAR T cells thereby sup-
porting a safer clinical translation of novel CAR T-cell therapies. 
A clinical trial investigating CLDN6-CAR therapy in combination 
with RNA-LPX treatment is currently planned in patients with ad-
vanced CLDN6 positive human cancers.

Keywords : Chimeric antigen receptor, solid cancer, adoptive T cell 
therapy, RNA vaccination.

A048 / Targeting metastatic solid tumors via adapter chi-
meric antigen (AdCAR)-engineered NK-92 cells

Stefan Grote (Hematology / Oncology, University Children’s Hos-
pital), Caroline Baden (Hematology / Oncology, University Chil-
dren’s Hospital Tuebingen), Frank Traub (Orthopaedic Surgery, 
University Hospital Tuebingen), Joerg Mittelstaet (Miltenyi Biotec 
GmbH), Andrew Kaiser (Miltenyi Biotec GmbH), Christian Seitz 
(Hematology / Oncology, University Children’s Hospital Tuebin-
gen), Patrick Schlegel (Hematology / Oncology, University Chil-
dren’s Hospital Tuebingen), Rupert Handgretinger (Hematology 
/ Oncology, University Children’s Hospital Tuebingen), Sabine 
Schleicher (Hematology / Oncology, University Children’s Hospi-
tal Tuebingen).

The vast majority of cancer-related deaths are a consequence of 
metastasis. Patients with advanced metastatic disease are, with 
some exceptions, incurable by current treatment options. Al-
though great advances have been made in combatting cancer, 
particularly at its early stages, surgical resection, chemotherapy 
and radiotherapy show only limited efficacy in the elimination 
of metastases. Despite unparalleled therapeutic potential of chi-
meric antigen receptor (CAR) T cells in treatment of refractory 
hematological malignancies, developing effective adoptive immu-
notherapies for solid cancer represents a much greater challenge. 
Major obstacles include the identification of antigens expressed 
on tumor cells that can be targeted safely and the design of op-
timal CARs that both redirect immune cells to recognize tumors 
and overcome the immunosuppressive local microenvironment 
that interferes with immune cell mediated tumor eradication. 

We recently developed a universal adapter CAR (AdCAR) sys-
tem. Utilizing adapter molecules, we split antigen recognition and 
CAR-driven immune cell activation. The system allows precise 
quantitative (on-/off) as well as qualitative (combination of target 
antigen) regulation of immune cell function. AdCARs are based 
on the unique properties of a novel scFv targeting a “neo”-epi-
tope-like structure derived from the endogenous vitamin biotin, 
which can be linked to a monoclonal antibody (mAb). 

We intended to combine the universal targeting and controllabil-
ity of the AdCAR with the “off-the-shelf” properties of the con-
tinuously expandable NK cell line NK-92. The cells were transduc-
ed with AdCARs containing either CD28 or 4-1BB co-stimulatory 
plus CD3-ζ signaling domains. Interestingly, only CD28 containing 
AdCARs sufficiently mediated specific target cell lysis in the pres-
ence of biotinylated antibodies. Using single cell sorting, AdCAR 
NK-92 clones with the highest CAR expression were selected and 
demonstrated significantly improved target cell lysis. Important-
ly, lysis of cancer cells by AdCAR NK-92 is largely independent 
from activation of endogenously expressed NK receptors and 
the presence of their ligands on target cells but mainly mediat-
ed by AdCAR activation through binding to the respective tumor 
antigen. To test the universal applicability of the AdCAR system 
we tailored a standardized antigen platform for the characteriza-
tion of various newly established cell lines of different metastatic 
tumor entities (colon carcinoma, mamma carcinoma, renal cell 
carcinoma and melanoma). Via flow cytometry we were able to 
identify a variety of promising target antigens. In the presence of 
the respective antigen, first and foremost biotinylated antibodies 
directed at CD146, CD276, and EGFR were capable of inducing 
significant NK-92-mediated lysis against the tumor cell lines after 
merely 2 hours, while sparing healthy tissue. Importantly, irradia-
tion of NK cells, as required in all active clinical trials using NK-92, 

prior to testing had no observable effect on target cell lysis or 
chemokine receptor expression. 

Since one prominent mechanism by which metastatic tumor 
cells evade immune surveillance is the secretion of transforming 
growth factor beta (TGFβ), a highly immunosuppressive cytokine, 
we conducted in vitro assays to test the influence of TGFβ on 
NK-92 cells. Surprisingly, AdCAR-modified NK-92 cells retained 
efficient CAR-mediated killing even in the presence of TGFβ con-
centrations exceeding those found in cancer patients. 

In conclusion, we have generated a CAR-modified NK cell line, Ad-
CAR NK-92, whose effector function can be tightly regulated and 
redirected against one or multiple antigens allowing tunable and 
universal targeting. Moreover, AdCAR NK-92 cells can be man-
ufactured as an “off-the-shelf” standardized product improving 
the practicality of NK CAR therapy combined with the possibility 
of tailoring a specific antigen platform for patient-individualized 
treatment of metastatic solid tumors.

Keywords : Chimeric Antigen Receptor, NK-92, Solid Tumors.

A049 / Characterization of tumor antigen specific T cell 
receptors derived from a cervical cancer patient with be-
nefits after cellular immunotherapy

Xiaoling Liang (HRYZ Biotech Co.), Shudan Ou (HRYZ Biotech 
Co.), Xihe Chen (HRYZ Biotech Co.), Lulu Zhang (HRYZ Biotech 
Co.), Minjun Ma (HRYZ Biotech Co.), Yifan Ma (HRYZ Biotech Co.), 
Xiangjun Zhou (HRYZ Biotech Co.), Yanyan Han (HRYZ Biotech 
Co.).

Transfusion of tumor specific T cell receptor (TCR)-transgenic T 
cells, namely, TCR-T therapy, has shown promising efficacy against 
solid tumor in clinical trials. However, tumor associated antigen 
(TAA)-specific TCRs with ex vivo affinity maturation showed oc-
casionally lethal on-target/off tumor or off-target toxicities in pa-
tients. Therefore to select TAA-specific TCRs with optimal affinity 
to achieve both efficient and specific tumor targeting is of great 
importance for TCR-T therapy. 

Previously, a cervical cancer patient with bone metastasis was 
treated with Multiple-Antigens Stimulating Cellular Therapy 
(MASCT), a cell-based immunotherapy. After treatment the pa-
tient showed partially response and remained stable disease for 5 
years. Moreover, significant and durable T cell immune responses 
against diverse tumor antigens were observed in patient’s periph-
ery blood. Such MASCT-benefited patients provide a good source 
of safe and effective TCRs. Firstly, we identified from this patient’s 
peripheral blood mononuclear cells (PBMCs) hundreds of TCR 
alpha/beta clonotypes with potential specificities against tumor 
antigen RGS5 and HPV18 E7 through enrichment of IFN-gam-
ma-secreting T cells upon peptide-stimulation followed by NGS 
TCR sequencing. Secondly, we utilized single cell TCR sequencing 
technology and found out 35 and 41 paired TCR alpha/beta clono-
types, which were specifically enriched after RGS5 and HPV18 E7 
stimulation, respectively. Of those 6 and 6 paired TCRs for RGS5 
and HPV18 E7, respectively, were further cloned and lentivirally 
transferred into the patient’s PBMC for validation of their antigen 
specificity and HLA-restriction. All of tested TCRs could be suc-
cessfully transduced with varied efficiency (4-65%). Especially, 
there were each 5 TCRs specially recognizing RGS5 and HPV18 E7. 
PBMC transduced with each specific TCR secreted significantly 
IFN-gamma and/or TNF-alpha in response to the corresponding 
antigens as determined by ELISA and flow cytometry assay. Of 
note, all of 10 specific TCRs were CD4 TCRs restricted to HLA-
DP or HLA-DR. Tumor specific CD4 T cells have shown long-term 
anti-tumor efficacy in clinical studies, implying that CD4 specific 
TCRs own great potential for TCR-T therapy. Some of identified 
specific TCRs recognized tumor antigens in restriction of very 
common HLA allotypes in Chinese population, suggesting a large 
proportion of patients could be benefited. 

In conclusion we successfully isolated CD4 TCRs specific for tu-
mor antigen RGS5 or HPV18 E7 from a cervical cancer patient with 
good clinical outcome after cell-based immunotherapy. Several 
TCR pairs with defined specificities are being further investigated 
in terms of affinity, tumor recognition as well as cross-reactivity 
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for potential application in TCR-T therapy against solid tumor.

Keywords : CD4 tumor-specific TCR, TCR-T, solid tumor, single cell 
TCR sequencing.
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A050 / Pre-clinical characterization of a T cell receptor 
recognizing CD20/HLA-A2 to evaluate therapeutic effica-
cy and map in vivo and in vitro off-target reactivities

Zsofia Foldvari (Department of Cancer Immunology, Oslo Univer-
sity Hospital Radiumhospitalet and K. G. Jebsen Center for Cancer 
Immunotherapy, Institute for Clinical Medicine, University of Oslo), 
Kimberley Borutta (Charité - Universitätsmedizin Berlin, Institute 
of Immunology, Campus Buch, Berlin, Germany), Arne Kolstad (K. 
G. Jebsen Center for Cancer Immunotherapy, Institute for Clinical 
Medicine, University of Oslo and Department of Oncology, Oslo 
Univeristy Hospital Radiumhospitalet, Oslo, Norway), Weiwen 
Yang (Department of Cancer Immunology, Oslo University Hos-
pital Radiumhospitalet and K. G. Jebsen Center for Cancer Immu-
notherapy, Institute for Clinical Medicine, University of Oslo, Oslo, 
Norway), Fridtjof Lund-Johansen (K. G. Jebsen Center for Cancer 
Immunotherapy, Institute for Clinical Medicine and Department 
of Immunology, University of Oslo and Oslo University Hospital, 
Oslo, Norway), Maarja Laos (Department of Cancer Immunology, 
Oslo University Hospital Radiumhospitalet and K. G. Jebsen Cen-
ter for Cancer Immunotherapy, Institute for Clinical Medicine, Uni-
versity of Oslo, Oslo, Norway), Isaac Blaas (Department of Cancer 
Immunology, Oslo University Hospital Radiumhospitalet and K. 
G. Jebsen Center for Cancer Immunotherapy, Institute for Clinical 
Medicine, University of Oslo, Oslo, Norway), Robert Klopfleisch 
(Institute of Veterinary Pathology, Freie Universität Berlin, Berlin, 
Germany), Matthias Leisegang* (Charité - Universitätsmedizin 
Berlin, Institute of Immunology, Campus Buch, Berlin, Germany 
* Contributed equally), Johanna Olweus* (Department of Cancer 
Immunology, Oslo University Hospital Radiumhospitalet and K. 
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Despite the recent progress using CAR19T cell therapy, the ma-
jority of lymphoma patients are still in need of improved treat-
ment options. Targeting tumor associated antigens with T cell 
receptors (TCR) offers an alternative approach. High-affinity 
TCRs specific for CD20 presented on allogeneic HLA-A2 (TCR 
20-1 and 20-2) were previously identified and characterized by 
our group. We demonstrated that T cells, modified to express ei-
ther of these TCRs, efficiently killed HLA-A2+ CD20+ cancer cell 
lines and primary lymphomas, while sparing cells from a large 
variety of tissues that lacked either CD20 or HLA-A2. In light of 
toxicities observed in previous adoptive TCR clinical trials, an in-
depth analysis of potential off-target reactivities is required prior 
to clinical application. As no comprehensive strategy for in vitro 
or in vivo safety testing of therapeutic TCRs has been published, 
our goal was to establish a pipeline for such a screening strategy, 
using TCR 20-1. To this end, we first mapped the residues critical 
for TCR recognition using a peptide library in which every amino 
acid position in the cognate TCR target peptide was substituted 
with every possible alternative amino acid, one at a time. Next, us-
ing the ScanProsite algorithm, an in silico search was performed 
for all naturally occurring peptides in the human proteome that 
contain any combination of the alternative amino acids that led 
to TCR recognition. A second peptide library was established of 
these sequences and we could exclude TCR 20-1 reactivity to the 
majority of them. We next determined whether the peptides that 
did induce a TCR-mediated response were naturally processed 
and presented on HLA-A2. GFP-labelled RNA constructs en-
coding 30-mer amino acid sequences containing the candidate 
cross-reactive peptide in a central position were introduced into 
antigen-presenting cells. IFN-gamma production by T cells ex-

pressing the TCR 20-1 was assessed, leading to the exclusion of 
all but three targets. Final tests using a cell line panel naturally 
expressing these three potentially cross-reactive proteins are on-
going. To evaluate the in vivo efficacy and safety of TCR20-1 and 
TCR20-2 T cells, we applied a syngeneic HLA-A2-transgenic (tg) 
cancer model. In this HLA-A2tg model, immune recognition re-
lies on human molecules (TCRs 20-1/20-2, HHD (chimeric HLA-A2 
molecule) and the targeted CD20 epitope), while all cellular com-
ponents (cancer cells, T cells and host) are of mouse origin. In 
contrast to conventional xenograft models, this system captures 
all the complex interactions between tumor and immune cells and 
thus models the therapeutic context more accurately. We modi-
fied the fibrosarcoma cell line MC703 to stably express high levels 
of the CD20/HHD target on the cell surface and transplanted the 
cells subcutaneously into HHDxRag1-/- mice. After tumors were 
established, animals were treated by injection of TCR modified 
T cells. Adoptive therapy with TCR modified T cells led to tumor 
rejection in 95% (TCR 20-1) and 65% (TCR 20-2) of the mice. The 
murine proteome expressed on HHD in healthy mouse tissues 
allowed screening for possible TCR cross-reactivities as a large 
part of the human and murine proteome is shared. This provides 
important information regarding safety of these TCRs in an adop-
tive TCR therapy setting. Pathological analysis of murine organs 
(brain, heart, kidney and liver) 10 weeks after TCR 20-1 T cell treat-
ment did not reveal any off-target effects. 

In conclusion, we present here a comprehensive and systematic 
strategy to analyze therapeutic efficacy and to identify potential 
off-target reactivities in vitro and in vivo which can be applied 
in pre-clinical risk-assessment algorithms for future therapeutic 
TCRs.

Keywords : Adoptive T cell therapy, T cell receptor, in vivo efficacy, 
off-target reactivity.
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A051 / ECM-targeted CAR T-cell therapy targeting onco-
fetal EDB-fibronectin for solid tumors

Jessica Wagner (St Jude Children’s Research Hospital), Timo-
thy I. Shaw (St Jude Children’s Research Hospital), Xin Zhou (St 
Jude Children’s Research Hospital), Giedre Krenciute (St Jude 
Children’s Research Hospital), Jinghui Zhang (St Jude Children’s 
Research Hospital), Stephen Gottschalk (St Jude Children’s Re-
search Hospital).

Cell therapy with T-cells expressing chimeric antigen receptors 
(CARs) present a promising approach to improve outcomes for 
patients with recurrent/refractory solid tumors. Both the lack of 
suitable antigens and that most CAR T-cells only target the ma-
lignant component of solid tumors have been identified as major 
roadblocks. To overcome these limitations, we propose to target 
oncofetal fibronectin (FN-EDB, EDB) that is present in the extra-
cellular matrix (ECM) of solid tumors, and is secreted by tumor 
and endothelial cells. We constructed a 2nd generation EDB-CAR 
and generated human EDB-CAR T cells by standard retroviral 
transduction. EDB-CAR T-cells were specifically activated by re-
combinant EDB protein, and recognized and killed EBD+ human 
tumor cells (A549 [lung], LM7 [osteosarcoma], U87 [glioma]) in 
contrast to non-transduced (NT) T-cells. In vivo, 1x10^6 EDB-CAR 
T-cells had potent antitumor activity in subcutaneous and sys-
temic tumor xenograft models resulting in a significant survival 
advantage in comParison to NT T-cells. Tumors treated with EDB-
CAR T-cells revealed a significant decrease in CD31+ endothelial 
cells in comParison to tumors treated with NT or control CAR 
T-cells, indicating that EDB-CAR T-cells target the tumor vascu-
lature. However, EDB-CAR T-cells had limited antitumor activity 
against U87 cells in which EDB was knocked out by CRIPSR-Cas9 
gene-editing technology, highlighting that tumor associated EDB 
is critical for the observed potent antitumor activity. Since human 
and murine EDB are 100% homologous, we also performed tox-
icity studies with 1x10^7 EDB-CAR T-cells, a T-cell dose that was 
10-fold higher than the T-cell dose used in our efficacy experi-
ment, and observed no dose limiting toxicities. Thus, EDB-CAR 
T-cells have potent antitumor activity with an encouraging safety 
profile in preclinical models, warranting further active preclinical 
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development.

Keywords : CAR T cell therapy, Cell Therapy, Tumor Microenviron-
ment.

A052 / First-in-human CAR T for metastatic breast can-
cers targets the MUC1 transmembrane cleavage product 
MUC1*

Cynthia C Bamdad (Minerva Biotechnologies), Andrew K Stewart 
(Minerva Biotechnologies), Pengyu Huang (Minerva Biotechnolo-
gies), Benoit J Smagghe (Minerva Biotechnologies), Scott T Moe 
(Minerva Biotechnologies), Tyler E Swanson (Minerva Biotech-
nologies), Thomas G Jeon (Minerva Biotechnologies), Danica M 
Page (Minerva Biotechnologies), Ketan K Mathavan (Minerva Bio-
technologies), Trevor J Grant (Minerva Biotechnologies), Rachel 
M Herrup (Minerva Biotechnologies).

We developed a MUC1* targeting CAR T that has been approved 
for a 1st-in-human clinical trial for metastatic breast cancers at 
the Fred Hutchinson Cancer Research Center that is scheduled to 
open in Q3 2019. 

huMNC2-CAR44 targets MUC1* (muk 1 star), which is a trans-
membrane cleavage product of MUC1. Unlike full-length MUC1, 
MUC1* is a growth factor receptor that drives tumor growth and 
metastasis. MUC1* is activated when onco-embryonic growth fac-
tor NME7AB dimerizes its truncated extra cellular domain. The 
binding site for NME7AB is masked in full-length MUC1, as is the 
binding site for the huMNC2 antibody. Thus, huMNC2 does not 
bind to full-length MUC1, which is expressed on healthy epitheli-
um. All other attempts at a MUC1 targeted therapeutic have failed. 
Our experiments strongly argue that they failed because they 
targeted the tandem repeat domain of full-length MUC1, which 
is shed after cleavage. About 30% of breast cancer tissues no 
longer express detectable levels of surface expressed full-length 
MUC1, compared to only 5% that did not express huMNC2-reac-
tive MUC1*. A CAR T that targets full-length MUC1 would at best 
be ineffective ; at worst, it would increase tumor growth by elimi-
nating cells expressing the quiescent full-length MUC1 and enrich-
ing for the virulent MUC1* expressing population. 

huMNC2-CAR44 T cells are highly selective for cancerous tis-
sues because the huMNC2 antibody recognizes MUC1* but not 
the healthy full-length form. Additionally, huMNC2 recognizes 
a conformational epitope that is created when MUC1 is cleaved 
by an enzyme that is overexpressed in breast cancers and is an 
indicator of poor prognosis. In the absence of huMNC2-CAR44 
treatment, injection of this cleavage enzyme near breast tumors 
in mice caused a dramatic increase in tumor volume over just a 
few days, requiring immediate sacrifice. IHC studies of thousands 
of normal vs. cancerous human tissue specimens showed that 
huMNC2-scFv almost exclusively binds to tumor tissues, hitting 
over 90% of breast, 83% ovarian, 78% pancreatic and 71% of lung 
cancers. Recognition of breast cancer specimens appears not to 
be limited by cancer sub-type. In vivo experiments of human tu-
mors in NSG mice (n>300), show that huMNC2-CAR44 T cells 
robustly inhibited MUC1* positive solid tumors. A single injection 
of huMNC2-CAR44 T cells eliminated tumors in NSG mice which 
remained tumor free to Day 100, compared to control animals 
that had to be sacrificed at Day 20 due to excess tumor volume. 
Other animal experiments showed that huMNC2-CAR44 T cell 
efficacy increased with increasing antigen density. Dual tumor 
experiments of a high antigen density and low antigen density 
tumor in the same animal showed that adequate MUC1* density 
is required for a CAR T response, further supporting the idea that 
huMNC2-CAR44 T cells will selectively kill MUC1* positive tumors, 
while sparing normal tissues. 

The generation of an anti-MUC1* CAR that recognizes a confor-
mational epitope created when MUC1 is cleaved to MUC1* by a 
specific cleavage enzyme that is overexpressed by the tumor, ar-
gues that CARs could be made to be cancer sub-type specific, 
or even patient specific, based on which cleavage enzymes their 
tumors express.

Keywords : CAR T, breast cancer, MUC1.

A053 / Persistent TCRB repertoire in blood found at vac-
cination site and tumor infiltrating lymphocytes in a cu-
taneous melanoma patient immunized with the CSF-470 
vaccine plus BCG and rhGM-CSF

Mariana Aris (Centro de Investigaciones Oncológicas-FUCA), 
Alicia Inés Bravo (Unidad de Inmunopatología, HIGA Eva Perón, 
Buenos Aires, Argentina), Heli Magalí Garcia Alvarez (IIBIO-
UNSAM, Buenos Aires, Argentina), Ibel Carri (IIBIO-UNSAM, Bue-
nos Aires, Argentina), Enrique Podaza (Centro de Investigaciones 
Oncológicas-FUCA), Paula Alejandra Blanco (Centro de Inves-
tigaciones Oncológicas-FUCA), Cecilia Rotondaro (Fundación 
Instituto Leloir, IIBBA-CONICET, Buenos Aires, Argentina), Sofia 
Bentivegna (Fundación Instituto Leloir, IIBBA-CONICET, Buenos 
Aires, Argentina), Morten Nielsen (IIBIO-UNSAM, Buenos Aires, 
Argentina), María Marcela Barrio (Centro de Investigaciones On-
cológicas-FUCA, Buenos Aires, Argentina), José Mordoh (Centro 
de Investigaciones Oncológicas-FUCA, Buenos Aires, Argentina).

The CASVAC-0401 study analyzed the combination of the CSF-
470 cell-based vaccine plus BCG and rhGM-CSF for immunother-
apy adjuvancy in stage II-III cutaneous melanoma patients after 
surgery, in comParison to medium dose IFN-a2b. Patient-045 
developed a mature vaccination site (VAC-SITE) and a regional 
cutaneous metastasis (C-MTS) which were excised during the 
protocol. CDR3-TCRβ repertoire sequencing in PBMC and tissue 
samples, along with skin-DTH score and IFN-G ELISPOT assay 
in PBMC obtained before, during and at the end of vaccination 
were performed to analyze the T-cell immune response dynamics 
throughout the immunization protocol. Histopathological anal-
ysis of the VAC-SITE revealed a highly-inflamed granulomatous 
structure, with a necrotic center encircled by CD11c+ nested-clus-
ters, surrounded by CD8+ lymphocytes, mostly PD1-negative and 
scarce FOXP3+ lymphocytes. Large numbers of Langhans multi-
nucleated-giant-cells and macrophages were as well detected. The 
C-MTS contained a large tumor-regression area fulfilled with brisk 
lymphocyte infiltration, mainly composed of CD8+PD1+ T-cells, 
CD20+ B-cells, and scarce FOXP3+ cells. Despite the emergence 
of a loco-regional lymph-node and a small cutaneous metasta-
sis, patient-045 remains disease-free 36 months after initiating 
CSF-470 vaccination. The immune response induced through-
out treatment was evidenced by increasing DTH score and IFN-γ 
ELISPOT assay against the vaccine lysate. TCRβ repertoire analy-
sis revealed for the first time the presence of common clonotypes 
between the VAC-SITE and the C-MTS ; most of them persisted 
in blood by the end of the immunization protocol. We found that 
expansion of such persistent clonotypes might derive from two 
different although complementary mechanisms : proliferation of 
specific clones as well as expansion of redundant clones, which 
increased the number of nucleotide rearrangements per clono-
type, suggesting a functional antigenic selection. In this patient, 
immunization with the CSF-470 vaccine plus BCG and rhGM-CSF 
induced a T-cell repertoire at the VAC-SITE that was able to infil-
trate an emerging C-MTS, contributing to the generation of a local 
immune response, resulting in the expansion of a T-cell repertoire 
which persisted in blood by the end of the 2-year treatment.

Keywords : CUTANEOUS MELANOMA, CSF-470 VACCINE, ADYU-
VANT SETTING, TCRB REPERTOIRE.

A054 / SOX2-targeted T cell therapy in multiple myeloma

Tijana Martinov (Fred Hutchinson Cancer Research Center), Ra-
chel Perret (Fred Hutchinson Cancer Research Center), Akshita 
Prakash Pillai (Fred Hutchinson Cancer Research Center), Megan 
Murt (Fred Hutchinson Cancer Research Center), Tayla Olsen 
(Fred Hutchinson Cancer Research Center), Anthony Rongvaux 
(Fred Hutchinson Cancer Research Center), Philip Greenberg 
(Fred Hutchinson Cancer Research Center).

Multiple myeloma (MM) results from the uncontrolled growth of 
clonal antibody-producing plasma cells in the bone marrow. It is 
the second most common hematologic malignancy in the United 
States, and is nearly always fatal. Adoptive cell therapy (ACT) is 
emerging as a promising treatment for MM, but it requires further 
improvement and mechanistic understanding prior to becom-
ing a reproducibly effective and/or curative strategy. Chimeric 
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antigen receptor (CAR) T cells targeting CD19, BCMA, or CD138 
antigens expressed on MM cell surface have demonstrated ther-
apeutic benefit in some patients. Unfortunately, many patients 
have relapsed due to the outgrowth of antigen-negative MM cells. 
These observations suggest that targeting a protein involved in 
the induction or maintenance of the malignant phenotype may 
be critical for the success of ACT. Recent studies suggest that 
the transcription factor SOX2 may regulate cell proliferation and 
self-renewal in MM and other cancers. Spontaneous T cell immu-
nity to SOX2 in MM patients has been associated with slower pro-
gression after standard therapy, and with a prolonged response 
after treatment with anti-CD19 CAR T cells. We have therefore hy-
pothesized that adoptively transferred T cells targeting SOX2 will 
have a clinical benefit in MM. To test this hypothesis, we have be-
gun isolating high affinity SOX2-specific T cell receptors (TCRs) 
from healthy HLA-A*02 :01 donors. To date, we have generated 40 
T cell lines that recognize six distinct SOX2 epitopes in the context 
of HLA-A*02 :01 with varying affinities. We confirmed that T cells 
from these lines can respond to endogenously processed and 
presented SOX2 peptides, suggesting that they might have an-
ti-tumor efficacy. We will next sort the highest affinity SOX2-spe-
cific CD8+ T cells from these lines for sequencing and cloning the 
TCRs. Assembled TCR pairs will be tested in vitro for specific tu-
mor cell killing, and in vivo in a humanized mouse model for safety 
and anti-myeloma efficacy. Collectively, these experiments should 
reveal if SOX2 is a safe and effective T cell target for treating MM.

Keywords : myeloma, T cell receptor, adoptive transfer.
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A055 / Novel microbial-based immunotherapy approach 
enables application of adoptive cell therapy for solid 
tumors by enhancing both immune access to tumor mi-
croenvironment and cancer cell immunogenecity

Shirin Kalyan (Qu Biologics & University of British Columbia), Mark 
Bazett (Qu Biologics), David W. Mullins (Department of Microbiol-
ogy and Immunology and Department of Medical Education, Gei-
sel School of Medicine at Dartmouth), Hal Gunn (Qu Biologics).

This work describes the development of a novel platform of micro-
bial-based immunotherapies, called Site-Specific Immunomod-
ulators (SSIs), that consistently recruit activated anti-cancer im-
mune effector cells into solid tumors in specific organ sites while 
simultaneously overcoming immune suppression in the tumor 
microenvironment. SSIs are inactivated microbial-based immune 
modulators that are formulated from a bacterial species that is an 
endogenous cause of infection in the specific organ where the pa-
thology exists, and they are easily self-administered subcutane-
ously by the patient. The development of SSIs has overcome many 
of the issues that have plagued microbe-based cancer treatments 
to date. Clinical application of the relationship between acute in-
fection and cancer inhibition has been well documented histori-
cally. Dr. William Coley has been credited with bringing this insight 
to the attention of Western Medicine in the late 1800’s when he 
noted spontaneous tumor remission in some patients experienc-
ing acute microbial infections. The mechanisms driving this phe-
nomenon have lacked sufficient characterization, and the ability 
to harness it safely and consistently has been elusive. As a con-
sequence, the greater potential of microbial-based immunothera-
peutic strategies have yet to be fully realized in clinical application 
to fight malignancy. The primary exception is the use of Bacillus 
Galmette-Guerin (BCG) for the treatment of high-risk non-muscle 
invasive bladder cancer, which is the only microbe-based ther-
apy that is currently part of the approved standard of care. We 
have shown treatment with SSIs markedly increases the number 
of phagocytic leukocytes in circulation, shifts myeloid cell polar-
ization to anti-cancer in function, up-regulates NKG2D ligands on 
tumor cells, and heightens cytotoxic lymphocyte recruitment and 
activity in the tumor microenvironment [1]. In this new work, we 
demonstrate that these collective anti-cancer functional proper-
ties of SSIs overcome the limitations of adoptive cell therapies, 

such as CAR T cells, in solid tumors. Using three different solid tu-
mor models, representing lung and ovarian cancers, combination 
treatment with SSIs is shown to enhance the infiltration and effi-
cacy of adoptively transferred tumor-specific transgenic T cells. 
In these models, the increased anti-cancer efficacy is in large part 
due to SSI-induced secretion of chemokines from both the tis-
sues surrounding the tumor as well as the tumor cells themselves. 
These results demonstrate that SSIs can successfully overcome 
the major hurdles adoptive cell therapies have faced in treating 
solid tumors, specifically in relation to inadequate infiltration of 
the effector cells into the tumor and the immune suppression that 
is inherent in the tumor microenvironment. 

In conclusion, this work demonstrates that SSIs have significant 
potential in transforming the treatment of solid tumors, especially 
when used synergistically in combination with adoptive cell ther-
apies.

Keywords : microbial-based therapies, adoptive cell therapy, CAR 
T cells, solid tumors.
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A056 / Smac mimetic (SM) induced sensitization of rhab-
domyosarcoma cells towards natural killer cell mediated 
killing

Vinzenz Särchen (Institute for Experimental Cancer Research in 
Pediatrics, Goethe University Frankfurt), Lisa Marie Reindl (Exper-
imental Immunology, Childrens Hospital, Goethe University Frank-
furt), Meike Vogler (Institute for Experimental Cancer Research 
in Pediatrics, Goethe University Frankfurt), Jonas Heck (Experi-
mental Immunology, Childrens Hospital, Goethe University Frank-
furt), Thomas Klingebiel (Childrens Hospital, Goethe University 
Frankfurt), Simone Fulda (Institute for Experimental Cancer Re-
search in Pediatrics, Goethe University Frankfurt), Evelyn Ullrich 
(Experimental Immunology, Childrens Hospital, Goethe University 
Frankfurt).

Rhabdomyosarcoma (RMS) is one of the most common form of 
pediatric soft tissue cancers. Although the overall five-year surviv-
al rate has increased over the last decades, the more aggressive 
metastatic alveolar RMS subtype still has a poor outcome with an 
overall five-year survival rate below 20%. 

One underlying mechanism of cell death resistance and cancer 
progression in RMS is a dysregulation of inhibitor of apoptosis 
proteins (IAPs). Small molecule inhibitors mimicking the endog-
enous IAP antagonist Second mitochondria-derived activator of 
caspases (Smac), i.e. SM, can restore the apoptosis inducing path-
ways of cancer cells. 

In our previous work, we could describe that the Smac mimet-
ic BV6 influences both effector and target cells simultaneously, 
enhancing the susceptibility of tumor cells to NK cell-mediated 
killing on the one hand and increasing the cytotoxic activity of NK 
cells on the other hand. 

To elucidate the underlying mechanisms of SM induced sensiti-
zation in RMS cells activation of signaling pathways was investi-
gated using western blot analysis and quantitative real time PCR 
(qPCR). Further, flow cytometry was used to analyze the surface 
expression of death receptors on either SM treated or untreated 
RMS cells. The overall effect on cell death induction was mea-
sured by PI/Hoechst staining using a fluorescence microscope. 
To investigate NK cells as therapeutic strategy for treatment of 
RMS, co-culture experiments of RMS cells with NK cells were per-
formed. 

Notably, pretreatment of RMS cell with SM significantly increased 
the NK cell-mediated killing of RMS cells. Treatment of RMS or 
NK cells with SM led to a rapid degradation of cIAP1 and cIAP2 
and in turn activated the non-canonical NF-κB signaling pathway, 
indicated by the accumulation of NIK and degradation of p100 to 
p52. Additionally, the canonical NF κB signaling pathway was ac-
tivated in RMS cells, as shown by the phosphorylation of IκBα and 
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p65. Determination of selected target gene transcription in RMS 
cells revealed an upregulation of the inhibitor IκBα, NIK, p100, 
IL-8 and at later time points the death receptors TRAIL-R1 and 
TRAIL-R2. To evaluate the involvement of TRAIL-R1 and TRAIL-R2 
in SM induced sensitization towards NK cell-mediated killing, sur-
face expression of both death receptors was analyzed, and iden-
tified an increased surface presentation exclusively of TRAIL-R2. 
In addition, cell death analysis revealed a synergistic induction of 
cell death by a SM-TRAIL co-treatment. 

On a transcriptional level, NK cells significantly downregulated 
TNFα and showed an increased IFNγ transcription upon SM treat-
ment. Furthermore, SM seem to influence the NK cell subpopula-
tion phenotype and might thereby modulate the NK cell activity. 

The aforementioned analysis of gene transcription in RMS cells 
hints towards a bimodal feedback mechanism regulating both, 
the canonical and non-canonical NF-κB signaling pathway. On 
the one side, the canonical pathway is negatively regulated by 
the induced transcription of the inhibitor IκBα. On the other side, 
the induced transcription of NIK, p100 and RelB points towards a 
positive feedback loop of the non-canonical pathway. 

The increased TRAIL-R2 expression upon SM treatment provides 
a mechanistic explanation for the observed SM induced sensiti-
zation of RMS cells towards NK cell mediated killing. Co-culture 
experiments in which a pre-blocking of TRAIL on NK cells dimin-
ished the cytotoxic effect on SM sensitized RMS cells, further sup-
port a TRAIL receptor dependent mode of killing. 

Finally, based on the understanding of molecular mechanisms, the 
therapeutic potential of this combination can be evaluated in pre-
clinical RMS models, thus aiming to develop a combinatory Smac 
mimetic – NK cell based immunotherapeutic approach.

Keywords : NK cell, Rhabdomyosarcoma, Smac mimetic, TRAIL.
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A057 / Generation of CDK4(R24C)- and CSPG4-specific 
chimerized αβTCRs using a single universal bicistronic 
vector backbone

Korbinian N. Kropp (Internal Medicine III, University Cancer Cen-
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(FZI), University Medical Center (UMC) of the Johannes Guten-
berg University and German Cancer Consortium (DKTK), Partner 
Site Frankfurt/Mainz, Germany), Hakim Echchannaoui (Internal 
Medicine III, University Cancer Center (UCT), Research Center 
for Immunotherapy (FZI), University Medical Center (UMC) of 
the Johannes Gutenberg University and German Cancer Consor-
tium (DKTK), Partner Site Frankfurt/Mainz, Germany), Matthias 
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Research Center for Immunotherapy (FZI), University Medical 
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sity Cancer Center (UCT), Research Center for Immunotherapy 
(FZI), University Medical Center (UMC) of the Johannes Guten-
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Site Frankfurt/Mainz, Germany).

We recently developed an approach for simultaneous cloning and 
chimerization of αβTCRs based on a single universal bicistronic 
vector backbone. In the present study we validate our procedure 
and describe the cloning of chimerized TCRs against mutated 
cyclin-dependent kinase 4 (CDK4(R24C)) and the melanoma-as-
sociated antigen chondroitin sulfate proteoglycan 4 (CSPG4) re-
stricted by HLA-A*02 :01 or HLA-C*07 :01, respectively. The paren-
tal T cell clones, CTL14/35 against CDK4(R24C) and CTL11C/73 
against CSPG4, had been derived in our laboratory from autolo-
gous mixed lymphocyte-melanoma cell cultures. The Gateway® 
pDONR221 entry vector backbone harbors the murine codon-op-
timized TCRα and β constant domains separated by a P2A ele-
ment. Two head-to-head-oriented type IIS restriction enzyme rec-
ognition sites for BsmBI (TCRα) and BsaI (TCRß) precede these 
constant domains. The generation of chimerized αβTCRs against 
CDK4(R24C) and CSPG4 required (1) to amplify DNA sequences 
coding for the V(D)J regions of the α and ß chains of both TCRs 
flanked with BsmBI- or BsaI-compatible ends and (2) to perform 
directional seamless ligation into the vector backbone in a two-
step assembly approach. With this procedure we were able to 
rapidly generate entry clones harboring bicistronic cTCRs in 3-4 
days. Following Gateway® recombination into a retroviral pMX-
IRES-puro expression vector, the cTCRs were transduced into 
CD8+ T cells for further in vitro testing. This resulted in uniform 
expression of our cTCRs in up to 96% of the transduced T-cell 
populations following short-term expansion under puromycin se-
lection pressure. Functionality was verified with IFNγ-ELISpot and 
CD107a-degranulation assays. Target cells were melanoma cell 
lines expressing CDK4(R24C) or CSPG4 as well as HEK293T or 
COS-7 cells transiently transfected with the restricting HLA class 
I alleles and either co-transfected with titrated amounts of anti-
gen-encoding cDNA or pulsed with target peptides. We demon-
strated that the specificity and sensitivity of transgenic T cells 
was at least equivalent to the parental T-cell clones mentioned 
above. Collectively our results confirm the utility of our cloning 
procedure to rapidly generate highly functional αβTCR-transgenic 
T cells for further preclinical evaluation.

Keywords : T-cell receptor cloning.

A058 / MDSC suppression of CAR T cells can be reduced 
by targeted signaling disruption

Estelle V Cervantes (Morsani College of Medicine University of 
South Florida), Justin C Boucher (H Lee Moffitt Cancer Center), 
Sae Bom Lee (H Lee Moffitt Cancer Center), Kristen Spitler (H Lee 
Moffitt Cancer Center), Kayla Reid (H Lee Moffitt Cancer Center), 
Marco L Davila (H Lee Moffitt Cancer Center).

CAR T cells are genetically modified with an extracellular scFv, 
transmembrane domain, and intracellular costimulatory and 
CD3zeta domains. Two treatments received the approval from 
the FDA for the treatment of acute lymphoblastic leukemia and 
diffuse large B cell lymphoma. However, CAR T cell persistence re-
mains a problem. A reason for this may be that myeloid cells such 
as myeloid derived suppressor cells (MDSCs) may be contribut-
ing to the reduced persistence of CAR T cells. MDSCs originate 
from myeloid cells and have been implicated in the suppression 
of the immune system in the tumor microenvironment. To deter-
mine what effect MDSCs might have during CAR T cell production 
we co-cultured MDSCs during CAR transduction. We found gene 
transfer was lower for m19z (38.7% vs 46.8%), m1928z (24.1% vs 
39.1%), and m19hBBz (35.8% vs 46.2%) CAR T cells co-cultured 
with MDSCs compared to those that were not. There was also a 
reduction in total T cell counts for m19z (58%), m1928z (88%), and 
m19hBBz (65%) after MDSC co-culture. This data suggests MD-
SCs present during CAR T cell production can alter gene transfer 
and total T cell counts. We also investigated the effect MDSCs 
can potentially have on CAR T cells when present during CAR T 
cell antigen stimulation. CAR T cells co-cultured with MDSCs in 
vitro had significant reductions in m19z, m1928z, and m19hBBz 
CAR T cell mediated killing against target cells. We also found 
significantly lower production of IFNgamma in m19z, m1928z, and 
m19hBBz CAR T cells cultured with MDSCs compared to cells 
cultured with total BM. After 24hr stimulation with MDSCs and 
target cells, there was lower expression of activation markers PD1 
and LAG3 by CAR T cells compared to culture without MDSCs. 
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This suggests that MDSCs reduce CAR T cell activation, killing, 
and cytokine production. We also looked at how CAR prolifera-
tion after antigen stimulation is affected by MDSC co-culture and 
found MDSCs significantly reduced CAR proliferation in vitro. To 
evaluate if we could create a more resistant CAR T cell to MDSC 
suppression null mutations were incorporated into a CD28 CAR. 
We mutated the YMNM and PRRP subdomains of CD28 which 
signal through PI3K and ITK respectively leaving only PYAP ac-
tive (mut06). When MDSCs were co-cultured with mut06 T cells 
during production mut06 had a smaller reduction in gene trans-
fer (21% vs 38%) and T cell counts (80% vs 88%) compared to 
m1928z. Mut06 also had a significantly higher expression of PD1 
and TIM3 compared to m1928z after production with MDSCs. In 
vitro when mut06 was co-cultured with MDSCs it had the same 
killing ability as m1928z without MDSCs and was significantly bet-
ter at killing compared to m1928z co-cultured with MDSCs. To 
examine the effect of MDSCs on CAR T cells in vivo we injected 
C57BL6 mice with CAR T cells followed by MDSCs a week later. 
In these ongoing experiments we found mut06 had significantly 
higher numbers of CAR T cells in the blood compared to m1928z. 
Overall our data shows that MDSCs can suppress CAR T cell func-
tion when present during production as well as CAR stimulation. 
It also suggests that by optimizing CD28 CAR signaling using 
mut06 that we were able to generate a CAR T cell that is more 
resistant to MDSCs. Furthermore, we may be able to recapitulate 
the effect of mut06 with targeted inhibitors.

Keywords : Chimeric Antigen Receptor, Myeloid Derived Suppres-
sor Cells.
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A059 / Cancer cell defects in intrinsic apoptosis attenuate 
killing by CAR T cells

Alexandra Lynn Pourzia (Harvard University), Angela Clare Bor-
oughs (MGH Cancer Center), Stefanie Renae Bailey (MGH Cancer 
Center), Marcela Valderrama Maus (MGH Cancer Center), Antho-
ny George Letai (Harvard Medical School).

Chimeric antigen receptor (CAR) T cell therapy is now an FDA 
approved treatment for several hematologic malignancies, yet not 
all patients respond to this treatment (1). While some resistance 
mechanisms have been identified, the possibility that cell death 
pathways in target cancer cells could impact response to CAR 
T therapy remains underexplored. To assess whether cell death 
pathways in target cancer cells could impact response to CAR 
T therapy, we utilized a HeLa in vitro model system. HeLa cells 
with intact (HeLa-19) and deficient Bak/Bax (HeLa-DKO-19) ex-
pressing CD19 were co-cultured with CD19 CAR T cells. Viability 
of target cells was then quantified using a) Annexin V / Hoechst 
staining and b) an impedance-based readout of cell death. We 
observed that Bak/Bax deficiency, which blocks the intrinsic 
pathway of apoptosis, conferred resistance to CAR T killing. 
However, this resistance could be overcome at high E :T ratios. 
To confirm that the intrinsic pathway of apoptosis contributes 
to CAR T killing, we forced the expression of Bcl-2 and Bcl-XL 
in HeLa-19 cells, and observed that both of these anti-apoptot-
ic proteins conferred protection from CAR-T killing in a similar 
manner to Bak/Bax knockout. Additionally, we wanted to assess 
whether caspases may be required for CAR T killing, given the 
role of intrinsic apoptosis in our model system. The caspase inhib-
itor Z-VAD-FMK protected both HeLa-19 and HeLa-DKO-19 cells 
from CD19 CAR T effector cells in our in vitro model system. Last-
ly, we wanted to ascertain the precise mechanism by which CAR 
T cells eliminate target cancer cells. CAR T cells were co-cultured 
with HeLa-19 and HeLa-DKO-19 targets in the presence of block-
ing antibodies against the death ligands FasL and TRAIL ; or 3, 
4-dichloroisocoumarin (DCI), a granzyme inhibitor. We observed 
that granzyme inhibition, but not Fas ligand and TRAIL blockade, 
provided target cells with protection from CAR T cells. Addition-
ally, a soluble factor contributed to CAR T killing of HeLa-19 tar-
get cells, as demonstrated by conditioned media experiments in 
which target cells were exposed to filtered supernatant from CAR 
T co-culture experiments. We tested whether death ligands (FasL, 
TRAIL, Tnf-α) were responsible for conditioned media killing using 
blocking antibodies as described above. Tnf-α blockade, but not 

FasL and TRAIL blockade, protected HeLa-19 target cells from 
conditioned media. 

In conclusion, intrinsic apoptosis allows for efficient elimination 
of target cancer cells by CD19 CAR T cells. Similarly, caspase in-
hibition with Z-VAD-FMK increased the number of CAR T cells 
required for efficient killing. This killing seems to be mediated 
largely by granzymes, as well as by Tnf-α. Our work suggests that 
tumor cells that are resistant to intrinsic or downstream apoptosis 
may resist CAR T therapy. Future experiments will explore wheth-
er the intrinsic apoptotic pathway also modifies response to CAR 
T cells in a mouse model ; and will identify additional soluble fac-
tors that contribute to CAR T killing of target cells.
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A060 / The hypoxia-inducible metabolite S-2HG in-
creases the memory potential of CAR-T cells

Iosifina P Foskolou (Cambridge University), Laura Barbieri (Karo-
linska Institute), Pedro Cunha (Cambridge University), Pedro Vel-
ica (Karolinska Institute), Helene Rundqvist (Karolinska Institute), 
Eunyeong Suh (Cambridge University), Randall S Johnson (Cam-
bridge University).

Cancer immunotherapy is advancing rapidly, and the use of 
gene-modified T cells that express tumour-specific chimeric an-
tigen receptors (CARs) is an aspect of these therapies that has 
shown particular promise. A current challenge of CAR-T cell ther-
apy is that the ex vivo generated CAR-T cells become exhausted 
during expansion in culture, and do not persist when transferred 
back to patients. Also, CAR-T cell exhaustion and short-term 
immuno-surveillance limit their clinical potential against solid 
tumours. Less differentiated T cells, such as central memory T 
cells (TCM), display better expansion, anti-tumour activity and 
persistence, which are necessary features both for therapeutic 
success and for prevention of disease relapse. We have recently 
reported that mouse T cells express memory-like markers when 
treated with a Hypoxia Inducible Factor (HIF) - inducible immu-
nometabolite, 2-hydroxyglutarate (2HG) (Tyrakis et al., Nature 
2016). We hypothesised that this feature of 2HG could be evo-
lutionary conserved and ex vivo 2HG treatment of human CAR-T 
cells could increase both CAR-T cell persistence and anti-tumour 
activity. We conducted in vitro experiments where we treated hu-
man T cells with the two 2HG enantiomers (S-2HG and R-2HG). 
We observed that the two enantiomers result in specific chang-
es in T cell homeostasis and fate. T cells were more sensitive to 
R-2HG than to S-2HG both in cell numbers and in viability. Addi-
tionally, although both enantiomers increased the percentage of 
TCM cells, only S-2HG showed a significant increase in the TCM 
cell number. In contrast to S-2HG, R-2HG vastly decreased the 
expression of the CD62L homing marker and increased the PD-1 
exhaustion marker. The two enantiomers also showed differences 
in specific epigenetic marks (histone methylation / acetylation). 
Our data provide evidence suggesting that treating T cells specif-
ically with S-2HG (instead of R-2HG, which is commonly studied) 
can improve T cell function upon immunotherapy. We generated 
CAR-T cells from healthy donors and treated them with S-2HG. 
We observed an accumulation of central memory CAR-T cells in 
response to S-2HG treatment, which didn’t affect the cytotoxic 
potential and the cytokine release of the CAR-T cells when co-cul-
tured with target tumour cells. Our data provide evidence sug-
gesting that treating T cells with S-2HG could alter T cell fate by 
coordinating the level of activation/inhibition of various targets 
and could improve as such T cell function upon immunotherapy.

Keywords : CAR-T cells, central memory T cells, Hypoxia Inducible 
metabolites.
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A061 / A novel T cell receptor targeting a shared FLT3 
mutation in acute myeloid leukemia

Eirini Giannakopoulou (Department of Cancer Immunology, Oslo 
University Hospital Radiumhospitalet, Oslo, Norway ; K.G. Jebsen 
Center for Cancer Immunotherapy, Institute of Clinical Medicine, 
University of Oslo, Norway), Weiwen Yang (Department of Can-
cer Immunology, Oslo University Hospital Radiumhospitalet, Oslo, 
Norway ; K.G. Jebsen Center for Cancer Immunotherapy, Institute 
of Clinical Medicine, University of Oslo, Norway), Petter S Woll 
(Haematopoietic Stem Cell Biology Laboratory, MRC Weatherall 
Institute of Molecular Medicine, Radcliffe Department of Medi-
cine, University of Oxford, Oxford, United Kingdom ; Center for 
Hematology and Regenerative Medicine, Department of Medicine 
Huddinge, ), Terhi Karpanen (Department of Cancer Immunology, 
Oslo University Hospital Radiumhospitalet, Oslo, Norway), Thea 
Johanne Gjerdingen (Department of Cancer Immunology, Oslo 
University Hospital Radiumhospitalet, Oslo, Norway ; K.G. Jebsen 
Center for Cancer Immunotherapy, Institute of Clinical Medicine, 
University of Oslo, Norway), Saskia Meyer (Department of Can-
cer Immunology, Oslo University Hospital Radiumhospitalet, Oslo, 
Norway ; K.G. Jebsen Center for Cancer Immunotherapy, Institute 
of Clinical Medicine, University of Oslo, Norway), Marieke Griffio-
en (Department of Hematology, Leiden University Medical Center, 
Leiden, the Netherlands), Sten Eirik W Jacobsen (Haematopoietic 
Stem Cell Biology Laboratory, MRC Weatherall Institute of Mo-
lecular Medicine, Radcliffe Department of Medicine, University of 
Oxford, Oxford, United Kingdom ; Center for Hematology and Re-
generative Medicine, Department of Medicine Huddinge, ), Johan-
na Olweus (Department of Cancer Immunology, Oslo University 
Hospital Radiumhospitalet, Oslo, Norway ; K.G. Jebsen Center for 
Cancer Immunotherapy, Institute of Clinical Medicine, University 
of Oslo, Norway).

Acute myeloid leukemia (AML) is the most frequent leukemia in 
adults. As allogeneic hematopoietic stem cell transplantation still 
remains the major curative option upon relapse from chemother-
apy, there is a large unmet medical need for this patient group, 
calling for improved therapeutic strategies. Adoptive therapy with 
T cells genetically modified to express immune receptors target-
ing antigens encoded by shared mutations could be an attractive 
option. The FMS-like tyrosine kinase 3 (FLT3) is mutated in ap-
proximately 30% of AML patients. These mutations can be divid-
ed into two categories ; (1) internal tandem duplications (FLT3/
ITD mutations), and (2) point mutations resulting in single amino 
acid substitutions in the activation loop of the tyrosine kinase do-
main (FLT3/TKD mutations, 5-7% of AML). Although the ITD mu-
tations are more frequent than the TKD point mutations, they oc-
cur in different areas resulting in different amino acid sequences 
in individual patients. Mutations in the D835 position are screened 
for in routine diagnostics, as they have prognostic importance 
and lead to constitutive activation of FLT3. We therefore focused 
on the identification of T cell receptors (TCRs) targeting the 
shared FLT3 point mutation D835Y, restricted by the frequently 
expressed HLA-A*02 :01 allele. To this end, we followed our previ-
ously described strategy. Monocyte-derived dendritic cells from 
HLA-A*02 :01(HLA-A2) positive healthy donors were electroporat-
ed with mRNA encoding the mutated sequence and co-cultured 
with autologous CD8+ T cells. T cells reactive to the FLT3/TKD 
D835Y mutation were identified by dual color tetramer staining, 
and were sorted for subsequent cloning. A TCR was identified 
from clones reactive to HLA-A2pos target cells in presence, but 
not in absence, of loading with the relevant peptide. Peripheral 
blood T cells redirected with the FLT3 TKD D835Y/HLA-A2-reac-
tive TCR (FLT3 TCR) efficiently and specifically recognized target 
cells pulsed with mutated but not wild type peptide at concen-
trations as low as 10-100pM, indicating high functional avidity. No 
reactivity was observed against a panel of 15 HLA-A*02 :01 posi-
tive cell lines of different tissue origins and expressing a variety of 
HLA types, unless the cells were pulsed with the mutant peptide 
or electroporated with relevant mRNA, indicating high peptide- 
and HLA-specificity. TCR-transduced T cells also reacted vigor-
ously to patient leukemia cells harboring the relevant mutation, 
whereas no reactivity was observed in response to HLA-A2pos 
patient leukemia cells carrying the D835E mutation or the FLT3/
ITD mutation, or to HLA-A2neg cells expressing the targeted mu-
tation. Importantly, in vitro killing assays showed that 91% ± 3.6% 
(mean ± SEM, n=3) of the tumor cells specifically disappeared in 
samples from three different patients during the span of 72 hours 

upon treatment with FLT3 TCR-transduced but not mock-trans-
duced T cells, whereas no difference was observed in the num-
bers of normal T and B cells in the same patient samples when 
comparing treatment with FLT3-TCR and mock-TCR-transduced 
T cells. At end of co-culture, we next investigated if the few re-
maining immature patient myeloid cells falling in the same flow 
cytometric gate as the leukemic blast cells harbored the target-
ed mutation or not. PCR of sorted single cells demonstrated that 
indeed all but one among a total of 77 sorted cells from three 
patients expressed either the wild type counterpart of the target 
or the alternative D835E mutation. 

In conclusion, we have identified a TCR that is highly specific for 
a peptide encoded by the recurrent AML-associated FLT3/TKD 
D835Y mutation presented on HLA-A2, that efficiently eliminates 
primary leukemia cells harboring this mutation when transduced 
into primary T cells. The results call for further preclinical testing 
in preparation for potential clinical application.
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A062 / Spatiotemporal coordination of T-bet expression 
during type 1 responses

Alejandra Mendoza (Memorial Sloan Kettering Cancer Center), 
Alexander Rudensky (Memorial Sloan Kettering Cancer Center).

CD4 T cells are central orchestrators of the protective immune re-
sponses against different types of pathogens and non-microbial 
challenges. The principal CD4 subsets -TH1, TH2, TH17, and TFH 
- are distinguished by specialized gene expression features es-
tablished under the control of differentially expressed lineage-de-
fining transcription factors. The latter include expression of dis-
tinct homing and chemokine receptors, therefore, each subset 
likely traffics to discrete regions within the secondary lymphoid 
organs. The production of signature cytokines by CD4 lineages 
affects the activation and recruitment of other immune cell types. 
Consequently, by localizing to distinct sites within the secondary 
lymphoid organs these cells likely create microenvironments, a 
feature that may be critical for efficient immunity against corre-
sponding classes of immune challenges. The principal transcrip-
tion factor guiding TH1 differentiation T-bet is unique among the 
lineage defining factors of TH cell differentiation is also expressed 
in a wide range of immune cells. Using airway influenza infection 
as a model, we observe coordinated expression of T-bet in key 
lymphocyte lineages : CD8 T cells, TH1 cells, TFH cells, Treg cells 
and germinal center B cells. We find that these populations local-
ize in close proximity in distinct regions within the lung draining 
lymph node. Ours data suggests that T-bet expression in different 
lymphocyte lineages coordinates formation of a spatiotemporal 
circuit to enable effective type 1 responses.
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A063 / Immunomodulated autologous cancer immuno-
therapy for treatment of prostate cancer

Fernando Thome Kreutz (Escola de Ciências da Saúde PUCRS 
and FK-Biotec), Milton Berger (Faculdade de Medicina UFRGS 
and Serviço de Urologia do HCPA), Francisco Javier Davila Sal-
amea (Serviço de Urologia do HCPA), Brasil Silva Neto (Facul-
dade de Medicina UFRGS and Serviço de Urologia do HCPA), 
Samuel Eber Machado Silva (FK-Biotec), Alberto da Costa Stein 
(FK-Biotec), Bred Wacker (IQVIA Biotech), Robert Sims II (IQVIA 
Biotech).

Despite improvements in surgical, radiation, and other therapies 
for localized prostate cancer, up to 30% of patients will unfortu-
nately experience recurrent prostate cancer after prostatectomy. 
FK-PC101 is a novel immunotherapy, when added to prostatec-
tomy and other standard treatments for localized prostate can-
cer, may reduce the incidence of recurrent disease. FK-PC101 is 
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a product consisting of autologous human prostate cancer cells 
which have been modified to express MHC II on their surface. 
Upon injection of the cells into the subject from whom they were 
originally isolated, the modified cancer cells will not only present 
a cancer neoantigen in the context of MHC I to naïve (unprimed) 
CD8+ cytotoxic T cells ; but also present antigens to CD4+ helper 
T cells in the context of MHC II. This study is intended to evaluate 
the incidence of PSA recurrence in the vaccine group and com-
pared to a concurrent control group. Methodology : A two-step 
process was carried out for screening and enrollment. A total of 
106 subjects were consented and underwent radical prostatec-
tomy at a single institution in Brazil. A total of 62 subjects with 
high risk features based on clinical-pathologic findings from the 
prostatectomy were enrolled. Of the 62 subjects enrolled, 23 sub-
jects received immunotherapy. The remaining 39 subjects were 
not immunized and were included as control group. FK-PC101 
administration was started approximately 3-4 months following 
prostatectomy, intradermal injections were performed days 0, 7, 
14, 21, 51, 81 and 171. Baseline demographic features were similar 
between the two groups. Prostate cancer risk features, including 
high Gleason grade and higher pathologic cancer stage, were 
more common in the vaccine group. The reported use of hormon-
al therapies, radiation therapy, and other therapies post-RP were 
similar between the two groups. Median follow-up times were also 
similar in both groups. Median duration of follow-up was 11.1 years 
(range 2.8, 15.4 years) in the vaccine group and 9.6 years (range 
1.0, 16.5 years) in the control group. Efficacy : Although the vac-
cine group had higher risk prostate cancer features, subjects who 
received the FK-P-101 immunotherapy following prostatectomy 
demonstrated a delay in time to PSA recurrence. The median time 
to PSA recurrence in the vaccine group was 104.6 months vs. 77.4 
months in the control group, which represents an improvement 
of over 27 months (p=0.1229, log-rank test, HR=0.56). In addition, 
there was a reduction in the incidence of PSA relapse, for exam-
ple at 3- 5 years post-RP. At 4 years post-RP, 11.8% of the vaccine 
group had experienced PSA recurrence, vs. 36.8% in the control 
group (p=0.0453, z-test). Furthermore, 1/23 (4.3%) vaccine sub-
jects died from recurrent, progressive prostate cancer, compared 
to 5/39 (12.8%) control group subjects. Safety : The most common 
AE’s reported in the vaccine group included local injection site 
reactions which were mild to moderate in severity and generally 
resolved within a few days. There were no Grade 3 or higher injec-
tion site AE’s or reactions. There were no generalized or systemic 
reactions to the injections, and there did not appear to be any la-
tent reactions. None of the vaccine subjects had vaccine therapy 
discontinued due to AE’s. 

Conclusion : Based on the evaluation of the PSA recurrence data, 
there appears to be a decrease in the rate of PSA recurrence in the 
immunized group. In particular, there was a significant decrease in 
the incidence of PSA recurrence at 4 years in the vaccine group 
(11.8% vs. 36.8% p=0.0453, z-test). These findings, coupled with 
favorable trends in survival and the reported safety profile, sup-
port further evaluation of this immunotherapy approach. Follow-
ing a pre-IND meeting with the FDA (May/2019), we are planning 
an adaptive Phase 2b/3 randomized trial of FK-PC101 in patients 
who have undergone prostatectomy for unfavorable intermediate 
or higher risk prostate cancer.
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A064 / Identification of tolerant tumor neoepitopes 
drives predictions of response to immune checkpoint 
blockade therapy

Martin G. Klatt (Memorial Sloan Kettering Cancer Center), Zaki 
Molvi (Memorial Sloan Kettering Cancer Center), Richard J. O‘Reil-
ly (Memorial Sloan Kettering Cancer Center), David Scheinberg A. 
(Memorial Sloan Kettering Cancer Center).

Effective T cell reactivity against tumor neoepitopes is proposed 
as a key mechanism in immune checkpoint blockade (ICB) ther-
apy. Therefore, defining rules for the immunogenicity of neoepi-
topes has been the subject of multiple recent studies and tumor 
mutational burden has been demonstrated to function as a po-
tential biomarker for predicting response to ICB therapy. How-
ever, only a small fraction of predicted neoepitopes can elicit im-
mune responses in vitro and in vivo. Therefore, the identification 
of the non-immunogenic (tolerant) subgroup of neoepitopes 
could have an important impact on target identification for neo-
epitope-based therapies, such a patient specific vaccines, as well 
as on predicting responses to ICB therapy. In order to identify 
those tolerant neoepitopes we hypothesized that a patient’s T 
cell reactivity against their tumor’s neoepitopes will be limited by 
pre-existing T cell tolerance to non-mutated, normally present-
ed human leukocyte antigen (HLA) ligands. To test this hypoth-
esis, we developed a model to predict tolerance against neoepi-
topes based on their physicochemical similarity to over 169, 000 
non-mutated 9-mer HLA class I ligands identified by mass spec-
trometry (MS). We trained our model on a subset of 92 published 
neoepitopes and validated the approach with a test set of 345 
mutated HLA ligands. Our model prospectively identified non-im-
munogenic neoepitopes with high positive predictive value (97%) 
independently of their predicted binding affinity. The algorithm 
also incorporates a novel mechanism, which we term “cross-allelic 
tolerance”. This mechanism is based on the assumption that high 
similarity between a neoepitope and a non-mutated self-pep-
tide at their T cell receptor recognition areas can be sufficient to 
confer tolerance to the neoepitope independent of its present-
ing HLA allele, but dependent on the HLA allele repertoire of the 
patient. Furthermore, utilizing these Methods to incorporate the 
non-immunogenicity of a large fraction of neoepitopes, we define 
the “RESPONDER” score, which predicts patients’ responses to 
ICB therapy with unprecedented precision in melanoma and non-
small cell lung cancer. In a cohort of 126 melanoma patients, 69 
patients with a low RESPONDER score had a median overall sur-
vival (mOS) of 9.7 months, whereas the subgroup of 57 patients 
with a high RESPONDER score achieved mOS of 48.6 months 
(TMB alone as a biomarker in this cohort defines subgroups with 
mOS of 10.8 vs. 23.4 months). 

Altogether, our model prospectively predicts tolerance to neo-
epitopes, as well as response to ICB therapy in multiple cancer 
entities with very high precision utilizing a novel explanation for 
tolerance to certain neoepitopes, termed cross-allelic tolerance. 
Therefore, this approach should facilitate the design of neoepi-
tope-based therapies and spare potentially unresponsive patients 
from toxicities and costs of ICB therapy.

Keywords : HLA ligand, Neoepitope, Immune Checkpoint Block-
ade, Response Prediction.
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A065 / Inhibition of IGSF11 mediates efficient tumor cell 
killing in vitro and in vivo

Maximilian Aigner (iOmx Therapeutics), Sabrina Genssler (iOmx 
Therapeutics), Anchana Rathinasamy (Regensburg Center for 
Interventional Immunology (RCI)), Stefanie Urlinger (iOmx Ther-
apeutics), Jonas Zantow (iOmx Therapeutics), Stefan Bissinger 
(iOmx Therapeutics), Tillmann Michels (iOmx Therapeutics), Sim-
one Braendle (iOmx Therapeutics), Ronny Milde (iOmx Therapeu-
tics), Jörg Regula (iOmx Therapeutics), Apollon Papadimitriou 
(iOmx Therapeutics), Philipp Beckhove (Regensburg Center for 
Interventional Immunology (RCI)), Nisit Khandelwal (iOmx Ther-
apeutics).

Immune-checkpoint blockade by drugs targeting CTLA-4, PD-1 
or PD-L1 pathways have emerged as the standard of care in many 
tumor indications, however it still doesn’t meet the needs of a 
majority of cancer patients. To understand and discover alterna-
tive druggable vulnerabilities in immunosuppressive tumors, we 
used our iOTarg™ genetic screening platform to identify targets 
in a lung cancer model that fails to respond to PD-L1 inhibition. 
Immunoglobulin superfamily member 11 (IGSF11) was identified 
as a hit from our iOTarg™ screen, whereby its knockdown led 
to a significant increase in tumor cell killing by lung cancer pa-
tient-derived tumor-infiltrating lymphocytes (TILs). IGSF11 is a 
type I transmembrane cell adhesion molecule that was recently 
described as a putative ligand of V-domain Ig suppressor of T cell 
activation (VISTA). IGSF11 expression in healthy tissues is large-
ly restricted to immune-privileged organs such as brain, ovaries 
and testis, whereas it is frequently upregulated in various types 
of cancer. Validation studies with different tumor and T cell pairs 
demonstrated that siRNA-mediated downregulation of IGSF11 on 
tumor cell surface led to improved T cell activity and tumor cell 
killing. We raised a diverse panel of fully human antibodies against 
human IGSF11 using phage display technology. Antibodies were 
characterized by binding to recombinant protein as well as to 
IGSF11-expressing tumor cell lines and those with human/mouse 
cross-reactivity were further tested for immune modulatory po-
tential in in vitro killing assays. For that purpose, recombinant 
IGSF11 overexpressing MDA-MB-231 human breast cancer cells or 
endogenously expressing human melanoma cells were cocultured 
with T cells isolated from healthy donor PBMCs in the presence of 
anti-IGSF11 antibodies. Tumor cell viability was determined after 
three days using the CellTiter-Glo viability assay. A defined sub-
set of epitope-specific antibodies were identified that mediated 
strong, dose-dependent killing of tumor cells. The tumor lysis was 
target- and T cell-dependent, as sequestration of antibodies by 
exogenous addition of recombinant antigen or absence of T cells 
abolished this effect. To further corroborate our in vitro findings, 
we engineered MC38 mouse colon adenocarcinoma cell line for 
overexpression (OE) or CRISPR/Cas9-mediated knock-out (KO) 
of mouse Igsf11. C57BL/6 mice with subcutaneously implanted KO 
tumors showed significant reduction in tumor outgrowth com-
pared to wild type (WT) tumor and OE tumor-bearing mice. In 
line with reduced tumor burden, KO tumors exhibited a trend to-
wards higher infiltration of T cells (including cytotoxic T cells) and 
a stronger reduction of granulocytic MDSCs as compared to the 
OE tumors. In summary, we demonstrate that tumor-expressed 
IGSF11 is a T cell-inhibitory molecule whose immunosuppressive 
activity can be abrogated by specific monoclonal antibodies to 
achieve efficient tumor cell killing. Using a syngeneic mouse mod-
el, we further validate the relevance of IGSF11 in shaping antitu-
moral immune responses in vivo. IGSF11 is a promising drug target 
for cancer treatment, especially for patients that have relapsed 
or are non-responsive to classical immune-checkpoint inhibitors.

Keywords : Immune-checkpoint, High-throughput screen, IGSF11.
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A066 / Electrochemotherapy in combination with peri-
tumoral gene electrotransfer of interleukin-12 as an adju-
vant immunotherapy varies according to immune status 
of treated tumors

Katja Ursic (Institute of Oncology Ljubljana), Spela Kos (Institute 
of Oncology Ljubljana), Urska Kamensek (Institute of Oncology 
Ljubljana), Maja Cemazar (Institute of Oncology Ljubljana), Gre-
gor Sersa (Institute of Oncology Ljubljana).

Although the therapeutic effectiveness of electrochemotherapy 
(ECT) in the clinics is up to 80% of local tumor control, system-
ic antitumor effect (i.e. abscopal effect) has not been observed. 
With the aim to achieve systemic effect, we proposed a combi-
nation therapy consisting of ECT with intratumoral application of 
cisplatin, oxaliplatin or bleomycin with peritumoral gene electro-
transfer (GET) of plasmid encoding interleukin-12 (IL-12). In the 
combination, IL-12 boosts the in situ vaccination effect of ECT and 
together with immunogenic cell death and danger-associated 
molecular patterns release recruits effector immune cells. There-
fore, we hypothesized that IL-12 potentiates the effect of ECT on 
a local and systemic level and may vary regarding immunologi-
cal profile of the treated tumors. For this purpose, the combined 
therapy was tested in three immunologically different murine 
tumor models (malignant melanoma (B16F10), colon carcinoma 
(CT26) and mammary carcinoma (4T1)). The tumor growth was 
followed on primary treated tumors (B16F10, CT26, 4T1) and on 
distant untreated tumors using dual-flank model mimicking sys-
temic disease. The therapy was performed when tumors reached 
35-40 mm3 in volume. Additionally, tumor and blood samples 
were collected for immunohistochemical and cytometric analy-
sis of the tumor microenvironment and for the detection of IL-12. 
First, we investigated the effect of ECT in B16F10 melanoma using 
equally effective but low doses of cisplatin, oxaliplatin or bleomy-
cin in combination with peritumoral GET of IL-12. IL-12 potentiated 
the antitumor effect of ECT with all three drugs. However, we ob-
served the most pronounced potentiation with ECT using cispla-
tin, resulting in 38% of complete responses as well as an abscopal 
effect. The antitumor effectiveness of this treatment combination 
could be ascribed to the induction of the local and systemic im-
mune response. Namely, infiltration of granzyme B positive im-
mune cells was observed in both, primary and distant tumors. 
Furthermore, the combination therapy was also tested in two 
other immunologically different tumor models, CT26 and 4T1. The 
results indicate that peritumoral GET of IL-12 inversely correlates 
with tumor response to ECT. We observed better responsiveness 
to ECT in immunologically “hot” tumors, where the addition of 
GET led to the lowest potentiation. To conclude, peritumoral GET 
of IL-12 significantly potentiates ECT in treated melanoma tumors 
and has some effect on distant untreated tumors, predominantly 
when cisplatin was used for ECT. Effectiveness of the tested treat-
ment combinations depends on the immunological status of the 
tumor. ECT was more effective in immunologically “hot” tumors 
but the contribution of peritumoral GET was not as pronounced 
as in “cold” tumors.

Keywords : electrochemotherapy, gene electrotransfer, interleu-
kin-12, tumor immunological status.
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A067 / Tracking oncolytic virus-specific CD8+ T cells with 
epitope-based, HLA-agnostic peptides in a renal cell car-
cinoma clinical trial

Myles Dillon (Regeneron Pharmaceuticals, Inc.), Se Jeong (Regen-
eron Pharmaceuticals, Inc.), Naomi De Silva (SillaJen Biotherapeu-
tics), Dominic Curran (SillaJen Biotherapeutics), Kara Sabourin 
(SillaJen Biotherapeutics), Nicholas Gaspar (SillaJen Biothera-
peutics), Lisa Hersh (Regeneron Pharmaceuticals, Inc.), Vladimir 
Jankovic (Regeneron Pharmaceuticals, Inc.), James Burke (Silla-
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Jen Biotherapeutics), Israel Lowey (Regeneron Pharmaceuticals, 
Inc.), Gavin Thurston (Regeneron Pharmaceuticals, Inc.), Raquel 
Deering (Regeneron Pharmaceuticals, Inc.).

Oncolytic viruses are engineered to preferentially replicate within 
and kill tumor cells, inducing anti-tumor immune responses. While 
monotherapy treatment with oncolytic viruses has shown limited 
clinical response in some cancers, their full immune-stimulating 
mechanisms have not been elucidated. A critical component to 
delineate the anti-tumor activity of oncolytic viruses is to mon-
itor peripheral immune responses to both the virus and the tu-
mor. In the study described here, we developed assays to monitor 
functional CD8+ T cell responses in the blood of patients treated 
with the Vaccinia-based oncolytic virus by SillaJen, Pexa-Vec. Pa-
tients with metastatic renal cell carcinoma (RCC) refractory to 
standard of care treatments were treated intravenously with 109 
PFU Pexa-Vec once a week for five weeks, after which treatment 
switched to once every three weeks for the duration of study. 
PBMC were collected and cryopreserved prior to treatment, at six 
and twelve weeks post-Pexa-Vec initiation, and upon completion 
of study. Clinical response was determined for all patients accord-
ing to mRECIST1.0 criteria at weeks six, twelve, and upon study 
completion : Stable Disease (<20% increase and <20% decrease 
in lesion size), Progressive Disease (>20% increase), or Response 
(>20% decrease). To efficiently use small volumes of collected 
blood, we designed custom peptide pools from known immu-
nogenic Vaccinia epitopes in an HLA-agnostic format to profile 
peripheral CD8+ T cell responses. All curated MHC class I-restrict-
ed epitopes to Vaccinia virus were retrieved from the Immune 
Epitope Database and duplicates were removed. The remaining 
epitopes (n=71) were synthesized and pooled based on known 
HLA restriction. Individual pools were comprised of no more than 
20 peptides. PBMCs were stimulated for 48 hours, and responses 
to peptide pools were measured by dual IFNgamma/granzyme B 
ELISPOT. Additionally, patient HLA haplotypes were determined 
by sequencing, and all samples were evaluated by flow cytometry 
to assess T cell phenotypes. We found that the epitope-based, 
HLA-agnostic peptide pools were successful in tracking CD8+ T 
cell responses in RCC patients treated with the oncolytic virus 
Pexa-Vec. Interestingly, eight of eleven patients with Stable Dis-
ease at week six had increased responses to the peptide pools 
relative to baseline, whereas three out of four Progressive Dis-
ease patients displayed decreased responses (p < 0.05, Fisher t 
test). Additionally, an increase in PBMC response at week six to 
the A*02 supertype pool directly correlated to overall survival of 
the patients, whereas no correlation was detected with the other 
peptide pools. 

In conclusion, profiling of the T cell response can be achieved with 
minimal sample requirements in an HLA-agnostic manner using 
custom peptide pools based on known Vaccinia epitopes. By 
reducing and improving the number of candidate epitopes (10s 
rather than 100-1000s), the assay can track systemic patient re-
sponses while using less of the valuable clinical samples.

Keywords : Oncolytic Virus, T cell response.
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A068 / Systematic assessment of T cell immune check-
point (ICP) pathways

Maximilien Grandclaudon (Servier).

Background : More than twenty distinct ICPs are being evaluated 
as T cell targets for cancer immunotherapy. Understanding the 
general redundancy or specificity of ICP pathways in T cell is key 
for next generation immunotherapies or combinatorial trials. A 
detailed systematic comParison and description of their biolog-
ical effector functions in T cell is lacking in the field. 

Goal : Here, we aimed at providing a deep profiling and charac-
terization of distinct T cell ICPs through systematic comParison 
across multi-parametric functional assays. 

Methods : We selected different co-stimulatory or inhibitory ICP 
of interest based on the literature. Whenever possible, benchmark 
antibodies were identified, produced and validated for their de-

scribed in vitro mechanism of action. Head to head comParison 
of ICP treatments were performed in vitro using human primary 
T cells alone or co-cultured with Dendritic Cells. Proliferation and 
cytokine secretion were used as readouts, using multiple donors. 

Results : First, we showed that PD1/PDL1 blockade induced higher 
T cell cytokine secretion in both CD4 and CD8 MLR. Then, com-
bining anti-CTLA-4 to anti-PDL1 treatments we showed improved 
T cell activation compared to anti PDL1 alone, which fully validat-
ed our model. Then, we found that all co-stimulatory ICP tested 
were able to induce high and significant CD4 T cell proliferation 
in combination with anti CD3 alone, in DC free experiments. In 
addition, specific cytokine profiles were found in response to 
each costim-ICP stimulation, highlighting the limited redundan-
cy of these pathways. Specificity of cytokine patterns was also 
retrieved when combining costim-ICP to anti-PDL1 treatment, re-
vealing potential new synergistic effects. 

Conclusion : Our systematic analysis of ICP in T cells provides key 
insights about the specificity or redundancy of these pathways. 
Our data constitutes an important resource for optimizing drug 
development or combinatorial treatments, which is a key chal-
lenge of anticancer immunotherapy.

Keywords : T cell, Immune checkpoint.

A069 / Systemic Anti-PD-1-activated doxorubicin prodrug 
synergizes antitumor effect mediated by accumulation of 
tumor infiltrating lymphocytes

Yoon Se Lee (Asan Medical Center), In Kyung Sohn (Asan Medi-
cal Center), Hyo Won Chang (Asan Medical Center), Minsu Kwon 
(Eulji University Hospital), Sang Yoon Kim (Asan Medical Center).

Background : We developed doxorubicin prodrug (MPD-1) activat-
ed in the presence of caspase-3. Increased antigenicity and tumor 
infiltrating lymphocytes (TILs) are prerequisites for maximizing 
the efficacy of anti-PD-1. Thus, we hypothesized that anti-PD-1 
therapy induces apoptosis in the tumor and produces caspase-3, 
activating MPD-1. Activated MPD-1 also has cytotoxic effect and 
aggregates TILs in the tumor. This process would synergize the 
anti-tumor effect. We evaluated this positive feedback in murine 
squamous cell carcinoma model. 

Methods : Murine SCC VII (squamous cell carcinoma) cells were 
inoculated to female C3H/J. We divided 6 treatment groups ; con-
trol, radiation therapy, anti-PD-1, radiation, anti-PD-1 with MPD-1, 
RT with MPD-1, and triple therapy (anti-PD-1 + RT + MPD-1) (n = 
5/group). After the tumor grew up to 200 mm3, each treatment 
was initiated. Tumor size and mice weight were measured. Distri-
bution of CD45+, CD8+, CD4+, and FoxP3+ cells was analyzed. re-
sults Either RT or free doxorubicin showed the limited anti-tumor 
effect with higher weight loss than MPD-1+RT group. Anti-PD-1 
treatment induced caspase-3, an activator of MPD-1 in the tumor 
microenvironment. Combination therapy using RT with MPD-1 or 
anti-PD-1 with MPD-1 showed better antitumor effect than mono-
therapy. CD45+ TILs and CD8+CD45+ TILs were increased in an-
ti-PD-1 + MPD-1 group than RT + MPD-1 group. When CD8 was 
blocked by anti-CD8 antibody, tumor growth was recovered only 
in anti-PD-1 + MPD-1 group. 

Conclusion : Systemic anti-PD-1 initiates apoptosis and produces 
caspase-3 activating MPD-1. It also changes the population of TILs 
possibly augmenting immunogenic cell death. CD8+ TILs may 
have a pivotal role in combination treatment.

Keywords : Anti-PD-1, Doxorubicin, SCC VII, Combination.
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A070 / Preclinical characterization of Sym023 : A human 
anti-TIM3 antibody with a novel mechanism of action

Trine Lindsted (Symphogen), Monika Gad (Bioneer), Camil-
la Fröhlich (Symphogen), Maria C. Melander Carlsen Melander 
(Symphogen), Michael Monrad Grandal (Symphogen), Vikram 
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Bhatia (Symphogen), Torben Gjetting (Symphogen), Johan Lant-
to (Symphogen), Michael Kragh (Symphogen), Klaus Kofoed 
(Symphogen), Mikkel Wandahl Pedersen (Symphogen).

Immunotherapy has become a major focus of research in on-
cology and blockade of immune checkpoints such as cytotoxic 
T-Lymphocyte Associated Protein 4 (CTLA4) and programmed 
cell death protein 1 (PD1) has been some of the most successful 
immunotherapies. The next wave of immunomodulatory targets 
that are being explored for cancer therapy include T cell immuno-
globulin and mucin domain protein 3 (TIM3). TIM3 is constitutive-
ly expressed on cells of myeloid origin whereas the TIM3 expres-
sion is induced on T-cells upon activation. The exact function of 
TIM3 on the different immune cells is not clear and may be con-
text dependent suggesting that TIM3 is not a classical immune 
check-point. Sym023 is a human anti-TIM3 antibody, which binds 
human TIM3 and cross-reacts with cynomolgus monkey TIM3. 
Sym023 blocks binding of phosphatidyl serine but not galectin 
9 and stimulates T-cell proliferation in mixed lymphocyte reac-
tions and tumor growth inhibition in vivo. Here, we present data 
demonstrating that ligation of TIM3 by Sym023 increase cytokine 
production and T cell proliferation in vitro through a novel mech-
anism of action.

Keywords : Immunotherapy, Antibody, TIM3, Dendritic cells.
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A071 / Only STING agonists of exceptional potency can 
fully reprogram suppressive tumor myeloid stroma and 
mediate regression of established pancreatic cancer

Casey R Ager (The University of Texas MD Anderson Cancer Cen-
ter, Department of Immunology), Akash Boda R (The University of 
Texas MD Anderson Cancer Center, Department of Immunology), 
Philip Jones (The University of Texas MD Anderson Cancer Center, 
Institute for Applied Cancer Science), Maria Emilia Di Francesco 
(The University of Texas MD Anderson Cancer Center, Institute 
for Applied Cancer Science), Michael A Curran (The University of 
Texas MD Anderson Cancer Center, Department of Immunology).

Immunosuppressive myeloid populations including tumor associ-
ated macrophages (TAM) and myeloid derived suppressor cells 
(MDSC) are abundant within pancreatic adenocarcinoma (PDAC) 
tumors and play critical roles in constraining cytotoxic T cell 
function in the tumor microenvironment. We hypothesized that 
intratumoral engagement of innate pathogen recognition recep-
tors such as Stimulator of Interferon Genes (STING) could induce 
pro-inflammatory polarization of the myeloid stroma and liberate 
the antitumor T cell response to regress refractory PDAC tumors 
in the presence of checkpoint blockade. 

We developed and characterized a novel cyclic dinucleotide 
(CDN) STING agonist IACS-8803, and found that 8803 activates 
downstream STING signaling in both human (THP-1) and murine 
(J774) reporter cells with over 10-fold greater potency than ML-
RR-S2-CDA, the most clinically advanced CDN. Intratumoral de-
livery of 8803 into subcutaneous B16 melanoma and PDAC tu-
mors additionally revealed a greater capacity to induce tumor 
regression relative to ML-RR-S2-CDA suggesting that therapeutic 
benefit of STING agonist therapy may be proportional to potency. 

In order to evaluate the specific effects of STING agonists of as-
cending potency (c-di-GMP, cGAMP, ML-RR-S2-CDA, IACS-8803) 
on the phenotype and function of suppressive myeloid popula-
tions, we generated in vitro polarized human M2 macrophages 
and murine bone marrow-derived MDSC. We found across cyto-
kine multiplex, 30-paramater flow cytometry, reverse-phase pro-
tein array, and gene expression analysis a clear signature of sup-
pressive to pro-inflammatory myeloid conversion proportional to 
the strength of the STING agonist. While weaker agonists could 
reduce markers of suppressive function, they failed to generate a 
signature of active co-stimulatory potential. In contrast, M2 mac-
rophages and MDSC exposed to the strongest STING agonists 
shed suppressive function and adopted multiple characteristics of 
immune-supportive function. Additionally, the capacity to func-

tionally reverse MDSC suppression of T cell responses also ap-
peared to be proportional to STING agonist potency. 

We next investigated the capacity for intratumoral delivery of 
IACS-8803 to sensitize murine pancreatic cancer to checkpoint 
blockade and to mobilize systemic immunity against disseminat-
ed lesions. We utilized mT4-2D, a novel pancreatic cancer cell line 
from Kras+/LSL-G12DTp53+/LSL-R172HPdx1-Cre tumor organ-
oids. We isolated a single cell clone of mT4-2D with reduced in 
vivo growth kinetics (t mT4-LS), as well as a clone which main-
tains the aggressiveness of the parental line (mT4-LA). Mice 
bearing 10-day established orthotopic and subcutaneous mT4-LS 
tumors received standard regimens of αCTLA-4, αPD-1, or cthe 
combination in the presence or absence of 8803 CDN injected 
into the orthotopic pancreatic tumor. We find single agent treat-
ment with 8803, αCTLA-4, αPD-1, or αCTLA-4/αPD-1 can cure 40-
60% of mice of both orthotopic and subcutaneous tumors in this 
system ; however, combination of 8803 and checkpoint blockade 
completely eradicates both injected and distal mT4-LS tumors in 
all mice. We replicated these studies using the refractory meta-
static mT4-LA model, and found that combination therapy with 
intra-pancreatic 8803 and systemic αCTLA-4/αPD-1 significant-
ly extends survival compared to 8803 or αCTLA-4/αPD-1 alone 
(p=0.001, p=0.0086). Analysis of treated mT4-LA tumors by flow 
cytometry reveals that combination therapy enhances the cy-
totoxic potential of CD8 T cells at both injected and uninjected 
lesions, and promotes dendritic cell proliferation within the pan-
creatic milieu. These studies not only provide a pre-clinical ratio-
nale for pursuing the use of potent STING agonists as a local-
ized approach to sensitize refractory PDAC tumors to checkpoint 
blockade, but also provide critical new insights into the molecular 
pathways engaged by innate activation to convert suppressive 
myeloid stroma to a pro-inflammatory phenotype.

Keywords : STING, MDSC, Pancreatic Cancer, Macrophages.

A072 / Characterization of the first chicken derived an-
ti-PD-1 clinical candidate antibody with a unique epitope 
and promising anti-cancer activity

Anton Willer (Symphogen A/S), Torben Gjetting (Symphogen 
A/S), Monika Gad (Symphogen A/S), Camilla Fröhlich (Sym-
phogen A/S), Maria Melander (Symphogen A/S), Gunther Galler 
(Symphogen A/S), Johan Lantto (Symphogen A/S), Thomas Bou-
quin (Symphogen A/S), Ivan Horak (Symphogen A/S), Michael 
Kragh (Symphogen A/S), Mikkel Wandahl Pedersen (Symphogen 
A/S), Klaus Koefoed (Symphogen A/S).

Inhibition of immunologic checkpoints like Programmed Cell 
Death 1 (PD-1) has shown clinical efficacy in a broad range of can-
cers by improving or restoring T-cell activity. Anti-PD-1 antibodies 
show great promise in treating cancer malignances when admin-
istered alone or in combination with other immune activating ap-
proaches. However, high protein sequence identity between hu-
man and mammalian species used for antibody generation often 
disfavor generation of antibodies against functionally conserved 
epitopes, or prevents isolating antibodies cross reacting with or-
tholog species used for evaluating potential toxicity. Chickens are 
phylogenetically distant from mammals and are better at gener-
ating antibodies against epitopes that are conserved in mammals. 
Because chickens generate antibodies from a very restricted set 
of V-gene germline genes that are diversified by “gene conver-
sion”, we envisioned that high throughput humanization of an-
tibody frameworks was achievable by “mass CDR grafting” after 
recovering antibodies by immunization and B-cell cloning. Wild 
type chickens were immunized with PD-1 antigen, and a repertoire 
of 120 antibodies was generated with Symplex™ technology, by 
combining single B-cell FACS sorting and high throughput RT-
PCR cloning of cognate VH and VL chains. The isolated PD-1 rep-
ertoire was cloned with an inert Fc backbone and humanized by a 
combination of in silico CDR grafting and gene synthesis. Human-
ized antibodies were expressed and screened for retained bind-
ing affinity and functionality in T-cell based assays. We success-
fully generated a humanized PD-1 antibody repertoire and found 
that most antibodies retained affinity and functionality similar to 
that of parental chicken antibodies. Furthermore, the antibody 
repertoire displayed broad binding epitope coverage on PD-1, of-
ten with strong pM affinity, and showed biophysical properties 
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acceptable for drug development. Our lead antibody Sym021 
blocked PD-L1 and PD-L2 ligand binding and downstream PD-1 
signaling, resulting in elevated T-cell cytokine production in vitro. 
Moreover, Sym021 bound human PD-1 with much stronger affinity 
of 30 pM compared to clinical PD-1 mAbs nivolumab and pem-
brolizumab, while also cross reacting to cynomolgous and mouse 
PD-1. This enabled direct testing of Sym021 in syngenic mouse in 
vivo models and evaluation of preclinical toxicology in cynomol-
gus monkeys. Detailed epitope mapping showed that the epitope 
recognized by Sym021 was unique compared to clinical antibod-
ies pembrolizumab and nivolumab. Sym021 is being evaluated in 
the clinic.
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A073 / Sequential and timely combination of cancer 
nanovaccine with an immune checkpoint blockade effec-
tively inhibits tumor re-growth

Yujin Kim (KAIST), Sukmo Kang (KAIST), Sangyong Jon (KAIST).

Although cancer nanovaccines have the advantage of increasing 
tumor-specific T cell pools, the real translation into clinic has been 
limited. Immune evasion in tumor microenvironment is one of the 
main causes to yield poor results in the vaccine clinical trials. In 
particular, adaptive resistance of the tumor induced by vaccines 
causes T cells dysfunction by increasing expression of immune 
checkpoint programmed death ligand 1 (PD-L1), which diminishes 
the ability of vaccines for tumor eradication. Numerous attempts 
have been made to combine vaccines and immune checkpoint 
blockade (ICB) therapy to enhance their antitumor efficacy. 
However, the method to optimally combine these therapeutics 
by considering treatment sequence and timing remains a major 
challenge. Here, we developed a model tumor antigen-displayed, 
CpG adjuvant-embeded small lipid nanoparticle (OVAPEP-SL-
NP@CpG)-based nanovaccine platform and also a new treatment 
strategy for the combination immunotherapy. The nanovaccine 
showed highly potent antitumor efficacy in both prophylactic 
and therapeutic E.G7 tumor models, but simultaneously induced 
T cell exhaustion by elevating PD-L1 expression, leading to tumor 
recurrence. After first cycle of immunization, mice were divided 
into two groups depending on their therapeutic response to the 
nanovaccine, either good or poor responder group. Only good 
responder was treated by combination of second immunization 
cycle of the nanovaccine with anti-PD-1 antibody, resulting in ef-
fective inhibition of tumor re-growth. We suggest that our nano-
vaccine system demonstrated effective antitumor effects and 
possibility of successful combination immunotherapy with ICB 
therapy. Especially, combination of these immunotherapies can 
be rationalized by controlling treatment sequence and timing.

Keywords : Cancer nanovaccine, Immune checkpoint antibody, 
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A074 / Therapeutic targeting of a novel immune modula-
ting receptor leading to a reduction of neutrophil recruit-
ment and a significant reduction of an invasive metastatic 
proteomic signature

Aikaterini Nasi (Department of Pharmaceutical Biosciences, Up-
psala University, Uppsala, Sweden), Martin Lord (Department of 
Pharmaceutical Biosciences, Uppsala University, Uppsala, Swe-
den), Katrin Klocke (Genagon Therapeutics, Solna, Sweden), 
Cecilia Drakskog (Genagon Therapeutics, Solna, Sweden), Moa 
Fransson (Genagon Therapeutics, Solna, Sweden), Evelina Lind-

mark (Genagon Therapeutics, Solna, Sweden), Simon Fredriksson 
(Genagon Therapeutics, Solna, Sweden), Andries Blokzijl (Gena-
gon Therapeutics, Solna, Sweden), Sara Mangsbo (Department of 
Pharmaceutical Biosciences, Uppsala University, Uppsala, Swe-
den).

In this study, a novel receptor for ligands in the TGF beta super-
family, denoted as R2, was investigated as a therapeutic target for 
solid tumors. The R2 receptor is expressed on the cell surface of 
immune cells such as neutrophils and macrophages embedded 
in the tumor micro environment, but also on other subtypes of 
innate immune cells. In addition, tumor cells can express this re-
ceptor. Currently, the R2 receptor is considered to act as a novel 
modulator of the pro-inflammatory response in the tumor micro 
environment. In tumor biology it may also take part in chronic 
inflammatory responses that drive tumor growth. 

Herein we have assessed novel antibodies targeting R2 with high 
affinity. This novel agent is cross-reactive between human and 
mouse and has been assessed in various tumor models. There 
was no evident anti-tumor effect when used as a monotherapy in 
a subcutaneous bladder and breast cancer models, respectively. 
However, when tumors grew in the lung as a metastases model, 
regardless of tumor cell origin, there was a notable anti-tumor ef-
fect as depicted by reduced numbers of lung tumor nodules post 
antibody treatment. This effect appeared isotype independent. 
Interestingly, R2 expression was markedly elevated on neutrophils 
within lungs of tumor bearing mice compared to neutrophils from 
the circulation or naïve lungs. 

A proteomic profiling was performed on serum collected from 
mice that were inoculated with MB49 tumor cells 15 days prior 
and treated i.v. with R2 antibody on days 5, 8 and 11. We noted a 
significant reduction in systemic levels of Clmp, Eno2, Fst, Hgf and 
Igsf3 in therapeutically treated animals. The Human Protein At-
las displays that a portion of lung cancer patients, but also other 
solid cancer patients, have notable mRNA expression elevations 
of all of these. It is tempting to speculate that the joint expres-
sion leads to a niche promoting infiltration of immune cells that 
can support a metastatic spread of the tumor. HGF has a known 
effect on neutrophil recruitment by tumors and contributes to im-
munosuppression and escape from current check-point blockade 
therapies. Clmp has been suggested to play a role in cell-cell ad-
hesion. Eno2 has been indicated to play a role in bone metastases 
risk for lung cancer patients. Igsf3 is part of the cytokine receptor 
signaling transduction indicating that therapy affects chemokine 
induced cell recruitment. We extracted single cells from lungs of 
tumor bearing mice and analyzed the immune cell content. Inter-
estingly, both alveolar macrophages as well as neutrophils were 
significantly reduced post therapeutic intervention. As macro-
phage and neutrophil infiltration into tumors can counteract the 
effect of check-point inhibitors by promoting tumor spread and 
inhibition of T-cells, a combination regimen can be of value for 
future preclinical and clinical studies. 

In summary, we have identified an important novel check-point 
pathway that, when pharmacologically targeted, relieves the tu-
mor of detrimental neutrophil infiltration and reduces the system-
ic invasive proteomic profile. Future work will investigate the na-
ture of the response, i.e. if the therapeutic intervention leads to a 
change in the inflammatory profile of tumor cells or healthy lung 
tissue, thereby affecting the recruitment of immune cells into the 
tumor/lung tissue, or if there is a direct antibody-mediated effect 
that targets immune cells selectively.

Keywords : Receptor for ligands in the TGF beta superfamily, Lung 
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A075 / PRE-CLINICAL DEVELOPMENT OF LISTE-
RIA-BASED NANOVACCINES AS IMMUNOTHERAPIES FOR 
SOLID TUMORS

Carmen Alvarez-Dominguez (IDIVAL), Hector Teran-Navarro (IDI-
VAL), David Salcines-Cuevas (IDIVAL), SONSOLES YAÑEZ-DI-
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AZ (HOSPITAL UNIVERSITARIO MARQUES DE VALDECILLA 
(HUMV)), FERNANDO RIVERA-HERRERO (HOSPITAL UNIVER-
SITARIO MARQUES DE VALDECILLA (HUMV)), IGNACIO DU-
RAN-MARTINEZ (HOSPITAL UNIVERSITARIO MARQUES DE 
VALDECILLA (HUMV)).

Gold glyconanoparticles loaded with the listeriolysin O peptide 
91-99 (Listeria-based nanovaccine), a bacterial peptide with an-
ti-metastatic properties, are vaccine delivery platforms facilitating 
immune cell targeting and increasing antigen loading. Here, we 
present proof of concept analyses for the consideration of these 
nanovaccines as a novel immunotherapy for solid tumors, includ-
ing cutaneous melanoma. Studies using mouse models of sub-
cutaneous melanoma indicated that Listeria-based nanovaccines 
recruite and modulate dendritic cell (DC) function within the tu-
mor, alter tumor immunotolerance inducing melanoma-specific 
cytotoxic T cells, cause complete remission and improve survival. 
Listeria-based nanovaccines showed superior tumor regression 
and survival benefits, when combined with anti-PD-1 or anti-CT-
LA-4 checkpoint inhibitors, resulting in an improvement in the ef-
ficacy of these immunotherapies. Sutudies on monocyte-derived 
DCs from patients with stage IA, IB or IIIB melanoma confirmed 
the ability of Listeria-based nanovaccines to complement the ac-
tion of checkpoint inhibitors, by not only reducing the expres-
sion of cell death markers on DCs, but also potentiating DC anti-
gen-presentation. We propose that Listeria-based nanovaccines 
function as immune stimulators and immune effectors and serve 
as safe cancer therapies, alone or in combination with other im-
munotherapies, for melanoma and other solid tumors.

Keywords : NANOVACCINES, LISTERIA, IMMUNOTHERAPIES, 
SOLID TUMORS.
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A076 / Long-term antitumour immune memory in 
C57BL/6j mice harbouring GL261 glioblastoma after me-
tronomic Temozolomide administration

Ana Paula Candiota (Centro de Investigación Biomédica en Red - 
CIBER- Universitat Autònoma de Barcelona), Shuang Wu (Depart-
ment of Biochemistry and Molecular Biology, Biosciences Faculty, 
Universitat Autònoma de Barcelona), Pilar Calero (Department of 
Biochemistry and Molecular Biology, Biosciences Faculty, Univer-
sitat Autònoma de Barcelona), Villamañan Lucía (Department of 
Biochemistry and Molecular Biology, Biosciences Faculty, Univer-
sitat Autònoma de Barcelona), Nuria Arias-Ramos (Department of 
Biochemistry and Molecular Biology, Biosciences Faculty, Univer-
sitat Autònoma de Barcelona), Sandra Ortega-Martorell (Depart-
ment of Applied Mathematics, Liverpool John Moores University, 
Liverpool, UK), Martí Pumarola (Department of Animal Medicine 
and Animal Surgery, Veterinary Faculty, Universitat Autònoma 
de Barcelona), Margarita Julià-Sapé (Centro de Investigación 
Biomédica en Red - CIBER- Universitat Autònoma de Barcelona), 
Carles Arús (Department of Biochemistry and Molecular Biology, 
Biosciences Faculty, Universitat Autònoma de Barcelona).

The preclinical GL261 glioblastoma (GB) growing in C57BL/6j mice 
is an immunocompetent model suitable for assessing immune 
system participation in therapy response. When using Magnetic 
Resonance Spectroscopic Imaging (MRSI) coupled to pattern rec-
ognition in GL261 GB, 6-7 day periodic metabolome oscillations 
have been detected [1]. We hypothesized that this could underlie 
immune system-contributed local changes triggered by response 
to therapy. Higher CD3 and Iba-1 immunostaining (T-lymphocytes 
and microglia/macrophages, respectively) was demonstrated in 
tumour zones categorized as “responding to therapy” in comPar-
ison with zones categorized as “unresponsive” (unpublished re-
sults). Then, the every 6-days chemotherapy schedule described 
in [2], now named for clarity : Immune-Enhancing Metronomic 
Schedule (IMS), was applied to evaluate the impact of such pro-
tocol in GL261 GB-bearing mice using Temozolomide (TMZ) to 
confirm MRSI-detected oscillatory response level and its effect 
on mice survival. 

GB tumours were induced in C57BL/6j mice (n=19) and TMZ ad-
ministered every 6 days at 60 mg/kg (n=13). T2w Magnetic Res-

onance Imaging (MRI) and 14 ms TE MRSI were acquired every 
2 days. Mice were considered cured (8 out of 13) when the T2 
abnormal zone was below 2mm3 during one month. Cured mice 
(n=8) were followed-up by T2w MRI every 2 days and in case of 
no tumour mass detected after one month, a “rechallenge” exper-
iment with new GL261 cell injection was carried out, contralateral 
to the initial injection site, to check out for long-term anti-tumour 
immune memory, while wt mice (n=3) were also implanted con-
tralaterally as controls. Mice were weighted and inspected twice a 
week and MRI acquisitions performed once a week. 

IMS-TMZ treatment strongly increased survival for GL261 GB 
bearing mice. IMS-TMZ-treated animals survived 189±43.0 days 
(p<0.05), improving standard, non-IMS, TMZ protocol results 
(33.8±8.7 days, [3] and unpublished results), while average sur-
vival for control GL261 bearing untreated mice was 21±1.5 days. 
MRSI-detected oscillatory response metabolomic pattern was 
confirmed in seven IMS-TMZ treated animals responding to thera-
py, provided the tumour volume was suitable for MRSI acquisition 
and image segmentation. Regarding the re-challenged mice, only 
one out of eight tumours grew after 10 days, and was again treat-
ed with IMS-TMZ, disappearing beyond detection after 17 days 
post re-implantation (one TMZ cycle). Control GL261 tumours im-
planted in wt control mice grew normally. 

Our findings suggest that antitumour immunological memory is 
established by the host immune system of cured mice after IMS-
TMZ treatment, as described in [2], although additional work will 
be needed to provide details for the ongoing mechanism. Confir-
mation of MRSI-sampled oscillating metabolome pattern changes 
(6.3±1.4 days after TMZ administration) in GB mice responding to 
IMS-TMZ treatment suggest that the mice immune system is re-
cruited against GL261 GB, and this can be imaged non-invasively 
by MRSI. The 6-day interval administration schedule allows us to 
reduce the cumulative amount of administered TMZ, decreasing 
the risk of development of other therapy-induced tumours such 
as lymphomas [4].

Keywords : preclinical glioblastoma, therapy response imaging 
biomarker, chemotherapy-induced immune response, long-term 
antitumour immune memory.
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A077 / Oncolytic Semliki Forest virus shows immunothe-
rapeutic potency in mouse GL261 glioblastoma model

Miika Martikainen (Department of Immunology, Genetics and Pa-
thology, Uppsala University), Mohanraj Ramachandran (Depart-
ment of Immunology, Genetics and Pathology, Uppsala Universi-
ty), Di Yu (Department of Immunology, Genetics and Pathology, 
Uppsala University), Minttu-Maria Martikainen (Department of Im-
munology, Genetics and Pathology, Uppsala University), Roberta 
Lugano (Department of Immunology, Genetics and Pathology, 
Uppsala University), Anna Dimberg (Department of Immunolo-
gy, Genetics and Pathology, Uppsala University), Andres Merits 
(Institute of Technology, University of Tartu, Tartu, Estonia), Mag-
nus Essand (Department of Immunology, Genetics and Pathology, 
Uppsala University).

Glioblastoma (GBM) is a devastating cancer of the central nervous 
system with no cure currently available. Oncolytic virotherapy 
with viruses that infect and destroy cancer cells provides a novel 
promising candidate therapy. Our recent effort has been to de-
velop effective oncolytic Semliki Forest virus (SFV) against GBM. 
Importantly, SFV’s natural capability to home into the central 
nervous system could allow systemic treatment of brain tumors. 
SFV induces a robust type-I interferon response in the infected 
cells. This is beneficial in stimulating innate and adaptive immune 
responses against the infected cells, but also efficiently inhibits 
SFV replication and spread in the tumor tissue. By introducing 
mutations into the viral genome we have been able to produce 
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novel SFV construct which shows notably enhanced replication 
in interferon-competent mouse GL261 glioblastoma cells. Robust 
viral replication was detected despite activated type-I interferon 
signaling in the infected cells in vitro. This suggests that our new 
SFV construct has increased resistance to antiviral signaling in 
mouse GBM cells. The virus was able to infected GL261 tumors 
ex vivo in brain slice cultures obtained from tumor-bearing mice. 
SFV proteins could also be detected in intracranial tumors in vivo 
after intraperitoneal injection of the virus. The SFV-infected areas 
were also positive for cleaved caspase-3. These results indicate 
that peripherally administered SFV can reach tumors in the brain 
and induce oncolysis despite antiviral response in the GBM micro-
environment. We found that SFV-infected cancer cells undergo 
immunogenic apoptosis, which triggers maturation of co-cul-
tured dendritic cells with phagocytosis of apoptotic tumor cells in 
vitro. Notably, CD11c+ cell could be detected in the SFV-infected/
apoptotic regions in vivo, giving evidence of dendritic cell recruit-
ment to the sites of infected/killed tumor cells. Furthermore, vac-
cination of mice with SFV-killed GL261 mouse glioma lysate was 
able to induce protective anti-tumor immune response in synge-
neic mouse model. This provides further proof that SFV oncolysis 
is immunogenic and can trigger anti-tumor immunity. Taken to-
gether, the results indicate that SFV is a potent new candidate for 
oncolytic immunotherapy of GBM.

Keywords : glioblastoma, oncolytic virotherapy, alphavirus, Semliki 
Forest virus.

A078 / Immunostimulatory transgenes expressed by on-
colytic adenoviruses are carried by exosomes released 
from infected tumor cells – implications for systemic im-
mune activation

Alireza Labani-Motlagh (Uppsala University), Sedigheh Na-
seri (Uppsala University), Jessica Wenthe (Uppsala University), 
Ann-Charlotte Hellström (Uppsala University), Gustav Ullenhag 
(Uppsala University, Uppsala University Hospital), Emma Eriksson 
(Uppsala University), Angelica Loskog (Uppsala University, Lokon 
Pharma AB).

The purpose of this study was to evaluate if the immunostimu-
latory transgenes expressed in the tumor by oncolytic adenovi-
ruses are spread systemically via exosomes to induce immune 
activation. Oncolytic viruses are being developed for cancer due 
to their ability to specifically replicate and induce oncolysis of tu-
mor cells and due to their immune activating capacity. By arm-
ing the viruses with immunostimulatory transgenes, the capacity 
of inducing anti-tumor immunity is greatly enhanced. Exosomes 
are produced in the endosomal compartment and released as 
extracellular vesicles. Almost all cell types including cancer cells 
produce and release exosomes. They can transmit information 
from one cell to another since they carry nucleic acids, proteins, 
metabolites etc. In cancer, exosomes have proven importance in 
the crosstalk between tumor and its stroma but they can also act 
systemically on distant cells. The exosomes can display proteins 
in the membrane to directly induce signaling pathways in cells, 
but exosomes are also taken up by cells which can then be affect-
ed by their content. Hence, exosomes can potentially influence 
the recipient cells through receptor-ligand interaction and repro-
gramming gene expression. We hypothesized that exosomes re-
leased by MEL526 melanoma cells infected by our oncolytic ade-
noviruses (LOAd) encoding immunostimulatory transgenes cargo 
the transgenes to affect immune cells, particularly dendritic cells 
(DCs) at distant sites (1). MEL526 cells were infected with LOAd(-
) (no transgenes), LOAd700 (TMZ-CD40L) or LOAd703 (TMZ-
CD40L+4-1BBL), or left uninfected, whereupon supernatant was 
collected for exosome purification. The exosomes, and cell lysates, 
were analyzed for protein expression via electron microscopy and 
western blot, and the exosomes were also evaluated for mRNA 
content by quantitative PCR. The cell lysates from LOAd700- or 
LOAd703-infected cells contained TMZ-CD40L and TMZ-CD40L 
+ 4-1BBL, respectively. Further, both LOAd700- and LOAd703-in-
fected melanoma cells released exosomes carrying TMZ-CD40L 
on their surface compared with uninfected cells and LOAd(-)-in-
fected cells. However, we did not find the protein expression of 
4-1BBL in the exosomes but the cell line. Protein content was 
confirmed by western blot. Nevertheless, both TMZ-CD40L 
and 4-1BBL mRNA were detected in the exosomes released by 

LOAd703-infected cells while LOAd700-infected cells only car-
ried TMZ-CD40L mRNA as expected. Currently, evaluations are 
ongoing to investigate the impact of these exosomes on DCs, as 
well as confirming the presence of transgene cargo in exosomes 
purified from animals and humans treated with LOAd703. 

In conclusion, we demonstrate for the first time that immunostim-
ulatory transgenes expressed by armed oncolytic adenoviruses 
in tumor cells can be incorporated both as mRNA and expressed 
protein into tumor exosomes. These exosomes have the poten-
tial to act on distant cells to promote anti-tumor immunity and 
may be an additional mechanism-of-action of armed oncolytic 
virotherapy.

Keywords : Exosomes, Oncolytic virus, 4-1BBL, TMZ-CD40 ligand.
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A079 / CD40 antibody therapy is associated with tertiary 
lymphoid structure formation and impairs the response to 
checkpoint blockade in glioma

Luuk van Hooren (Uppsala University), Alessandra Vaccaro (Up-
psala University), Mohanraj Ramachandran (Uppsala University), 
Maria Georganaki (Uppsala University), Hua Huang (Uppsala Uni-
versity), Joey Lau (Uppsala University), Maria H. Ulvmar (Uppsala 
University), Mikael C.I. Karlsson (Karolinska Institutet), Anja Smits 
(Uppsala University and University of Gothenburg), Magnus Es-
sand (Uppsala University), Anna Dimberg (Uppsala University).

Glioma is characterized by an immunosuppressive microenvi-
ronment that restricts the efficacy of immunotherapy. Here, we 
demonstrate for the first time that immature tertiary lymphoid 
structures (TLS) are present in murine models of glioma and that 
agonistic CD40 antibodies can induce TLS formation in these 
models. TLS characterization was performed by immunofluo-
rescence and showed that these structures form in proximity of 
the tumor, close to the meninges. CD40-induced TLS were com-
posed of T cells, B cells, dendritic cells (DCs) and follicular DCs. 
Interestingly, the presence of immature lymphoid aggregates was 
observed in en block resected tumors from low grade glioma pa-
tients, suggesting that immature TLS are present also in human 
glioma. 

Laser capture microdissection of murine CD40-induced TLS 
demonstrated an upregulation of TLS-related cytokines such 
as lymphotoxin-β, CXCL13 and CCL19 within the TLS. Moreover, 
CD40 stimulation of B cells in vitro and in vivo induced expression 
of lymphotoxin-α, which is critical for TLS induction. Accordingly, 
CD40 antibodies were bound to the B cells in the TLS and deple-
tion of B cells previous to anti-CD40 therapy completely prevent-
ed TLS formation, suggesting that CD40-activated B cells may 
act as inducers of these structures. 

Following CD40 immunotherapy, the percentage of brain-infil-
trating B cells and CD8+ T cells was significantly higher, in accor-
dance with the increased number and area of the TLS. However, 
a HSNE analysis of multicolor flow cytometry data demonstrat-
ed that CD40 therapy was associated with a dysfunctional T cell 
state characterized by low activation and cytotoxicity, as well as 
by impaired proliferation. Strikingly, the co-administration of ago-
nistic CD40 antibodies and PD1 blocking antibodies resulted in im-
paired survival benefit of co-treated mice compared to PD1-treat-
ed mice, as PD1 blockade was not able to rescue CD40-induced 
T cell inactivation. 

In summary, this work demonstrates for the first time that agonis-
tic CD40 antibodies can induce the formation of mature TLS in 
murine models of glioma and that immature TLS-like structures 
are present in both untreated glioma-bearing mice and low grade 
glioma patients. Moreover, we demonstrate that combining CD40 
stimulation with PD1 blocking antibodies in a repeated co-admin-
istration regimen impairs the response to PD1 checkpoint block-
ade, due to the CD40-induced dysfunctional T cell state. Alto-
gether, our findings describe previously unknown mechanisms 
of immune regulation in the brain microenvironment that could 
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aid the development of new immunotherapies for central nervous 
system malignancies.

Keywords : CD40 immunotherapy, Tertiary lymphoid structures, 
Ectopic lymphoid structures, Glioma.
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A080 / The role of killer cell immunoglobulin-like recep-
tors and PD-1+ natural killer cells in resistance to PD-1 
blockade in lung cancer

Marcel P. Trefny (Department of Biomedicine - University and Uni-
versity Hospital of Basel).

PD-(L)1–blocking antibodies have clinical activity in metastatic 
non–small cell lung cancer (NSCLC) and mediate durable tumor 
remissions. However, the majority of patients are resistant to PD-
(L)1 blockade (1, 2). Understanding mechanisms of primary resis-
tance may allow prediction of clinical response and identification of 
new targetable pathways. Here we present a study where periph-
eral blood mononuclear cells were collected from 35 patients with 
NSCLC receiving nivolumab monotherapy and cellular changes, 
cytokine levels, gene expression, and polymorphisms were com-
pared upon treatment between responders and non-responders. 
We identified a genetic variant of a killer cell immunoglobulin-like 
receptor (KIR) KIR3DS1 that is associated with primary resistance 
to PD-1 blockade in patients with NSCLC. This association could 
be confirmed in independent cohorts of patients with NSCLC. In a 
multivariate analysis of the pooled cohort of 135 patients, the pro-
gression-free survival was significantly associated with presence 
of the KIR3DS1 allele (HR, 1.72 ; 95% confidence interval, 1.10–2.68 ; 
P = 0.017). No relationship was seen in cohorts of patients with 
NSCLC who did not receive immunotherapy. Cellular assays from 
patients before and during PD-1 blockade showed that resistance 
is likely due to NK-cell dysfunctionality. Accordingly, we find that 
tumor-infiltrating NK cells from NSCLC patients express elevated 
levels of the immune checkpoint receptors PD-1, TIM-3, and TIGIT 
on their cell surface. PD-1+ NK cells co-expressed more inhibitory 
receptors compared to PD-1- NK cells suggesting that reduced 
effector function of intratumoral NK cells correlates with PD-1 ex-
pression on NK cells. Notably, treatment with anti-PD-1 blockade 
was able to reverse PD-L1 mediated inhibition of PD-1+ NK cells, 
highlighting the therapeutic potential of PD-1+ NK cells in immune 
checkpoint blockade. Our findings link NK cells with response to 
PD-1 therapy in NSCLC and reveal new potential pathways that 
could be exploited to improve immunotherapy.

Keywords : NK Cells, Checkpoint Blockade, Resistance, KIR.
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A081 / Target cell-dependent T cell activation by the 
asymmetric IgG-like bispecific antibody for cancer the-
rapy

Chen-Jei Hong (Institute of Biologics, Development Center for 
Biotechnology), Jei-Hwa Yu (Development Center for Biotechnol-
ogy), Tzu-Yin Lin (Development Center for Biotechnology), Yu-
Jung Chen (Development Center for Biotechnology), Chao-Yang 
Huang (Development Center for Biotechnology).

Development Center for Biotechnology (DCB) has developed a 
novel asymmetric IgG-like bispecific antibody (BsAb) platform for 
cancer therapy. The BsAb composes the Fc-scFv fusion. In the 
case of IgG-scFv BsAb, the full length IgG targets the tumor asso-
ciated antigen (TAA) and the scFv which linked to the C-terminus 
of one of the heavy chain targets the T cell for engaging and acti-
vation. We have demonstrated that the TAAxCD3 BsAb has great 
potency to eradicate the tumor cells. To minimize the side effect 
when the BsAb encounters the T cell prior to the target cancer 

cells, the Fc of the BsAb was engineered to reduce the effector 
function. In the cytokine secretion study, the TAAxCD3 BsAb with 
wildtype Fc induces IL-2 production in the absence of target can-
cer cells, whereas the Fc-engineered TAAxCD3 BsAb induces the 
cytokines production only in the presence of target cancer cells. 
This property reduces the safety concern when used in the clinics. 

In conclusion, the asymmetric IgG-like BsAb possesses various 
advantages comparing to other formats, including (1) simple con-
struction without labor intensive screening ; (2) high productivity 
comparable to its parental mAb ; and (3) target-dependent T cell 
activation.

Keywords : Bispecific, Antibody, Cancer Therapy.
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A082 / Macrophage repolarization therapy in ovarian can-
cer tissue : taking advantage of adipose tissue

Meggy Suarez-Carmona (German Cancer Research Center, de-
partment of translational immunotherapy), Nektarios A. Valous 
(Applied Tumor Immunity Clinical Cooperation Unit, National 
Center for Tumor Diseases, German Cancer Research Center), 
Jakob Kather (Medical Oncology, National Center for Tumor 
Diseases, Heidelberg University Hospital), Dyke Ferber (Medical 
Oncology, National Center for Tumor Diseases, Heidelberg Uni-
versity Hospital), Mareike Hampel (Medical Oncology, National 
Center for Tumor Diseases, Heidelberg University Hospital), Silke 
Grauling-Halama (German Cancer Research Center, department 
of translational immunotherapy), Bénédicte Lenoir (Medical On-
cology, National Center for Tumor Diseases, Heidelberg University 
Hospital), Sarah Schott (Heidelberg University Hospital, depart-
ment of obstetrics and gynaecology), Sabine Kess (Heidelberg 
University Hospital, department of obstetrics and gynaecology), 
Inka Zoernig (Medical Oncology, National Center for Tumor Dis-
eases, Heidelberg University Hospital), Dirk Jaeger (Medical On-
cology, National Center for Tumor Diseases, Heidelberg University 
Hospital), Niels Halama (German Cancer Research Center, depart-
ment of translational immunotherapy).

The density of tumor-infiltrating T cells (TILs), most importantly 
their accumulation inside tumor epithelial islets, is directly related 
to the overall survival and progression-free survival in epithelial 
ovarian cancer (EOC) across various histological subtypes. None-
theless, recent trials in EOC with immune checkpoint blockade 
remain scarce and have yielded disappointing results. There is 
currently no approved immunotherapy for this disease, leaving 
women with a chemotherapy-resistant relapse with no other op-
tion than palliative care. Here we investigate the immune land-
scape and search for targetable factors in metastases that have 
infiltrated the omentum, which is a frequent complication in EOC. 
Others have indeed demonstrated the tropism of EOC cells for 
the adipose tissue of the omentum, which fuels rapid tumor cell 
proliferation, and the omentum is a preferred site for metastasis 
in EOC. 

Therefore, we used a cohort of EOC specimens that have or have 
not infiltrated the omentum for a comparative analysis based 
on histology and multiplex cytokine profiling. We cultured pa-
tient-derived explants ex vivo with immunomodulatory drugs and 
assessed immune cell density, distribution, and activation status. 

Tumor sections harboring adipose tissue in close contact with tu-
mor cells are infiltrated by high numbers of cytotoxic TILs, which 
are metabolically prone to activation but do not infiltrate the tu-
mor core and rather accumulate around adipose tissue. TILs in ad-
ipose-rich tumors secrete high amounts of the tumor-supportive 
chemokine CCL5. These tumors also exhibit a subset of dysfunc-
tional CD163+ macrophages that aberrantly store lipid droplets. 
The inhibition of the CCL5 receptor CCR5 using the small mole-
cule inhibitor Maraviroc in whole tumor tissue explants leads to 
the redistribution of cytotoxic TILs towards the tumor core (“hot 
tumor pattern”), in a CXCL9- and CXCL10-dependent mechanism, 
but this effect requires the presence of functional macrophages 
in the tissue. In macrophage cultures, CCR5 inhibition leads to the 
disappearance of lipid droplets. 
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Similarly to CCR5 inhibition, the inhibition CD36 – a receptor me-
diating long chain fatty acid import – alleviates the macrophages 
from lipid storage in cell culture experiments, which leads to their 
repolarization into a TNF-α-driven cytotoxic phenotype, simi-
lar to the phenotype induced on monocytes by the presence of 
LPS from bacteria strains isolated from the omentum. Finally, the 
macrophage-repolarizing effects induced by CD36 blockade on 
macrophages are also observed in tissue explants, where they are 
accompanied by a large expansion of cytotoxic TILs. These ef-
fects are restricted to tumor explants in which adipose tissue is 
observed, but not in fat-free tumor samples. 

Our results illustrate the dichotomous effects of the presence of 
adipose tissue close to the tumor on immune cells in omental me-
tastases of EOC, including the protection of T cells from metabol-
ic exhaustion and the maintenance of scavenger macrophages. 
Tackling the fat storage in these macrophages can effectively turn 
a “tumor excluded TIL infiltration pattern” into a “hot tumor pat-
tern” by selectively mobilizing cytotoxic T cells around adipose 
tissue and redistributing them towards the tumor core, in a mech-
anism that relies on chemokine gradients and on in situ macro-
phage repolarization into TNFα-driven cytotoxic cells. Finally, the 
possibility of non-invasive stratification of patients whose tumors 
have reached the omentum by MRI imaging allows to select pa-
tients who could potentially benefit from Maraviroc treatment.

Keywords : ovarian cancer, immunometabolism, adipose tissue, 
macrophage.

A083 / The hexavalent CD40 agonist HERA-CD40L in-
duces a productive T cell-mediated anti-tumor immune 
response and shows superior activity in comParison to 
benchmark CD40 agonistic antibodies

Julian P Sefrin (Apogenix AG), David M Richards (Apogenix 
AG), Christian Merz (Apogenix AG), Jaromir Sykora (Apogenix 
AG), Katharina Bilian-Frey (Apogenix AG), Karl Heinonen (Apo-
genix AG), Maruricio Redondo Müller (Apogenix AG), Matthias 
Schröder (Apogenix AG), Meinolf Thiemann (Apogenix AG), Oli-
ver Hill (Apogenix AG), Christian Gieffers (Apogenix AG).

TNF Receptor Superfamily members (TNF-R-SF), including 
CD40, have been key immunotherapeutic targets for over 20 
years. CD40 signaling serves as an important co-stimulatory sig-
nal for antigen-presenting cells. Along this line, multiple strategies 
to induce an anti-tumor immune response by promoting CD40 
signaling are being investigated. They can be broadly grouped 
into antibody-based or CD40 ligand (CD40L)-based approach-
es. Currently, seven different antibodies are in active clinical trials. 
The limited clinical efficacy of CD40 agonists results from struc-
tural and functional characteristics of antibodies, including the 
presence of only two target-binding domains per molecule, that 
are unsuitable for stimulating the TNF-R-SF. TNF-R-SF signaling 
is a structurally well-defined event that requires proper receptor 
clustering and trimerization. While the ligands naturally exist as 
trivalent functional units, the receptors are separated on the cell 
surface and need to be organized into trimeric assemblies. Mul-
tiple clusters of trimeric receptor assemblies are necessary to in-
duce proper intracellular domain organization and signaling. 

To overcome the inadequacies of bivalent antibodies, we have de-
veloped HERA-CD40L. It is composed of two trivalent CD40L-re-
ceptor-binding domains, each in a single chain arrangement, fused 
to a silenced human IgG1 Fc-domain, which serves as a dimeriza-
tion scaffold. This generates a hexavalent molecule that mimics 
the natural ligand and enables efficient receptor clustering. 

HERA-CD40L treatment increased the pro-inflammatory state of 
all CD40-expressing cells examined. It promoted the licensing of 
DC, macrophages, B cells and other APC. We performed extensive 
comParisons to multiple benchmark antibodies in development. 
Significant differences in CD40 signaling were visible immediately 
following treatment. For example, HERA-CD40L elicited stronger 
and more rapid activation of NFkB signaling in primary B cells. 
In addition, HERA-CD40L, but not clinical benchmark, triggered 
immediate NFkB, MAPK, PI3K and STAT-1 signaling in primary 
monocyte-derived immature DC, as shown by phospho-specif-
ic flow cytometry. As a result, HERA-CD40L induced stronger 

upregulation of activation and antigen presentation markers, in-
cluding co-stimulatory molecules, in B cells and DC. Important-
ly, using SEC-purified material in a cellular CD40 reporter assay, 
the activity of the clinical benchmark antibody almost exclusively 
derived from antibody aggregates, resulting in a more than 1000-
fold drop in activity compared to the purified monomeric frac-
tion. HERA-CD40L treatment converted immature phagocytic 
macrophages into mature/professional APC and induced repolar-
ization of M2- to M1-like macrophages, in turn promoting potent 
allogeneic anti-tumor T cell responses that were not detectable 
with anti-CD40 antibody treatment. The anti-tumor efficacy of 
the mouse surrogate (mmHERA-CD40L) was confirmed in two 
different mouse models. In the CT26wt model, mmHERA-CD40L 
treatment converted cold into hot tumors by increasing CD4+ 
and CD8+ T cell infiltration. In addition, mmHERA-CD40L showed 
single agent anti-tumor activity in the MC38-CEA model. Both 
in vitro (human) and in vivo (mouse), HERA-CD40L increased 
antigen-specific immune system activation without affecting the 
non-specific immune cells. These data, together with pilot PD/
safety results, demonstrate that the activity of HERA-CD40L is 
both potent and safe. In summary, HERA-CD40L shows single 
agent anti-tumor activity both in vitro and in vivo. The biological 
activity is distinct from and superior to clinical benchmark “ago-
nistic” antibodies. HERA-CD40L has a well-defined mechanism of 
action, does not depend on Fc gamma receptor-mediated cross-
linking and hence functions as a true agonist.

Keywords : CD40, CD40L, TNF agonist, TNF superfamily, Hexava-
lent receptor agonist (HERA).

A084 / The oncolytic adenovirus, LOAd703 induces im-
mune cell activation and controls tumor cell growth in 
multiple myeloma models

Sedigheh Naseri (Uppsala University), Jessica Wenthe (Uppsala 
University), Ann-Charlotte Hellström (Uppsala University), Emma 
Eriksson (Uppsala University), Angelica Loskog (Uppsala Univer-
sity and LOKON Pharma AB).

In this study, we aimed to evaluate the oncolytic and immuno-
stimulatory capacity of oncolytic adenoviruses serotype 5/35 
stimulating the 4-1BB and/or CD40 pathway in models of mul-
tiple myeloma (MM). MM is a malignant disease with extensive 
morbidity and mortality characterized by the abnormal growth 
and accumulation of malignant plasma cells in the bone marrow. 
Although MM treatment has improved substantially over the past 
decades, MM still remains incurable as most patients develop re-
sistance to current treatments and relapse. MM has been associ-
ated with high degree of immune dysregulation which results in 
evasion of immune surveillance. Thus, utilizing oncolytic viruses 
armed with immunostimulatory transgenes may restore anti-tu-
mor immunity at the same time inducing tumor cell oncolysis. 
Our group has developed a new platform of oncolytic serotype 
5 adenoviruses which conditionally replicates in tumor cells due 
to a deletion in E1A and infects CD46+ cells due to a serotype 35 
fiber (LOAd). Further, LOAd viruses encodes different immuno-
stimulatory genes, where LOAd700 encodes for trimerized mem-
brane-bound (TMZ) CD40L and LOAd703 encodes TMZ-CD40L 
as well as 4-1BBL. LOAd(-) lacks transgenes. Deletion of Retino-
blastoma (Rb), CD46 overexpression and deficiencies in IFN sig-
naling make MM cells more sensitive to viral infection and thereby 
a good target for LOAds. Herein we investigated the oncolytic 
and immunostimulatory capacity of LOAds in a panel of MM cell 
lines (ANBL-6, L363, LP-1, OPM-2, RPMI-8226, and U266-84). The 
LOAd virus-mediated oncolysis of MM cells were analyzed by MTS 
assay and virus replication was confirmed by qPCR detecting ad-
enoviral DNA. Transgene expression and immune markers were 
analyzed by flow cytometry. Cell culture supernatants were in-
vestigated by multiplex analysis. Additionally, LOAd proficiency 
in stimulating immune cells activation was evaluated by co-cul-
turing MM cells with peripheral blood mononuclear cells (PBMCs). 
For in vivo experiments a xenograft model of BALB/c nude mice 
injected with subcutaneously RPMI8226 was utilized. LOAd virus-
es effectively killed all MM cell lines tested and replication was 
confirmed already after 24 hours post infection. The transgenes, 
TMZ-CD40L and 4-1BBL, were expressed in all cells infected with 
the respective viruses carrying the transgenes. Interestingly, the 
apoptosis receptor Fas was upregulated post LOAd infection in 
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all cell lines. The pro-inflammatory cytokine MIP-1α was increased 
in 4/6 cell lines and the MM growth factor MCP-1 as well as sIL2R 
were decreased in 3/6 cell lines. However, CD70 and ICAM-1 were 
decreased post infection in five of six cell lines. In the co-culture of 
MM with PBMCs, IFNγ levels as well as activation markers includ-
ing CD69 and CD107a were upregulated in cultures infected with 
LOAds. The best effect was seen after LOAd703 infection. In the 
xenograft model, intratumoral administration of LOAd703 con-
trolled the tumor growth and extended the overall survival where 
intravenous administration had a lesser effect. 

In conclusion, LOAd infection not only upregulates markers asso-
ciated with immune cell activation such as CD69 and CD107a, but 
also induce a more immunogenic tumor by increasing the expres-
sion levels of Fas receptor (important for triggering programmed 
cell death cascade) and downregulating markers associated with 
tumor growth and survival. Hence, LOAd viruses such as LOAd703 
may be a promising therapeutic approach for treating MM.

Keywords : Multiple myeloma, Oncolytic virus, CD40L, 4-1BBL.
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A085 / Molecular retargeting of antiviral antibodies to 
tumor cells by using bispecific adapter proteins inhibits 
tumor growth in mice

Julia Niemann (Hannover Medical School), Norman Woller 
(Hannover Medical School), Jennifer Brooks (Hannover Medical 
School), Bettina Fleischmann-Mundt (Hannover Medical School), 
Nikolas T. Martin (ottawa hospital research institute), Arnold Kloos 
(Hannover Medical School), Sarah Knocke (Hannover Medical 
School), Amanda M. Ernst (Hannover Medical School), Michael 
P. Manns (Hannover Medical School), Stefan Kubicka (Hannover 
Medical School), Thomas C. Wirth (Hannover Medical School), 
Rita Gerardy-Schahn (Hannover Medical School), Florian Kühnel 
(Hannover Medical School).

Treatment of solid tumors using oncolytic adenoviruses is a prom-
ising approach to achieve selective tumor cell killing, reduction of 
tumor immunosuppression and induction of anti-tumor immune 
responses. However, this treatment also triggers strong humoral 
immune responses against the adenoviral vector, mainly against 
the virus capsid, thus limiting viral spread and efficacy of repeat-
ed administrations. Here, we investigated whether these anti-ad-
enoviral antibodies can be converted into a cancer immunother-
apeutic tool by means of tumor-specific molecular retargeting. 
We established bispecific adapter molecules harboring a domain 
derived from the adenoviral capsid protein hexon, which is capa-
ble of binding substantial amounts of anti-adenoviral IgGs. The 
adapter molecules furthermore contained a tumor-specific ligand 
such as a single chain variable fragment recognizing polysialic 
acid (polySia) which is overexpressed on the cell surface of tumor 
cells in several clinically relevant cancers including glioblastoma 
and lung cancer. In adenovirus pre-challenged mice, systemic ap-
plication of this adapter molecules inhibited tumor growth and 
significantly prolonged survival in several syngeneic, subcutane-
ous tumor models established with CMT64 lung carcinoma, MC38 
colon carcinoma, and B16F10 melanoma cells as well as in a trans-
genic tumor model of orthotopic, polySia expressing liver cancer. 
Antibody retargeting effectively inhibited metastases in a murine 
model of CMT64 lung colonies established by intravenous tumor 
cell instillation. Analyses of tumor infiltrating cells and subsequent 
depletion experiments revealed NK-cells and CD8 T-cells as es-
sential mediators of adapter-mediated tumor growth inhibition. 
Furthermore, we could show that adapter treatment leads to a 
systemic induction of tumor antigen-specific CD8 T-cells in a NK 
cell-dependent manner indicating that NK cell-mediated tumor 
cell killing is an important step for priming of tumor-directed CD8 
T cells. Antibody retargeting following an intratumor treatment of 
MC38 tumors with an oncolytic adenovirus resulted in enhanced 
therapeutic efficacy compared to virotherapy alone, including 
complete tumor remissions and long-term tumor free survival. Fi-
nally, we demonstrated that antibody retargeting immunoactivat-

ed tumors to act synergistically with PD-1 checkpoint inhibition. A 
rational therapeutic scheme consisting of intratumor virotherapy, 
subsequent antibody retargeting and PD-1 checkpoint inhibition 
led to survival in the majority of treated mice. Our data demon-
strate that retargeting of antiviral antibodies using bispecific 
adapter molecules is a promising new approach for cancer immu-
notherapy and significantly improves the therapeutic potential of 
an oncolytic virotherapy.

Keywords : antiviral antibodies, oncolytic virus, cancer immuno-
therapy.

A086 / Interleukin-33 is a novel activator of a subset of 
polyfunctional NK cells with anti-tumor activity

Anaïs Eberhardt (UMR Inserm U1052 CNRS 5286, CRCL, Lyon, 
France), Elena Blanc (UMR Inserm U1052 CNRS 5286, CRCL, 
Lyon, France), Fanny Onodi (UMR Inserm U1052 CNRS 5286, 
CRCL, Lyon, France), Emilie Charrier (CIRI, Lyon, France), Nathalie 
Bendriss-Vermare (UMR Inserm U1052 CNRS 5286, CRCL, Lyon, 
France), Christophe Caux (UMR Inserm U1052 CNRS 5286, CRCL, 
Lyon, France).

Natural Killer cells have the potential to eliminate tumors through 
their ability to directly recognize and kill cancer cells but also 
through their production of cytokines which are important to elic-
it and support an effective anti-tumor immune response. Howev-
er, NK cells infiltrating tumors show impaired effector functions 
and their response to classical stimuli seems altered. Understand-
ing mechanisms suppressing NK cells activity in tumor microenvi-
ronment and identifying new candidates for NK cell activation is 
therefore of great interest to develop new therapeutic strategies. 

In this context, we are evaluating the potential of Interleukin-33 
(IL-33) as a novel activator of NK cells, in physiological and 
pathological context of breast cancer (BC). IL-33, considered as 
an alarmin released from the nucleus of non-immune cells upon 
cellular stress or damage, is a member of the IL-1 family and binds 
the receptor ST2 to promote both type 1 and type 2 immune re-
sponses. Consistently, paradoxical roles of IL-33 were reported, 
promoting either anti-tumoral or pro-tumoral immune response. 
These observations prompted us to investigate IL-33/ST2 sig-
naling in NK cells from healthy donors (HDs) and BC patients. 
We unraveled a new pathway for NK cells activation where IL-12 
up-regulates ST2 in a STAT-4-dependent signaling pathway on a 
subset of human blood NK cells which are CD56dim CD16+ CD57-
/+. Following IL-33 stimulation, ST2+ NK cells secrete high levels 
of pro-inflammatory cytokines (IFN-γ, TNF-α, XCL1, MIP1α and 
MIP1β), increase their cytotoxic activity, and retain high prolifer-
ative ability. In parallel, in the context of human BC, we observed 
that a subpopulation of tumor-infiltrating NK cells express ST2 at 
steady state. Interestingly, approximately 20% of tumor-infiltrat-
ing NK cells and blood NK cells from BC patients respond to IL-33 
when combined with IL-12, supporting a good potential for the 
use of IL-33 to re-activate NK cells’ anti-tumor immune response. 
We are currently evaluating the role of endogenous and exoge-
nous IL-33 on tumor progression in vivo using a mouse model of 
triple negative breast cancer in WT mice vs il33-KO mice. 

ST2+ NK cells therefore represent an unprecedentedly charac-
terized intermediate subtype between canonical CD56bright and 
CD56dim NK cells showing phenotypic markers and functions of 
both subtypes. As different epigenetic programs define NK cells 
differentiation from CD56bright to CD56dim, our hypothesis is 
that ST2+ NK cells possess a unique chromatin landscape allow-
ing ST2 expression and therefore NK cells’ ability to respond to 
IL-33. Ongoing ATAC-seq and RNA-seq analysis will help us to 
decipher the main molecular characteristics of ST2+ versus ST2- 
human NK cells.

Keywords : NK cells, Immunotherapy, Breast Cancer, Interleu-
kin-33.
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A087 / Cancer immunotherapy with oncolytic virus for 
the treatment of peritoneal carcinomatosis of colon can-
cer

Chan Kim (CHA Bundang Medical Center), Yu Seong Lee (CHA 
University), Hong Jae Chon (CHA Bundang Medical Center).

Peritoneal carcinomatosis is a common but devastating form of 
metastases in colon cancers and remains as a difficult clinical 
challenge because it is usually refractory to conventional thera-
pies. Here, we explored the therapeutic potential of oncolytic vac-
cinia virus in the treatment of peritoneal carcinomatosis of colon 
cancer. MC38 colon cancer cells were intraperitoneally injected to 
C57Bl6/ mice to generate peritoneal carcinomatosis. Tumor-bear-
ing mice were treated with either oncolytic vaccinia virus or an-
ti-PD-1 antibody every three days. Tumor size, the volume of asci-
tes, and peritoneum seedings were monitored after the treatment. 
The tumor microenvironment was comprehensively analyzed 
with multiplex immunofluorescence imaging, flow cytometry, and 
Nanostring analysis. Oncolytic vaccinia virus infected, replicated, 
and destroyed the tumor cells of peritoneal seeding nodules of 
colon cancer. Moreover, oncolytic virus treatment significantly 
delayed the progression of peritoneal seeding nodules of colon 
cancer and reduced the volume of malignant ascites. It also in-
creased the intratumoral infiltration of CD8+ T cells and induced a 
strong tumor-specific anti-tumor immune response within tumors 
and lymphoid organs. Nanostring analyses of whole tumor tissues 
revealed dramatic changes of immune-related gene signature af-
ter oncolytic virus treatment. The combination immunotherapy of 
oncolytic virus and anti-PD1 antibody elicited greater anti-tumor 
immunity than monotherapy and prolonged the survival of tu-
mor-bearing mice. 

In conclusion, oncolytic vaccinia virus effectively suppressed the 
peritoneal carcinomatosis of colon cancer, reduced the formation 
of malignant ascites, and synergized with PD-1 immune check-
point to enhance anti-tumor immunity against colon cancer.

Keywords : Oncolytic virus, Peritoneal carcinomatosis, Colon can-
cer, Combination Immunotherapy.
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A088 / Immobilized synthetic polymers as a novel cancer 
immunotherapy to activate and expand tumor-reactive T 
cells

Marjolein Schluck (RadboudUMC/RIMLS), Dion Voerman (Rad-
boudUMC/RIMLS), Jorieke Weiden (RadboudUMC/RIMLS), 
Roel Hammink (RadboudUMC/RIMLS), Martijn Verdoes (Rad-
boudUMC/RIMLS), Carl G Figdor (RadboudUMC/RIMLS).

Traditional tumor vaccination approaches mostly focus on activat-
ing dendritic cells (DCs) by providing them with a source of tumor 
antigens and/or adjuvants, which in turn activate tumor-reactive 
T cells. This strategy, however, is highly dependent on DC matura-
tion and context, resulting in poor control over what stimulatory 
signals are provided to T cells. Novel biomaterial-based cancer 
immunotherapeutic strategies focus on directly activating and 
stimulating T cells through molecular cues presented on synthetic 
constructs with the aim to improve T cell survival, more precisely 
steer T cell activation and direct T cell differentiation. Artificial 
antigen-presenting cells (aAPCs) decorated with T cell-activat-
ing ligands are being developed to induce robust tumor-specific 
T cell responses, essentially bypassing DCs. Filamentous poly-
isocyanopeptide polymers (PICs) are highly promising synthet-
ic aAPCs that display unique semiflexibility and strain-stiffening 
behavior. PIC polymers (200–400 nm in size) can be function-
alized with multiple biomolecules such as antibodies and cyto-
kines that can be presented to T cells in a multivalent manner to 
evoke robust T cell responses (1-3). Here, we developed a novel 
system which enables site-specific attachment of end-functional 
PIC polymers to a surface (4). This system allows for immobili-
zation of PIC polymers on (magnetic) beads or plate surfaces to 
create a unique platform to deliver the activating cues to T cells 
on a semiflexible brush. The PIC-modified particles induced high-
er proliferation and especially improved cytokine production by 
T cells in vitro when compared to beads directly modified with 

antibodies or commercially available Dynabeads. Moreover, fewer 
activating cues were needed to induce T cell activation when pre-
sented to the T cells via the semiflexible brush surface. In addition, 
this system is highly modular and allows for attachment of a wide 
range of biomolecules, which can for instance be used to expand 
antigen-specific T cells using peptide :MHC complexes. The Intro-
duction of cargo-loaded particles into the system also allows for 
the delivery of small molecules, such as cytokines or TGF-beta 
inhibitors , to T cells. All in all, this approach is widely applicable 
and holds great promise for both in vitro and in vivo cancer im-
mune T cell-therapies.

Keywords : synthetic antigen-presenting cells, T cells, Biomateri-
als, molecular cues.
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A090 / Serial antibody responses to XAGE1 and NY-ESO-1 
antigens during anti-PD-1 therapy for non-small-cell lung 
cancer

Mikio OKA (Department of Onco-Immunology, Kawasaki Medi-
cal School), Koji KUROSE (Department of Respiratory Medicine, 
Kawasaki Medical School), Yoshihiro Ohue (Department of Re-
spiratory Medicine, Kawasaki Medical School), Takahiro Karasa-
ki (Department of Thoracic Surgery, Tokyo University Hospital), 
Junichiro Futami (Department of Medical Bioengineering, Okaya-
ma University), Takeshi Masuda (Department of Respiratory In-
ternal Medicine, Hiroshima University Hospital), Masaaki Fukuda 
(Department of Respiratory Medicine, The Japanese Red Cross 
Nagasaki Genbaku Hospital), Akitoshi KINOSHITA (Department 
of Respiratory Medicine, Nagasaki Prefecture Shimabara Hospi-
tal), Katsuhiko SHIMIZU (Department of General Thoracic Sur-
gery, Kawasaki Medical School), Masao NAKATA (Department 
of General Thoracic Surgery, Kawasaki Medical School), Noboru 
HATTORI (Department of Respiratory Internal Medicine, Hiro-
shima University Hospital), Hiroyuki YAMAGUCHI (Department 
of Respiratory Medicine, Nagasaki University), Minoru FUKUDA 
(Department of Respiratory Medicine, Nagasaki University), Toru 
OGA (Department of Respiratory Medicine, Kawasaki Medical 
School), Kazuhiro KAKIMI (Department of Immunotherapeutics, 
Tokyo University Hospital).

Background : Cancer-testis (CT) antigens such as NY-ESO-1 are 
expressed broadly in various types of human cancers, and the an-
tigens elicit spontaneous cellular and humoral immune responses. 
XAGE1 CT antigen among them is frequently expressed in lung 
adenocarcinomas, and serum antibodies (Abs) against XAGE1 
and NY-ESO-1 were detected in approximately 25% of advanced 
non-small-cell lung cancer (NSCLC) patients, as we reported pre-
viously. On the other hand, programmed cell death-1 (PD-1) inhib-
itors effectively treat NSCLC and prolong survival, resulting in a 
standard therapy for advanced NSCLC. We previously reported 
that XAGE1 and NY-ESO-1 serum Abs predicted clinical benefits of 
good responses and long survival with anti-PD-1 monotherapy for 
NSCLC and that the Ab titers strongly correlated with tumor re-
duction rates. In this study, XAGE1 and NY-ESO-1 serum Abs were 
serially measured to investigate the relationship between clinical 
responses and immunological responses to the antigens after an-
ti-PD-1 monotherapy for NSCLC. 

Materials and Methods : Sera were serially obtained from NSCLC 
patients before and after anti-PD-1 therapy (nivolumab or pem-
brolizumab), and serum Abs against XAGE1, NY-ESO-1, and p53 
protein were measured by ELISA. Concomitantly, Ab responses to 
other tumor antigens were also examined in 27 NSCLC patients, 
using a multiplex Luminex beads assay with a panel of 50 recom-
binant tumor antigens. Fifty antigens consisted of 38 CT and 11 
overexpressed-protein antigens and one other SOX antigen. The 
O.D. values of Ab responses against each tumor antigen were 
converted into a score from 0 to 100. A positive Ab response was 
defined as that exceeding or being equal to a score of 75 (≥75). 
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In addition, an “increased Ab response” against each antigen was 
defined using the following formula (score after therapy - score 
before therapy = difference ≥25), indicating a newly recognized 
antigen after anti-PD-1 therapy. In order to evaluate “antigen 
spreading” after anti-PD-1 therapy, Ab responses (scores) to 50 
tumor antigens were compared before and after anti-PD-1 ther-
apy, and the number of “increased Ab responses” (newly recog-
nized antigens) was counted in each patient. In this study, “anti-
gen spreading” was defined as a newly recognized antigen after 
anti-PD-1 therapy. 

Results : Before anti-PD-1 therapy, XAGE1 and/or NY-ESO-1 serum 
Abs were positive in nine (33%) out of 27 patients and negative 
in 18 (67%), and p53 serum Ab was positive in only one patient. 
Four patients were respectively positive for XAGE1 and NY-ESO-1, 
and one was positive for both. Six (67%) of nine XAGE1/NY-ESO-1 
Ab-positive patients and four (22%) of 18 the Ab-negatives had 
positive Ab responses to more than two tumor antigens among 
50 antigens. 

After anti-PD-1 therapy, XAGE1/NY-ESO-1 Ab titers in clinical re-
sponders increased within two months and then gradually de-
creased with tumor shrinkage, and the titers in non-responders 
were gradually increasing. In addition, the titers in patients with 
complete response decreased to undetectable levels. Before and 
after anti-PD-1 therapy, the number of positive Ab responses 
(score ≥75) was increased in five out of nine XAGE1/NY-ESO-1 
Ab-positive patients, remained unchanged in one, and decreased 
in three, and also remained unchanged in seven out of 12 XAGE1/
NY-ESO-1 Ab-negative patients and decreased in five. Further-
more, six (67%) out of nine XAGE1/NY-ESO-1 Ab-positive patients 
and three (25%) out of 12 XAGE1/NY-ESO-1 Ab-negative patients 
showed antigen spreading after anti-PD-1 therapy. 

Conclusion Our results suggest that NY-ESO-1 and/or XAGE1 
serum Abs are useful biomarkers monitoring tumor burden or 
clinical responses to anti-PD-1 therapy for NSCLC and that the 
Abs are surrogate markers predicting antigen spreading after an-
ti-PD-1 therapy.

Keywords : Biomarker, PD-1 inhibitor, Lung cancer, Cancer antigen.
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A091 / ONCR-177, an oncolytic HSV designed to safely 
and potently activate systemic anti-tumor immunity

Brian B Haines (Oncorus), Aga Denslow (Oncorus), Sonia Feau 
(Oncorus), Jackie Gursha (Oncorus), Daniel Wambua (Oncorus), 
Shreeya Khatiwada (Oncorus), Lingxin Kong (Oncorus), Melissa 
Hayes (Oncorus), Jacob Spinale (Oncorus), Prajna Behera (On-
corus), Peter Grzesik (Oncorus), Jennifer Lee (Oncorus), Terry 
Farkaly (Oncorus), Edward M Kennedy (Oncorus), Lorena Lerner 
(Oncorus), Christophe Queva (Oncorus).

ONCR-177 is a highly modified recombinant oncolytic Herpes Sim-
plex Virus (oHSV) designed to be a safe and efficacious therapy 
for the treatment of solid tumor indications. ONCR-177 express-
es five transgenes selected using an in vivo screen : IL-12 for NK 
and T cell activation, CCL4, and a secreted FLT3LG for expansion 
and recruitment of classical dendritic cells (cDC), and antagonists 
to two clinically validated immune checkpoint targets, PD-1 and 
CTLA-4, to counter T cell exhaustion. ONCR-177, or its mouse sur-
rogate virus mONCR-171, was tested in a series of experiments de-
signed to characterize its effect on local and systemic anti-tumor 
activity, its mechanisms of action, and biodistribution. In in vitro 
co-culture studies, ONCR-177 oncolysates were superior in stimu-
lating MART1+ tumor antigen specific T cells compared to lysates 
from the base vector (no payloads) ONCR-159. Intra-tumoral ad-
ministration of mONCR-171 resulted in durable local and distant 
complete tumor regressions and survival benefit across several 
syngeneic bilateral tumor models representing various degrees of 
HSV permissivity and baseline T cell infiltration, including models 
reported to be resistant to other oHSV therapies. Abscopal an-
ti-tumor activity could not be explained by systemic propagation 
of the virus since biodistribution studies verified that viral DNA 
and payload expression were mostly detectable in the injected tu-

mor, with little to none detected in the contralateral tumor, blood, 
or liver. Importantly, there was no indication of cytokine release 
syndrome even at high IT doses of mONCR-171, as indicated by 
low serum IL-6 or TNF-a levels. However, mONCR-171 dose-de-
pendent increases in plasma IFN-gamma and CXCL10 were noted 
and believed to be on-mechanism and indicative of a productive 
systemic anti-tumor immune response. Immune phenotyping by 
flow cytometry of injected or contralateral MC38 syngeneic tu-
mors 8 days after a ONCR-171 IT treatment regimen demonstrated 
increased numbers of activated NK cells, CD8 and CD4 T cells, 
and classical dendritic cells. The proportion of Tregs decreased, 
resulting in large CD8/Treg ratios. These changes in immune con-
texture occurred in both the injected and contralateral tumor and 
were more pronounced with mONCR-171 treatment compared to 
the base vector ONCR-159. Transcriptional profiling yielded sim-
ilar results as flow cytometry with elevated transcripts indicative 
of enhanced immune processes such as cytotoxicity, IFN signal-
ing, and antigen presentation. Immune depletion studies demon-
strated that CD8 T cells and NK cells are essential for mONCR-171 
abscopal efficacy. Re-challenge studies in the A20 and CT-26 tu-
mor models demonstrated that curative mONCR-171 therapy re-
sulted in long-lasting protective immunity. Pre-exposure to HSV-1 
and the presence of circulating anti-HSV-1 antibodies did not alter 
the anti-tumor efficacy of mONCR-171.

In conclusion, mONCR-177/171 potently activates local and sys-
temic anti-tumor immune responses that results in significant tu-
mor cures and extended survival. These encouraging preclinical 
data warrant the clinical investigation of ONCR-177 in patients 
with metastatic cancer.

Keywords : Oncolytic virus, miR attenuation, payloads, anti-tumor 
immune response.

A092 / Intratumoral application of the RNA-based TLR-
7/-8 and RIG-I agonist CV8102 leads to a pro-inflamma-
tory tumor microenvironment and durable anti-tumor 
effects

Mohamed Habbeddine (CureVac AG), Mallika Ramakrish-
nan (CureVac AG), Katja Fiedler (CureVac AG), Johannes Lutz 
(CureVac AG), Michael Meister (CureVac AG), Regina Heidenreich 
(CureVac AG).

New therapeutic strategies to treat cancer by breaking the can-
cer-induced immune tolerance rather than targeting the tumor 
itself have garnered considerable interest in recent years. These 
therapeutic strategies involve approaches such as activation 
of immune cells via cytokines, re-activating T cells via immune 
checkpoint blockade or influencing the tumor microenvironment 
towards immune activation. Unfortunately, systemic administra-
tion of such drugs is frequently accompanied by toxic side ef-
fects. We thus sought to leverage local drug administration as an 
alternative to achieve high drug concentrations in the tumor mi-
croenvironment while avoiding the dose-limiting toxicity associ-
ated with systemic application. In particular, immune-modulating 
substances administered intratumorally offer an attractive option 
to induce a local pro-inflammatory tumor microenvironment and 
anti-tumoral effects via induction of a systemic immune response. 
Here, we present a novel approach for the therapy of solid tumors 
by intratumoral treatment with the RNA-based immune stimula-
tor CV8102. 

CV8102 consists of a synthetic non-capped, non-coding, immu-
nostimulatory RNA that is complexed with a polymeric carrier 
and activates TLR-7/-8 and RIG-I. Previous studies have demon-
strated that intradermal injection of CV8102 leads to immune cell 
activation at the injection site and in the draining lymph nodes. As 
anti-tumoral responses are often hampered by the immunosup-
pressive microenvironment of the tumor, we reasoned that intra-
tumoral injection of CV8102 could shift the tumor microenviron-
ment to a more pro-inflammatory state and thereby stimulate an 
anti-tumoral response. This response might be further enhanced 
by systemic anti-PD-1 treatment. 

To assess the influence of CV8102 on the tumor microenviron-
ment, mice were injected subcutaneously with the syngeneic 
colon carcinoma cell line CT26 and the established tumors were 
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injected twice with CV8102 alone or in combination with systemic 
anti-PD-1 treatment. At 5h after the second injection the gene ex-
pression profile of the tumor was analyzed. 

Tumors treated with CV8102 alone or in combination with an-
ti-PD1 treatment showed a significant enrichment of genes whose 
expression is correlated with innate immunity (TLRs, RIG-I, INF-I, 
IFNγ, CXCL10, CXCL11, IL15, IL18) and response to viruses. Impor-
tantly, CV8102 strongly increased expression of interferon stim-
ulated gene (ISG) that are known to be critical not only for im-
mune recognition of tumor associated antigens and immune cell 
recruitment but also for tumor destruction. In line with the effect 
of CV8102 on ISGs, our data showed that CV8102 synergizes with 
anti-PD1 treatment to significantly enrich genes whose expres-
sion is correlated with adaptive immunity and cytotoxicity. In con-
trast, systemic anti-PD-1 treatment alone did not induce any of the 
mentioned pathways in the tumor. 

The increased immune activation in the tumor was reflected by a 
substantially reduced tumor growth in CT26 tumor-bearing mice 
that were treated twice a week for three weeks with CV8102. The 
anti-tumoral effect of CV8102 was dose-dependent and induced 
complete remission in up to 50% of treated mice. In combination 
with systemic PD1 immune checkpoint inhibition even low doses 
of CV8102 administered intratumorally resulted in complete tu-
mor eradication in the majority of mice. 

Based on these promising preclinical data, a Phase I clinical trial is 
currently ongoing to assess the safety and tolerability of intratu-
moral application of CV8102 in combination with immune check-
point blockade. Preliminary data show that intratumoral CV8102 
appears to be well tolerated. Importantly, evidence of clinical sin-
gle agent activity with shrinkage of injected and non-injected le-
sions has been observed.

Keywords : intratumoral therapy, innate immune stimulation, RNA, 
TLR/RIG-I Agonist.

A093 / Targeting ICOS/ICOSL pathway for enhancement 
of cancer immunotherapy

Yu-Hsun Lo (Development Center for Biotechnology), Cheng-
Chou Yu (Development Center for Biotechnology), Cheng-Chou 
Yu (Development Center for Biotechnology), Tsung-Han Hsieh 
(Development Center for Biotechnology), Shih-Rang Yang (De-
velopment Center for Biotechnology), Mei-Chi Chan (Develop-
ment Center for Biotechnology), Shih-Chong Tsai (Development 
Center for Biotechnology).

Immunotherapy has revolutionized the treatment for different 
types of cancer. Currently, immune checkpoint drugs, Ipilimumab, 
Nivolumab, and Pembrolizumab, have shown remarkable clinical 
responses in a broad range of advanced-stage malignancies. In 
addition to checkpoint blockade, a number of studies have shown 
that immune co-stimulators also as crucial players in the immuno-
therapy. Upon TCR stimulation, inducible co-stimulator (ICOS) is 
induced to express on activating T cells. Through binding to its li-
gand, ICOSL, ICOS-mediated signaling can further enhance T cells 
proliferation and activation. Previous studies have also shown that, 
ICOS/ICOSL pathway may play an important role in CTLA4 inhibi-
tor-induced tumor immunity. In this study, we aim to develop and 
implement the Fc-fusion recombinant ICOSL proteins (DCB-IM) 
to increase T cell activation for therapeutic use. Our data showed 
that DCB-IM enhanced the proliferation and cytotoxicity effect of 
human T cells through increasing INFg and IL10 secretion. More-
over, combination treatment of DCB-IM and anti-CTLA4 antibody 
significantly inhibited tumor growth in xenograft animal models. 
Basing on our study, ICOS/ICOSL pathway could be a promising 
therapeutic target for the immunotherapy.

Keywords : Immunotherapy, ICOS, ICOSL.
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A094 / Synthetic glycolipid-peptide vaccines directed 
against human HER2 prevent lung metastasis of breast 
cancer

Olivia Kelsen Burn (Malaghan Institute of Medical Research), Tara 
Pritchard (Malaghan Institute of Medical Research), Sarah Draper 
(The Ferrier Research Institute), Andrew Marshall (The Ferrier Re-
search Institute), Kate Clarke (Wellington Blood & Cancer Centre, 
Capital & Coast District Health Board), Gavin Painter (The Ferrier 
Research Institute), Ian Hermans (Malaghan Institute of Medical 
Research), Robert Weinkove (Malaghan Institute of Medical Re-
search).

Lung metastasis can complicate many cancers, including breast 
cancer, and carries a poor prognosis. We employed a model of hu-
man HER2+ breast cancer to determine whether invariant natural 
killer T (iNKT) cell-activating vaccines could generate protective 
T-cell responses in the lung against this clinically-relevant human 
oncogene. We designed vaccines (α-GalCer-L-HER263-71) com-
prising the HLA-A24- and H-2Kd-restricted human HER2 epitope 
TYLPTNASL (HER263-71) chemically conjugated via a cathepsin 
cleavable linker to the glycolipid α-galactosylceramide (α-GalCer). 
Following intravenous administration of α-GalCer-L-HER263-71 to 
BALB/c mice, we observed strong activation of iNKT cells and 
antigen presenting cells (APCs) at 18 hours. We found a popu-
lation of HER2-specific CD8+ T cells in the lung by tetramer 
staining and cytotoxic activity was observed against syngeneic 
peptide-pulsed targets using an in vivo cytotoxicity assay. Finally, 
vaccination with α-GalCer-L-HER263-71 prevented lung colonisa-
tion of intravenously-administered 4T1.2-HER2 tumor cells. These 
results suggest that iNKT cell-activating conjugate vaccines may 
have utility for the prevention of metastasis of HER2+ cancers, 
and provide proof of principle that this class of vaccine can pro-
tect against clinically-relevant tumor antigens.

Keywords : Breast cancer, Synthetic Vaccine, iNKT cells, HER2.

A095 / Collapse of the plasmacytoid dendritic cell com-
partment in metastatic melanoma by the tumor secre-
tome and lactic acidosis.

Matilde Monti (University of Brescia), Raffaella Vescovi (University 
of Brescia), Francesca Consoli (ASST Spedali Civili), Daniele Mor-
atto («Angelo Nocivelli » Institute for Molecular Medicine, ASST 
Spedali Civili), Claudia Specchia (University of Brescia), William 
Vermi (University of Brescia).

Among immune cells involved in cancer immunity, plasmacytoid 
dendritic cells (pDCs) exert an important role bridging the innate 
and adaptive immune responses. A distinctive feature of pDCs is 
the production of high amount of type I Interferon, through the 
Toll-like receptor (TLR) 7 and 9 signaling pathway activation. In 
cutaneous melanoma, the pDCs recruitment is recurrent in pri-
mary lesions, but limited data are available on the dynamic of 
the pDC compartment over melanoma progression. In metastatic 
melanoma (MM) patients, the prognosis has remained poor for 
a long time. However, the recent Introduction of effective target 
therapies (BRAF and MEK inhibitors) and immunotherapies (an-
ti-CTLA-4 and anti-PD-1) has significantly improved the survival 
of MM patients. Of note, these responses are highly dependent 
on the fitness of the host immune system, including the innate 
compartment. Our leading assumption is that a proper activation 
of the pDC compartment might represent a clinically relevant ad-
juvant. Here we provide a set of data showing that melanoma 
cells-dependent lactic acidosis support the collapse of the pDC 
compartment. The frequency of pDCs was evaluated in a cohort 
of 29 MM patients and 25 healthy donors (HD) by flow cytometry 
on whole blood samples. Sixteen MM patients were BRAF mutat-
ed, seven were NRAS mutated and six were BRAF/NRAS wild-
type. Among BRAF mutated MM patients, four received BRAFi 
and twelve received the combination of BRAFi and MEKi. Blood 
samples were obtained at different time points over treatment, 
based on the expected time to the clinical response to therapy. 
For in vitro experiments, peripheral blood pDCs were magneti-
cally sorted from buffy coats of HD and subsequently exposed 
to melanoma cell lines supernatants (SN-mel) or to increasing 
concentration of lactic acid, sodium lactate and hydrochloric acid. 
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pDCs were also treated with BRAFi alone or in combination with 
MEKi. The pDCs viability was evaluated by flow cytometry. 

Circulating pDCs are severely reduced in chemotherapy-naїve MM 
patients compared with HD, particularly in the M1c group charac-
terized by an increased LDH level and the worst prognosis. No 
differences were observed based on the molecular profile of the 
tumors. The significant reduction of blood pDC compartment 
could be explained by an unfavorable interaction of pDCs with 
melanoma cells or tumor secretome. We found that in vitro expo-
sure to SN-mel affects pDCs viability and activates the apoptot-
ic pathway. Furthermore, soluble components of the melanoma 
secretome, but not extracellular vesicles, affect the viability of 
pDCs. By the analysis of a prospective MM cohort of chemother-
apy-naїve patients, we found that the pDCs frequency is inversely 
correlated with the overall survival (OS) of chemotherapy-naïve 
patients. Moreover, no recovery of the blood pDCs could be ob-
served during the treatment in BRAF mutated MM patients, al-
though BRAFi plus MEKi could slightly reduce the pDCs viability. 
Notably, a high serum level of LDH and a high tumor burden are 
associated with a significantly reduced frequency of pDCs. Ac-
cordingly, the viability of pDCs was significantly impaired by in 
vitro induced lactic acidosis, suggesting a role for LDH in the col-
lapse of the differentiated pDC compartment. 

The present study demonstrate that the circulating pDC compart-
ment is collapsed in MM and no recovery could be observed in 
BRAFi/MEKi treated MM patients. Significantly, our in vitro find-
ings indicate that components released by melanoma cells as well 
as systemic and local lactic acidosis might exert a relevant effect 
on the survival of fully differentiated pDCs.

Keywords : plasmacytoid dendritic cells, melanoma.
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A096 / Identification of peripheral blood CD8+ T cell 
subsets correlated with response to PD-1 Ab in melanoma 
patients by single cell gene expression analysis

Shigeki Ohta (Division of Cellular Signaling, Institute for Advanced 
Medical Research, Keio University School of Medicine), Daichi 
Matsumoto (Division of Cellular Signaling, Institute for Advanced 
Medical Research, Keio University School of Medicine), Haru Na-
gumo (Division of Cellular Signaling, Institute for Advanced Medi-
cal Research, Keio University School of Medicine), Tomonobu Fu-
jita (Division of Cellular Signaling, Institute for Advanced Medical 
Research, Keio University School of Medicine), Akira Takahashi 
(Department of Dermatologic Oncology, National Cancer Hospi-
tal), Kenjiro Namikawa (Department of Dermatologic Oncology, 
National Cancer Hospital), Shigehisa Kitano (Department of Ex-
perimental Therapeutics, National Cancer Hospital), Naoya Ya-
mazaki (Department of Dermatologic Oncology, National Cancer 
Hospital), Yutaka Kawakami (Division of Cellular Signaling, Insti-
tute for Advanced Medical Research, Keio University School of 
Medicine).

Immune checkpoint inhibitors (ICIs) have been approved for 
patients with various advanced cancers, but responses are still 
limited. Thus, identification of biomarkers for prediction of PD-1/
PD-L1 Ab response particularly using peripheral blood samples 
is required. In this study, we evaluated peripheral blood CD8+ T 
cell subsets by using single cell RNA-sequencing (scRNA-seq) 
technique, which may be correlated with responses to the PD-1 
Ab, nivolumab in patients with metastatic melanoma. scRNA-seq 
analysis of CD8+ T cells was performed in 9 Japanese melanoma 
patients (PD4, PR3, long-SD2). Single CD8+ T cells were sorted 
from peripheral blood using a flow cytometer. cDNA was synthe-
sized from CD3+CD8+PI- gated single cells using a SMART-Seq 
v4 3’ DE kit (Clontech) for the generation of a 3’ library prepara-
tion followed by next-generation sequencing performed by the 
NovaSeq6000 sequencer. 3, 456 sorted cells were subjected to 
in silico analysis, and 3, 206 cells were passed by quality check, 
resulting in an average of 2.7 million mapped reads and ~6, 000 
genes detected per cell. Gene clustering was performed by us-
ing the Seurat R package. Monocle trajectory analysis was also 
performed to map potential developmental trajectory of CD8+ 
T cell subsets, showing the cell phenotype transition from naïve 
to effector cells. Based on t-distributed stochastic neighbor em-

bedding (t-SNE) analyses, we identified 8 clusters in CD8+ T cells. 
Among these 8 CD8+ T cell clusters, a cluster enriched for stem 
cell memory-like feature highly expressing TCF7 gene was higher 
at both baseline (p=0.03) and 7 weeks following PD-1 Ab nivolum-
ab treatment (p=0.056) in responders (PR or long SD) compared 
to non-responders. This stem cell memory-like CD8+ T cell cluster 
was increased in 4 of 5 responders at 7 weeks following nivolum-
ab treatment. In addition, a GZMK-positive pre-exhausted CD8+ 
T cell cluster was increased in 1 of 5 responders. This memory-like 
CD8+ T cell subset had relatively low expression of the cytotox-
ic genes, PRF1 and GZMA. High TCF7+ CD8+ T cells in tumors 
have previously been reported to be correlated with favorable 
response to PD-1 Ab in melanoma. In this study, we found the 
increase of similar CD8+ T cell subsets in peripheral blood was 
also correlated with favorable response to PD-1 Ab. These results 
indicate that particular CD8+ T cell subsets identified by scRNA-
seq analyses in peripheral blood may lead to new biomarkers for 
prediction of PD-1 Ab response in melanoma patients.

Keywords : Melanoma, Nivolumab, scRNA-seq.

A097 / A 3D organoid and T cell co-culture model to 
study mechanisms of immunotherapy response and resis-
tance in vitro

Maria Semiannikova (The Institute of Cancer Research), Alice 
Newey (The Institute of Cancer Research), Reyes Gonzalez-Ex-
posito (The Institute of Cancer Research), Beatrice Griffiths (The 
Institute of Cancer Research), Adam Tyson (University College 
London), Fredrik Wallberg (The Institute of Cancer Research), 
Marina Bacac (Roche Glycart AG), David Mansfield (The Institute 
of Cancer Research), Alan Melcher (The Institute of Cancer Re-
search), Naureen Starling (The Royal Marsden Hospital), David 
Cunningham (The Royal Marsden Hospital), Andrew Woolston 
(The Institute of Cancer Research), Louise Barber (The Institute 
of Cancer Research), Marco Gerlinger (The Institute of Cancer Re-
search).

Most colorectal cancers (CRCs) do not respond to immunother-
apy with checkpoint blocking antibodies. Modest mutation loads 
and immunosuppressive microenvironments, including high TGFβ 
expression and infiltration with regulatory T cells (Tregs) and mac-
rophages likely contribute to this (1, 2). The CEA-TCB bispecific 
antibody is a novel therapeutic agent that can help overcome the 
unfavourable immune landscape in CRC. CEA-TCB binds CD3 on 
T cells and targets them to the carcinoembryonic antigen (CEA) 
which is overexpressed on the cell surface of many CRC cells (3, 
4). Recent Phase I clinical trial data in patients with CEA positive 
CRCs showed that not all patients responded to this treatment 
(5). In order to understand the molecular mechanisms determin-
ing resistance and sensitivity to such immunotherapies, there is 
a major need to develop laboratory models that enable detailed 
studies of immune and cancer cell interactions facilitated by 
bispecific antibodies. We developed an immunocompetent CRC 
in vitro model that recapitulates key features of colorectal tumors 
which are absent in other preclinical models. Cancer cells derived 
from patients with advanced and drug resistant CRC are grown 
as 3D spheroids (so called ‘patient derived organoids’, PDOs) in 
a matrigel-based extracellular matrix. This maintains cell-cell and 
cell-matrix interactions as well as spatial structures which likely 
generate physical barriers and chemical gradients. Combination 
with allogeneic CD8 T cells and labelling of both cell types (with 
nuclear GFP and a live-cell tracking dye) allows live confocal mi-
croscopy imaging over 3 days. We show that T cells readily infil-
trate into cancer cell spheroids and kill CRC cells when CEA-TCB 
is added. Distinct PDO morphologies such as growth as compact 
or hollow spheres did not impair T cell infiltration. However, we re-
vealed heterogeneity of T cell infiltrates between morphologically 
similar cancer cell spheres within the same PDO line. We are now 
increasing the complexity of this 3D immunogenic model by in-
corporating additional cell types and cytokines that can be abun-
dant in the CRC microenvironment such as cancer associated fi-
broblasts, macrophages, and Tregs. Monitoring T cell migration, 
infiltration into and killing of PDOs in the presence and absence of 
CEA-TCB should define novel determinants of CEA-TCB activity. 
Updated data will be presented.

Keywords : in vitro immunotherapy model, patient derived organ-
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oids, bispecific antibody, colorectal cancer.

References : 
1.Tauriello, D. V. F., Palomo-Ponce, S., Stork, D., Berenguer-Llergo, A., Badia-Ramentol, 
J., Iglesias, M., … Batlle, E. (2018). TGFβ drives immune evasion in genetically recon-
stituted colon cancer metastasis. Nature, 554(7693), 538–543. https ://doi.org/10.1038/
nature25492 2.Woolston, A., Khan, K., Spain, G., Barber, L. J., Griffiths, B., Gonzalez-Ex-
posito, R., … Gerlinger, M. (2019). Genomic and Transcriptomic Determinants of Therapy 
Resistance and Immune Landscape Evolution during Anti-EGFR Treatment in Colorec-
tal Cancer. Cancer Cell. https ://doi.org/10.1016/j.ccell.2019.05.013 3. Bacac, M., Fauti, T., 
Sam, J., Colombetti, S., Weinzierl, T., Ouaret, D., … Umana, P. (2016). A Novel Carcinoem-
bryonic Antigen T-Cell Bispecific Antibody (CEA TCB) for the Treatment of Solid Tu-
mors. Clinical Cancer Research, 22(13), 3286–3297. https ://doi.org/10.1158/1078-0432.
CCR-15-1696 4. Gonzalez-Exposito, R., Semiannikova, M., Griffiths, B., Khan, K., Barber, 
L. J., Woolston, A., … Gerlinger, M. (2019). CEA expression heterogeneity and plasticity 
confer resistance to the CEA-targeting bispecific immunotherapy antibody cibisatamab 
(CEA-TCB) in patient-derived colorectal cancer organoids. Journal for ImmunoTherapy 
of Cancer, 7(1), 101. https ://doi.org/10.1186/s40425-019-0575-3 5.Tabernero, J., Melero, I., 
Ros, W., Argiles, G., Marabelle, A., Rodriguez-Ruiz, M. E., … Segal, N. H. (2017). Phase Ia 
and Ib studies of the novel carcinoembryonic antigen (CEA) T-cell bispecific (CEA CD3 
TCB) antibody as a single agent and in combination with atezolizumab : Preliminary 
efficacy and safety in patients with metastatic colorectal cancer (mCRC). Journal of 
Clinical Oncology, 35(15_suppl), 3002–3002. https ://doi.org/10.1200/JCO.2017.35.15_
suppl.3002

A098 / The antitumor activity of a DNA vaccine encoding 
glioma-associated antigens is enhanced by surgical resec-
tion in a GL261 glioblastoma orthotopic model

Alessandra Lopes (Université Catholique de Louvain), Chiara 
Bastiancich (Aix Marseille University), Sophie Ligot (Université 
Catholique de Louvain), Mathilde Bausart (Université Catholique 
de Louvain), Gaëlle Vandermeulen (Université catholique de Lou-
vain), Véronique Préat (Université catholique de Louvain).

DNA vaccination against cancer has become a promising strategy 
for inducing a long-lasting and specific immune response. How-
ever, the activity of DNA vaccines is limited when used as single 
therapy. To enhance their activity, DNA vaccines can be combined 
with other therapies that can drive the vaccine-induced immune 
response into the tumor microenvironment. (1, 2) 

This work evaluates the potential synergic effect of a DNA vac-
cine encoding glioma-associated antigens (GAAs) and tumor 
resection and their ability to reduce the onset of glioblastoma 
recurrences, in an orthotopic model. Hence, a DNA vaccine en-
coding the GAAs TRP2 and gp100, expressed by GL261 glioblas-
toma cells, has been designed and delivered by electroporation 
in the tibialis muscle of mice 16, 23 and 29 days after the GL261 
orthotopic inoculation. A significant increase in the survival of 
vaccinated mice that underwent surgical resection compared to 
the controls (vaccine or resection) was observed. Immunological 
analysis by flow cytometry and ELISpot show a significant de-
crease of the infiltrated immunosuppressive cells 13 days after the 
priming dose of the vaccine (at day 29 post-tumor inoculation) 
and the presence of antigen-specific and immunologically active 
T cells in the brain when the two therapies are combined. 

Hence, the combination between the glioblastoma tumor resec-
tion and DNA vaccine immunotherapy can increase mice survival 
in a clinically-relevant preclinical model, opening the door to a 
new standard of care for GBM patients.

Keywords : DNA vaccines, glioblastoma, resection, orthotopic 
model.
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A099 / GEFH1 signalling upon microtubule destabilisation 
is required for dendritic cell activation and specific an-
ti-tumor responses

Laura Fernandez Rodriguez (University of Basel).

Dendritic cell (DC) activation is a critical step in the induction of 
anti-tumour T cell responses in cancer. DC maturation conven-
tionally is triggered by the engagement of pattern recognition 
receptors (PRRs) [1]. More recently it has been described that an-
ti-neoplastic chemotherapy that targets microtubule dynamics, 
such as ansamitocin P3, induce DC maturation. As a therapeutic 

consequence, the targeted delivery of microtubule destabilising 
agents (MDAs) can induce potent anti-cancer adaptive immunity, 
which can be further boosted by immune checkpoint inhibitors 
[2, 3]. However, the distinct immune activation in DCs operational 
downstream of microtubule destabilisation remain elusive. Here 
we demonstrate that chemotherapy capable of microtubule de-
stabilisation has direct effects on DC function, namely induce po-
tent DC maturation and elicit anti-tumour immunity. We utilised 
RNAseq to better characterise the intracellular signalling path-
ways and transcriptional responses upon microtubule destabilisa-
tion in DCs. RNAseq analyses revealed the extent and specificity 
of the guanine nucleotide exchange factor-H1 (GEFH1) dependent 
immune response in DCs in the context of microtubule destabili-
sation. In response to chemotherapy, GEFH1 drives a distinct cell 
signalling program dominated by the JNK pathway and the AP1/
ATF transcriptional response for the control of innate and adap-
tive immune responses by DCs. Animals lacking GEFH1 signalling 
were unable to efficiently cross-present antigens to CD8 T cells 
upon microtubule destabilisation and consequently were more 
refractory to therapy-induced anti-tumour immunity. We also ob-
served more rapid growth of untreated MC38 tumours in GEFH1 
deficient animals compared to wildtype, indicating that GEFH1 is 
required for anti-tumour immune response. Our study identifies 
an alternate intracellular axis in DCs induced upon microtubule 
destabilisation in which GEFH1 promotes protective anti-tumour 
immunity. Dendritic cell activation by the GEFH1 pathway may be 
utilised to overcome the immune tolerant tumour environment 
and also improve the utility of current immune checkpoint block-
ade and personalised cancer vaccinations.

Keywords : GEFH1, Dendritic Cells, Microtubule-targeting agents, 
Cross presentation.

References : 
1. Gardner, A. & Ruffell, B. Dendritic Cells and Cancer Immunity. Trends in Immunology 
37, 855-865 (2016) 2. Muller, P. et al. Trastuzumab emtansine (T-DM1) renders HER2+ 
breast cancer highly susceptible to CTLA-4/PD-1 blockade. Sci Transl Med 7, 315ra188 
(2015) 3. Müller, P. et al. Microtubule-Depolymerizing Agents Used in Antibody–Drug 
Conjugates Induce Antitumor Immunity by Stimulation of Dendritic Cells. Cancer Immu-
nology Research 2, 741-755 (2014)

A100 / Vaccination against a neoepitope whose expres-
sion is driven by acquired resistance to oncolytic virothe-
rapy prevents VSV-resistant tumour recurrence.

Richard Vile (Mayo Clinic), Tim Kottke (Mayo Clinic), Jason Tonne 
(Mayo Clinic), Matthew Schuelke (Mayo Clinic), Christopher 
Driscoll (Mayo Clinic), Amanda Huff (Mayo Clinic), Phonphimon 
Wongthida (Mayo Clinic), Jill Thompson (Mayo Clinic), Brady Zell 
(Mayo Clinic), Kevin Shim (University of Washington, St. Louis), 
Pierce Reynolds (Mayo Clinic), Dileep Monie (Mayo Clinic), Jose 
Pulido (Mayo Clinic), Laura Evgin (Mayo Clinic).

We have shown that treatment of established tumours with on-
colytic Vesicular Stomatitis Virus (VSV) leads to emergence of 
recurrences following initial tumour regression. Escape from vi-
rotherapy, is explained, in part at least, because VSV infection 
induces IFN-ß-dependent expression of the mutagenic cytidine 
deaminase APOBEC3B (Huff et al., Mol. Ther. Oncolytics, 2018. 
11 :1-13). Here, we show that whole genome sequencing of tumour 
cells which escaped VSV oncolysis showed multiple genomic 
mutations with an APOBEC3B mutational signature (TCA-TTA 
or TCT-TTT), about 300 of which were in coding regions. Of 
these, >90% of cells which escaped VSV-IFN-ß oncolysis in vivo 
expressed a mutated version of the CSDE1 gene, showing that 
APOBEC3-mediated mutation of CSDE1 exerts a strong selec-
tive pressure to facilitate escape from oncolysis. One mutation in 
the CSDE1 gene was predicted to mutate an H2Kb/ H2Db MHC 
binding epitope such that it would bind with a significantly higher 
affinity (<500nM) than the unmutated wild type epitope. Whilst 
C57Bl/6 mice were completely tolerant to the wild type CSDE1 
epitope, a relatively strong T cell response was raised against 
the point mutated CSDE1* epitope in mice vaccinated with CS-
DE1*-pulsed DC (~200pg IFN-g /ml/106 splenocytes). Mice with 
B16 tumours treated with intra-tumoral VSV-IFN-ß underwent 
significant regressions, followed by aggressive recurrence. Mice 
treated additionally with CSDE1-pulsed DC following i.t VSV-
IFN-ß (+/- anti-PD1) did not survive any longer than mice treated 
with VSV-IFN-ß alone (median survival of 42d vs 48d). However, 
mice treated with i.t. VSV-IFN-ß and then vaccinated with CSDE1* 
pulsed DC survived significantly longer (median survival 75d) and, 
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with anti-PD1, long terms cures were generated (no recurrenc-
es in over 70% of mice). Immune correlative studies confirmed 
that cured mice had generated potent T cell responses against 
CSDE1*. To date, we have not observed autoimmunity directed 
against normal cells expressing unmutated CSDE1 in these cured 
mice. Taken together, our data show that tumour recurrences 
can express specific mutations which drive escape from frontline 
therapy, a proportion of which may generate novel, immunogenic 
neo-epitopes. By combining sequencing data to identify heavily 
selected mutations in treatment-resistant recurrences, with pre-
dictive bioinformatic analysis for possible neo-epitope formation, 
it is possible to ambush recurrences which have been trapped/
forced into a phenotype that facilitates escape from frontline 
therapy but is itself readily targeted by concomitant vaccination.

Keywords : Oncolytic Viruses, VSV, NEO Antigens, Tumour Recur-
rence.
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A101 / PBRM1 loss reduces IFN gamma-STAT1 activity and 
promotes resistance to immunotherapy in renal cell car-
cinoma

Xiande LIU (The University of Texas, MD Anderson Cancer Center), 
Wen Kong (The University of Texas, MD Anderson Cancer Center), 
Christine B Peterson (The University of Texas, MD Anderson Can-
cer Center), Anh Hoang (The University of Texas, MD Anderson 
Cancer Center), Xuesong Zhang (The University of Texas, MD An-
derson Cancer Center), Truong Lam (The University of Texas, MD 
Anderson Cancer Center), Lijun Zhou (The University of Texas, 
MD Anderson Cancer Center), Patrick G Pilie (The University of 
Texas, MD Anderson Cancer Center), Haifeng Zhu (The University 
of Texas, MD Anderson Cancer Center), Kathryn E Beckermann 
(Vanderbilt University Medical Center), Scott M Haake (Vanderbilt 
University Medical Center), Sevinj Isgandrova (Texas A&M Health 
Science Center), Margarita Martinez-Moczygemba (Texas A&M 
Health Science Center), Nizar Tannir (The University of Texas, MD 
Anderson Cancer Center), W. Kimryn Rathmell (Vanderbilt Uni-
versity Medical Center), Eric Jonasch (The University of Texas, MD 
Anderson Cancer Center).

Polybromo-1 (Pbrm1), encoding a mammalian specific subunit of 
Switch/Sucrose Non fermenting (SWI/SNF) chromatin remodel-
ing complex, is the second most frequently mutated gene in clear 
cell renal cell carcinoma (ccRCC). The impact of PBRM1 mutation 
on response to immunotherapy in patients with renal cell carci-
noma (RCC) has become a topic of intense debate. Here we em-
ployed both RCC patient samples and an immune competent mu-
rine RCC model to assess the influence of tumor cell PBRM1 loss on 
IFN gamma-STAT1 signaling, the tumor microenvironment (TME) 
and response to immune checkpoint blockade. PBRM1/Pbrm1 de-
ficiency impaired IFN gamma-induced phosphorylation of JAK2 
and STAT1, and the subsequent expression of downstream target 
genes involved in TME modulation, such as Cxcl9, Icam1, Irf1, and 
Stat1 itself. Pbrm1 knockout in murine RCC Renca cells impaired 
the binding of BRG1, the ATP-dependent enzyme subunit of SWI/
SNF complex, to the promoter of IFN gamma receptor 2 (Ifngr2) 
and reduced Ifngr2 expression. In both human and murine RCC 
tumors, PBRM1/Pbrm1 loss was associated with a less immuno-
genic tumor phenotype as characterized by reduced T cell infil-
tration, downregulated checkpoint activity and a decreased IFN 
gamma-related expression profile. Furthermore, Pbrm1 deficient 
Renca subcutaneous tumors in mice demonstrated longer laten-
cy but more resistance to PD-1 blockade, either with early treat-
ment at day four after cell inoculation or with late treatment when 
tumors reached 100-200 mm3. This study provides key insights 
into the TME and clinical characteristics of ccRCC patients with 
PBRM1 mutations, and forms a framework for future mechanistic 
and clinical studies on the interaction between genomic features 
in RCC and response to immunotherapy.

Keywords : PBRM1, IFN gamma, Tumor microenvironment, Renal 
cell carcinoma.
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A102 / Targeted delivery of CCL21 chemokine with nano-
complexes promotes tumor-infiltration of T lymphocytes

Yu-Qing Xie (École polytechnique fédérale de Lausanne), Li Tang 
(École polytechnique fédérale de Lausanne).

In the past decade, breakthroughs in cancer immunotherapy 
have led to unprecedented clinical responses in patients. How-
ever, treatment of many solid malignancies with highly immuno-
suppressive local microenvironment remains challenging. Tumors 
develop a number of mechanisms to prevent T-cell infiltration, 
one of the key factors associated with good clinical outcomes, 
has been shown to be critical for many effective cancer immu-
notherapies. Therefore, a safe and effective strategy to improve 
T-cell infiltration is highly desired to enhance immunotherapies 
against solid tumors including adoptive T-cell transfer (ACT) ther-
apy. Chemokines are known to be essential in orchestrating T-cell 
trafficking and tumor infiltration. Chemokine deprivation is one of 
major contributing factors for effector T-cell exclusion in tumors. 
Reprogramming chemokine profile in tumors could be a promis-
ing strategy for enhancing T-cell infiltration. However, applicable 
and efficient and delivery Methods for chemokines are still lacking. 
Chemokines are small-size proteins (8-15kDa) with highly positive 
surface ; fast renal clearance and non-specific binding to glycosyl-
aminoglycans (GAGs), negatively charged polysaccharides that 
are universally abundant in the extracellular matrix (ECM), con-
tribute to the major hurdles in establishing a desired chemokine 
gradient in tumor. Here, we devised a reversible charge shielding 
strategy by complexing CC21/Fc, a Fc fusion protein of chemo-
kine, with a negatively charged biocompatible polymer, such as 
heparin, a naturally occurring GAG, for tumor-targeted delivery of 
chemokines. We found heparin could efficiently shield the posi-
tive charge of CCL21/Fc forming a nanocomplex with zeta poten-
tial of -9.92 mV and a hydrodynamic size of 48.6 ± 16.4 nm. The 
CCL21/Fc-heparin nanocomplexes were shown to accumulate in 
tumors efficiently compared to native CCL21/Fc by taking advan-
tage of enhanced permeability and retention (EPR) effect while 
avoiding unspecific binding to ECM in circulation upon intrave-
nous injection. The nanocomplexes disassembled specifically in-
side tumors likely due to the overexpression of heparan sulfate in 
tumor vasculature, which has higher chemokine binding affinity 
than heparin, leading to established chemokine gradient for T-cell 
chemotaxis along tumor vasculature and hence tumor-infiltration 
of T-cells. In a syngeneic B16F10 mouse melanoma model, we 
have shown that the CCL21/Fc-heparin nanocomplexes dramati-
cally increased the tumor infiltrating T-cells and enhanced the ef-
ficacy of ACT therapy without overt toxicities. This is a potentially 
generalizable strategy for efficient delivery of various chemokines 
or chemokine combinations into solid tumor for reprogramming 
tumor microenvironment.

Keywords : Chemokine, Tumor infiltration, Adoptive T-cell therapy, 
Drug delivery.

A103 / Mouse and human PD-L1 in the in vitro immune 
checkpoint blockade assay – functional similarities and 
differences in druggability

Lukasz Skalniak (Faculty of Chemistry, Jagiellonian University, 
Krakow, Poland), Justyna Kocik (Faculty of Chemistry, Jagiel-
lonian University, Krakow, Poland), Monika Machula (Faculty of 
Chemistry, Jagiellonian University, Krakow, Poland), Malgorzata 
Stec (Department of Clinical Immunology, Jagiellonian Universi-
ty Medical College, Krakow, Poland), Maciej Siedlar (Department 
of Clinical Immunology, Jagiellonian University Medical College, 
Krakow, Poland), Tad A. Holak (Faculty of Chemistry, Jagiellonian 
University, Krakow, Poland).

The aim of this study was to introduce human and mouse cell 



SESSION A

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
43

lines into the in vitro immune checkpoint blockade assay in order 
to provide a platform for the testing of PD-L1-blocking molecules. 
PD-L1 (B7-H1, CD274) is a natural ligand for the programmed cell 
death-1 (PD-1, CD279) protein. PD-1 is expressed mostly on the ac-
tivated T cells, and together with PD-L1 constitute one of the most 
important immune checkpoints that are known to inhibit activated 
T cells. PD-L1 is overexpressed in many cancers and contributes to 
the cancer escape from the immune surveillance. For this reason, 
the PD-1/PD-L1 immune checkpoint became an important molec-
ular target of anti-cancer therapies. Currently, four anti-PD-L1 and 
two anti-PD-1 monoclonal antibodies (mAb) are used in the treat-
ment of cancer patients, in many cases bringing improvement of 
the patient’s survival and limiting adverse side effects compared 
to classical therapies. The development of non-mAb inhibitors of 
PD-1/PD-L1 interaction may further improve ICB therapy. However, 
more relevant cell-based models are still required for the early, 
pre-clinical functional evaluation of the activity of such mole-
cules. In our study, we introduce the modified PD-1/PD-L1 immune 
checkpoint blockade assay, where mouse and human cancer cell 
lines expressing elevated endogenous PD-L1, and bearing a stable 
expression of the T cell receptor activator (TCR-A) are contact-
ed with either artificial Jurkat T cell effector cells or PBMCs to 
provide a measurable PD-1/PD-L1 immune checkpoint. Then, we 
test several classes of therapeutic and experimental PD-1/PD-L1 
blockers, i.e. therapeutic antibodies, small molecules, macrocy-
clic peptides, and short peptides, in order to verify their ability to 
block human or mouse PD-L1. Our study shows that while mouse 
PD-L1 interacts with human PD-1 and forms a functional immune 
checkpoint, particular molecules designed to bind to human PD-
L1 fail to block mouse PD-L1. Our model provides an easy method, 
that may help to decide whether the PD-L1-blocking compound 
could be tested in classical syngenic mouse models, or should it 
be directed for testing with the use of more advanced humanized 
models. The presented results may thus help in the development 
of new, non-mAb classes of molecules targeting PD-L1. 
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A104 / Circulating suppressive immune cells predict the 
efficacy of anti PD-1 immunotherapy in patients with ad-
vanced non-small cell lung cancer

Jiae Koh (Department of Health Sciences and Technology, 
SAIHST, Sungkyunkwan University), Youjin Kim (Division of He-
matology-Oncology, Department of Medicine, Samsung Medical 
Center, Sungkyunkwan University School of Medicine), Kyoung 
Young Lee (Research Institute for Future Medicine, Samsung 
Medical Center, Sungkyunkwan University School of Medicine), 
Mi Soon Kim (Research Institute for Future Medicine, Samsung 
Medical Center, Sungkyunkwan University School of Medicine), Bo 
Mi Ku (Research Institute for Future Medicine, Samsung Medical 
Center, Sungkyunkwan University School of Medicine), Jong-Mu 
Sun (Division of Hematology-Oncology, Department of Medicine, 
Samsung Medical Center, Sungkyunkwan University School of 
Medicine), Se Hoon Lee (Division of Hematology-Oncology, De-
partment of Medicine, Samsung Medical Center, Sungkyunkwan 
University School of Medicine), Jin Seok Ahn (Division of He-
matology-Oncology, Department of Medicine, Samsung Medical 
Center, Sungkyunkwan University School of Medicine), Keunchil 
Park (Division of Hematology-Oncology, Department of Medicine, 
Samsung Medical Center, Sungkyunkwan University School of 
Medicine), Myung-Ju Ahn (Division of Hematology-Oncology, De-
partment of Medicine, Samsung Medical Center, Sungkyunkwan 

University School of Medicine).

The major suppressive immune cells in tumor sites are myeloid de-
rived suppressor cells (MDSCs), tumor associated macrophages 
(TAMs), and regulatory T (Treg) cells, and the major roles of these 
suppressive immune cells include hindering T cell activities and 
supporting tumor progression and survival. In this study, we ana-
lyzed the pattern of various circulating suppressive immune cells 
and cytokines in patients with non-small cell lung cancer (NSCLC) 
to see whether those suppressive immune cells hinder T cell ac-
tivities leading to poor clinical outcomes. Baseline blood sam-
ples were collected from stage I to IV NSCLC patients (n=59), 
and baseline and one week after the therapy paired blood sam-
ples were collected from stage IIIB to IV NSCLC patients (n=83) 
undergoing anti PD-1 immunotherapy either pembrolizumab or 
nivolumab. The efficacies of peripheral blood suppressive immune 
cells along with CD39+CD8+ T cells individually or collectively in 
anti-PD-1 immunotherapy were evaluated using flow cytometry 
and T cell suppressive assay. Granulocytic-MDSCs (G-MDSCs), 
monocytic-MDSCs (M-MDSCs), TAMs, Treg cells, and CD39+CD8+ 
T cells increased according to NSCLC stages, and MDSCs effec-
tively suppressed T cell activities and induced T cell exhaustion ex 
vivo. Further, the analysis of 83 NSCLC patients treated with an-
ti-PD-1 immunotherapy demonstrated that low G-MDSCs (PPFS 
= 0.03, Pos = 0.04), M-MDSCs (PPFS = 0.04, Pos = 0.005), TAMs 
(PPFS = 0.007, Pos = 0.01), and CD39+CD8+ T cells (PPFS = 0.57, 
Pos = 0.02) were associated with longer progression-free survival 
(PFS) and overall survival (OS) compared with high groups. When 
we performed combined analysis of three suppressive immune 
cells, G-MDSCs, M-MDSCs, and TAMs collectively, patients who 
had low frequency of all three suppressive immune cells showed 
more prominent difference of PFS (6.7 months vs 2 months ; P = 
0.006) and OS (8.5 months vs 4.2 months ; P = 0.004) compared 
to patients with high levels of all three suppressive immune cells. 
The analysis of 83 advanced NSCLC patients treated with an-
ti-PD-1 immunotherapy demonstrated that G-MDSCs, M-MDSCs, 
TAMs and CD39+CD8+ T cells frequencies in peripheral blood in-
dividually and collectively might be useful as potential predictive 
biomarkers.

Keywords : Myeloid-derived suppressor cell, Tumor associated 
macrophage, Non small cell lung cancer, Immune checkpoint in-
hibitor.
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blood PD-1+CD8+ T cells predicts the response to anti-PD-1 therapy in solid tumors. Clin 
Cancer Res 2019 ;Epub ahead of print.

A105 / Poor outcome with anti-PD-L1 antibody due to 
undesirable pharmacokinetic properties in PD-1/PD-L1 
blockade sensitive mouse models

Hiroto Hatakeyama (Chiba University), Taiki Kurino (Chiba Univer-
sity), Reiko Matsuda (Chiba University), Ayu Terui (Chiba Univer-
sity), Hiroyuki Suzuki (Chiba University), Tomomi Kokubo (Chiba 
University), Tomoya Uehara (Chiba University), Yasushi Arano 
(Chiba University), Akihiro Hisaka (Chiba University).

Objective : Recently anti-PD-1 antibodies (aPD-1 Abs) and an-
ti-PD-L1 (aPD-L1) Abs have been approved for cancer treatment. 
Even though aPD-1 and aPD-L1 Abs target same PD-1/PD-L1 axis, 
it has not been verified that both Abs are able to exert equivalent 
pharmacological activity in patients whose tumors are sensitive 
to PD-1/PD-L1 blockade therapy. In this study, we analyzed the dif-
ference between both Abs in blood concentration, biodistribution 
and degradation by using aPD-1/PD-L1 Abs labeled with radioiso-
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topes (In-111/I-125) in tumor-bearing mice which were sensitive to 
PD-1/PD-L1 blockage to evaluate relationship between pharmaco-
kinetics (PK) and therapeutic effects. 

Method : Tumor bearing mice were prepared by subcutaneous in-
oculation with mouse colon cancer MC38 cells or mouse breast 
cancer MM48 cells. In pharmacological studies, Abs were intra-
peritoneally (i.p.) injected into tumor-bearing mice at 50~200 ug/
mouse at day 5, 8, and 12 after tumor-inoculation. Tumor volume 
was measured to evaluate tumor progression. Abs were labeled 
with In-111 via chelate agents, and labeled with I-125 through co-
valent bond. The labeled Abs were i.p. injected into tumor-bear-
ing mice at low dose (2 ug) or high dose (200 ug). Tumors and 
organs were harvested at several time points after the injection 
up to 216 hrs, and radio activities in organs were measured by a 
gamma counter. The accumulation of Abs were expressed as % 
of injected dose/g organ. Because In-111 tends to be accumulated 
in organs due to poor permeability and I-125 was eliminated from 
organs rapidly due to high permeability, the ratio of I-125 and In-111 
could reflect the degradation of Abs after cellular uptake. 

Result and Discussion : aPD-1 Ab showed anti-tumor effect in both 
MC38 and MM48 tumor models, which showed that both mod-
els were sensitive to PD-1/PD-L1 blockade. However, aPD-L1 Abs 
showed lower anti-tumor effect in MC38 models, and negligible 
effect in MM48 tumor bearing mice at tested doses. It was ob-
served that aPD-1 Ab circulated in the blood for long time and 
accumulated in tumors. On the other hand, aPD-L1 Ab was largely 
accumulated in normal tissues, especially in the spleen and liver, 
which resulted in low blood concentration and tumor distribution. 
Because PD-L1 expresses in not only tumors but also normal or-
gans abundantly, large dose should be required to deliver aPD-L1 
Ab to tumors by saturating antigen-antibody interaction in nor-
mal organs in the case of aPD-L1 Ab. As we expected, aPD-L1 Ab 
with high dose accumulated in tumors as much as aPD-1 Ab. How-
ever, aPD-L1 Ab was degraded faster than aPD-1 Ab, which result-
ed in poor inhibition of target and led the less anti-tumor effect. 

Conclusion : According to PK studies, aPD-1 Ab represented linear 
PK, while aPD-L1 Ab showed non-liner PK between low and high 
doses. Collectively, the pharmacokinetics of aPD-1/PD-L1 Abs 
which target the same axis were not equivalent, which resulted in 
poor outcome with aPD-L1 Ab compared with aPD-1 Ab. The se-
lectivity of expression of target molecules in both normal tissues 
and tumors should be considered to optimize their therapeutic 
efficacy.

Keywords : PD-1/PD-L1, pharmacokinetics, pharmacodynamics.

A106 / DNA barcoding demonstrates immuno-editing of 
metastatic breast cancer cells at the clonal level

Simon R Junankar (Garvan Institute of Medical Research), Lou-
ise Baldwin (Garvan Institute of Medical Research), Jessica Yang 
(Garvan Institute of Medical Research), Chia-Ling Chan (Garvan 
Institute of Medical Research), Nenad Bartonicek (Garvan Insti-
tute of Medical Research), Daniel Roden (Garvan Institute of Med-
ical Research), Alexander Swarbrick (Garvan Institute of Medical 
Research).

The majority of cancer patients die of metastatic disease. Cur-
rently, immunotherapy is one of the few successful treatment 
modalities for metastatic disease and can lead to very durable 
responses in some cancer types such as melanoma. Unfortunate-
ly, many cancers including breast cancer exhibit resistance to the 
currently approved immunotherapies and patients invariably re-
lapse (1). We hypothesize that innate resistance of cancer cells 
can explain some of this resistance. 

To test whether clonal selection of innately resistant cells can drive 
resistance to immunotherapy, we used cellular DNA barcoding, a 
powerful technique that allows for the analysis of clonal dynamics 
over time. We introduced a DNA barcode library (ClonTracer) into 
a polyclonal murine metastatic breast cancer cell line (4T1). These 
barcodes are then “read” using next-generation sequencing. Fol-
lowing orthotopic transplantation of these barcoded cells, the 
primary tumor was resected and metastases allowed to develop. 

Comparison of wildtype mice with immunocompromised NSG 
mice demonstrated the immune system did not affect barcode 
number or distribution in the primary tumors. In contrast there 
was a significant increase in the number of barcodes in the meta-
static lungs of NSG mice, despite the level of disease burden being 
identical at ethical endpoint. We then compared wild-type mice 
treated with either adjuvant immunotherapy (anti-PD1+anti-CT-
LA4) or with control antibodies, this revealed that the number 
of unique metastatic clones was significantly reduced following 
immunotherapy. Further analysis revealed a subset of highly met-
astatic clones detected in the lungs of NSG mice were reduced in 
abundance in wild-type mice and completely eliminated follow-
ing immunotherapy, these exact clones were detected in replicate 
mice suggesting that this is a pre-existing phenotype. Conversely, 
we identified another subset of resistant clones that were highly 
enriched following immunotherapy. We are currently identifying 
what makes these clones more or less susceptible to immune sur-
veillance. This study shows that there are subsets of breast cancer 
cells that are innately more resistant to immunotherapy. We now 
aim to identify tumor-intrinsic pathways regulating recognition by 
the immune system that can be targeted to improve immunother-
apy response in breast cancer patients.

Keywords : Breast cancer, Metastasis, Immunotherapy.
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A107 / Targeting tumor-associated macrophages in 
osteosarcoma : depletion versus re-direction.

Adriana Salvaggio (Fondazione IRCCS Istituto Nazionale dei 
Tumori), Valeria Cancila (University of Palermo), Claudio Tripo-
do (University of Palermo), Mario Paolo Colombo (Fondazione 
IRCCS Istituto Nazionale dei Tumori), Claudia Chiodoni (Fondazi-
one IRCCS Istituto Nazionale dei Tumori).

The pro-tumorigenic role of tumor-associate macrophages (TAM) 
has been widely demonstrated in several tumor types. On the 
contrary, very few data exist on the activity of TAM and of other 
immune cells in osteosarcoma (OS), the most common primary 
bone tumors in young adolescents and children. 

We have recently demonstrated in immuno-competent OS mouse 
models that trabectedin, a marine-derived chemotherapic agent, 
exerts a potent anti-tumor activity that is further enhanced by 
the combination with anti-PD-1 antibody. Besides directly affect-
ing neoplastic cells, trabectedin modifies the tumor immune land-
scape by recruiting T lymphocytes at the tumor site. However, 
contrary to what expected from the literature, the treatment did 
not affect TAM. 

To better investigate the role of TAM in OS, we performed a 
“proof-of-concept” co-injection experiment with OS cells mixed 
with macrophages differentiated in vitro toward classical M1 or 
M2 phenotype, or left undifferentiated (M0). While the presence 
of M1 macrophages inhibited OS, neither M0 nor M2 macrophages 
affected significantly tumor growth. This result indicated that the 
presence of TAM per se does not influence OS growth and sug-
gested that their re-direction toward a M1 phenotype could exert 
therapeutic activity. To clarify this issue, mice bearing OS tumors 
on both flanks were treated locally, only in one lesion, with ei-
ther liposome-encapsulated clodronate to deplete TAM, or with 
SD101, a synthetic oligonucleotide with immunostimulatory CpG 
motifs. Despite clodronate was efficient in reducing TAM infiltra-
tion, tumor growth inhibition was limited, on both flanks ; on the 
other hand, SD101 efficiently halted the growth of both treated 
and untreated lesions. TAM number was not affected by SD101 
treatment, but they showed a significant reduction in the expres-
sion of the M2 marker CD206. Additionally, tumor infiltration by 
CD8 T cells was enhanced in both treated and untreated tumors 
by SD101, but unaffected by clodronate. 

Overall these preliminary results support the hypothesis that 
re-directing the phenotype of TAM in OS could be therapeutically 
more efficient than their direct elimination.

Keywords : osteosarcoma, macrophages, tumor microenviron-
ment.
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A108 / TGFb blocks IFNα/b release and tumor rejection in 
spontaneous mammary tumors

Marion V Guérin (Institut Cochin Inserm U1016 CNRS UMR 8104 
Université Paris Descartes), Fabienne Régnier (Institut Cochin), 
Vincent Feuillet (Institut Cochin Inserm U1016 CNRS UMR 8104 
Université Paris Descartes), Lene Vimeux (Institut Cochin Inserm 
U1016 CNRS UMR 8104 Université Paris Descartes), Julia M Weiss 
(Institut Cochin Inserm U1016 CNRS UMR 8104 Université Paris 
Descartes), Georges Bismuth (Institut Cochin Inserm U1016 CNRS 
UMR 8104 Université Paris Descartes), Grégoire Altan Bonnet 
(caner and inflammation programm, Nationnal Cancer Institute, 
Bethesda MD USA), Thomas Guilbert (Institut Cochin Inserm 
U1016 CNRS UMR 8104 Université Paris Descartes), Maxime Tho-
reau (Institut Cochin Inserm U1016 CNRS UMR 8104 Université 
Paris Descartes), Veronica Finisguerra (Ludwig Institute or Can-
cer research, Brussels, Belgique), Emmanuel Donnadieu (Institut 
Cochin Inserm U1016 CNRS UMR 8104 Université Paris Descartes), 
Alain Trautmann (Institut Cochin Inserm U1016 CNRS UMR 8104 
Université Paris Descartes), Nadège Bercovici (Institut Cochin In-
serm U1016 CNRS UMR 8104 Université Paris Descartes).

Type I interferons (IFN) are being rediscovered as potent anti-tu-
moral agents. Activation of the STimulator of INterferon Genes 
(STING) by DMXAA can induce a strong production of IFN and 
the rejection of transplanted tumors. In the present study, we 
asked whether targeting STING with DMXAA leads to the re-
gression of spontaneous MMTV-PyMT (Spont-PyMT) mammary 
tumors. We show that these tumors are refractory to DMXAA-in-
duced regression. This is due to a blockade in the phosphorylation 
of IRF3 and the ensuing IFNa/b production. Our study identified 
TGFbeta abundant in spontaneous tumors, as a key molecule lim-
iting DMXAA-induced tumor regression. Finally, blocking TGFb 
promoted infiltration of Spont-PyMT tumors by activated MHCII+ 
tumor-associated macrophages and restores their ability to pro-
duce IFNα that enable tumor regression induced by STING ac-
tivation. On the basis of these findings, we propose that type I 
IFN-dependent cancer therapies could be greatly improved by 
combinations including the blockade of TGFb.

Keywords : STING, TGFb, Macrophages, Type I IFN.

A109 / An in vitro preclinical approach for safety and effi-
cacy testing has supported two new ImmTAC® molecules 
into the clinic

Florence Schlosser (Immunocore Ltd).

ImmTAC (Immune mobilising monoclonal TCRs Against Cancer) 
molecules are a new class of soluble bispecific fusion protein that 
combine a T cell receptor (TCR)-targeting system with an an-
ti-CD3 effector function to potently and specifically activate T cell 
responses against cancer cells. ImmTAC molecules have the po-
tential to overcome many of the limitations of other immuno-on-
cology agents. By using TCRs to target intracellularly processed 
peptides presented by human leukocyte antigen (HLA), ImmTAC 
molecules can access cancer-specific proteins that traditional 
antibody-based therapies cannot currently target. Moreover, as 
ImmTAC molecules redirect polyclonal T cells to the tumour, they 
overcome dependence on pre-existing immunity within the tu-
mour micro-environment. 

ImmTAC molecules are human specific on both the targeting 
and effector ends, therefore animal models are inappropriate for 
testing safety and efficacy. A fully in vitro preclinical package has 
been developed to test efficacy, safety and specificity of ImmTAC 
molecules. The efficacy of ImmTAC molecules is tested by T cell 
activation (IFNγ release) and redirected T cell killing of cancer 
cells presenting the antigen (Granzyme B release, Caspase 3/7 
activation) in the presence of ImmTAC molecules. To predict po-
tential off-tumour activity, ImmTAC molecules are tested against 
a wide panel of HLA relevant tissue specific cells from healthy 
donors. In addition, ImmTAC molecules are tested for their po-
tential to elicit platelet activation and cytokine release in whole 

blood to assess the risk of cytokine release syndrome caused by 
broad immune cell activation. Alloreactivity of redirected T cells is 
assessed against a comprehensive panel of cells covering a broad 
range of HLA types. Molecular analysis further assesses the speci-
ficity of ImmTAC molecules, by determining the TCR-binding mo-
tif and potential cross-reactive peptides. The preclinical data were 
sufficient to enable both IMCnyeso (in collaboration with GSK) 
and IMC-C103C (in collaboration with Genentech) specific for epi-
topes from the cancer testis antigens NY-ESO-1 and MAGE-A4 
respectively, to gain approval for entry into first in human Phase 
I clinical trials for the treatment of a broad spectrum of solid 
tumour indications (NCT03515551 – IMCnyeso, NCT03973333 – 
IMC-C103C).

Keywords : bispecific, TCR-based therapy, preclinical, in vitro.

A110 / Identifying targets for the next generation of im-
munotherapies ; using large-scale multiomics to better 
explore the tissue environment

Ricardo J. Carreira (Immunocore Ltd), Michael Cundell (Immuno-
core Ltd), Floriana Capuano (Immunocore Ltd), David Lowne (Im-
munocore Ltd), Alex S. Powlesland (Immunocore Ltd).

The Human-Leucocyte Antigen (HLA) complex presents peptides 
derived from intracellular and extracellular proteins on the cell 
surface for sampling by T cells, via their T cell receptors (TCRs). 
Amongst the repertoire of HLA-peptides are a number of attrac-
tive targets for immunotherapy, including peptides derived from 
cancer-associated, viral, overexpressed or mutated proteins. Im-
munocore’s oncology platform focuses on the development of af-
finity-enhanced TCR-based molecules that target HLA-peptides 
to activate highly potent and specific T cell responses against 
cancer cells. Identifying and validating viable HLA-peptide tar-
gets forms a crucial element of the platform. Here, we highlight 
the challenges faced in seeking to decode the immunopeptidome 
within a tissue microenvironment, and demonstrate that leverag-
ing large scale immunopeptidomic libraries and data-led experi-
mental approaches can unravel the complex relationship between 
mRNA, protein, and HLA-peptide. Our immunopeptidomic work-
flow focuses on the immunopurification and structural charac-
terisation of HLA-peptides from immortalised cell lines and fresh 
frozen tissue. HLA-peptides are immunopurified using a variety 
of anti-HLA antibodies. After acid elution, desalting and fraction-
ation by reversed-phase liquid chromatography, HLA-peptides 
are analysed by MS using different instruments. The exact ex-
perimental design utilizes a data intelligent approach based on 
measuring the absolute quantity of material recovered from im-
munopurification. Mass spectra are searched against the human 
proteome and integrated in an in-house database together with 
HLA typing data and gene expression. By integrating omics data 
from over 1000 individual experiments in 200 immortalised cell 
lines, we have dramatically increased the depth of the HLA ligan-
dome captured, with up to 100000 peptides identified from a 
sample. This has enabled us to achieve near total coverage of the 
protein-coding genome, with over 90% of the proteome captured 
for the restriction HLA-A*02 :01. Using techniques that comple-
ment each other has proved particularly beneficial, with gains of 
up to 20% in identification when a sample is analysed across 2 
different MS instruments. Our comprehensive HLA class I peptide 
atlas is used as a reference tool to develop bespoke experimental 
designs for interrogating tissue material. By employing this strat-
egy, we routinely identify over 10000 HLA-peptides in most tissue 
specimens which, although fourfold lower in yield compared to 
immortalized cell lines, is significantly higher than has previously 
been reported. We find a marked variation in peptide recovery 
yield across different tissue types, with this variation linked to the 
amount of HLA complex, rather than the quantity of tissue used 
in the experiment. The level of HLA-peptide complexes recovered 
from tumour is generally higher than that of the normal adjacent 
tissue, suggesting no significant global downregulation of class 
I HLA within primary tumour material. As our tissue dataset has 
expanded we have been able to demonstrate good alignment 
with our cell line atlas. Taking as an example gp100, we showed 
that the pool of HLA-A*02 peptides recovered from tumour tissue 
correlates better with data obtained from the analysis of cell line 
models than that from prediction algorithms. Additionally, individ-
ual peptide stoichiometries within the same gene correlate well 
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between datasets and overall the peptide novelty rate in tissue is 
low, with the majority of novelty attributable to genes that are not 
represented in immortalised cell lines. These findings suggest that 
in vitro cell models are broadly representative of the in vivo HLA-
class I environment and highlight the power of using cell lines to 
form a reference that enables maximal value to be derived from 
the more challenging tissue environment.

Keywords : Mass spectrometry, Immunopeptidomics, HLA-pep-
tide, T cell receptor.

A111 / Defining the immunomodulatory effects of IMM-
101 : A promising, novel co-therapy for cancer.

Alicia A Galdon (The University of Manchester), James Crooks 
(The University of Manchester), Sheila L Brown (The University of 
Manchester), Laura Rosa Brunet (RB Consulting Ltd), Jaap Kamp-
inga (Immodulon Therapeutics Limited), Andrew S MacDonald 
(The University of Manchester).

IMM-101 is a whole cell preparation of heat-killed Mycobacterium 
obuense (NCTC13365) currently undergoing clinical evaluation for 
the treatment of advanced pancreatic adenocarcinoma. With a 
5-year survival rate of less than 5%, novel treatments for pancre-
atic cancer are a major clinical need. In a phase II trial, treatment 
with IMM-101 in combination with gemcitabine (one of the cur-
rent standard-of-care options for pancreatic cancer) increased 
median survival from 4.4 months to 7 months in patients with 
metastasis (Dalgleish et al., 2016). Pre-clinical studies in synge-
neic murine models have also found significantly decreased tu-
mour burden when IMM-101 is administered in combination with 
the checkpoint inhibitor anti-PD-1, compared to anti-PD-1 alone. 
Establishing the mechanism by which IMM-101 causes this effect 
is key for advancing the use of this bacterial immunomodulator as 
a cancer therapy. 

We generated dendritic cells (DCs) in vitro from murine bone 
marrow (BMDCs), or from human peripheral blood mononuclear 
cells (moDCs). We found that exposure to IMM-101 significantly 
increased the activation status of both human moDCs and mu-
rine BMDCs, and enhanced BMDC ability to process and present 
antigen to both CD4+ and CD8+ T cells in vitro. Subcutaneous in-
jection of IMM-101 activated BMDCs into IFNγ-eYFP reporter mice 
showed that IMM-101 primed DCs induced strong IFNγ production 
by a variety of different immune cell populations, including CD4+ 
T cells, CD8+ T cells, NK cells, NK-T cells and γδ T cells. This IFNγ 
induction occurred independently of IL-12p70 secretion by IMM-
101 primed DCs. Additionally, direct intradermal injection of IMM-
101 into the ear pinnae of mice resulted in a significant increase in 
the number of both innate and adaptive immune cells within the 
skin draining lymph node. Further, this approach induced clear lo-
cal and systemic immune responses, as both draining lymph node 
cells and splenocytes isolated from mice that received intrader-
mal IMM-101 secreted significant levels of IFNγ following culture 
ex vivo. 

These data elevate understanding of the potential mechanisms by 
which IMM-101 promotes anti-tumour immune responses, through 
the activation of DCs and induction of anti-tumour cytokines lo-
cally and systemically. Ongoing work is focusing on interrogating 
the specific character of the T cell response to IMM-101, along with 
establishing the mechanism of its systemic effects.

Keywords : Mycobacteria, Immunomodulators, Dendritic cells, In-
terferon-γ.

References : 
Dalgleish, A. G., Stebbing, J., JA Adamson, D., Arif, S. S., Bidoli, P., Chang, D., … Mudan, S. 
S. (2016). Randomised, open-label, phase II study of gemcitabine with and without IMM-
101 for advanced pancreatic cancer. British Journal of Cancer, 115(7), 789–796.

A112 / PD-L1 :CD80 Cis-heterodimer Triggers CD28 While 
Repressing both PD-1 and CTLA-4 Pathways

Yunlong Zhao (University of California, San Diego), Chia-Hao Lin 
(University of California, San Diego), Calvin Lee (University of Cal-
ifornia, San Diego), Rodrigo Benedetti (Pontificia Universidade 
Catolica do Rio Grande do Sul), Xiaozheng Xu (University of Cal-
ifornia, San Diego), Zhe Huang (The Scripps Research), Changc-

hun Xiao (The Scripps Research), Cristina Bonorino (Universidade 
Federal de Ciências da Saúde de Porto Alegre & University of Cal-
ifornia, San Diego), Jack Bui (University of California, San Diego), 
Li-Fan Lu (University of California, San Diego), Enfu Hui (Universi-
ty of California, San Diego).

Combined immunotherapy with anti-PD-1/PD-L1 and anti-CTLA-4 
has resulted in superior clinical responses compared to single 
agent therapy. The underlying mechanisms for this synergy have 
yet to be elucidated and investigations have largely focused on 
cellular interactions. Herein, we report a molecular crosstalk in 
which the PD-1 ligand PD-L1 and the CTLA-4/CD28 ligand CD80 
heterodimerize in cis detected by both cell-free reconstitution 
system and cell-based assay. This heterodimerization inhibits 
both PD-L1 :PD-1 and CD80 :CTLA-4 interactions, but preserves 
the ability of CD80 to activate the T cell costimulatory receptor 
CD28. Remarkably, PD-L1 expression on antigen presenting cells 
(APCs) protects CD80 from CTLA-4 mediated trans-endocytosis, 
and the therapeutic PD-L1 blockade antibody atezolizumab par-
adoxically downregulates CD80 on APCs, presumably reducing 
its co-stimulatory ability. Importantly, this effect can be negated 
by co-blockade of CTLA-4 with ipilimumab. Our study reveals an 
unexpected immune stimulatory role of cis-acting PD-L1 and a 
mechanism of anti-PD-L1/anti-CTLA-4 crosstalk, providing a ther-
apeutic rationale for combination blockade of PD-L1 and CTLA-4.

Keywords : PD-L1, CD80, Cis-interaction.
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A113 / EOS884448, a high affinity fully human antagonis-
tic TIGIT antibody, with multiple mechanisms of action to 
boost anti-tumor immunity

Julia Cuende (iTeos Therapeutics), Virginie Rabolli (iTeos Thera-
peutics), Noémie Wald (iTeos Therapeutics), Julie Preillon (iTeos 
Therapeutics), Sofie Denies (iTeos Therapeutics), Diane Jamart 
(iTeos Therapeutics), Marjorie Mercier (iTeos Therapeutics), Flor-
ence Nyawouame (iTeos Therapeutics), Lucile Garnero (iTeos 
Therapeutics), Shruthi Prasad (iTeos Therapeutics), Margreet 
Brouwer (iTeos Therapeutics), Erica Houthuys (iTeos Therapeu-
tics), Véronique Bodo (iTeos Therapeutics), Catherine Hoofd (iTe-
os Therapeutics), Grégory Driessens (iTeos Therapeutics).

T cell Immunoreceptor with Ig and ITIM domains (TIGIT) is a T 
cell co-inhibitory receptor that has emerged as a key checkpoint 
driving tumor cell immunosuppression. Its expression is predomi-
nantly reported on Tregs, CD8+ T cells and NK cells from healthy 
individuals. In cancer patients, TIGIT expression is upregulated, 
and associated with exhaustion phenotypes, being frequent-
ly correlated with PD-1 expression. TIGIT cognate receptors are 
members of the poliovirus receptors, among which CD155 has 
the highest affinity for TIGIT, that are expressed on antigen pre-
senting cells but also on different tumor types which provides a 
strong rationale for blocking TIGIT as a therapeutic approach to 
reverse T or NK cell dysfunction linked with cancer progression. 
The anti-tumor effects mediated by its antagonistic activity can 
be further enhanced by engagement of its fragment crystalizable 
(Fc) region with activating Fc gamma Recptors (FcgR) that con-
tribute to deplete TIGIT+ Tregs, described as highly immunosup-
pressive. 

EOS884448 was selected among a panel of antagonist anti-TIGIT 
antibodies, using a yeast display library of fully human antibod-
ies and characterized for their sub-nM affinity to primary T cells 
and anti-tumor properties. Its high binding affinity to cynomolgus 
TIGIT allows for its direct use in GLP Tox studies in non-human 
primates. 

EOS884448 antagonistic activity potently reverts TIGIT inhibition 
and restores pro-inflammatory cytokine release in presence of 
CD155 ligand. This mode of action was studied in an IL-2 driv-
en reporter-based system as well as in primary CD8 T cells from 
healthy individuals and patients suffering from different solid tu-
mor indications. 

The analysis of its potential to trigger antibody-dependent 
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cell-mediated cytotoxicit (ADCC) was evaluated in primary sam-
ples from either healthy donors or cancer patients by comParison 
of different isotype formats. EOS884448, as an hIgG1, shows pref-
erential depletion of Tregs over memory CD4+ and CD8+ T cells. 

Similar observations were made in syngeneic tumor mouse mod-
els. The treatment with an ADCC enabled anti-mouse TIGIT sur-
rogate on tumor bearing mice leads to significant anti-tumor 
responses in monotherapy and in several combinations. Analysis 
of dissociated mouse tumors showed increased frequency of ac-
tivated tumor infiltrating T effector cells, while the frequency of 
tumor infiltrating Tregs was decreased. 

To support selection of cancer indications for EOS884448, TIGIT 
and CD155 expression were characterized in both circulating and 
tumor-infiltrating lymphocytes as well as in tumor cells, by flow 
cytometry and immunohistochemistry (IHC). 

Analysis performed by flow cytometry, on matched samples of 
circulating and tumor-infiltrating immune populations from 12 
cancer patients highlighted the overexpression of TIGIT associat-
ed with cancer. Tumor-infiltrating Tregs represented the popula-
tion with the highest TIGIT expression, findings further confirmed 
by IHC. 

These data strongly supports the use of an isotype with high af-
finity for activatory FcgR in cancer patients who could benefit 
from a drug acting simultaneously through depletion of highly 
suppressive Tregs and restoration of T and NK cell effector func-
tions within tumor.

Keywords : TIGIT, Immuno-oncology, Regulatory T cells.
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A114 / Localized radioimmunotherapy via intratumoral 
nanofluidic drug-eluting seed for enhanced immunothe-
rapy efficacy

Corrine Ying Xuan Chua (Houston Methodist Research Institute), 
Jeremy Ho (Houston Methodist Research Institute), Antonia 
Susnjar (Houston Methodist Research Institute), Jessica Rhudy 
(Houston Methodist Research Institute), Graziano Lolli (Houston 
Methodist Research Institute), Antons Sizovs (Houston Methodist 
Research Institute), Ramiro Pino (Houston Methodist Research In-
stitute), Sandra Demaria (Weill Cornell Medical College), Brian E 
Butler (Houston Methodist Research Institute), Alessandro Grat-
toni (Houston Methodist Research Institute).

Considering the modest response to systemic immunotherapy 
along with toxicity issues, we posit that sustained intratumoral 
delivery could improve therapeutic index by locally modulating 
tumor immune microenvironment for a robust antitumor immune 
response. However there has yet to be an effective approach for 
sustained local drug delivery to avoid repeated intratumoral in-
jections. Here we present an intratumorally implantable device 
termed nanofluidic drug-eluting seed (NDES) to deliver immu-
notherapy directly in the tumor in a sustained manner. NDES-me-
diated drug delivery occurs via passive diffusion through nano-
channels, which controls drug release without the need for 
actuation, analogous to an hourglass. Given the poor efficacy of 
monotherapies, we investigated the synergistic efficacy of sus-
tained intratumoral CD40 immunotherapy antibody via NDES in 
combination with radiotherapy using the 4T1 mouse model of tri-
ple negative breast cancer. Tumors were irradiated with 8 Gray 
for 3 consecutive days followed by intratumoral implantation of 
NDES with CD40 antibody. We fluorescently-labelled CD40 an-
tibody to track drug localization in the tumor via fluorescence 
IVIS live animal imaging, comparing NDES-mediated sustained 
intratumoral delivery to systemic intraperitoneal and direct bolus 
intratumoral injection. We demonstrated using IVIS imaging, flow 
cytometry and histological analysis that sustained intratumoral 
immunotherapy via the NDES confined immunotherapy to the tu-
mor and modulated the tumor immune microenvironment with 
minimal systemic drug exposure. Overall, we present the NDES as 
an effective localized drug delivery platform for improving immu-
notherapy efficacy with minimal toxicity.

Keywords : drug delivery, immunotherapy, breast cancer, radiation.

A115 / Targeting mechanisms of protein degradation to 
improve VSV immunotherapy

Amanda L. Huff (Mayo Clinic), Laura Evgin (Mayo Clinic), Tim 
Kottke (Mayo Clinic), Jill Thompson (Mayo Clinic), Phonphimon 
Wongthida (Mayo Clinic), Christopher Driscoll (Mayo clinic), Mat-
thew Shuelke (Mayo Clinic), Kevin Shim (Mayo Clinic), Pierce 
Reynolds (Mayo Clinic), Dileep Monie (Mayo Clinic), Richard Vile 
(Mayo Clinic).

Viral immunotherapy aims to induce robust anti-cancer immune 
responses by combining direct delivery of a tumor antigen from 
a viral vector with strong innate inflammatory activation. While 
these therapies have shown safety and efficacy in a clinical set-
ting, a large proportion of non-responding patients indicates the 
need for continued development of these modalities. We have 
previously reported that the systemic delivery of vesicular stoma-
titis virus (VSV) expressing truncated forms of the tumor associ-
ated antigens NRAS, Cytochrome-C1, TYRP1, or hgp100 provide 
superior therapeutic efficacy in treating B16 melanoma tumors 
compared to VSV expressing the full-length forms of the proteins. 
Mapping the truncated regions, roughly 20 amino acids at the 
C-terminal ends, onto structural domains of each protein revealed 
that the C-terminal truncation removes the cytosolic and/or 
transmembrane domains thus disrupting the stability and local-
ization of each protein. Indeed, in vitro analysis of TYRP1 protein 
stability indicated that the truncated form of the antigen has an 
altered localization within the cell, by immunofluorescence, and a 
reduced half-life of less than 4 hours, as measured by radiolabeled 
pulse-chase. From these data, we hypothesized that modulation 
of protein stability and degradation may improve immunogenicity 
of tumor antigens. We therefore investigated how modulation of 
global protein degradation pathways or targeted antigen desta-
bilization affects antigen presentation and immunogenicity. First, 
we characterized how modulation of broad cellular degradation 
pathways such as the unfolded protein response pathway (UPR) 
influences antigen degradation, epitope presentation and immu-
nogenicity. We found that treatment of murine B16 cells express-
ing chicken ovalbumin protein (OVA) with the small molecule UPR 
activator Thapsigargin (Tg), induced degradation of the OVA an-
tigen, and enhanced the presentation of the immunogenic epi-
tope SIINFEKL. This correlated with an improved recognition by 
cognate OTI T cells in vitro leading to enhanced activation, pro-
liferation, and cytokine expression measured by flow cytometry 
and intracellular cytokine staining. Next, we generated destabi-
lized OVA protein mutants through structure-directed amino acid 
mutation to understand the relationship between protein stability, 
degradation, and immunogenicity. We identified one OVA mu-
tation which promoted degradation and resulted in significantly 
enhanced presentation of the SIINFEKL epitope on H2Kb mole-
cules. This enhanced antigen presentation resulted in better rec-
ognition, activation, and proliferation of OT-I T cells in vitro. Ongo-
ing studies seek to identify the therapeutic benefits of expressing 
degradation-prone antigens from our VSV vectors. This research 
has significant impact on our understanding of how modulation 
of protein stability and degradation affects the efficacy of our 
immunotherapeutic platforms.

Keywords : Antigen presentation, Immunotherapy, VSV.

A116 / A novel tri-valent T cell engager targeting tumor 
endothelial marker 1 (TEM1, Endosialin) efficiently recruits 
human T cells to kill endogenous tumor cells

Julie Katrin Fierle (Ludwig Institute for Cancer Research at the 
University of Lausanne), Mariastella deTiani (Ludwig Institute for 
Cancer Research at the University of Lausanne), Matteo Brioschi 
(Ludwig Institute for Cancer Research at the University of Laus-
anne), Johan Abram (Ludwig Institute for Cancer Research at the 
University of Lausanne), Vasileios Atsaves (Ludwig Institute for 
Cancer Research at the University of Lausanne), Laureline Wet-
terwald (Ludwig Institute for Cancer Research at the University of 
Lausanne), Tatiana Petrova (Ludwig Institute for Cancer Research 
at the University of Lausanne), George Coukos (Ludwig Institute 
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for Cancer Research at the University of Lausanne ; Hospital of the 
University of Lausanne (CHUV); Ovarian Cancer Research Center, 
Perelman School of Medicine, University of Pennsylvania, Phila-
delphia, USA), Steven Mark Dunn (Ludwig Institute for Cancer 
Research at the University of Lausanne ; Hospital of the University 
of Lausanne (CHUV)).

Recent advances in immunotherapy have revealed the potential 
of human T cells to control tumor growth. One clinically validated 
paradigm for harnessing the cytotoxic potential of T cells involves 
the use of bi-specific antibody-derived molecules comprising a 
tumor-targeting moiety together with an associated ‘bridging’ 
anti-CD3 recognition domain. This strategy has been applied suc-
cessfully to treat hematological malignancies, but T cell re-target-
ing to solid tumors remains challenging, partly due to insufficient 
tissue penetration. This obstacle could be bypassed by selectively 
targeting the supporting tumor neo-vasculature. Tumor endothe-
lial marker 1 (TEM1, Endosialin) is specifically upregulated in the 
stroma and vasculature of many solid tumors, while being largely 
undetectable in healthy tissues. 

In order to target TEM1, we have performed a phage display dis-
covery campaign and successfully isolated a panel of fully hu-
man scFv binders from a naïve human antibody library. Extensive 
screening, biophysical characterization, affinity measurements 
and functional binding assays identified a set of specific scFv 
candidates recognizing different domains of TEM1. Clones with 
desirable properties were subsequently fused to an anti-CD3 rec-
ognition domain in order to engineer T cell engaging bispecific 
mediators. In this context, we have incorporated both anti-CD3 
and anti-TEM1 domains into a stable, tri-valent bridging molecule 
that permits either bi-valent or bi-paratopic recognition of TEM1 
on the surface of target cells. Using our diverse panel of anti-TEM1 
scFvs, we have been able to vary the affinity and avidity of these 
engagers in order to achieve an optimal selectivity threshold for 
endogenous TEM1 targeting. Further, we have also explored the 
utility of targeting TEM1 epitopes both distal and more proximal 
to the membrane, aiming to identify the impact of epitope loca-
tion on the efficiency of T cell engagement. 

Our results show that these novel engager molecules specifically 
redirect human T cells to TEM1 expressing target cells. Stimulation 
with our bi-specifics activates primary human T cells selectively in 
the presence of TEM1 positive cells, leading to the secretion of ef-
fector cytokines and lysis of tumor cells. Dissecting the contribu-
tion of scFv affinity, targeting avidity and epitope distance helped 
us identify the ideal molecular properties to bridge T cells and 
their TEM1 expressing targets. Moreover, in vivo studies aiming 
to investigate the potential of the most promising T cell engager 
molecules to suppress tumor growth are ongoing. 

In summary, we have developed a novel tri-valent T cell engager 
targeting TEM1 with the aim to explore the therapeutic poten-
tial of redirecting T cells to selectively kill TEM1 expressing tumor 
neo-vasculature.

Keywords : T cell engaging bispecifics, bispecific antibody, tumor 
endothelial marker 1, neovasculature.
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A117 / Blockade of β-adrenergic receptor signaling im-
proves cancer vaccine efficacy through its effect on naive 
CD8+ T-cell priming

Clara Daher (Institut Cochin, Inserm U1016, CNRS UMR8104, Uni-
versité Paris Descartes, Paris, France), Lene Vimeux (Institut Co-
chin, Inserm U1016, CNRS UMR8104, Université Paris Descartes, 
Paris, France), Ralitsa Stoeva (Institut Cochin, Inserm U1016, CNRS 
UMR8104, Université Paris Descartes, Paris, France), Elisa Peran-
zoni (Institut Cochin, Inserm U1016, CNRS UMR8104, Université 
Paris Descartes, Paris, France), Georges Bismuth (Institut Co-
chin, Inserm U1016, CNRS UMR8104, Université Paris Descartes, 
Paris, France), Elisabeth Wieduwild (Aix Marseille University, 
CNRS, Inserm, Centre d’Immunologie de Marseille-Luminy, Mar-
seille, France), Bruno Lucas (Institut Cochin, Inserm U1016, CNRS 

UMR8104, Université Paris Descartes, Paris, France), Emmanuel 
Donnadieu (Institut Cochin, Inserm U1016, CNRS UMR8104, Uni-
versité Paris Descartes, Paris, France), Nadege Bercovici (Institut 
Cochin, Inserm U1016, CNRS UMR8104, Université Paris Descartes, 
Paris, France), Alain Trautmann (Institut Cochin, Inserm U1016, 
CNRS UMR8104, Université Paris Descartes, Paris, France), Vin-
cent Feuillet (Institut Cochin, Inserm U1016, CNRS UMR8104, Uni-
versité Paris Descartes, Paris, France).

β-adrenergic receptor (β-AR) signaling has been shown to exert 
pro-tumoral effects by acting directly on tumor cells and angio-
genesis. Growing evidence also suggests that β-AR expressed by 
immune cells affect the associated anti-tumor immune response. 
However, how and where β-AR signaling impinges the anti-tu-
mor immune response is still unclear. Using a mouse model of 
vaccine-based immunotherapy, we show here that propranolol, a 
non-selective β-blocker, strongly improves the efficacy of the vac-
cine by enhancing the frequency of CD8+ T lymphocytes infiltrat-
ing the tumor (TILs). However, propranolol has no obvious effect 
on the reactivity of CD8+ TILs, a result further strengthened by 
ex-vivo experiments showing that these cells are insensitive to 
AR signaling triggered by adrenaline or noradrenaline. In contrast, 
we show that naive CD8+ T-cell activation is strongly inhibited by 
β-AR signaling and that the beneficial effect of propranolol main-
ly occurs during their initial priming phase in the tumor-draining 
lymph node. We also demonstrate that the differential sensitivity 
of CD8+ TILs and naive CD8+ T cells to β-AR signaling is linked 
to a strong down-regulation of β2-AR expression related to their 
activation status, since in vitro-activated CD8+ T cells behave 
similarly to CD8+ TILs. These results reveal that the initial priming 
phase of the anti-tumor CD8+ T-cell response is a decisive part of 
the suppressive effect of β-AR signaling on the immune response 
against cancer. These findings provide a rationale for the strategic 
use of clinically available β-blockers in patients to improve cancer 
immunotherapies such as anti-cancer vaccination strategies.

Keywords : Neuroimmunology, Vaccine-based immunotherapy, 
Adrenergic receptor, CD8+ T cells..

A118 / Elucidating the mechanisms of action of anti-CD20 
monoclonal antibodies using intravital imaging

Capucine L Grandjean (Institut Pasteur), Fabricio Montalvao (In-
stitut Pasteur), Susanna Celli (Institut Pasteur), Zacarias Garcia 
(Institut Pasteur), David Michonneau (Institut Pasteur), Béatrice 
Bréart (Institut Pasteur), Mario Perro (Roche Innovation center 
Zurich), Olivier Freytag (Roche Innovation center Zurich), Gerdes 
A Christian (Roche Innovation center Zurich), Philippe Bousso (In-
stitut Pasteur).

Rituximab, a monoclonal anti-CD20 antibody has revolutionized 
the treatment of B cells malignancies when it first came out in 
1997. It targets the extracellular CD20 protein largely expressed 
by normal and malignant B cells and was shown to induce tu-
mor depletion in vitro through various Fc-dependent mecha-
nisms such as complement-dependent cytotoxicity (CDC), an-
tibody-dependent cellular cytotoxicity (ADCC) or phagocytosis 
(ADP) (1, 2). Surprisingly, there is little evidence about its mode 
of action in vivo. Despite its clinical success, some patients re-
lapse or are unfortunately resistant to treatment. Thus, there has 
been an aspiration to develop therapies endowed with improved 
efficacy. However, understanding where and how different an-
ti-CD20 Abs may potentiate therapeutic responses in vivo is a 
critical step for generating new therapeutic antibodies. We and 
others (3, 4) have identified the liver as a site of ADP for circu-
lating B cells following mouse anti-CD20 administration. Here, 
using mouse liver transplant, we reveal that the liver is critical 
for mediating efficient systemic B cells depletion following an-
ti-CD20 treatment. Relying on intravital two-photon imaging of 
human CD20-expressing mice, we provide evidence that ADP by 
Kupffer cells (KC) is a major mechanism for rituximab-mediated 
B cell depletion. Notably, a glycoengineered anti-mouse CD20 Ab 
but not its wild-type counterpart triggered potent KC-mediated 
B cell depletion at low doses. Distinct thresholds for KC phagocy-
tosis were also observed for GA101 (obinutuzumab), a humanized 
glycoengineered type II anti-CD20 Ab and rituximab(5). Finally, 
as tumor cells poorly recirculate and instead stably reside in tis-
sues we next addressed whether anti-CD20 can deplete non-cir-
culating tumor cells. Using a novel in vivo phagocytosis reporter, 
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we report here visualizing phagocytosis of lymphoma cells in the 
bone marrow of tumor-bearing mice following anti-CD20 therapy. 
Thus, we conclude that enhanced phagocytosis of circulating B 
cells by KC represents an important in vivo mechanism underlying 
the improved activity of glycoengineered anti-CD20 mAbs and 
that anti-CD20-mediated depletion of tumor cells also occurs at 
the tumor site albeit less efficiently. Understanding how clearance 
of non-circulating tumors could be enhanced during anti-CD20 
therapy would be certainly beneficial for future therapeutic strat-
egies.

Keywords : anti-CD20 monoclonal antibody, B cell malignancies, 
intravital imaging, phagocytosis.
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A119 / 4224, a tumor exosome-transforming antibody 
targeting CD40 and EpCAM, induces superior anti-tumor 
effects compared to monospecific CD40 antibody

Adnan Deronic (Alligator Bioscience).

4224 is a human CD40 x EpCAM bispecific, Fc silenced IgG1 anti-
body generated in the novel RUBY™ format. 4224 was developed 
with the purpose to generate an antibody capable of transform-
ing extracellular vesicles (EV), such as exosomes, into autologous 
neoantigen delivery vehicles that are efficiently taken up by den-
dritic cells (DC). 4224, a tumor exosome-transforming antibody, 
has the potential to induce superior cross-presentation of tumor 
neoantigens present in EV and generate a broad tumor-specific 
T cell repertoire with the capacity to efficiently eradicate tumor 
cells. The mode-of-action of 4224 is dependent on a high expres-
sion of EpCAM on tumor-derived EV, as well as many solid tumors, 
and the ability of CD40 to mediate a superior cross-presentation 
of tumor antigens, compared to other DC targets. Dual targeting 
of EpCAM and CD40 would thus mediate an increased uptake of 
tumor EV by DC and provide a CD40-mediated activation of DC 
resulting in efficient cross-presentation of the tumor neoantigens 
within EV to CD8+ T cells. 

The function of 4224 was first evaluated in vitro using human 
monocyte-derived DC, co-cultured with cells expressing EpCAM. 
DC activation was analyzed by flow cytometry measuring HLA-
DR and CD86 expression on the DC and by measuring IL-12p40 
levels in the supernatant. The results demonstrated that 4224 
mediates EpCAM cross-linking-dependent activation of DC. The 
ability of 4224 to mediate internalization of tumor-derived EV by 
antigen-presenting cells (APC) was investigated using a live im-
aging system, measuring internalization of EpCAM+ tumor debris 
by CD40-expressing APC. In this setting, 4224 improved inter-
nalization of tumor debris by the CD40-expressing APC. In vivo, 
the anti-tumor efficacy of 4224 was determined in human CD40 
transgenic mice bearing MB49 bladder carcinoma tumors trans-
fected with human EpCAM. 4224 displayed a potent, EpCAM-de-
pendent anti-tumor effect with significantly reduced tumor 
growth and improved survival compared to an equivalent dose 
of a CD40 monospecific antibody. The tumor-localizing property 
of 4224 also shows potential for improved safety compared to 
CD40 monospecific antibodies. 

In conclusion, 4224 is a tumor exosome-transforming antibody 
targeting CD40 and EpCAM, which has the potential to mediate 
an expansion of the tumor-specific T cell repertoire, resulting in 
increased T cell infiltration and potent anti-tumor effects in pa-
tients with tumors expressing high levels of EpCAM.

Keywords : CD40, EpCAM, bispecific, antibody.

A120 / Detection of neoantigen-specific CD8+ T-cells in 
patients with metastatic urothelial carcinoma treated with 
α-PD-L1 antibody

Jeppe Sejerø Holm (Experimental and Translational Immunology, 
Health Technology, Technical University of Denmark), Nana Hahr 
Overgaard (Experimental and Translational Immunology, Health 
Technology, Technical University of Denmark), Anne-Mette Bjer-
regaard (Experimental and Translational Immunology, Health 
Technology, Technical University of Denmark), Anders Steenholdt 
Attermann (Experimental and Translational Immunology, Health 
Technology, Technical University of Denmark), Colleen Maher 
(Department of Medicine, Memorial Sloan Kettering Cancer Cen-
ter, New York, New York, United States of America), Jonathan E. 
Rosenberg (Department of Medicine, Memorial Sloan Kettering 
Cancer Center, New York, New York, United States of America), 
Dean F. Bajorin (Department of Medicine, Memorial Sloan Ketter-
ing Cancer Center, New York, New York, United States of Amer-
ica), Samuel A. Funt (Department of Medicine, Memorial Sloan 
Kettering Cancer Center, New York, New York, United States of 
America), Sine Reker Hadrup (Experimental and Translational Im-
munology, Health Technology, Technical University of Denmark).

Patients with metastatic stage IV urothelial carcinoma have pre-
viously had scarce treatment options and poor prognosis when 
treated with traditional chemotherapy, with overall survival av-
eraging 9-15 months and only 5 % of patients surviving past 5 
years. Recently, checkpoint inhibition immunotherapy involving 
α-Programmed Death-Ligand 1 (PD-L1) antibodies has shown 
great success in treatment of metastatic urothelial carcinoma 
patients. However, not all patients benefit from treatment, thus 
presenting a need for predictive parameters for patient treatment 
and clinical outcome when selecting patients to undergo α-PD-L1 
treatment. Here, we investigate how neoepitope T-cell recognition 
contributes to clinical reactivity, and work to determine how neo-
antigen-specific T-cell population characteristics can be applied 
as a potential biomarker and predictive parameter for preselec-
tion of which patients will benefit from α-PD-L1 treatment. 

In this study, we are investigating CD8+ T-cells recognition of mu-
tation-derived neoantigens by screening blood samples from pa-
tients before, during and after treatment with α-PD-L1 antibodies. 
The patient cohort includes 24 patients with stage IV urothelial 
carcinoma, all of which have also previously been treated with 
chemotherapy. The patients have had varying clinical outcomes 
of the α-PD-L1 treatment. Based on whole exome sequencing 
of tumor and germline DNA, personal libraries of between 200 
and 587 potential neoantigens have been predicted for all pa-
tients. Out of a combined 56 patient HLA types, potential neo-
antigens have been predicted towards 31 HLA types, averaging 
four HLA types per patient. The patient samples are screened 
with DNA-barcode-labelled pMHC-multimers, which allows 
high-throughput screening of all potential patient-specific neo-
epitopes in one parallel reaction. 

Data from the first 12 patients screened shows that neoantigen 
specific T-cells could be detected in all patients. T-cell recognition 
of between one and 23 neoepitopes was observed across patient 
samples, with large variation in the number of detected neoepi-
topes between patients. Across all screened patients, detected 
neoepitope responses ranged from one to 15 at the beginning of 
treatment. During treatment of patients not responding to ther-
apy, between zero and 16 detected responses were observed per 
time point. Non-responding patients did not seem to experience 
an increase in detected neoepitope responses over the course of 
treatment. For all non-responders, fewer detected neoepitope re-
sponses were seen at the terminating time point, ranging from 
zero to nine detected responses, compared to before treatment 
initiation. Concurrently, treatment-responding patients experi-
enced either an increase in detected responses during treatment, 
to a maximum of between three and 23 responses per time point, 
or a persistence of up to several detected responses throughout 
the course of treatment, up to 166 weeks after treatment com-
mencement. The dynamics of detected neoepitope responses 
thus seem to vary between non-responding patients and patients 
responding to treatment. 

The findings from this study will provide insight into the dynamics 
of T-cell recognition of mutation-derived neoantigens in urothe-
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lial carcinoma over the course of α-PD-L1 treatment, and may 
improve the understanding of how T-cells recognize, control and 
eliminate metastatic urothelial carcinoma during therapy. Further-
more, the successful characterization, and potential differentia-
tion, of detected neoepitope responses between responders and 
-non-responders to therapy may facilitate a more accurate pre-
dictive parameter for clinical outcome prediction during patient 
treatment option preselection.

Keywords : Urothelial carcinoma, anti-PD-L1, Neoantigen T-cell 
recognition.
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A122 / Intra-mammary tumor application : A superior mo-
del system to subcutaneous tumor cell inoculation

Holger Weber (ProQinase GmbH), Susanne Ruf (ProQinase 
GmbH), Gojko Bijelic (ProQinase GmbH), Sandra Moor (ProQi-
nase GmbH), Bianca Giesen (ProQinase GmbH), Ulrike Leisegang 
(ProQinase GmbH), Sebastian Dempe (ProQinase GmbH), Cyn-
thia Obodozie (ProQinase GmbH).

Since decades syngeneic and xenograft tumor models are used in 
cancer drug development. In most cases tumor cells are applied 
subcutaneously because of the ease of tumor cell inoculation and 
tumor growth monitoring. Yet, the location of the tumor inocula-
tion site is not precisely defined differing from person to person 
leading to potential differences in growth characteristics and tu-
mor ulceration occurs frequently especially in syngeneic models. 
How can the subcutaneous injection route be improved ? Is there 
a functional organ that allows a simple tumor cell application with 
an easy monitoring by calipering ? 

We extensively tested tumor cell inoculation into the mammary 
fat pad and compared this heterotopic application to the sub-
cutaneous injection route. In all tested syngeneic models, tumor 
ulceration was prevented by almost 100% when injecting the tu-
mor cells into the mammary fat pad. Ethical abortion criterion was 
primarily tumor volume. In contrast, animals of the subcutaneous 
tumors were mainly euthanized due to tumor ulceration. In ad-
dition, intra-mammary tumor growth showed less heterogeneity 
compared to the subcutaneous application. Both findings sup-
port the 3R rules with a refinement by strongly reducing tumor 
ulceration and a reduction in animal consumption due to more 
homogenous growth. 

Beside these superior tumor growth characteristics of all inves-
tigated intra-mammary models, the CT26wt tumor model was 
intensively characterized by flow cytometry using an all-in-one 
flow cytometry staining panel to investigate all major immune-cell 
populations. Here the number of isolated cells per gram tumor 
mass was more than doubled in the intra-mammary tumors sug-
gesting a higher stroma content. This is supported by the flow 
cytometry data which revealed that during the first 10 days of 
tumor development approximately half of the cells are leukocytes, 
whereas in the subcutaneous tumors the leukocyte population is 
little at the beginning increasing to only one quarter after 10 days. 

Finally, the immune checkpoint inhibitor treatment was tested 
and found comparable between the intra-mammary and subcu-
taneous model. LL-2 tumors did not respond to anti-mPD-1 and 
anti-mCTLA-4 treatment in both application routes, subcutane-
ous and intra-mammary, whereas CT26wt and MC38-CEA tu-
mor growth was reduced by anti-mCTLA-4 treatment for both 
cell application routes. Yet, the inhibitory effect of anti-mCTLA-4 
treatment was overall less pronounced in the intra-mammary 
MC38-CEA and CT26wt model with no complete remission for 
the CT26wt model. 

In conclusion, the heterotopic intra-mammary implantation of 
tumor cells was found to be superior to the traditional subcuta-
neous implantation resulting in improved meaning- and powerful 

tumor models.

Keywords : syngeneic tumor model, tumor ulceration, subcutane-
ous, mammary fat pad.

A123 / Antitumoral control of MHC class I deficient tumors 
by combination therapy

Jan David Beck (TRON - Translational Oncology at the Universi-
ty Medical Center of the Johannes Gutenberg University Mainz 
gGmbH, Mainz, Germany), Mathias Vormehr (Biopharmaceutical 
New Technologies (BioNTech) Corporation, Mainz, Germany), 
Mustafa Diken (TRON - Translational Oncology at the Universi-
ty Medical Center of the Johannes Gutenberg University Mainz 
gGmbH, Mainz, Germany, Biopharmaceutical New Technologies 
(BioNTech) Corporation, Mainz, Germany), Sebastian Kreiter 
(TRON - Translational Oncology at the University Medical Cen-
ter of the Johannes Gutenberg University Mainz, Mainz, Germany, 
Biopharmaceutical New Technologies (BioNTech) Corporation, 
Mainz, Germany), Tim Beißert (TRON - Translational Oncology 
at the University Medical Center of the Johannes Gutenberg Uni-
versity Mainz gGmbH, Mainz, Germany), Martin Suchan (TRON 
- Translational Oncology at the University Medical Center of the 
Johannes Gutenberg University Mainz gGmbH, Mainz, Germany), 
Özlem Türeci (Biopharmaceutical New Technologies (BioNTech) 
Corporation, Mainz, Germany), Ugur Sahin (TRON - Translation-
al Oncology at the University Medical Center of the Johannes 
Gutenberg University Mainz gGmbH, Mainz, Germany, Research 
Center for Immunotherapy (FZI), University Medical Center at the 
Johannes Gutenberg University, Mainz, Germany, Bioph).

During response to immunotherapy, T cells elicit selective pres-
sure, which may give rise to tumor cell escape clones that are 
no longer recognized and eliminated by the immune system. In 
this regard, defective antigen presentation through loss of MHC 
class I has been repeatedly observed as a mechanism of acquired 
resistance, especially in highly immunogenic tumors such as mel-
anoma. (1) Our aim is to understand how MHC class I deficient 
tumors behave differently in vivo compared to MHC class I profi-
cient tumors and to establish translationally relevant approaches 
to tackle MHC class I loss as a mechanism of acquired resistance. 

To this end, we generated MHC class I deficient tumor models 
by genetic knock-out of b2m in mouse tumor cell lines consid-
ered to form immunogenic or non-immunogenic tumors in vivo. 
We then performed a comparative characterization of MHC class 
I proficient versus deficient tumors and found that MHC class I 
deficiency results in a growth benefit for originally immunogenic 
tumors, which bear an inflamed tumor microenvironment (TME) 
that becomes immunologically cold in the absence of MHC class 
I. The lack of antigen presentation to CD8 T cells significantly di-
minishes the amount of IFN-γ expressed in the TME. This leads to 
lower induction of interferon-inducible chemokines, consequent-
ly impeding the attraction of several potentially antitumoral im-
mune cell subsets. In contrast to that, subsets regarded as immu-
nosuppressive are mostly unaffected. This observation and the 
fact that many cancer therapies at least partially rely on immunity 
prompted us to undertake a comprehensive analysis of MHC class 
I loss as a mechanism of resistance against different therapies. 
We confirmed that MHC class I deficiency completely abrogates 
the antitumoral effect of T-cell based immunotherapies including 
immune checkpoint blockade. In addition to that, the loss of MHC 
class I also prevents a therapeutic response to chemotherapy or 
radiotherapy. Finally, we were able to establish a combination 
immunotherapy that facilitates therapeutic immune responses 
against MHC class I deficient tumors, resulting in complete tumor 
rejection and long-term survival of the majority of treated mice.

Keywords : MHC class I, Acquired Resistance, Immune Escape.
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A124 / Arenavirus-based Vector Platform For Massive Tu-
mor Self-antigen-specific CD8 T Cell Immunity

Weldy V. Bonilla (University of Basel ; Departement of Biomed-
icine ;), Sandra Kallert (University of Basel ; Departement of 
Biomedicine ;), Nicole Kirchhammer (University of Basel ; De-
partement of Biomedicine ;), Anna F. Marx (University of Basel ; 
Departement of Biomedicine) , Magdalena Krzyzaniak (University 
of Basel ; Departement of Biomedicine ;), Sarah Schmidt (HOOK-
IPA Pharma), Josipa Raguz (HOOKIPA Pharma), Ursula Berka 
(HOOKIPA Pharma), Stephan Guenther (Bernhard-Nocht-Insti-
tut für Tropenmedizin ; Hamburg), Klaus K. Orlinger (HOOKIPA 
Pharma), Alfred Zippelius (University of Basel ; Departement of 
Biomedicine ;), Daniel D. Pinschewer (University of Basel ; Depar-
tement of Biomedicine ;).

The induction of powerful CD8+ T cell immunity to tumor associat-
ed self-antigens (TAAs) represents a critical yet challenging goal. 
Here we report on the development of an arenavirus-based de-
livery platform meeting this challenge. Previously we have shown 
that genetically engineered replication-attenuated lymphocytic 
choriomeningitis virus (LCMV) vectors, TheraT(LCMV), induce 
strong TAA-specific CD8 T cell immunity, but these responses can 
not be substantially augmented upon TheraT(LCMV) readminis-
tration. Counter to expectations, vector-neutralizing antibodies 
were not accountable for limited homologous prime-boosting 
capacity. Instead, dominant viral backbone-reactive CD8+ T cells 
competed against subdominant TAA-specific responses, limit-
ing their magnitude. Herein we engineered and characterized 
delivery systems based on the arenaviruses Mopeia, Candid#1 
and Pichinde (TheraT(MOP), TheraT(CAND), TheraT(PICV)) and 
demonstrate that heterologous TheraT(CAND) – TheraT(LCMV) 
and TheraT(PICV)-TheraT(LCMV) prime-boost substantially aug-
ment TAA-specific CD8 T cell responses by rendering them im-
munodominant. Accordingly, intravenous administration of mice 
triggered up to 50% TAA epitope-specific CD8+ T cells and cured 
established tumors. Conversely, TheraT(MOP) – TheraT(LCMV) 
prime-boost was poorly immunogenic owing to cross-reactive 
T cell epitopes in the respective viral backbones. These findings 
establish heterologous arenavirus prime-boost combinations as 
a powerful new modality in tumor immunotherapy and highlight 
CD8 T cell epitope dominance as a significant hurdle to overcome 
in the vectored delivery of TAAs.

Keywords : Arenavirus, Viral vector, HOOKIPA.

A125 / Natural Killer Cells Correlated with T cell Biomar-
kers for Response to Immunotherapy in Advanced Hepa-
tocellular Carcinoma

Vox Z TING (The University of Hong Kong).

Introduction : Checkpoint inhibitors targeting tumor-infiltrating 
T cells to trigger anti-tumor immune response have enamoured 
as the promising therapy. Majority of immunotherapy biomark-
er studies are focusing on T cell. However, investigation of other 
immune cell clusters may also yield crucial information for immu-
nological changes. Guidance for precise immunotherapy as well 
as applicable response markers are currently limited. Henceforth, 
we are interested in whether Natural Killer (NK) Cells may also 
have the potential to serve as predictors for immunotherapy in 
advanced Hepatocellular carcinoma (HCC). 

Method : Patients demographic along with clinical annotations 
are shown in Table 1. Healthy volunteers and newly diagnosed pa-
tients who were not exposed to chemotherapy or immunotherapy 
at the time of sample collection. 

Results : One-way Analysis of Variance (ANOVA) in using PD-1, 
Tim-3 and OX40 as response predictor showed an effect on both 
T Cells (Fig1 A, C, D) and NK Cells (Fig2 A, C, D). No significant 
differences were observed in CTLA-4 (Figure 1B, 2B respectively) 
expression among cohorts on both T Cells and NK Cells. To un-
derstand the relationship between biomarkers on NK Cells and T 
Cells, pearson product-moment correlation coefficient was con-
ducted between PD-1, Tim-3 and OX40. Tim-3 on T Cells showed 
a significant positive correlation to the same expression count on 

NK Cells (R= 0.9747, p <0.001), while OX40 also showed a sig-
nificant positive correlation to the expression count on NK Cells 
(R= 0.9892, p <0.001). No significance in either PD-1 expression or 
CTLA-4 expression were seen in T Cells and NK Cells.

Keywords : Immunotherapy, T cells, NK Cells, Biomarker.
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A126 / Blocking tumor-associated immune suppression 
with BAY-218, a novel, selective aryl hydrocarbon receptor 
(AhR) inhibitor

Ilona Gutcher (Bayer AG), Christina Kober (Bayer AG, Berlin, Ger-
many), Lars Roese (Bayer AG, Berlin, Germany), Julian Roewe 
(German Cancer Consortium (DKTK) Clinical Cooperation Unit 
(CCU) Neuroimmunology and Brain Tumor Immunology, German 
Cancer Research Center (DKFZ), Heidelberg, Germany), Norbert 
Schmees (Bayer AG, Berlin, Germany), Florian Prinz (Bayer AG, 
Berlin, Germany), Matyas Gorjanacz (Bayer AG, Berlin, Germa-
ny), Ulrike Roehn (Bayer AG, Berlin, Germany), Benjamin Bader 
(Bayer AG, Berlin, Germany), Horst Irlbacher (Bayer AG, Berlin, 
Germany), Detlef Stoeckigt (Bayer AG, Berlin, Germany), Rafael 
Carretero (Bayer AG, Berlin, Germany), Katharina Sahm (German 
Cancer Consortium (DKTK) Clinical Cooperation Unit (CCU) Neu-
roimmunology and Brain Tumor Immunology, German Cancer Re-
search Center (DKFZ), Heidelberg, Germany), Iris Oezen (German 
Cancer Consortium (DKTK) Clinical Cooperation Unit (CCU) Neu-
roimmunology and Brain Tumor Immunology, German Cancer Re-
search Center (DKFZ), Heidelberg, Germany), Hilmar Weinmann 
(Bayer AG, Berlin, Germany), Ingo V. Hartung (Bayer AG, Berlin, 
Germany), Bertolt Kreft (Bayer AG, Berlin, Germany), Michael 
Platten (German Cancer Consortium (DKTK) Clinical Cooperation 
Unit (CCU) Neuroimmunology and Brain Tumor Immunology, Ger-
man Cancer Research Center (DKFZ), Heidelberg, Germany).

Tumor cells co-opt multiple pathways in order to evade attack 
by infiltrating immune cells. One such mechanism is the upreg-
ulation of indole-2, 3-dioxygenase (IDO1) and/or tryptophan-2, 
3-dioxygenase (TDO2), both of which are first-step, rate-limiting 
enzymes degrading tryptophan to the immunosuppressive me-
tabolites kynurenine (KYN) and kynurenic acid (KA). KYN and KA 
bind and activate the aryl hydrocarbon receptor (AhR), which is 
expressed in many cell types and is well known for its immuno-
suppressive effects. Targeting of the AhR with an inhibitor may 
therefore provide a novel immunotherapeutic approach for en-
hancing anti-tumoral immune responses and treating cancer. 

Here we describe the identification and functional immune char-
acterization of BAY-218, a novel, selective and potent AhR small 
molecule inhibitor. Mechanistically, BAY-218 inhibited AhR nuclear 
translocation, dioxin response element (DRE)-luciferase reporter 
expression and AhR-regulated target gene expression induced by 
both exogenous and endogenous AhR ligands. 

In vitro, BAY-218 rescued TNFa production from KA-suppressed 
LPS-treated primary human monocytes. Furthermore, BAY-218 
enhanced T cell cytokine production in a human mixed lympho-
cyte reaction (MLR) and a mouse antigen-specific bone-mar-
row-derived dendritic cell (BMDC)-OT-I T cell co-culture. In the 
MLR, BAY-218 increased anti-PD1 antibody-mediated IL-2 and 
IFNg secretion, while an IDO inhibitor did not, indicating that BAY-
218 is able to block AhR activation mediated by ligands outside 
of the IDO-KYN pathway. In vivo, BAY-218 enhanced anti-tumoral 
immune responses and reduced tumor growth in the syngeneic 
mouse tumor models CT26 and B16-OVA. FACS analysis of leu-
kocytes infiltrating B16-OVA tumors demonstrated that adminis-
tration of BAY-218 increased the frequency of tumor-infiltrating 
CD8+ T cells and NK cells while decreasing GR1+ myeloid cells 
and CD206+ M2 macrophages. Furthermore, BAY-218 enhanced 
therapeutic efficacy of an anti-PD-L1 antibody in the CT26 model. 

In summary, AhR inhibition with BAY-218 stimulates pro-inflam-
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matory monocyte and T cell responses in vitro and drives anti-tu-
mor immune responses, resulting in decreased tumor growth, in 
vivo. Thus, inhibiting AhR represents a novel immunotherapeutic 
approach for blocking AhR-mediated tumor-associated immuno-
suppression.

Keywords : Aryl hydrocarbon receptor (AhR), Immunotherapy, 
Oncometabolite, Small molecule inhibitor.
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A127 / TheraT-E7E6, a live-attenuated LCMV-based vector 
for active immunotherapy of HPV16+ cancer

Sarah Schmidt (Hookipa Pharma Inc.), Weldy V. Bonilla (Univer-
sity of Basel, Department of Biomedicine), Mindaugas Pauzuolis 
(University of Geneva, Department of Pathology and Immunol-
ogy), Andrea Reiter (Hookipa Pharma Inc.), Theresa Kleissner 
(Hookipa Pharma Inc.), Daniel Oehler (Hookipa Pharma Inc.), Felix 
Stemeseder (Hookipa Pharma Inc.), Ursula Berka (Hookipa Phar-
ma Inc.), Bettina Kiefmann (Hookipa Pharma Inc.), Sophie Schulha 
(Hookipa Pharma Inc.), Igor Matushansky (Hookipa Pharma Inc.), 
Doron Merkler (University of Geneva, Department of Pathology 
and Immunology), Daniel Pinschewer (University of Basel, De-
partment of Biomedicine), Klaus Orlinger (Hookipa Pharma Inc.).

Active immunization against cancer requires the induction of 
exquisitely potent tumor-specific CD8+ T cell (CTL) respons-
es, which can be repeatedly boosted and reactivated. Hookipa 
Pharma engineered a replication-attenuated viral vector platform 
(TheraT) based on the arenavirus lymphocytic choriomeningitis 
virus (LCMV), which meets these aforementioned criteria. Here, 
we present a preclinical data package of Hookipa´s lead immuno-
therapy product HB-201, targeting HPV16-driven cancer. 

TheraT-E7E6 encodes a highly immunogenic, non-oncogenic ver-
sion of the human papilloma virus 16 (HPV16) oncoproteins E7 
and E6. Attenuation and safety of TheraT-E7E6 were demonstrat-
ed by i) rapid viral clearance after systemic administration of the 
vector and ii) reduced neurovirulence in mice.TheraT-E7E6 can be 
administered intravenously as systemic therapy or intratumoral-
ly as local therapy. Treatment was shown to induce substantial 
CD8+ T cell expansion and high frequencies of E7- and E6-specif-
ic CTL responses with a balanced effector / central memory pro-
file. These responses were boosted upon TheraT-E7E6 re-admin-
istration. TheraT-E7E6 eradicated palpable tumors in a syngeneic 
mouse TC-1 tumor model of HPV-driven cancer. Even in mice with 
large tumors (~300mm3) TheraT-E7E6 afforded significant tumor 
control and improved survival, with high frequencies of E7-spe-
cific CTLs persisting for several weeks. Animals which cleared the 
tumor after TheraT therapy were long term protected from tumor 
re-challenge. Furthermore, TheraT has been shown to synergize in 
combination with checkpoint inhibitors (CPIs). 

In conclusion, replication-attenuated TheraT-E7E6 is safe, highly 
immunogenic and shows excellent therapeutic efficacy as mono- 
or combination therapy in a preclinical model of HPV-induced 
cancer. After a successful IND filing, clinical trials for the treatment 
of HPV16-driven cancers will be initiated in 2019.

Keywords : Active Immunotherapy, HPV16+ cancer, CD8+ T cell 
(CTL) responses, Replication-attenuated viral vector platform.

A128 / Comparing the immune environment of primary 
non-small lung tumors and brain metastases : implications 
for immunotherapy

Aurélien Brindel (CHRU Nancy), Jonathan Lopez (Hospices civils 
de Lyon), Pauline Desormaux (Hospices civils de Lyon), SuFey Ong 
(Nanostring), Pascale Morel (Nanostring), Sarah Warren (Nanos-
tring), Marylise Ginoux (Hospices civils de Lyon), Maurice Pérol 
(Centre Léon Bérard), Emilie Perrot (Hospices civils de Lyon), Li-
onel Falchero (Centre Hospitalier de Villefranche-sur-Saône), Lize 
Kiakouama (Hospices civils de Lyon), Eric Kelkel (Centre Hospi-
talier métropole Savoie), Nicolas Feuillet (Centre Hospitalier de 
Chalon-sur-Saône), Pascal Beynel (Centre Hospitalier Bourg-en-

Bresse), Pierre Bombaron (Clinique Jean Mermoz), Philippe Brun 
(Centre Hospitalier de Valence), Pierre-Paul Bringuier (Hospices 
civils de Lyon), Marie Brevet (Hospices Civils de Lyon), Michael 
Duruisseaux (Hospices civils de Lyon).

In non-small cell lung cancer (NCSLC), brain metastases (BM) are 
commonly found at time of diagnosis, and up to half of all NCSLC 
patients eventually develop BM during their clinical course. Al-
though BM are associated with worse prognosis and altered qual-
ity of life, their tumor microenvironment is not well understood, 
and patients with BM are excluded from immunotherapy trials. 
Limited studies reveal significantly lower tumor-infiltrated lym-
phocytes (TILs) and PD-L1 expression in BM than in primary lung 
tumors. As immunotherapy with anti-PD-1/PD-L1 has become the 
standard of care in NSCLC, we explore whether the immune mi-
croenvironment of BM differs from synchronic lung primary tu-
mors and whether biomarkers associated with response in BM 
can be identified. 

85 BM and 14 matched lung primary tumor pre-treatment biopsies 
were taken prior to treatment from patients with treatment-naïve 
NSCLC who were seen at Neurosurgery Unit of Hospices Civils 
de Lyon from 2013 to 2018. Of these 85 patients, 24 were treated 
with nivolumab (n = 17), pembrolizumab (n = 5), or a combination 
of nivolumab and ipilimumab (n = 1), and the ORR of the cohort 
was 25% (RECIST 1.1). RNA was extracted and profiled with the 
NanoString PanCancer IO360 panel (NanoString Technologies, 
Inc). 45 gene signatures describing the immune response, tumor 
biology, and the tumor microenvironment, including the Tumor 
Inflammation Signature (TIS), an investigational 18-gene signature 
of a suppressed adaptive immune response that enriches for clini-
cal response to pembrolizumab were calculated for each sample, 

We compared the immune environment of all primary lung tu-
mors and all BM in a combined analysis. Unsupervised hierarchical 
clustering revealed the presence of 3 distinct phenotypes based 
on immune signature scores, and BM were enriched in the cold 
cluster (92% in cold cluster vs 58% in hot cluster). Using differen-
tial expression analysis, BM were observed to have lower signature 
scores for multiple immune cell types vs lung tumors, including B 
cells (-1.7 log2 FC, p < 0.001), mast cells (-2.7 log2 FC, p < 0.001), 
T cells (-1.3 log2 FC, p < 0.001), and numerous other cell types. 
Additionally, we observed significantly lower scores for signatures 
associated with cytotoxicity, IFN-γ, IDO1, CTLA-4, PD-L2, TIGIT 
and PD-1 expression. No specific genes were upregulated in BM. 
In paired analysis, CCL21 chemokine was the most downregulated 
genes in BM (-4.7 log2 fold change, p < 0.001). 

We then examined the association of the signatures with response 
to immunotherapy. Despite the lower immune infiltrate within the 
BM when compared to lung tumors, higher immune signatures 
scores in the BM were associated with response. In an unpaired 
analysis, multiple immune signatures scores were higher in the BM 
of responders when compared to the BM of non-responders, in-
cluding TIS (1.46 log2 FC, p < 0.001), IDO1 (1.81 log2 FC, p < 0.001), 
and PDL1 (1.77 log2 FC, p < 0.001). TIS was also associated with 
response to anti-PD1 in BM by ROC curve analysis (AUC=0.824). 
RAD50 (-0.76 log2 FC, p < 0.001) and P4HA2 (-1.08 log2 FC, p = 
0.006) were the most downregulated genes in responders com-
pared to non-responders. Characterization of the immune land-
scape of BM of NSCLC is important to provide mechanistic insight 
into response to therapy as well as to identify new therapeutic 
targets. By profiling a cohort of BM and matched primary tumors, 
we identify location-specific transcriptional differences between 
the tumor sites. Furthermore, we demonstrate that the same im-
mune signatures are associated with response to immunotherapy 
in BM as in primary tumors, despite an overall reduced immune 
presence in the BM. CCL21, involved in leukocyte cell trafficking, 
may represent a novel therapeutic target for BM. Future validation 
studies will provide support for these preliminary observations.

Keywords : Immunotherapy, Brain metastasis, Non small cell lung 
cancer, Microenvironment.

References : 
Cagney DN, Martin AM, Catalano PJ, Redig AJ, Lin NU, Lee EQ, et al. Incidence and 
prognosis of patients with brain metastases at diagnosis of systemic malignancy : a 
population-based study. Neuro-oncology. 19 oct 2017 ;19(11):1511‑21 Mansfield AS, Aubry 
MC, Moser JC, Harrington SM, Dronca RS, Park SS, et al. Temporal and spatial discor-
dance of programmed cell death-ligand 1 expression and lymphocyte tumor infiltra-
tion between paired primary lesions and brain metastases in lung cancer. Ann Oncol. 
2016 ;27(10):1953‑8.



SESSION A

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
53

A129 / AL008 enhances myeloid anti-tumor function by 
inhibiting SIRPα signaling and activating Fc receptors.

Andrew Pincetic (Alector), Jerry Yang (Alector), Isaiah Dere-
sa (Alector), Wei-Hsien Ho (Alector), Hua Long (Alector), Dan-
iel Maslyar (Alector), Spencer Liang (Alector), Arnon Rosenthal 
(Alector).

The SIRPα-CD47 axis represents a myeloid checkpoint in can-
cer. Tumor cells upregulate expression of CD47 to suppress in-
nate immune cell effector responses through SIRPα signaling on 
tumor-infiltrating myeloid cells. Consistent with this view, high 
expression levels of SIRPα or CD47 correlate with worse overall 
survival in several cancers. Recent clinical data with CD47-target-
ed therapies that competitively block the interaction with SIRPα 
show clinical responses in some patients with hematologic and 
solid cancers when combined with anti-tumor antigen antibod-
ies. However, known limitations associated with targeting CD47, 
such as antibody-mediated clearance of red blood cells (RBCs) 
and disruption of the SIRPγ-CD47 interaction important for T cell 
activation, likely hinder the anti-tumor immune response neces-
sary for robust clinical benefit. Due to the restricted expression 
of SIRPα, a therapeutic advantage may be realized by targeting 
SIRPα and promoting immunostimulatory pathways that drive 
anti-tumor immunity. Here, we describe the discovery and char-
acterization of a SIRPα-specific antibody, AL008, a first-in-class 
inhibitor of SIRPα that simultaneously antagonizes SIRPα signal-
ing and stimulates Fcγ receptor (FcγR) activation. AL008 is a 
non-competitive inhibitor that triggers SIRPα internalization from 
the cell surface and subsequent degradation. Unlike other com-
petitive antagonist antibodies to SIRPα, which require combina-
tion with opsonizing antibodies to promote tumor cell phagocy-
tosis, AL008 stimulates tumor cell engulfment by macrophages 
in the absence of opsonizing antibody due to intrinsic FcγR acti-
vation. Moreover, the epitope of AL008 is conserved in all allelic 
variants of SIRPα but is not present in most common variants of 
SIRPβ and SIRPγ. Because of its restricted binding specificity to 
SIRPα, AL008 promotes dendritic cell-mediated stimulation of T 
cell proliferation by preserving CD47-SIRPγ axis, which contrasts 
with anti-CD47 antibodies and other anti-SIRPα/γ cross-reactive 
antibodies. Despite FcγR engagement by AL008, in vitro ADCC 
assays and in vivo studies in non-human primates verify that 
AL008 does not deplete myeloid cells or RBCs, which suggests 
a significantly improved safety profile in patients. Lastly, inhibi-
tion of tumor growth by AL008 in mouse models coincides with 
downregulation of SIRPα and induction of activation markers on 
tumor-associated macrophages. Thus, AL008 potentiates the an-
ti-tumor effector functions of macrophages and dendritic cells in 
vitro, as well as in vivo models. This dual mechanism of AL008 
provides a novel therapeutic strategy for targeting myeloid cells 
for immune activation.

Keywords : SIRPα, CD47, Fc receptors, macrophages.

A130 / Pan-cancer analysis of allele-specific HLA-I loss 
suggests widespread occurrence across a diverse range of 
tumor types

Meagan Montesion (Foundation Medicine, Inc.), Dexter X. Jin 
(Foundation Medicine, Inc.), Karthikeyan Murugesan (Foundation 
Medicine, Inc.), Ethan S. Sokol (Foundation Medicine, Inc.), Radwa 
Sharaf (Foundation Medicine, Inc.), Dean C. Pavlick (Foundation 
Medicine, Inc.), Garrett M. Frampton (Foundation Medicine, Inc.), 
Lee A. Albacker (Foundation Medicine, Inc.).

Neoantigen presentation arises as a result of tumor-specific mu-
tations and is a critical component of immune surveillance. De-
creased ability to present neoantigens due to gene-level copy 
number loss of the human leukocyte antigen (HLA) class I genes 
HLA-A, -B, or -C (HLA-I) can promote immune evasion. Notably, 
HLA-I loss has recently been described as a frequent phenome-
non in non-small cell lung cancer but widespread analyses across 
varying tumor types is lacking. 

To assess the frequency of HLA-I loss pan-cancer, we performed 
comprehensive genomic profiling on over 90 different tumor 
types comprising 100, 999 unique patient samples, mostly from 

tumors of patients with advanced/metastatic disease. HLA-I ge-
notyping was conducted by OptiType and previously described 
copy number modeling techniques were applied to determine al-
lele-specific loss of HLA-I genes by either homozygous deletion 
or loss of heterozygosity (LOH). 

Loss of at least one HLA-I allele was detected in 30% of samples. 
Homozygous deletion of both HLA-I alleles was uncommon and 
seen in only 5% of all samples. The prevalence of HLA-I loss var-
ied across tumor types (10-56%), with the highest prevalence in 
thymic carcinomas (56%), pancreatic islet cell tumors (53%), and 
squamous cell carcinomas (SCC) of various anatomic sites of ori-
gin (32-54%). The lowest prevalence was seen in melanoma (15% 
of cutaneous and 13% of intraocular), small cell lung cancer (14%), 
and Merkel cell carcinoma (10%). Mechanistically, HLA-I loss is ex-
pected to prevent the presentation of one or more neoantigens. 
Tumor subsets associated with high viral or neoantigen burden 
exhibited higher HLA-I loss, including human papillomavirus-in-
fected head and neck SCC (p<0.0001, OR=1.7, Fisher’s Exact) and 
microsatellite instable colorectal cancer (p=0.002, OR=1.4, Fish-
er’s Exact). We also analyzed driver neoantigens and HLA-I loss. 
Overall, 14% (1585/11010) of samples with a KRAS G12 alteration 
were predicted to generate a KRAS G12 neoantigen (NetMH-
Cpan). Of the samples with a predicted KRAS G12 neoantigen, 
32% (502/1585) exhibited HLA-I loss. We found that neoantigens 
produced by KRAS G12 alterations preferentially bind to the lost 
allele in 87% (435/502) of HLA-I loss events (p<0.0001, Binomial 
Test) suggesting a strong selection bias against presentation of 
this neoantigen. 

Overall, we assessed the landscape of HLA-I loss in over 100, 
000 unique patient samples from a real-world genomics dataset. 
Prevalence of HLA-I loss varied greatly by tumor type with no 
clear association with mutational burden at the tumor type level. 
However, within a tumor type, highly mutated subtypes tended to 
exhibit increased HLA-I loss. This work also suggests HLA-I loss 
could be an effective mechanism of immune evasion when a driv-
er mutation generates a neoantigen since loss of the driver would 
decrease tumor fitness. These results highlight the complexity of 
tumor-immune interactions and future studies need to be con-
ducted to analyze the clinical impact of HLA-I loss on immuno-
therapy response rates.

Keywords : HLA, LOH, Neoantigens.

A132 / Meta-analysis of the NanoString Clinical Transcrip-
tomic Atlas Group (CTAG) Database to identify mecha-
nisms of response to anti-PD1 treatment in melanoma and 
non-small cell lung cancer (NSCLC)

Howes Tim (Parker Institute for Cancer Immunotherapy), SuFey 
Ong (NanoString Technologies), Jason Reeves (NanoString Tech-
nologies), Christine Spencer (Parker Institute for Cancer Immuno-
therapy), Karen Leroy (University Paris Descartes APHP), Diane 
Damotte (University Paris Descartes APHP), François Goldwas-
ser (University Paris Descartes APHP), Nina Radosevic-Robin 
(University Clermont Auvergne, Inserm ; Centre Jean Perrin, De-
partment of Pathology), Frédérique Penault-Llorca (University 
Clermont Auvergne, Inserm ; Centre Jean Perrin, Department of 
Pathology), Paolo A Ascierto (Unit of Melanoma, Cancer Immuno-
therapy and Development Therapeutics at the Instituto Nazionale 
Tumori IRCCS Fondazione G. Pascale), Christopher G Twitty (On-
coSec Medical Incorporated), Theresa LaVallee (Parker Institute 
for Cancer Immunotherapy), Samantha Bucktrout (Parker Insti-
tute for Cancer Immunotherapy), Daniel Wells K (Parker Institute 
for Cancer Immunotherapy), Sarah Warren (NanoString Technol-
ogies), Alessandra Cesano (NanoString Technologies).

Despite the approval of anti-PD1 blocking antibodies in a growing 
number of indications, the response rates in most indications re-
main disappointingly low. The availability of pretreatment biopsy 
samples from patients receiving immunotherapy for approved in-
dications creates the opportunity to investigate biomarkers asso-
ciated with response from real world cohorts. However, the small 
size of many such cohorts from single institute studies limits the 
power to generalize these results into larger patient populations. 
To address this challenge, we created a consortium of investiga-
tors who share clinical and accompanying transcriptional data 
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collected on the NanoString nCounter platform from patients 
treated with immunotherapy to foster scientific discovery and ac-
celerate research. For the first time, we apply a meta-analysis to 
this combined cohort to identify correlates of anti-PD1 response 
in the transcriptional signatures from the tumor immune microen-
vironment to identify patients who are likely to experience clinical 
benefit. 

Pretreatment tumor biopsies were collected from nine cohorts 
with metastatic melanoma (n = 52) or NSCLC (n = 114) initiating 
anti-PD1 therapy. RNA was profiled with the NanoString® IO360 
and IO360 beta gene expression panels. 38 signatures that de-
scribe facets of the immune response, tumor biology, and the tu-
mor microenvironment were calculated. Included in these signa-
tures is the Tumor Inflammation Signature (TIS), an investigational 
18 gene signature of a suppressed adaptive immune response 
which enriches for clinical response to pembrolizumab. Patients 
were analyzed by cancer type and clinical response, which was 
defined using both a binary categorization of response (RECIST 
1.1 criteria) and overall survival. Variable clustering and sparse 
principal components analysis were applied to identify subsets 
of signatures that best explain the gene expression variation in 
the tumor samples. Penalized logistic regression and Cox propor-
tional hazards Methods were used to model clinical response as a 
function of key signatures or principal components derived from 
the signatures. 

Three major signature clusters were identified in both the mel-
anoma and NSCLC subsets, representing inflammation-related 
signatures (lymphoid cells, IFNγ signaling, etc.), suppressive sig-
naling (stroma, myeloid inflammation) and tumor metabolic ac-
tivity (proliferation, hypoxia). In the final Cox proportional hazards 
model for the melanoma subset, both of the first two principal 
components (corresponding to inflammation-related signatures 
and tumor metabolic activity) showed significant association with 
overall survival (p = 0.012, PC1 HR : 0.88, 95% CI : 0.79-0.98 ; PC2 
HR : 1.35, 95% CI : 1.02-1.78). This compared favorably to using TIS 
alone, which was not significantly associated with survival in this 
subset (p = 0.21, HR : 0.78, 95% CI : 0.53-1.15). For the NSCLC sub-
set, logistic regression modeling based on categorical response 
suggested that TIS and SLC2A1 expression (from the hypoxia 
gene signature) could be combined to improve prediction of re-
sponse, and association of SLC2A1 with survival was confirmed by 
analysis of lung cancer data in The Cancer Genome Atlas (TCGA). 
These findings suggest that, in both tumor types, combining im-
mune signaling with information about tumor metabolism may 
improve our ability to predict response in anti-PD1 therapy . 

In conclusion, this multi-cohort study allows for the development 
of multi-variate predictors of response to anti-PD1 monotherapy 
using a single research assay to transcriptionally profile the tu-
mors. Using this model, we can generate robust predictions from 
real-world cohorts across multiple cancer indications, which may 
lead to the development of improved diagnostic assays to guide 
treatment decisions.

Keywords : Biomarkers, Meta-analysis, Anti-PD1.
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A133 / The power of in vitro assays in immuno-oncology 
drug development

Aurelie Hanoteau (ImmunXpert), Thibaut Janss (Immunxperts), 
Jana Schockaert (ImmunXperts), Juliette Lamy (ImmunXperts), 
Séverine Giltaire (ImmunXperts), Sofie Pattijn (ImmunXperts).

During the last years, significant advancement has been made 
in the clinical application of cancer immunotherapies. Molecules 
directed against immune checkpoints and other agonists show 
great promise for treatment of a variety of malignancies. Next to 
the lymphocyte checkpoint modulators, a wide range of thera-
peutics with the potential to reverse the tumor-induced suppres-
sion are under development. 

This increasing interest in the tumour microenvironment leads 
to focus on new bioassays to represent all the players of the 

cancer immune response. Early functionality screening of an-
tibody-based checkpoint modulators can be done by in vitro 
assays using primary immune cells. Mixed lymphocyte reaction 
(MLR) assays using both innate cells and lymphoid cells mimic 
a real physiological T cell response and are widely used for the 
potency screening of candidate therapeutics. The use of different 
allogenic donor combinations can provide additional information 
on the profile of the responding population. Other T cell assays 
such as antigen-specific Cytomegalovirus (CMV) recall activation 
assays or Staphylococcal enterotoxin B (SEB) stimulation assays 
can be used to evaluate the ability of test molecules to promote 
T cell responses. 

Other important players in the tumor microenvironment are the 
macrophages which possess important active and regulatory 
functions in both innate and adaptive immune responses. Classical 
activated macrophages, also classified as M1-like macrophages, 
comprise immune effector cells with an acute inflammatory phe-
notype while the alternatively activated M2-like macrophages 
have suppressive and healing capacities. Tumor associated mac-
rophages (TAMs) are present at high densities in solid tumors 
and share many characteristics with so called M2 macrophages. 
Although distinguished classification and in vitro generation and 
polarization of M1- and M2-like macrophages is challenging, in vi-
tro assays can be a first step to screen the effect of the test mol-
ecules on the phenotype and function of the macrophages. For 
example, macrophage precursors display extraordinary plasticity 
in response to exogenous and endogenous stimuli which can lead 
them to M2-polarized macrophages or towards the M1-activated 
status. Using in vitro polarization and functional macrophage as-
says, one can screen molecules with the potential to influence M1 
and M2 like macrophage generation and polarization. Next to that, 
the effect of test molecules on the macrophage function can be 
evaluated using a macrophage suppressive assay. Here the ability 
of molecules to reverse the stimulating effect of M1-macropahges 
or the M2- macrophage suppressive effect can be determined. 

Natural Killer (NK) cells also play a role in the anti-tumor immune 
response. NK cells kill tumor cells through different mechanisms, 
such as cytokines production or antibody dependent cell cytotox-
icity (ADCC), which can be monitored in vitro. 

Regulatory T cells (Treg) can also be found in the tumour micro-
environment and present a highly suppressive phenotype. Their 
role in relation to cancer development and progression has shown 
to be important. Therefore, the ability of molecules to reverse the 
Treg suppressive effect on immune effector cells can be evaluated 
in vitro using these cell-type specific suppressive bioassays. 

The use of bioassays contributes to a better understanding of the 
tumour microenvironment and the steps needed to generate an 
anti-tumour response by the immune system will help to assess 
the functional potential of new drugs, design clinical trials and 
ultimately discover relevant biomarkers.

Keywords : In vitro assys, T cell responses, Macrophage polariza-
tion, Regulatory T cells.

A134 / ACM Nano vesicles as efficient delivery vehicles for 
cancer antigens to antigen presenting cells and improve 
survival in tumor models

Fabien Decaillot (ACM Biolabs Pte Ltd), Amit Khan (ACM Biolabs 
Pte Ltd), Thomas Cornell (ACM Biolabs Pte Ltd), Amit Jain (Na-
tional Cancer Center Singapore), Madhavan Nallani (ACM Biolabs 
Pte Ltd).

Our Artificial Cell Membrane (ACM) platform comprises inert 
block co-polymers that form nano vesicles with enhanced flexi-
bility to incorporate whole proteins, individual peptides or nucleic 
acids. The platform has been successfully demonstrated as infec-
tious disease vaccines where encapsulated antigens (both bac-
terial and viral) have significantly enhanced immune protection 
and thus survival in comParison to antigens alone and both with 
or without adjuvants. When administered with adjuvants, syner-
gistic enhancement of the response was found for a range of ad-
juvants. No significant toxicities have been observed in both small 
(mice) and large (pigs) animal studies thus far. During the course 
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of developing animal vaccines, we hypothesized that the ACM 
platform improves the immunogenicity and efficacy by direct de-
livery of antigens to dendritic cells, leading to an enhanced T cell 
response. Hence, we sought to translate the use of the ACM plat-
form for cancer vaccines by firstly, studying in detail the uptake of 
empty ACM vesicles in both murine and human peripheral blood 
mononuclear cells ; and secondly, encapsulating cancer antigens 
in ACM vesicles for subcutaneous delivery of cancer vaccines in 
established cancer antigen models. We found that both murine 
and human myeloid derived antigen presenting cells (in particular 
certain subsets of dendritic cells) selectively take up fluorescently 
labeled empty ACM nano vesicles. In vivo models of prophylac-
tic and therapeutic B16-OVA, B16F10, and MC-38 were used to 
test the efficacy of subcutaneous injections of ACM encapsulated 
cancer antigens in comParison to antigens alone or in combina-
tion with adjuvants. In prophylactic B16-OVA mouse models, ACM 
encapsulated OVA prevented the development of tumors, and 
remnant tumor cells showed significantly more tumor infiltration 
of OVA-specific T cells than for mice treated with OVA alone. In 
all the tested murine cancer models, ACM encapsulated antigens 
consistently increased antigen-specific T cells and anti-cancer 
response while improving survival significantly compared with 
antigens alone. Based on this data, we conclude that the ACM 
polymer nano vesicle platform improves delivery, and efficacy of 
cancer antigens in established murine models thus providing ra-
tionale to develop neoantigen cancer vaccines for humans with 
our ACM platform.

Keywords : Synthetic nano carriers, Delivery vehicle, Tumor Anti-
gens, Neo Antigen.
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A135 / Landscape of antigen-specific T cell responses in 
immune checkpoint inhibitor therapies in metastatic me-
lanoma patients

Jani Huuhtanen (Translational Immunology Research program 
and Department of Clinical Chemistry and Hematology, Univer-
sity of Helsinki, Helsinki, Finland), Liang Chen (Department of 
Immunology and Microbiology, Stanford University, Stanford, CA, 
USA), Emmi Jokinen (Department of Computer Science, Aalto 
University, Espoo, Finland), Henna Hakanen (Translational Immu-
nology Research program and Department of Clinical Chemistry 
and Hematology, University of Helsinki, Helsinki, Finland), Micaela 
Hernberg (Department of Oncology, Helsinki University Hospital 
Comprehensive Cancer Center, Helsinki, Finland), Katriina Peltola 
(Department of Oncology, Helsinki University Hospital Compre-
hensive Cancer Center, Helsinki, Finland), Petri Bono (Department 
of Oncology, Helsinki University Hospital Comprehensive Cancer 
Center, Helsinki, Finland), Anna Kreutzman (Translational Immu-
nology Research program and Department of Clinical Chemistry 
and Hematology, University of Helsinki, Helsinki, Finland), Harri 
Lähdesmäki (Department of Computer Science, Aalto Universi-
ty, Espoo, Finland), Mark M Davis (Department of Immunology 
and Microbiology, Stanford University, Stanford, CA, USA), Satu 
Mustjoki (Translational Immunology Research program and De-
partment of Clinical Chemistry and Hematology, University of Hel-
sinki, Helsinki, Finland).

Cancer immunotherapies have shown great promise in the treat-
ment of metastatic melanoma, but not all patients are respon-
sive. Variations in the antigen-specifities of T cell clonotypes and 
their phenotypes could impact the treatment efficacy, but this 
is incompletely understood. To address this, we have built Mel-
anoMAP database, which brings together three types of T cell 
repertoire data. We have gathered TCRβ-seq data from 399 lon-
gitudinal samples from 205 melanoma patients treated with five 
different immune checkpoint inhibitor modalities. We have also 
profiled and collected epitope-specific TCRβ-seq data and final-
ly, scRNA+TCRαβ-seq data to understand unselected repertoire 
data better. 

To understand the antigen recognition of T cells, we have anal-
ysed TCRβ sequences from pMHC-multimer sorted T cells against 
over 80 melanoma and viral epitopes. As TCR :pMHC -recognition 
is degenerate by nature, we have used an unsupervised learning 
strategy GLIPH 2.0 [1] that groups TCRs recognising the same 

antigens based on global and local amino acid similarities. Inter-
estingly, T cell responses against two MART1-antigen epitopes, 
AAGIGILTV and ELAGIGILTV, showed striking similarity on their 
antigen binding, as these repertoires shared most of the anti-
gen-contacting motifs. This finding was further validated with 
crystallography data, as a single TCR can bind both of these epi-
topes similarly with high affinity. For MELOE1 we could not find 
such convergence, elucidating that not all melanoma-antigens 
elicit homogenous responses. 

After analyzing the antigen-specific signals from this data, we 
sought to define a machine-learning classifier that could be used 
as an in silico multimer-sorting strategy for our unselected data. 
For this purpose, we have leveraged TCRGP [2], our recently de-
scribed Gaussian process method that can predict if TCRs recog-
nize certain epitopes. We used the same multimer-sorted TCRβ 
sequences as training data and were able to build classifiers for 
the two MART1-peptides, AAGIGILTV (AUC=0.879) and ELAGIG-
ILTV (AUC=0.739), but not for MELOE1 (AUC=0.617). 

With our TCRGP classifiers, we were able to predict antigen-spe-
cific T cells from recently published scRNA+TCRαβ seq data from 
25 melanoma patients[3]. 8.62% of the tumor infiltrating T cells 
were predicted to be reactive against any of the 5 shared mela-
noma epitopes and 5.19% against viral epitopes at FPR of 5%. The 
anti-melanoma clonotypes were enriched to dysfunctional CD8+ 
phenotype (p=0.019). Within the exhausted cells, the anti-mela-
noma T cells were more exhausted than anti-viral and expressed 
higher amount of immune checkpoint molecules (PDCD1, CTLA4 
and LAG3) and had upregulated IFNα and IFNγ response path-
ways (p.adj=0.010 and p.adj=0.023). The anti-viral clonotypes ex-
pressed higher amount of memory markers (CCR7, GZMK) and 
were the most naïve-like of the exhausted cells which could en-
force the role of the passer-by hypothesis of the anti-viral clono-
types in tumor environment. 

Finally, we sought to identify antigen-specific T cells in our vast 
cohort of TCRβ sequenced patients. The abundance of clono-
types recognising shared melanoma antigens did not correlate 
with the amount of neoantigens. Surprisingly, in responders and 
non-responders no difference was observed in the expansion of 
anti-melanoma clonotypes. In contrast, in anti-PD1 non-respond-
ers, anti-viral TIL cells expanded more during the therapy than in 
responders (anti-influenza p.val=0.018), showing “off-target” ef-
fect of checkpoint-therapies. 

In summary, with our in-depth TCR analysis of T cells in melanoma 
we were able to predict antigen-specific T cells, show their dis-
tinct transcriptomic states and discover similarities in the antigen 
binding of melanoma epitopes. Our results give novel insights into 
antigen-specific responses and how different immune checkpoint 
therapies modulate them.

Keywords : T cell, checkpoint blockers, single-cell RNA-sequenc-
ing, bioinformatics.
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A136 / Impact of panel design and cut-off on tumor mu-
tational burden (TMB) assessment in metastatic solid 
tumors

Joanne M. Mankor (Erasmus Medical Center), Marthe S. Paats 
(Erasmus Medical Center), Floris Groenendijk H. (Erasmus Medical 
Center), Paul Roepman (Hartwig Medical Foundation), Winand N. 
M. Dinjens (Erasmus Medical Center), Erik-Jan J. Dubbink (Eras-
mus Medical Center), Stefan Sleijfer (Erasmus Medical Center), 
CPCT Consortium (Center for Personalized Cancer Treatment), 
Edwin P. J. G. Cuppen (University Medical Center Utrecht), Martijn 
P. J. K. Lolkema (Erasmus Medical Center).

Tumor mutational burden (TMB) has emerged as a promising bio-
marker to predict response to immune checkpoint inhibitors (ICIs) 
in a number of advanced solid cancers. TMB is defined as the 
number of mutations (somatic single (SNV) and multinucleotide 
variants (MNV) and small insertions and deletions (indels)) per 
megabase pair (Mb) of sequence examined and can be measured 
by genome, exome or gene panel sequencing. Since WES or WGS 
techniques are not routinely used in clinical practice, gene pan-
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el-based targeted sequencing platforms have become feasible 
alternatives ready to be implemented in routine diagnostics. But 
harmonization of TMB reporting by various gene panel platforms 
is currently lacking. Moreover, effectiveness of ICI treatment is pri-
marily described in metastatic disease. Since mutational patterns 
may differ between primary tumor and metastases, selection of 
patients for ICI treatment is ideally based on biomarker detec-
tion in samples from metastatic tumors. Therefore, the objective 
of our analysis was to assess the concordance between different 
gene panels in TMB measurements on metastatic samples. 

The variety of TMB measured by 7 different gene panels was as-
sessed based on whole genome sequencing as a reference. Data 
of 2 841 whole genome sequenced metastatic cancer biopsies 
was used to perform an in silico analysis of TMB determined by 
seven gene panels (FD1CDx, MSK-IMPACT, Caris, Tempus, Ther-
mofisher, NeoGenomics and Kew) compared to exome-based 
TMB as a golden standard. For TMB determination, the number 
of variants (SNVs, MNVs and indels) within the panel design were 
divided by the panel footprint (0.78-1.48 Mb) or the size of the 
exome (30 Mb). Cut points for high TMB were simulated from 5/
Mb to 40/Mb. The misclassification rate was derived from the sum 
of the percentages of false positive and false negative TMB mea-
surements by each gene panel compared to exome based TMB. 
Secondly, the data was dichotomized with a cut point of 10 mu-
tations/Mb to define high TMB. An receiver operating character-
istics (ROC) analysis was performed to determine the threshold 
that each gene panel should set in order to classify most patients 
in the right TMB category. 

The misclassification rate declines from up to 30% to less than 
1% when the cut point is increased from 5 mutations/Mb to 40 
mutations/Mb. Furthermore, misclassification rates are inversely 
correlated to the panel size. The largest panel size of 1, 48 Mb, 
containing 592 genes, corresponds to the lowest misclassification 
rates. ROC analysis demonstrated that for correct classification 
at 10/Mb the cut point for each panel design may vary more than 
20% (7.8 to 11.7). More specifically, these cut points appear to be 
tumor type specific. 

Here we show that, because of design differences, it is crucial to 
adjust the cut point for each gene panel platform. Therefore, a 
major limitation for the use of targeted sequencing platforms is 
the inter-assay variation and the need for dynamic thresholds to 
compare TMB outcomes for different platforms and cancer types. 
Specifically, trials that use TMB determined by a specific panel as 
a prospective selection biomarker for ICI response can only result 
in platform and disease specific patient selection. In conclusion, 
we would like to underscore the importance of whole exome- or 
whole genome-based mutation measurements of metastatic tu-
mor samples for benchmarking TMB-based diagnostic biomarker 
platforms.

Keywords : tumor mutational burden, sequencing, gene panel, 
biomarker.

A137 / Impact of tobacco smoking on immune microen-
vironment and outcomes in head and neck squamous cell 
carcinoma

Jingming Wang (Memorial Sloan Kettering Cancer Center).

Tobacco contains many carcinogenic chemicals that contribute 
to the development of multiple cancers, including head and neck 
squamous cell carcinoma (HNSCC) [1]. Recently, immune check-
point inhibitors (ICI) have been used to treat recurrent and met-
astatic HNSCC. However, only 10-20% of patients respond to ICI. 
In order to understand if smoking affects the tumor immune mi-
croenvironment and patients’ response to ICI in HNSCC, we ana-
lyzed RNA and DNA sequencing data from The Cancer Genome 
Atlas (TCGA) and MSK IMPACT database [2]. We found that the 
mutational signature of tobacco exposure is associated with a 
strongly immunosuppressive tumor microenvironment in HNSCC. 
Additionally, the response rates to ICI are lower in smokers than 
non-smokers. FAT1 is the second most frequently mutated gene in 
HNSCC and has been identified as a tumor suppressor [3]. It has 
been proposed that FAT1 mutation impacts outcomes stronger 
in smokers than non-smokers [4]. To further analyze this hypoth-

esis, we studied the subgroup of HNSCC patients carrying FAT1 
mutations stratified by smoking status and found overall surviv-
al in smokers was significantly lower compared to non-smokers 
when treated with ICI. Taken together, our findings indicate that 
smoking induced mutational signature leads to immunosuppres-
sive tumor microenvironment in HNSCC and negatively affects 
the patients’ response to ICI and survival.

Keywords : head and neck squamous cell carcinoma, immune 
checkpoint inhibitor, tobacco smoking, tumor immune microen-
vironment.
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A138 / An unbiased screen identifies a CD137xPD-L1 bis-
pecific IgG1 antibody with unique T cell activation and 
binding properties

J. Christoph Lampert (Merus NV), Floris Fransen (Merus NV), Ce-
cile Geuijen (Merus NV), Paul Tacken (Merus NV), Rinse Klooster 
(Merus NV), Horacio Nastri (Incyte Corporation), Shaun Stewart 
(Incyte Corporation), Jing Zhou (Incyte Corporation), Steve Wang 
(Incyte Corporation), Cheng-Yen Huang (Incyte Corporation), Ar-
jen Kramer (Merus NV), Linda Kaldenberg-Hendriks (Merus NV), 
John de Kruif (Merus NV), Renate den Blanken-Smit (Merus NV), 
Vanessa Zondag-van de Zande (Merus NV), Abdul Basmeleh 
(Merus NV), Willem Bartelink (Merus NV), Patrick Mayes (Incyte 
Corporation), Mark Throsby (Merus NV).

CD137 (4-1BB) is a transmembrane costimulatory receptor on T 
and NK cells that enhances adaptive immune responses and is a 
critical mediator of antitumor immunity. CD137 signaling requires 
receptor clustering normally facilitated by the trimeric CD137 li-
gand (CD137L). Alternatively, CD137 signaling can be triggered 
either directly by agonistic monoclonal antibodies (mAbs) or in-
directly via crosslinking of CD137 binding mAbs by Fcγ receptors 
on neighboring cells. The development of CD137 targeted agents 
for cancer therapy has been hampered by on-target off-tumor 
toxicity in the case of agonist, monospecific, bivalent mAbs or 
limited antitumor activity in the case of crosslinking mAbs. To 
address the issues of toxicity and efficacy a highly selective and 
potent CD137xPD-L1 bispecific antibody (bAb) was identified by 
applying an unbiased functional screening approach. Collections 
of common light chain Fabs recognizing CD137 and PD-L1 were 
produced based on antibody panels from immunized MeMo® 
mice. A large and diverse panel of CD137xPD-L1 bAbs was then 
produced by combining different CD137 and PD-L1 Fabs based on 
epitope and sequence diversity in the IgG1 Biclonics® format. The 
bAbs were screened for activity in reporter cell lines expressing 
the receptors. This unbiased combinatorial screening identified 
a CD137xPD-L1 bAb (MCLA-145) for which CD137 mediated ac-
tivation is dependent on the presence of PD-L1 on a neighboring 
cell and, as such, the antibody acts in ‘trans’. Flow cytometry ex-
periments demonstrated that MCLA-145 is fully cross-reactive to 
cynomolgus monkey CD137 and PD-L1. The CD137 Fab arm blocks 
the interaction of CD137 with CD137L as demonstrated in a com-
petition assay by flow cytometry. The PD-L1 Fab arm blocks the 
interaction between PD-1 and PD-L1 as demonstrated in ELISA. 
Binding epitopes were mapped by shotgun mutagenesis using a 
flow-based screen. In addition, hydrogen-deuterium exchange ex-
periments were performed to map the binding domain on CD137. 
Data show that MCLA-145 binds the ligand binding domain of 
CD137 domain (CRDII). Monovalent binding affinities were mea-
sured by surface plasmon resonance (SPR) and radioactive iodine 
labeling and demonstrated affinities in the low nM (CD137) and 
subnanomolar (PD-L1) range. SPR experiments also confirmed 
that MCLA-145 was able to bind simultaneously to both CD137 
and PD-L1 recombinant proteins. The unique binding properties 
of MCLA-145 may result in an increased therapeutic window by 
specifically activating CD137 expressing cells in the tumor niche 
where PD-L1 is expressed while simultaneously blocking inhibitory 
input from the PD-1/PD-L1 axis.

Keywords : CD137, PD-L1, 4-1BB, Bispecific Antibodies.
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A140 / CTX471, a novel agonistic antibody targeting 
CD137, can eradicate very large tumors in vivo by selec-
tively reprogramming the tumor microenvironment

Ugur Eskiocak (Compass Therapeutics), Wilson Guzman (Com-
pass Therapeutics), Nora Zizlsperger (Compass Therapeutics), 
Benjamin Wolf (Compass Therapeutics), Christine Cummings 
(Compass Therapeutics), Thomas Daly (Compass Therapeutics), 
Puru Nanjappa (Compass Therapeutics), Lauren Milling (Koch 
Institute for Integrative Cancer Research, MIT), Pearl Bakhru 
(Compass Therapeutics), Michael Ophir (Compass Therapeutics), 
Conner Lambden (Evergrande Center for Immunologic Diseases 
and Ann Romney Center for Neurologic Diseases, Harvard Med-
ical School and Brigham and Women’s Hospital), Xianzhe Wang 
(Compass Therapeutics), Lucy Liu (Compass Therapeutics), Sa-
mantha Ottinger (Compass Therapeutics), Jason Lajoie (Compass 
Therapeutics), Ana C. Anderson (Evergrande Center for Immuno-
logic Diseases and Ann Romney Center for Neurologic Diseases, 
Harvard Medical School and Brigham and Women’s Hospital), Mi-
chael Schmidt (Compass Therapeutics), Robert Tighe (Compass 
Therapeutics).

While antibody blockade of inhibitory checkpoint molecules has 
provided significant benefit to many cancer patients, most indi-
viduals will eventually fail checkpoint therapy and have their tu-
mors progress. There is an intense effort underway to increase 
the number of patients that respond to cancer immunotherapy 
by discovering novel molecules that block inhibitory or agonize 
stimulatory receptors. CD137 (4-1BB) is a member of the tumor 
necrosis factor receptor superfamily (TNFRSF) that provides 
co-stimulatory signals to activated lymphocytes and monocytes. 
In preclinical models, CD137 agonism has demonstrated the abil-
ity to reduce tumor burdens and can be combined with existing 
and other novel therapies to increase therapeutic efficacy. How-
ever, clinical trial data with two CD137 agonist antibodies has been 
mixed ; one antibody showed low efficacy with no dose-limiting 
toxicities, and the other displayed dose-limiting liver toxicities 
at sub-therapeutic doses. We have identified a novel agonistic 
IgG4 antibody against CD137, CTX-471, that induces potent an-
ti-tumor activity without hepatic toxicity. CTX-471 recognizes a 
unique, non-ligand competitive epitope on CD137 that is shared 
by human, cynomolgus monkey, and mouse. In vitro, CTX-471 
displayed an intermediate level of activity between the two clini-
cal-stage anti-CD137 antibodies, had activity that was dependent 
on the presence of Fc-gamma receptors (FcR), and can synergize 
with CD137L engagement. In mice, CTX-471 demonstrates cura-
tive monotherapy activity in multiple syngeneic tumor models, 
including CT26, A20, EMT-6, and MC38OVA, and confers long-
term protection from subsequent tumor rechallenge in 100% of 
cured mice. In therapeutic studies with very large (>500mm3) 
CT26 tumors, CTX-471 had the unique ability to cure mice where 
validated antibodies against PD-1, PD-L1, CTLA-4, OX40, and a 
different anti-CD137 clone had little to no effect. Additional in vivo 
and ex vivo studies with CTX-471 showed that this was due to a 
reprogramming of the tumor microenvironment and the ability 
to drive a unique mRNA program in T cells as compared to the 
super-agonist anti-mouse CD137 antibody clone 3H3. Unlike 3H3, 
CTX-471 did not induce significant peripheral immune cell activa-
tion or T-cell infiltration in the livers of treated mice, and doses as 
high as 100 mg/kg weekly were well tolerated in both mice and 
non-human primates with no signs of hepatic toxicity. Collectively, 
our data show that CTX-471 has a favorable and well-differentiat-
ed efficacy-safety profile that we attribute to a combination of its 
unique epitope, optimized affinity, and FcR-dependent activity. A 
Phase I clinical trial is now underway (NCT03881488) and actively 
recruiting patients.

Keywords : CD137, 4-1BB, Antibody, Translational.

A141 / Combination cancer immunotherapy of anti-PD-1 
antibody with recombinant adenovirus vector carrying 
p53 gene for urogenital cancers

Naoto Kunimura (Kobe University Graduate School of Science, 
Technology and Innovation, Kobe Japan), Keita Narikiyo (Kobe 
University Graduate School of Science, Technology and Innova-
tion, Kobe Japan), Ryota Sako (Kobe University Graduate School 

of Science, Technology and Innovation, Kobe Japan), Shoko Tom-
inaga (Kobe University Graduate School of Science, Technology 
and Innovation, Kobe Japan), Diosdado S Bautista (Sibiono Ge-
neTech Co. Ltd., Shenzhen, China), Wei Xu (Sibiono GeneTech Co. 
Ltd., Shenzhen, China), Koichi Kitagawa (Kobe University Gradu-
ate School of Science, Technology and Innovation, Kobe Japan), 
Toshiro Shirakawa (Kobe University Graduate School of Science, 
Technology and Innovation, Kobe Japan).

Urogenital cancers including kidney, bladder, and prostate can-
cers are common types of cancers worldwide especially in men. 
Although surgical intervention, chemotherapy, and/or hormonal 
therapy are standard of care for urogenital cancers, those ap-
proaches still need further improvements for efficacy and safe-
ty. The combination of cancer immunotherapy and gene therapy 
would be a promising approach in the era of Immuno-Oncology 
(I-O) [1]. 

Recently, a number of I-O drugs such as immune-checkpoint 
inhibitors and cytokine-armed oncolytic viruses have been ap-
proved for cancer treatments. However, mono- therapies with one 
I-O drug have shown the efficacy only in a small subset of pa-
tients. In particular, although gene therapy alone showed a local 
antitumor effect, it often failed to achieve a systemic anti-tumor 
activity in many clinical trials in the past. Therefore, combining 
gene therapy and I-O therapy is a promising approach to achieve 
the systemic antitumor activity. 

In this study, we employed three murine urogenital cancer cell 
lines, TRAMP-C2 (prostate cancer), MBT-2 (bladder cancer) and 
Renca (renal cancer) cell lines. For in vitro study, these cell lines 
were infected with rAd-p53 [2] or rAd-LacZ (as a control virus) 
at multiple concentrations of Multiplicity of infection (MOI) and 
cultured for 6 days in vitro. As the results, rAd-p53 showed sig-
nificantly higher cell cytotoxicity in TRAMP-C2 and Renca cells 
at 160 MOI compared with rAd-LacZ but not in MBT-2 cells. Also 
we examined the mRNA expressions of CAR (coxsackievirus and 
adenovirus receptor) in the three cell lines, and confirmed that 
MBT-2 cells expressed the significantly lower level of CAR mRNA 
compared to the other two cell lines. In addition, we determined 
the expression of programmed death ligand-1 (PD-L1) on those 
cell lines. The three cell lines were cultured in the presence of 
mouse IFN-γ at the concentration of 10 ng/mL with or without 
infection of rAd-p53 or rAd-LacZ at 40 MOI. After 3 days of cul-
ture, cells were stained with phycoerythrin-labeled anti-mouse 
PD-L1 antibody, and then PD-L1 expression was determined by 
flow cytometry. As the results, PD-L1 expression was increased 
in all cell lines by rAd-p53 infection. These results suggested that 
rAd-p53 might stimulate the PD-L1/PD-1 pathway and lead the T 
cell exhaustion. The combination of rAd-p53 and anti-PD-1 anti-
body could inhibit the T cell exhaustion and achieve the strong 
anti-tumor activity. In this presentation, we will also report the 
results of ongoing in vivo studies using prostate (TRAMP-C2) and 
kidney (Renca) murine tumor models.

Keywords : Immuno-Oncology, Adenoviral vector, p53, Urogenital 
cancers.
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A142 / Effective targeting of tumor-specific HLA ligands 
with bispecific T cell-engaging receptor (TCER®) mole-
cules

Sebastian Bunk (Immatics Biotechnologies GmbH), Martin 
Hofmann (Immatics Biotechnologies GmbH, Tübingen, Germa-
ny), Felix Unverdorben (Immatics Biotechnologies GmbH, Tübin-
gen, Germany), Meike Hutt (Immatics Biotechnologies GmbH, 
Tübingen, Germany), Gabriele Pszolla (Immatics Biotechnologies 
GmbH, Tübingen, Germany), Frank Schwoebel (Immatics Bio-
technologies GmbH, Tübingen, Germany), Claudia Wagner (Im-
matics Biotechnologies GmbH, Tübingen, Germany), Sara Yousef 
(Immatics Biotechnologies GmbH, Tübingen, Germany), Heiko 
Schuster (Immatics Biotechnologies GmbH, Tübingen, Germany), 
Sarah Missel (Immatics Biotechnologies GmbH, Tübingen, Germa-
ny), Oliver Schoor (Immatics Biotechnologies GmbH, Tübingen, 
Germany), Toni Weinschenk (Immatics Biotechnologies GmbH, 
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Tübingen, Germany / Immatics US Inc. Houston/TX, USA), Har-
preet Singh-Jasuja (Immatics Biotechnologies GmbH, Tübingen, 
Germany / Immatics US Inc. Houston/TX, USA), Dominik Maurer 
(Immatics Biotechnologies GmbH), Carsten Reinhardt (Immatics 
Biotechnologies GmbH).

T cell receptors (TCRs) naturally recognize human leukocyte anti-
gen (HLA)-bound peptides derived from foreign and endogenous 
proteins regardless of their extracellular or intracellular location. 
Immunotherapy with bispecific, soluble TCRs has emerged as a 
novel and promising treatment modality for malignant diseases. 
Immatics has established the cutting-edge technology XCEP-
TOR® to discover and validate high avidity TCRs from the human 
T cell repertoire and, if required, further optimize the TCRs by af-
finity maturation. Bispecific T cell-engaging receptors (TCER®) 
are fusion proteins consisting of an affinity-maturated T cell re-
ceptor and a humanized T cell-recruiting antibody with an effec-
tor function-silenced IgG1 Fc part. Immatics is building a pipeline 
of highly potent TCER® molecules with an optimized bispecific 
design to confer extended half-life together with antibody-like 
stability and manufacturability characteristics. The molecular de-
sign allows for effective redirection of T cells towards target pep-
tide-HLA selectively expressed in tumor tissues. 

Here we present proof-of-concept data from a TCER® program 
targeting a cancer-testis antigen-derived peptide bound to 
HLA-A*02 :01. We confirmed the abundant presence of the target 
peptide-HLA in several cancer indications and its absence in hu-
man normal tissues by using the XPRESIDENT® target discovery 
engine, which combines quantitative mass spectrometry, tran-
scriptomics and bioinformatics. Yeast surface display technolo-
gy was used to maturate the stability and affinity of a parental 
human TCR recognizing target peptide-HLA with high function-
al avidity and specificity. During maturation we applied XPRES-
IDENT®-guided off-target toxicity screening, incorporating the 
world’s largest normal tissue immunopeptidome database, to de-
select cross-reactive candidate TCRs. 

The maturated TCRs were engineered into the TCER® scaffold 
and production in Chinese hamster ovary (CHO) cells generat-
ed highly stable molecules with low tendency for aggregation as 
confirmed during stress studies. Following TCR maturation, the 
TCER® molecules exhibited a 10, 000-fold increased binding af-
finity towards target peptide-HLA when compared to the paren-
tal TCR. The high affinity correlated with potent in vitro anti-tu-
mor activity requiring only single-digit or double-digit picomolar 
concentrations of TCER® molecules to induce half-maximal lysis 
of tumor cells expressing the target peptide-HLA. Furthermore, 
using a tumor xenograft model in immunodeficient NOG mice, 
we could demonstrate complete remission of established tumors 
in all mice upon intravenous injection of TCER® molecules at a 
low dose of 0.05 mg/kg and twice weekly treatments for three 
weeks. We also examined the pharmacokinetic profile in NOG 
mice and determined a terminal half-life of TCER® molecules of 
more than 4 days, which presumably is compatible with a once 
weekly dosing regimen in patients. For the safety assessment of 
TCER® molecules, we measured killing of more than 20 different 
human normal tissue cell types derived from high risk organs. No-
tably, we could confirm a favorable safety window for selected 
TCER® molecules, which induced killing of normal tissue cells at a 
1, 000-fold to 10, 000-fold higher concentration than required for 
killing of tumor cells. To further support safety of TCER® mole-
cules, we also performed a comprehensive characterization of po-
tential off-target peptides selected from the XPRESIDENT® nor-
mal tissue database based on its high similarity to the sequence 
of the target peptide or based on data from alternative screen-
ing approaches. The efficacy, safety and manufacturability data 
presented here provide preclinical proof-of-concept for our novel 
class, bispecific T cell-engaging receptor (TCER®) molecules for 
treatment of malignant diseases.

Keywords : T cell receptor, Bispecifics, TCER.
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A143 / An RNA encoded extended half-life Interleukin-2 
variant unfolds tumor immunity by substantial increase of 
the effector to Treg ratio

Mathias Vormehr (BioNTech RNA Pharmaceuticals GmbH), Lena 
M Kranz (BioNTech RNA Pharmaceuticals GmbH), Alexander Muik 
(BioNTech RNA Pharmaceuticals GmbH), Sina Fellermeier-Kopf 
(BioNTech RNA Pharmaceuticals GmbH), Jan Diekmann (BioN-
Tech SE), Claudia Lindemann (BioNTech SE), Sonja Witzel (TRON 
– Translational Oncology at the University Medical Center of Jo-
hannes Gutenberg University gGmbH), Marlen Lepper (BioNTech 
SE), Friederike Gieseke (BioNTech RNA Pharmaceuticals GmbH), 
Veronika Jahndel (BioNTech SE), Özlem Türeci (BioNTech SE), 
Ugur Sahin (BioNTech SE).

Interleukin-2 (IL2) is a key cytokine in T-cell immunity. It supports 
the differentiation, proliferation, survival and effector functions 
of T cells. Recombinant IL2 was the first approved cancer immu-
notherapy and has been used for decades in the treatment of 
late stage malignant melanoma and renal cell cancer. Most pa-
tients with complete responses after IL2 treatment remain regres-
sion-free for more than 25 years after initial treatment, but overall 
response rates are low. Recombinant IL2 treatment is complicated 
by its very short half-life in the range of minutes and requirement 
of high and frequent dosing, which in turn potentiates side effects. 
Furthermore, a particular challenge of IL2 for cancer treatment is 
the preferential stimulation of Tregs in addition to activated tumor 
specific effector T cells already at low doses. Tregs can dampen 
anti-tumor immune responses and may counteract the beneficial 
effects of activated effector T cells. 

We designed a nucleoside-modified RNA encoded IL2 variant 
with extended half-life, reduced Tregs bias and potent stimulation 
of human, cynomolgus or mouse effector T cells. Intravenously 
injected, lipid nanoparticle formulated RNA facilitated systemic as 
well as tumor and secondary lymphatic organ exposure for sev-
eral days. In mice, a potent increase in CD8+ effector T cells and 
NK cell was observed while Tregs expansion was not detected. 
These findings translated into a significant anti-tumor effect in 
syngeneic mouse models. Therapeutic efficacy in mice was mul-
tiplied when combined with T-cell vaccination or anti-PD-1/PD-L1 
checkpoint blockade. Patient recruitment for an open-label, clin-
ical phase I/II, first-in-human trial is intended to start in the first 
half of 2020.

Keywords : RNA, Interleukin-2 variant.

A144 / Cell penentrating peptides enhance neoantigen 
peptide vaccines

Coralie M Backlund (Massachusetts Institute of Technology), Re-
becca H Holden (Massachusetts Institute of Technology), Kelly 
D Moynihan (Massachusetts Institute of Technology), Bradley L 
Pentelute (Massachusetts Institute of Technology), Darrell J Irvine 
(Massachusetts Institute of Technology).

Neoantigens are an important class of cancer antigen that are 
thought to mediate immune rejection of tumors, and which can be 
exploited by immunotherapy. However, neoantigen peptide vac-
cines to date have elicited weak immune responses in patients. We 
hypothesize that amphipathic cell penetrating peptides (CPPs) 
linked to neoantigen peptides will provide a simple and readily 
translatable approach for enhancing peptide vaccines. CPPs have 
been shown to deliver covalently attached peptides into the cy-
tosol of cells and provide a method to bypass cross-presentation 
within antigen presenting cells. Additionally, their amphiphilic na-
ture suggests increased interaction with serum proteins resulting 
in better lymph node trafficking. We conjugated known B16F10 
antigens onto a library of CPPs and validated their ability to prime 
CD8+ T cells in vitro. The top performing CPPs were then tested 
for their ability to prime a T cell response in vivo. Antigen-specif-
ic T cell priming was greatly enhanced by the addition of CPPs 
when compared to free peptide immunization. Increased levels 
of IFNg and TNFa production in primed CD8+ T cells were also 
seen when neoantigens from the MC-38 adenocarcinoma mod-
el were conjugated to CPPs suggesting that the addition of an 
amphiphilic peptide to the end of antigens improves the in vivo 
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immune response toward that epitope. Therapeutically, these 
neoantigen-CPPs have elicited reduced tumor growth when used 
in combination with immune checkpoint blockade and increased 
overall survival. Parameters such as stability in the presence of 
serum, directed lymph node trafficking of antigens, uptake into 
a variety of antigen presenting cells, and increased the duration 
of antigen presentation contribute to the potency of these CPP-
based vaccines. Understanding the mechanism by which CPPs 
enhance immune response provides an important foundation for 
future applications of neoantigen peptide vaccines.

Keywords : Cell penetrating peptides, Peptide vaccines, Neoan-
tigens.
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New targets and concepts

A145 / Syngeneic mammary tumor models to investigate 
determinants of immunotherapy responsiveness

Jordan A. Naumann (University of Minnesota), Reuben S. Harris 
(University of Minnesota).

The single-stranded DNA cytosine deaminase APOBEC3B is over-
expressed and accounts for large proportions of somatic muta-
tions in many cancer types1, 2. However, even in cancer types such 
as estrogen receptor-positive breast tumors where its mutagen-
ic contribution often exceeds 10, 000 mutations3, the potential 
immunogenicity of APOBEC3B-derived non-synonymous muta-
tions has yet to be investigated. We hypothesize that neoepitopes 
created by APOBEC3B-catalyzed mutagenesis will render breast 
tumors more responsive to immunotherapy. To test this idea we 
have developed a panel of syngeneic mammary tumor cell lines. 
Each cell line was derived from a different primary mammary tu-
mor, expanded in culture, and demonstrated to re-engraft into 
fully immune-competent animals. Immune-profiling has shown 
surface expression of PD-L1 in the majority of lines. Experiments 
are ongoing to characterize APOBEC3B mutagenesis and evalu-
ate immunotherapy responsiveness.

Keywords : APOBEC3B, Syngeneic Mouse Model, Breast Cancer, 
Immunotherapy.
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A146 / A powerful ICOS agonist that enhances anti-tumor 
immune responses restored by immune checkpoint inhi-
bitors

Jean Gariepy (Sunnybrook Research Institute, University of To-
ronto), Aaron Prodeus (University of Toronto), Amanda Sparkes 
(Sunnybrook Research Institute), Nicholas Fischer (University of 
Toronto).

The Inducible T cell Costimulator (ICOS, CD278) is a receptor 
in the CD28 family of B7-binding proteins expressed mostly by 
activated T cells. Upon binding to its ligand ICOS-L expressed 
on APCs, T cells are further activated by ICOS, resulting in their 
expansion and production of effector cytokines. The concept of 
targeting the ICOS : ICOS-L pathway in cancer immunotherapy, 
came from a 2014 study by James Allison’s group, showing that 
tumor-bearing mice significantly benefited in terms of reduced 
tumor burden when their tumor cells expressed ICOS-L while be-
ing treated with a CTLA-4 blocking antibody [1]. As well, clini-
cal data in patients treated with anti-CTLA-4 or anti-PD-1 mAbs 
have shown that the presence of ICOShi T cells correlated with 
an increased treatment response in these patients [2, 3]. Here, we 
report the design of a high-avidity ICOS agonist for enhancing 
restored anti-tumor responses using an engineered form of the 
extracellular Ig-like domain of ICOS-L, the natural ICOS ligand. We 
have recently observed that, higher-order, avidity-based engage-
ment of other IgV-containing immune checkpoint receptors such 
as VISTA represents a key factor in agonizing signal transduction 
[4]. For instance, T cells cultured with dimeric Fc constructs of 
such ligands including VISTA are unable to agonize immune inhib-
itory signals in vitro unless such ligands are immobilized on a solid 
support [4]. We have thus recently designed a high avidity pen-
tavalent form of the human ICOS-L extracellular domain by fusing 
it to a short α-helical peptide from the human cartilage oligomeric 
matrix protein (COMP). This ICOS agonist, termed ICOS-L.COMP, 
spontaneously assembles into stable pentamers, binds tightly to 
both human and murine ICOS (SPR ; Kd <10 nM) and co-stimu-
lates (with anti CD3 mAb) the proliferation and cytokine release 
of both murine and human CD4+ and CD8+ T cells when added 
as a soluble factor (unlike ICOS-L.Fc). Soluble ICOS-L.COMP also 
phosphorylates Akt in activated T cells and enhances the anti-tu-
mor immune responses in vivo against MC38 or CT26 murine tu-
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mors implanted in mice that had been restored using either an-
ti-murine PD-1 or an anti-CTLA-4 mAb. Impressively, most mice 
treated with ICOS-L.COMP combined with an immune checkpoint 
inhibitor, were either cured or displayed a stable tumor burden 
in contrast to checkpoint monotherapies (tumor progression) or 
when ICOS-L.COMP was given as a monotherapy (comparable to 
a ‘no treatment’ group). Importantly, ICOS-L.COMP lacks an Fc 
domain thus eliminating Fc-associated off-target adverse effects. 
In summary, our results suggest that ICOS-L.COMP represents a 
new and powerful biologic to be used in combination with exist-
ing immune checkpoint inhibitors.

Keywords : ICOS, ICOS-L, ICOS agonist, High valency.
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A147 / Ovarian carcinoma secretes arginase-1 containing 
small extracellular vesicles to suppress T-cell responses 
and to promote tumor growth

Malgorzata Czystowska-Kuzmicz (Medical University of Warsaw), 
Anna Sosnowska (Medical University of Warsaw), Dominika No-
wis (Medical University of Warsaw and Centre of New Technol-
ogies, University of Warsaw), Kavita Ramji (Medical University of 
Warsaw), Marta Szajnik (Holy Family Obstetrics and Gynecology 
Hospital and Institute of Mother and Child, Obstetrics and Gynae-
cology Clinic, Warsaw, Poland), Justyna Chlebowska-Tuz (Med-
ical University of Warsaw), Ewa Wolinska (Medical University of 
Warsaw), Pawel Gaj (Centre of New Technologies, University of 
Warsaw), Magdalena Grazul (Medical University of Warsaw), Zo-
fia Pilch (Medical University of Warsaw), Abdessamad Zerrouqi 
(Medical University of Warsaw), Agnieszka Graczyk-Jarzynka 
(Medical University of Warsaw), Karolina Soroczynska (Medical 
University of Warsaw), Szczepan Cierniak (Department of Gyne-
cology and Gynecologic Oncology, Military Institute of Medicine, 
Warsaw, Poland), Esther Elishaev (Department of Pathology, Uni-
versity of Pittsburgh, School of Medicine, Pittsburgh, PA, USA), 
Roman Blaszczyk (OncoArendi Therapeutics, Warsaw, Poland), 
Bartlomiej Borek (OncoArendi Therapeutics, Warsaw, Poland), 
Anna Gzik (OncoArendi Therapeutics, Warsaw, Poland), Theresa 
Whiteside (Department of Immunology and Otorhinolaryngology, 
UPMC Hillman Cancer Center, Pittsburgh, PA, USA), Jakub Golab 
(Medical University of Warsaw).

Depletion of essential (L-tryptophan) or semi-essential (L-argi-
nine) amino acids has been shown to suppress antitumor immune 
responses. Arginase-1 (Arg-1) is a cytosolic enzyme catalyzing 
degradation of L-arginine to L-ornithine and urea, depleting tu-
mor microenvironment of this compound. T cells need arginine 
to support their proliferation in the lymph nodes and to promote 
their ability to kill tumor cells. Arginine deprivation is associated 
with decreased proliferation potential of activated T cells as well 
as with down-regulation of CD3 zeta, a major signal transducer 
from the T cell receptor (TCR). Thus, arginine deprivation due to 
increased Arg-1 activity is a very smart strategy of the tumor to 
avoid T cell-mediated effector mechanisms and, at the same time, 
one of the potential targets of anti-tumor therapy. Arg-1 is over-
expressed not only by cancer-associated fibroblasts (CAFs), my-
eloid-derived suppressory cells (MDSCs) but also numerous can-
cer cells such as renal cell carcinoma, breast carcinoma, prostate 
cancer and colorectal cancer. We have recently discovered that 
small extracellular vesicles produced by ovarian cancer cells, con-
tain enzymatically active Arg-1. Exosome-derived Arg-1 suppress-
es proliferation of CD4 and CD8-positive T cells activated with 
anti-CD3/anti-CD28 antibodies as well as T cells activated in the 
antigen-specific manner. All these in vitro effects are reversed by 
addition of an arginase inhibitor. Arg-1 containing tumor-derived 
exosomes are efficiently being engulfed by the dendritic cells and 
transported to the draining lymph nodes to create immunosup-
pressive environment at the site of the development of the im-
mune response. Moreover, tumor-derived Arg-1 is detectable in 

the blood of ovarian cancer-bearing animals. Arg-1-expressing 
ovarian cancer grows faster in vivo and its growth is slowed down 
by the treatment of animals with the arginase inhibitor. In vivo, in 
Arg-1-expressing ovarian cancer cells arginase inhibition results 
in maturation of the peritoneal dendritic cells and their enhanced 
ability to engulf and present tumor-derived proteins. Altogeth-
er, our studies show that tumor cells use extracellular vesicles as 
vehicles to carry over long distances and deliver to immune cells 
a metabolic checkpoint molecule – ARG1, mitigating anti-tumor 
immune responses. 

The work was supported by the grants 2013/11/B/NZ6/02790 and 
2016/23/B/NZ6/03463 from the National Science Center, 692180 
(STREAMH2020-TWINN-2015) from the European Commission 
Horizon 2020 Programme, 265503/3/NCBIR/15 (STRATEGMED2) 
from the National Center for Research and Development, grant 
iONCO (Regionalna Inicjatywa Doskonałości) from the Ministry of 
Science and Higher Education in Poland, and NIH grants R01 CA 
168628 and R21 CA205644.
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A148 / Beyond mAbs : PRS-344/S095012, a 4-1BB / PD-
L1 bispecific compound for tumor-localized immune cell 
activation

Lucia Pattarini (Servier).

Lucia Pattarini*1, Marina Pavlidou*2, Janet Peper*2, Aizea Mo-
rales-Castresana2, Christian Barthels2, Eva-Maria Hansbauer2, 
Rachida Bel Aiba2, Milan Blanusa2, Alix Scholer-Dahirel1, Maximi-
lien Grandclaudon1, Céline Sancerne1, Matthieu Rivière1, Jamila 
Elhmouzi-Younes1, Christine Rothe2, Shane Olwill2, VéroniqueB-
lanc1, 1Institut de RecherchesServierOncology R&D Unit, Croissy 
Sur Seine, France 2Pieris Pharmaceuticals GmbH, Lise-Meitner-
Straße30, 85354 Freising, Germany Immune checkpoint (ICP) 
blockade showed outstanding results in indications such as mel-
anoma. Immune-related toxicities, variable response rate and re-
currence in about 50% of the patients remain the main limitations 
of single ICP blockade. 

With the expectation of decreasing immune related toxicities and 
improve overall response rate and survival in response to single 
ICP, Servier and Pieris are developing PRS-344/S095012. This 
bispecific molecule is based on the genetic fusion of an Anticalin 
protein moiety, obtained through Pieris Anticalin® technology, 
with an antibody moiety. 

PRS-344/S095012 is a 4-1BB/PD-L1 bispecific that is designed 
to promote 4-1BB clustering by bridging 4-1BB-positive T cells 
with PD-L1. In relevant cell based assays, we show that PRS-344/
S095012 is more potent than the combination of clinically rele-
vant 4-1BB and PD-L1 benchmark antibodies. We report potent 
co-stimulatory T cell engagement of 4-1BB, in a PD-L1-dependent 
manner, in line with the desired MoA. This approach has the po-
tential to provide a localized activation of the immune system with 
high efficacy and potentially reduced peripheral toxicity. Overall, 
our efficacy data provide proof of concept of PRS-344/S095012. 
Additionally, very good developability of PRS-344/S095012 sup-
ports IND-enabling studies of this promising compound.

Keywords : Immunotherapy, 4-1BB, PD-L1, bispecific.
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A149 / PD-L1 and ICOSL discriminate innate and adaptive 
dendritic cells in the head and neck cancer microenviron-
ment

Caroline Hoffmann (Institut Curie), Floriane Noel (Institut Curie), 
Paula Michea (Université Aix-Marseille, Marseille, France), Aurore 
Surun (Institut Curie), Maximilien Grandclaudon (Servier), Lilith 
Faucheux (Institut de Recherche Saint-Louis), Philemon Sirven 
(Institut Curie), Jerzy Klijanienko (Institut Curie), Nathalie Badois 
(Institut Curie), Maria Lesnik (Institut Curie), Olivier Choussy (In-
stitut Curie), Maud Kamal (Institut Curie), Charlotte Lecerf (Insti-
tut Curie), Christophe Le Tourneau (Institut Curie), Maude Delost 
(Institut Curie), Vassili Soumelis Vassili Soumelis (Institut Curie).

Background : Three main maturation states have been described 
for dendritic cells (DC): activated, tolerogenic and homeostatic. In 
cancer, previous studies suggested that DC were in a tolerogenic 
state, but systematic phenotypic and functional studies in human 
tumors remain scarce. The objectives of our study were to deter-
mine the DC phenotypic and functional maturation states in head 
and neck squamous cell carcinomas (HNSCC). 

Methods : For ex vivo analysis, we performed flow cytometry char-
acterization of immune infiltrate of 22 untreated human HNSCC, 
and RNA sequencing of sorted tumor-infiltrating CD11c+HLA-DR+ 
subsets (n=6) and matched blood DC (n=3). The TMod database 
(Grandclaudon et al.), testing in vitro the effect of various stimuli 
on DC and subsequently on co-cultured T cells, was used to iden-
tify different DC maturation states and their potential for T cell 
modulation. Results : In a systematic in vitro study of 16 DC stimuli 
in over 154 individual observations with coupled sorted blood DC 
and CD4 T cell measurements, we identified two novel pheno-
typic maturation states delineated by the expression of PDL1 and 
ICOSL : (i) the “innate DC” phenotype, PDL1high and ICOSLlow/
neg, in which cells were highly effective at secreting cytokines 
and chemokines but poorly induced CD4 T cell cytokines, and 
the “adaptive DC” phenotype, PDL1low and ICOSLhigh, poorly 
effective at secreting cytokines and chemokines, but strongly in-
ducing CD4 T cell cytokines of all polarization profiles (Th1, Th2, 
Th9, Th17). In primary HNSCC tumors, the level of CD3 infiltration 
was positively associated with the level of DC infiltration and PDL1 
expression on CD11c+HLA-DR+ cells, and negatively with the lev-
el of neutrophils and ICOSL expression on CD11c+HLA-DR+ cells. 
RNAseq analysis confirmed that DC purified from CD3high tu-
mors overexpressed PDL1 and the other surface markers charac-
teristic of innate DC, and not of adaptive DC, and that they over-
expressed cytokines, chemokines, similarly to what we observed 
in our systematic in vitro study. Moreover, those tumor innate DC 
overexpressed maturation and migration markers, and potential 
targets, such as CD200, PVR and TREML1. 

Conclusion : Our study revealed the existence of two novel DC 
maturation states with divergent functions, defining innate and 
adaptive DC, which may be identified by their expression of PD-L1 
and ICOSL. CD3high HNSCC tumors were infiltrated with “innate 
DC” whereas CD3low tumors with immature DC (PDL1lowICOSL-
low). We propose that immune stimuli respectively inducing in-
nate or adaptive DC may be used as adjuvants in cancer immu-
notherapy, in combination with anti-PD-L1 when an innate DC 
phenotype is expected.

Keywords : Dendritic cells, Head and neck cancer, Tumor microen-
vironment, Cell phenotypes.

A150 / Combined Rho-kinase inhibition and immunoge-
nic cell death triggers and propagates immunity against 
cancer

Minsu Kwon (Eulji Medical Center), Hanul Jeong (Eulji Medical 
Center), Yoon Se Lee (Asan Medical Center), In-San Kim (Korea 
Institute of Science and Technology).

Activation of T-cell immune response is critical for the therapeu-
tic efficacy of cancer immunotherapy. Current immunotherapies 
have shown remarkable clinical success against several cancers ; 
however, significant responses remain restricted to a minority 
of patients. Here, we explored a therapeutic strategy that com-

bines enhancing the phagocytic activity of antigen-presenting 
cells (APCs) with immunogenic cell death to trigger efficient an-
titumour immunity. We found that Rho-kinase (ROCK) blockade 
increases cancer cell phagocytosis and induces antitumour im-
munity through enhancement of T-cell priming by dendritic cells 
(DCs), leading to suppression of tumour growth in syngeneic 
tumour models. Combining ROCK blockade with immunogenic 
chemotherapy led to increased DC maturation and synergistic 
CD8+ cytotoxic T-cell priming and infiltration into tumours. This 
therapeutic strategy effectively suppressed tumour growth and 
improved overall survival in a genetic MMTV/Neu tumour model. 
Collectively, these results suggest that boosting intrinsic cancer 
immunity using immunogenic killing and enhanced phagocytosis 
is a promising therapeutic strategy for cancer immunotherapy.

Keywords : rho-kinase, immunogenic cell death, phagocytosis, 
dendritic cell.
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A151 / Novel systems for robust screening of autoantigens 
in autoimmune disease

Yonatan Herzig (BioMed X).

T cells are the key effectors of cellular adaptive immune reactions 
and become activated when their T-cell receptor (TCR) engages 
an antigen presented on the surface of antigen-presenting cells 
(APCs). Newly generated T cells each express a single TCR from 
a theoretical repertoire size of 1018 unique receptors. To minimize 
the inherent potential for self-reactivity, the T-cell repertoire is 
carefully curated through tolerogenic processes. Indeed, failure 
to distinguish self from non-self can result in devastating autoim-
mune diseases. While the general mechanisms of immune toler-
ance and how their breakdown results in autoimmunity are now 
better understood, there is still only limited knowledge of the 
identity of the targeted antigens in many autoimmune diseases. 

Here we propose a robust and versatile strategy to ‘de-orpha-
nize’ patient-specific self-reactive TCRs, effectively uncovering 
the range of targeted antigens in any autoimmune disease of in-
terest. We aim to generate a highly parallel system, capitalizing 
on patient-specific APCs, engineered to express tissue-specific 
antigens, and screen for potential activation of interacting T cells 
expressing patient-specific TCRs. We will first generate state-of-
the-art donor-specific APC lines enabling expansion, molecu-
lar manipulation, and antigen presentation. Utilizing automated 
droplet-based microfluidic chambers, single APCs and T cells will 
be co-cultured and systematically screened for interacting dyads, 
resulting in T-cell activation. This will thus enable us to deconvo-
lute the identity of disease-specific autoantigens, leading to the 
rational design of novel therapeutic strategies.

Keywords : Autoimmunity, target identification, Antigen, T cells.

A152 / Serum amyloid A promotes inflammation-asso-
ciated damage, macrophage infiltration and tumorigene-
sis in colitis-associated colon cancer

Tanja Davis (Stellenbosch University), Daleen Conradie (Stel-
lenbosch University), Preetha Shridas (University of Kentucky), 
Marcielle de Beer (University of Kentucky), Frederick de Beer 
(University of Kentucky), Anna-Mart Engelbrecht (Stellenbosch 
University), Willem de Villiers (Stellenbosch University).

The acute-phase protein Serum Amyloid A (SAA) has been shown 
to be involved in various inflammation-associated pathologies, 
and increased serum levels have been reported in several differ-
ent types of cancers. Whether the increased serum levels are an 
indirect consequence of the chronic inflammation associated with 
cancer, or whether SAA has a direct influence on tumorigenesis, is 
currently still unclear. 

In the current study we aimed to identify the role of SAA in coli-
tis-associated cancer, a type of colon cancer associated with 
chronic inflammation experienced by patients with a history of 
inflammatory bowel disease. 
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We established a model of colitis-associated cancer in wild-type 
and SAA double knockout (SAADKO, knockout for SAA1 and 
SAA2) mice by following the azoxymethane/dextran sulfate so-
dium protocol, a well-established protocol that serves as an ex-
cellent representation of the disease in humans. Colon tissues and 
blood plasma collected from the mice model was used to assess 
inflammation, colitis-associated damage and tumorigenesis. In 
addition, the effect of both SAA knockdown and overexpressing 
colon cancer cell derived conditioned media on macrophages 
was assessed. 

We observed increased colitis disease activity, colitis-associat-
ed tissue damage and macrophage infiltration in the colon of 
wild-type mice when compared to SAADKO mice. In addition, in-
creased Ki-67 expression was also observed. Wild-type mice also 
displayed a higher tumor burden, characterized by increased pro-
liferation, decreased apoptosis, and increased β-catenin activity 
when compared to SAADKO mice. SAA was also found to affect 
macrophage phenotype in vitro. 

Based on these findings, we conclude that SAA has an active role 
in mediating colitis-associated symptoms and promoting tumori-
genesis in colitis-associated cancer. Furthermore, we propose that 
SAA has the ability to attract and alter macrophage phenotype in 
the local tumor microenvironment, potentially promoting tumor 
growth. Identifying Methods to target and decrease or eliminate 
SAA levels could improve the quality of life and prognostic out-
come of patients.

Keywords : Serum Amyloid A, Inflammation, Macrophage, Colitis.
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A153 / CDH1 and PTK2 genes significantly reflect thera-
peutic responses of overall survival to systemic therapy in 
patients with metastatic renal cell carcinoma

Sung Han Kim (Prostate Cancer Center, National Cancer Center, 
Goyang, Gyeonggi-do, Rep. Korea), Jinsoo Chung (Prostate Can-
cer Center, National Cancer Center, Goyang, Gyeonggi-do, Rep. 
Korea), Jongkeun Park (Bioinformatics Analysis Team, Research 
Institute, National Cancer Center, Goyangsi, Gyeonggi-do, Rep. 
Korea), Dongwan Hong (Bioinformatics Analysis Team, Research 
Institute, National Cancer Center, Goyangsi, Gyeonggi-do, Rep. 
Korea), Weon Seo Park (Deaprtment of Pathology, Prostate Can-
cer Center, National Cancer Center, Goyang, Gyeonggi-do, Rep. 
Korea).

Objectives : This study aimed to determine therapeutic responsive 
gene mutations after systemic first-line targeted therapy in pa-
tients with metastatic renal cell carcinoma (mRCC). 

Methods : Between 2005 and 2017, 168 triplet-tissue block sam-
ples (with at least one tissue block having passed its quality 
checks) from 56 patients with mRCC were selected for targeted 
gene sequencing using the 88 targeted genes from the National 
Cancer Center, Korea kidney cancer panel. Overall survival (OS) 
was defined as the time interval between the diagnosis of metas-
tasis and death. The patients were grouped into favorable (>12 
months/>3 years), intermediate (3–12/12–36 months), and poor 
groups according to their progression-free survival (PFS)/OS 
(<3 months, <12 months) after first-line therapy. The therapeutic 
response was estimated to group into good response (CR+PR) 
and bad response (SD+PD) according to the RECIST v1.1. Groups 
(Favorable vs poor groups ; and good vs bad groups) were com-
pared in terms of their mutated genes. Statistical significance was 
assessed as p-values <0.05. 

Results : The baseline characteristics were described table 1. Twen-
ty-nine patients received only targeted therapy, and 27 patients 
received cytokine therapy and then targeted therapy. The medi-
an PFS and OS following first-line targeted therapy were 8.7 and 
42 months, respectively. Memorial Sloan–Kettering Cancer Center 
and Heng risk criteria showed 28.9/65.8/5.3% and 26.3/57.9/15.8% 
for the favorable, intermediate, and poor risk groups, respectively. 
The first line therapeutic response showed 17.2%PR, 48.3%SD, and 

unknown 34.5%. 

First comparative analysis of their mutated genes between two 
extreme survival groups, the poor (N=5 for PFS and N=7 for OS) 
and favorable (N=14 for PFS and N=20 for OS) groups showed 
the presence of either CDH1 (HR 4.217 for PFS and HR : 3.355 for 
OS) or PTK2 (HR : 3.458 for PFS), which significantly differentiat-
ed the PFS and OS in patients who received only targeted therapy 
(Log rank test : p<0.05). The MAPK14 (HR : 3.662 for PFS), FABP7 
(HR : 5.856 for PFS, ) and STAG2 (HR :3.301 for PFS) were also sig-
nificantly differentiated genes only for PFS(Log rank test : p<0.05, 
Figure 2 and 4). As for the patients who received cytokine and 
targeted therapy, only the presence of ATK3 gene mutations (HR : 
8.67 for PFS) significantly differentiated PFS and OS (Log rank 
test p<0.05). 

Second comparative analysis between CR+PR group vs SD+PD 
group showed mutated PTK2 gene was the worst significant gene 
for OS, whereas the non-mutated PTK2 gene showed the most 
favorable PFS (p<0.05, figure 3). 

Last analysis about the cumulative effect of MAPK14, FABP7, 
STAG2, CDH1 and/or PTK2 on the PFS and OS showed The com-
bination of the presence of either mutations also showed signif-
icant discriminating power for PFS and OS (p<0.05). Accumula-
tion of all the five mutated gene had HR 15.555 comparing to the 
either one or none mutated five genes (p<0.05). Especially the 
combined PTHK2 and CHD1 mutated genes had worse HR 11.992 
and HR 8.944 for OS than none mutated and one m, utated gene, 
respectively (p<0.05, figure 4). 

Conclusion : CDH1 and PTK2 mutated gene were significant ther-
apeutic responsive genes with worse prognostic outcomes for 
first-line targeted therapy.

Keywords : metastatic renal cell carcinoma, targeted gene, overall 
survival.
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A154 / Macrophage scavenger receptor Clever-1 sup-
presses antitumor T cell responses by promoting the de-
gradation of scavenged cargo

Miro K Viitala (University of Turku), Reetta Virtakoivu (University 
of Turku), Sina Tadayon (University of Turku), Jenna H Rannikko 
(University of Turku), Sirpa Jalkanen (University of Turku), Maija 
Hollmén (University of Turku).

Tumor-induced immunosuppression represents a significant ob-
stacle to the successful treatment of cancer. Being foremost reg-
ulators of tumor-induced immunosuppression, tumor-associated 
macrophages have attracted significant interest as drug targets. 
Macrophages are remarkably adaptable cells that may reversibly 
polarize to either stimulate or suppress immune responses. With-
in tumors, macrophages often acquire an immunosuppressive 
phenotype that contributes to tumor progression. However, the 
clinical success of monotherapeutic macrophage depletion has 
been limited. An alternative approach to macrophage depletion 
is to exploit macrophage plasticity and “reeducate” suppressive 
macrophages to acquire an immunostimulatory phenotype that 
activates antitumor immunity. The scavenger receptor Clever-1, 
expressed by subsets of endothelial cells and macrophages, 
suppresses local and systemic antitumor immune responses. Re-
cently, we reported that inhibiting the function of macrophage 
Clever-1 by genetic deletion or antibody-mediated interference 
reactivates endogenous tumor-reactive CD8+ T cells, significant-
ly improving tumor control. Using macrophage-specific knockout 
mice, bone marrow chimeras and antibody-mediated cell deple-
tion experiments, we demonstrated that the improved tumor con-
trol was mediated by CD8+ T cells but also required macrophages 
to occur. Genetic Clever-1 deletion rendered macrophages pheno-
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typically more stimulatory and increased inflammatory cytokine 
levels. Still, the molecular mechanisms that render macrophages 
expressing Clever-1 immunosuppressive are not well understood. 
It is known that alongside dendritic cells, macrophages can also 
prime T cell responses. Macrophages are proficient at scaveng-
ing and degrading cargo from the extracellular space. For anti-
gen cross-presentation to occur, however, the degradation rate 
of scavenged cargo has to be restricted. As a scavenger recep-
tor, Clever-1 has various endogenous ligands, including oxidized 
and acetylated LDL and phosphatidylserine on cells undergoing 
apoptosis. After scavenging, Clever-1 transports its cargo to en-
dosomes and phagosomes that eventually mature and fuse with 
lysosomes. Our preliminary data indicate that Clever-1 interacts 
with proton pumps regulating lysosomal acidification, a process 
required for efficient cargo degradation. Using flow cytometric 
Methods to analyze the uptake, acidification and degradation of 
scavenger receptor ligands, our unpublished results demonstrate 
that Clever-1 knockdown by RNA interference inhibits steady-
state endosome maturation and the acidification and degrada-
tion of scavenged cargo. Mildly degradative environments facili-
tate antigen cross-presentation. Therefore, the rapid degradation 
of cargo scavenged by Clever-1 offers one putative explanation 
for the lack of an antitumor immune response in the presence of 
Clever-1-expressing macrophages. Hypothetically, Clever-1 block-
ade increases the cross-presentation of tumor antigens, thus po-
tentially explaining the necessity of macrophages for CD8+ T cell 
activation. Taken together, this research further highlights the sig-
nificance of macrophages in regulating T cell activity in the tumor 
microenvironment and the relevance of macrophage reeducation 
as a means of overcoming tumor-induced immunosuppression.

Keywords : tumor-associated macrophages, scavenger receptor, 
immunosuppression, antigen degradation.
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A155 / DNA-dependent protein kinase initiates a 
STING-independent DNA sensing pathway in human cells

Emily K. Schutsky (University of Washington), Katelyn Burleigh 
(University of Washington), Joanna Maltbaek (University of 
Washington), Stephanie Cambier (University of Washington), Na-
than Camp (Seattle Children’s Hospital), Richard James (Seattle 
Children’s Hospital), Daniel Stetson (University of Washington).

Novel cancer immunotherapies that specifically activate innate 
antiviral pathways within tumors are currently being pursued by 
a myriad of pharmaceutical companies. Most of these efforts rely 
on agonism of cGAS or STING, which have been established as 
key components of foreign DNA sensing in cells. Intriguingly, we 
have discovered a novel STING-independent DNA sensing path-
way (SIDSP) in human cells that could potentially be harnessed 
to enhance immune responses to cancer. In short, we found that 
DNA-dependent protein kinase (DNA-PK) recognizes free ends 
of DNA and leads to downstream phosphorylation of IRF3 and 
production of interferons and interferon-stimulated genes. We 
also discovered that the heat shock protein A8 (HSPA8) is phos-
phorylated downstream of DNA-PK and acts as a unique marker 
for the SIDSP. However, the detailed mechanism of this pathway 
has yet to be elucidated. Although DNA-PK is a crucial compo-
nent of the non-homologous end joining pathway activated by 
double-stranded DNA breaks, we were surprised to find that DNA 
damaging agents did not activate the SIDSP. Therefore, we hy-
pothesize that the downstream effectors/targets of DNA-PK are 
different with regard to its two “modalities” – DNA repair and the 
antiviral response. To identify unique components of the antiviral 
modality of the DNA-PK SIDSP upstream of IRF3 phosphoryla-
tion, we have performed discovery phosphoproteomics analysis 
on DNA-transfected cells. Importantly, we confirmed that HSPA8 
phosphopeptides increase after DNA transfection and diminish 
upon treatment with the specific DNA-PK inhibitor Nu7441. We 
have identified phosphoproteins canonically involved in DNA 
damage pathways that were activated in response to DNA trans-
fection, and are currently following up on whether these hits are 
related to SIDSP signaling or whether DNA transfection is causing 
other DNA damage responses in the cell. We are also performing 
comparative phosphoproteomics experiments to identify addi-

tional unique components of the SIDSP that, like HSPA8 phos-
phorylation, are not activated by DNA damage. Overall, we aim 
to illuminate as-of-yet unknown players in this novel pathway in 
order to design specific SIDSP agonists for use in potentiating 
cancer immunotherapy.

Keywords : cGAS/STING, nucleic acid sensing, type I interferon, 
DNA-PK.

A156 / Intraepithelial lymphocytes undertake skin immu-
nosurveillance by sensing Skint1

Duncan McKenzie (The Francis Crick Institute), Rosie Hart (The 
Francis Crick Institute), Dmitry Ushakov (King’s College London), 
Olga Sobolev (King’s College London), Anett Jandke (The Francis 
Crick Institute), Nourdine Bah (The Francis Crick Institute), Adrian 
Hayday (The Francis Crick Institute).

Intraepithelial lymphocytes (IEL) expressing unconventional T cell 
receptor (TCR) repertoires of limited diversity dominate epithelial 
surfaces where they intimately associate with epithelial cells and 
can suppress malignancy[1]. We have previously shown that epi-
thelium-restricted members of the Btnl family, related to PDL1 and 
B7, direct the maturation of γδ IEL in a tissue- and TCR-specific 
manner[2]. For example, Btnl family molecules Skint1 and Skint2 
positively select the thymic progenitors of Vγ5Vδ1+ skin IEL[3]. 
Nonetheless, the role(s) played by extra-thymic Skint1, expressed 
at steady-state by keratinocytes, is unresolved. Moreover, while 
mature epidermal IEL promote skin integrity and suppress car-
cinogenesis, the contribution(s) to that of their invariant TCR is 
undetermined[4, 5]. Here we show that Skint1 mediates consti-
tutive Vγ5Vδ1 TCR sensing of keratinocytes, suggesting that ke-
ratinocytes actively signal the normal state of the tissue to IEL. 
Indeed, long-term inhibition of Skint1-IEL crosstalk resulted in 
abnormal IEL activation and skin inflammation. To study natural 
IEL responses to dysregulated epithelium, we examined ultravi-
olet radiation (UVR) of the skin, to which local IEL responded by 
upregulating the TCR signalling reporter Nur77 and a signature of 
cytotoxic and immunomodulatory genes. Strikingly, acute disrup-
tion of Skint1-IEL interaction prevented Nur77 induction and cyto-
toxic gene expression by IEL following UVR stress. Furthermore, 
inhibition or genetic deficiency of Skint1 resulted in exacerbated 
skin inflammation following UVR. Collectively, these data suggest 
that IEL constitutively sense keratinocyte Skint1 via their invariant 
Vγ5Vδ1 TCR, which regulates their homeostasis while also main-
taining their competence to respond to epithelial stress, possibly 
by sustaining sensitivity to activation by co-stimulatory signals 
and/or cytokines. This modus operandi of IEL immunosurveillance 
may be highly relevant to human cancers, given the evident con-
servation of BTNL-IEL regulation in the human colon.

Keywords : immunosurveillance, unconventional lymphocytes, T 
cell receptor, epithelium.
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A157 / Polycomb repressive complex 2 represses 
pro-fibrotic activity in the decidual stroma by modulating 
the transforming growth factor β pathway.

Ivan Osokine (University of California, San Francisco), Adrian Erle-
bacher (University of California, San Francisco).

The stromal environment of an organ can influence how that organ 
reacts to injury and infection, its predisposition to fibrotic trans-
formations, and its ability to regulate leukocyte trafficking to and 
from inflamed sites to mediate tissue repair. Importantly, growing 
tumors interact with their surrounding stroma and incorporate it 
into their own environment. To accomplish this, the tumor co-opts 
the natural wound healing responses of the surrounding tissue, 
generating a chronic pro-fibrotic wounding state [1]. This leads to 
the induction and accumulation of cancer-associated fibroblasts, 
which have been demonstrated to play a complex role in tumor 
biology, contributing to the metastatic potential of a cancer and 
mediating local immunoregulation [2]. 
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The decidual stroma is generated from the uterine endometrium 
upon embryo implantation and provides support for the devel-
oping fetus. Because of its specialized and fascinating functions, 
as well as its tightly regulated and stereotypical development, it 
provides an excellent model to study stromal biology. Much like 
the tumor stroma, the maternal decidua supports the growth 
and invasion of foreign tissue (in this case, the fetus and invad-
ing placenta) and protects the fetus from attack by the maternal 
immune system. In contrast to the endometrium of the non-preg-
nant uterus, the decidua not only prevents the egress of maternal 
dendritic cells from the maternal-fetal interface, but also blocks 
the influx of effector T cells, including ones that might be gener-
ated by systemic pathogens. However, unlike the tumor stroma, 
the decidua does not accumulate activated fibroblasts and does 
not mount robust wound healing responses. Recent work from 
our lab has uncovered that transformation of the endometrium 
into the decidua triggers an epigenetic silencing program within 
decidual stromal cells that transcriptionally silences a diverse set 
of ~800 genes, including genes associated with both type 1 immu-
nity, as well as fibroblast activation and wound healing [3]. This 
program is generated by PRC2 (Polycomb Repressive Complex 
2), whose primary catalytic subunit is the histone methyltransfer-
ase EZH2 (Enhancer of Zeste Homolog 2). We employed a mouse 
model in which Ezh2 has been conditionally deleted within the 
uterus to determine how deficient PRC2 activity alters the capaci-
ty of the decidua to mount wound healing responses and regulate 
leukocyte trafficking at the maternal-fetal interface. We discov-
ered that the decidua employs PRC2-mediated gene silencing to 
tightly control local immune regulation and pro-fibrotic signals. 
This may serve to prevent the decidua from transforming into a 
chronically wounded cancer stroma-like state in response to in-
vasion and growth of fetal tissues. Transforming growth factor β 
(TGF-β) signaling was central to the observed defects, and in-vivo 
blockade of TGF-β signaling partially rescued the dysregulation 
caused by PRC2 deficiency. Our investigation stands at the novel 
crossroads of immunity, fibrotic responses, and epigenetics, and 
the mechanisms we uncover will give us greater insight into stro-
mal control of its local environment.

Keywords : Epigenetics, Fibrosis, Tumor Microenvironment, Preg-
nancy Immunology.
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A158 / Pembrolizumab interferes with the differentiation 
of human FoxP3+ induced Tregs, but not with FoxP3 sta-
bility, through activation of mTOR and STAT1

Varun Sasidharan Nair (Qatar Biomedical Research Institute, Ha-
mad Bin Khalifa University, Qatar Foundation), Salman M Toor 
(Qatar Biomedical Research Insitute), Eyad Elkord (Qatar Bio-
medical Research Institute).

Programmed cell death 1 (PD-1) is critical for T regulatory cells 
(Tregs) to maintain peripheral tolerance to self-antigens. In the 
tumor microenvironment, interaction between PD-1 and its li-
gands supports tumor immune evasion. Pembrolizumab blocks 
interactions of PD-1 with its ligands, enhancing anti-tumor and 
clinical responses. We and others have reported that pembroli-
zumab does not affect function or phenotype of thymic-derived 
Tregs (tTreg); however, little is known about its effect on extra-
thymic differentiation of peripheral Tregs (pTregs). In this study, 
we investigated the effect of pembrolizumab on in vitro induced 
Tregs (iTregs). Our work showed that PD-1 blockade interferes 
with iTreg differentiation, and has no potential effect on the sta-
bility of FoxP3 after differentiation. Different Methods including 
transcriptomic analyses confirmed that this effect was mediated 
by activating mTOR and STAT-1 and inhibiting MAPK pathways, 
shifting the iTreg polarization in favor of Th1 and Th17 subsets. To 
confirm the role of mTOR activation, we found that rapamycin di-
minished the effect of pembrolizumab-mediated downregulation 
of FoxP3. Ingenuity pathway analysis revealed that pembrolizum-
ab-treated iTregs showed upregulation of genes promoting DNA 
repair and immune cell trafficking, in addition to downregulation 
of genes supporting cellular assembly and organization. This is 
the first study to show that pembrolizumab can downregulate 

human FoxP3 in iTregs, and to disclose some of the molecular 
pathways involved.
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A159 / Intracellular delivery of nucleic acids by 
hapten-binding bispecific antibodies

Alexandra EPP (Roche), Tobias Killian (Roche), Ulrich Brinkmann 
(Roche).

Here, we describe a delivery system consisting of two to three en-
tities : hapten-binding bispecific antibodies (bsAbs), haptenylated 
nucleic acid-binding cell penetrating peptides (CPPs), and nucleic 
acids as the payload. The combined modules not only accomplish 
a cell-specific targeting but also deliver nucleic acids across bio-
logical membranes and into the nucleus. bsAbs, as one segment 
of the platform, recognize the cell surface antigens of the target 
cells as well as haptens thus enabling the targeted delivery of the 
payload. Haptenylated nucleic acid-binding CPPs that are derived 
from human proteins can be used as a bridge of antibodies to 
the payload. The payload coupled to the targeting moiety can 
vary from small molecules to even considerably larger molecules 
as plasmids. Here, the wrapping of plasmids by histones to plas-
mid-chromatin packages and the additional bridging by CPPs to 
bsAbs allows an efficient payload delivery to the therapeutic rel-
evant intracellular space. 

The advantages of the described delivery platform are manifold : 
the entities are human-derived thus circumventing potential im-
munogenicity concerns, the pharmacokinetic properties of small 
compounds are modulated, the payload delivery is targeted, and 
a high efficiency is maintained.

Keywords : nucleic acid delivery, bispecific antibodies.
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A160 / Mechanisms whereby liquid phase separation of 
cGAS activates innate immune signaling

Justin M Jenson (University of Texas Southwestern Medical Cen-
ter), Zhijian ‘James’ Chen (University of Texas Southwestern Med-
ical Center).

Type I Interferon (IFN) response is a key player in eliciting an-
ti-tumor immunity[1]. Type I IFNs activate the T-cell response to 
cancer and can prevent tumor growth from within tumor cells by 
inducing senescence and cell death[2]. Cyclic GMP-AMP synthase 
(cGAS) is an important control point anti-tumor type I IFN signal-
ing. Tumor DNA that is mislocalized to the cytoplasm stimulates 
cGAS enzymatic activity, triggering a signal cascade that culmi-
nates in the transcription of type I IFNs and other cytokines[3]. 
Because the cGAS enzyme plays a critical role in tumor immuno-
surveillance, there has been considerable interest in understand-
ing the molecular details of its activation and activity. It was re-
cently reported that in the presence of DNA, cGAS undergoes 
liquid-liquid phase separation and that this process dramatically 
increases its specific activity, but the mechanism of this effect is 
unclear[4]. Here, we present ongoing work to addresses the hy-
pothesis that phase separation promotes cGAS signaling by cre-
ating a microenvironment that facilitates cGAS activity. The stud-
ies of cGAS phase separation presented here will provide a better 
understanding of the molecular basis of cGAS activation and may 
identify new strategies and reagents to improve the efficacy of 
cancer immunotherapy.

Keywords : cGAS, liquid-liquid phase separation.
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A161 / CARs, TRUCKs, and beyond : the next generation 
CAR T cells

Hinrich Abken (RCI, Genetic Immunotherapy, University Regens-
burg).

Adoptive therapy with chimeric antigen receptor (CAR) redirect-
ed T cells achieved spectacular remissions of refractory leukemia/
lymphoma, the treatment of solid tumors remains so far challeng-
ing. In new developments, CAR T cells are used as “living facto-
ries” to deposit immune modulating cytokines in the targeted tu-
mor tissue aiming at converting the immune cell environment into 
a more favorite one to sustain a productive anti-tumor response. 
Such TRUCKs (T cells redirected for unrestricted cytokine release 
and killing) releasing IL-12 or IL-18 upon CAR engagement of an-
tigen in the CAR targeted tumor lesion are superior in attracting 
and activating the innate immune response in the tumor lesion. In 
a further development a blocking anti-CD30 antibody is integrat-
ed into the extracellular CAR domain to prevent CD30L engage-
ment. T cells engineered with an anti-CEA and CD30 blocking 
CAR showed an improved response against CEA+ CD30-negative 
solid tumors. This new CAR design aims at targeting tumor cells 
by one scFv and blocking the CD30/CD30L interaction on the 
T cell by the other scFv. The strategy thereby combines tumor 
targeting with preventing repression in order to prolong the an-
ti-tumor response.

Keywords : CAR, TRUCK, CD30.
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A162 / SLC19A1 transports immunoreactive cyclic di-
nucleotides

Rutger D. Luteijn (University of California, Berkeley), Shivam A. 
Zaver (University of Washington, Seattle), Benjamin G. Gow-
en (University of California, Berkeley), Stacia Wyman (Universi-
ty of California, Berkeley), Nick Garelis (University of California, 
Berkeley), Liberty Onia (University of California, Berkeley), Sar-
ah M. McWhirter (Aduro Biotech Inc.), George E. Katibah (Aduro 
Biotech Inc.), Jacob E. Corn (University of California, Berkeley), 
Joshia J Woodward (University of Washington, Seattle), David H. 
Raulet (University of California, Berkeley).

The accumulation of DNA in the cytosol serves as a key immuno-
stimulatory signal associated with infections, cancer and genomic 
damage. Cytosolic DNA triggers immune responses by activating 
the cGAS/STING pathway. The binding of DNA to the cytosolic 
enzyme cGAMP synthase (cGAS), activates its enzymatic activity, 
leading to the synthesis of a second messenger, cyclic[G(2’, 5’)
pA(3’, 5’)] (2’3’-cGAMP). 2’3’-cGAMP, a cyclic dinucleotide (CDN), 
activates the protein ‘stimulator of interferon genes’ (STING), 
which in turn activates the transcription factors IRF3 and NF-κB 
promoting the transcription of genes encoding type I interferons 
and other cytokines and mediators that stimulate a broader im-
mune response. Exogenous 2’3’-cGAMP and other CDNs, includ-
ing CDNs produced by bacteria and synthetic CDNs used in can-
cer immunotherapy, must traverse the cell membrane to activate 
STING in target cells. How these charged CDNs pass through the 
lipid bilayer is unknown. Here we used a genome-wide CRISPR 
interference screen to identify the reduced folate carrier SLC19A1 
as the major transporter for CDNs. CDN uptake and functional 
responses are inhibited by depleting SLC19A1 from human cells 
and enhanced by overexpressing SLC19A1. In both human cell 
lines and primary cells ex vivo, CDN uptake is inhibited by folate 
and blocked by the SLC19A1 inhibitor sulfasalazine and the an-
tifolate methotrexate, medications approved for the treatment 
of inflammatory diseases. The identification of SLC19A1 as the 
major transporter of CDNs into cells has implications for the im-
munotherapeutic treatment of cancer, host responsiveness to 
CDN-producing pathogenic microorganisms, and potentially in 
certain inflammatory diseases.

Keywords : Immunotherapy, Innate Immunity, Signal Transduction.

A163 / Nanobody-guided delivery augments cell surface 
protein ligand potency and selectivity

Ross W Cheloha (Boston Children’s Hospital/Harvard Medical 
School), Fabian A Fischer (Boston Children’s Hospital/Harvard 
Medical School), Naomi Suminski (Boston Children’s Hospital/
Harvard Medical School), Eileen Daley (Massachusetts General 
Hospital/Harvard Medical School), Thomas J Gardella (Massachu-
setts General Hospital/Harvard Medical School), Hidde L Ploegh 
(Boston Children’s Hospital/Harvard Medical School).

Conjugates of antibodies and bioactive compounds, such as an-
tibody-drug conjugates (ADCs), hold great promise for targeted 
delivery of therapeutic compounds to cell types or anatomical 
structures of choice by virtue of the selectivity engendered by 
the antibody. However, ADCs have not yet realized widespread 
success due in part to complications in producing homogeneous 
conjugates and inefficient delivery of drug payloads to the site 
of action at cells. We developed a new type of ADC consisting 
of antibody fragments amenable to site-specific modification 
with Sortase A and ligands that bind to cell surface receptors, 
with a specific focus on ligands for G protein coupled receptors 
(GPCRs). We target parathyroid hormone receptor-1, which is the 
target of drugs approved to treat osteoporosis. In our system we 
augment the signaling activity and specificity of suboptimal N 
terminal peptide fragments of parathyroid hormone by conjugat-
ing them to antibody fragments (variable domains of heavy chain 
only antibodies, VHH) that bind to the receptor extracellular do-
main. We show that these conjugates exhibit biological activity 
superior to the N terminal fragment peptide on cells and in mice. 
The lead conjugate also shows higher selectivity between recep-
tor subtypes than an analogue of a human osteoporosis drug. The 
platform described here provides a new approach for generat-
ing ligands for cell surface receptors with properties superior to 
those provided by nature or chemists alone. This approach may 
be useful for selectively inducing immune responses in a desired 
subset of cells.

Keywords : Antibody, Receptor, Targeted delivery.

A164 / Chromatin destabilization by CBL0137 and pano-
binostat leads to robust interferon response and disease 
regression in high-risk childhood cancer models

Lin Xiao (Children’s Cancer Institute), Klaartje Somers (Children’s 
Cancer Institute), Anahid Ehteda (Children’s Cancer Institute), 
Jayne Murray (Children’s Cancer Institute), Chelsea Mayoh (Chil-
dren’s Cancer Institute), Rachael Terry (Children’s Cancer Insti-
tute), Aisling O’Connor (Children’s Medical Research Institute, 
Sydney, Australia), Anthony Cesare (Children’s Medical Research 
Institute, Sydney, Australia), Laura Gamble (Children’s Cancer In-
stitute), Ruby Pandher (Children’s Cancer Institute), Maria Tsoli 
(Children’s Cancer Institute), Georgina Eden (Children’s Cancer 
Institute), Sophie Allan (Children’s Cancer Institute), Sara Sarraf 
(Children’s Cancer Institute), Angelika Kosciolek (Children’s Can-
cer Institute), Katerina Gurova (Department of Cell Stress Biolo-
gy, Roswell Park Cancer Institute, Buffalo, NY, USA), David Zeigler 
(Children’s Cancer Institute), Murray Norris (Children’s Cancer In-
stitute), Michelle Haber (Children’s Cancer Institute).

Despite impressive progress within the last few decades, child-
hood cancer is still the most common cause of death by disease 
in children. Moreover, surviving patients, especially young chil-
dren, often experience severe long-term side effects caused by 
high-dose cytotoxic drugs and radiation. Developing more ef-
fective and safer therapies for childhood cancer is therefore ur-
gently warranted. CBL0137, an analogue of the antimalarial agent 
quinacrine, is a safe, non-DNA damaging novel anticancer drug 
that is currently in phase I trials for adult refractory and relapsed 
cancers. By distorting the structure of DNA, CBL0137 destabilizes 
nucleosomes and traps histone chaperone FACT into the chroma-
tin, thereby simultaneously modulating a number of anti-cancer 
mechanisms including p53 pathway activation, NFkB inhibition, 
inhibition of FACT-mediated DNA repair, and activation of an IFN 
response. Based on our preclinical studies showing the safety and 
efficacy of CBL0137 in animal models of high-risk childhood can-
cers with poor outcome, namely neuroblastoma, MLL-rearranged 
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leukemia and DIPG, the compound is now also being progressed 
into a phase I trial in children. Here, we have identified that the 
FDA-approved histone deacetylase (HDAC) inhibitor, panobinos-
tat, which affects the structure of chromatin by epigenetic mod-
ifications, acts as a strong potentiator of CBL0137 to reduce cell 
viability and clonogenicity in neuroblastoma, DIPG and MLL-re-
arranged leukemia in vitro and delay cancer progression and in-
crease survival in xenograft models in vivo. More strikingly, the 
combination eradicated established neuroblastoma in 100% of 
Th-MYCN transgenic neuroblastoma mice tested, which is the 
most significant result we have obtained in this aggressive, im-
munocompetent neuroblastoma model. The combination elicited 
a rapid and robust interferon response in the tumor microenvi-
ronment, significantly increasing expression of interferon-induced 
genes, such as Ifit3b and Cxcl10 in non-tumor cells, compared to 
either single agent. In addition, both circulating and tumor-spe-
cific CD4+ T cells were significantly increased in the immuno-
competent model, strongly indicating that CBL0137/panobinostat 
may activate anti-tumor immunity in immunocompetent settings. 
In vitro mechanistic studies showed that panobinostat enhanced 
chromatin destabilization induced by CBL0137, resulting in his-
tone eviction and DNA repair suppression. Live-cell imaging of 
mCherry-H2B tagged tumor cells revealed that the combination 
produced a nuclear-blebbing phenotype possibility due to nucle-
ar membrane rapture, a process that can elicit interferon response 
through releasing of genomic DNA into the cytosol. Our studies 
have identified CBL0137 and panobinostat as a highly effective 
drug combination for neuroblastoma and other aggressive pe-
diatric malignancies. This combination likely halts tumor growth 
through a two-pronged attack : enhanced chromatin destabiliza-
tion followed by activation of an interferon response and height-
ened anti-tumor immunity. Our results will greatly facilitate clinical 
development of effective and non-toxic therapies for childhood 
cancer.

Keywords : Interferon, Chromatin, HDAC inhibitor, Innate immuni-
ty.

A165 / DUSP22 ablation enhances lung tumorigenesis and 
tumor-mediated immunosuppression

Cheng-Wei Chang (Immunology Research Center, National Health 
Research Institutes), Hsiu-Ping Lin (Immunology Research Cen-
ter, National Health Research Institutes), Hui-Min Ho (National 
Institute of Infectious Diseases and Vaccinology, National Health 
Research Institutes), Yi-Rong Chen (Institute of Molecular and 
Genomic Medicine, National Health Research Institutes), Tse-Hua 
Tan (Immunology Research Center, National Health Research In-
stitutes), Wen-Jye Lin (Immunology Research Center, National 
Health Research Institutes).

DUSP22, a member of the dual-specificity phosphatases (DUSPs) 
family, is a key phosphatase controlling the activity of protein kinas-
es and transcription factors through dephosphorylation. DUSP22 
knockout mice manifest multi-organ inflammation, supporting a 
role for DUSP22 in maintaining immune homeostasis ; however, 
little is known about the in vivo role of DUSP22 during tumor de-
velopment. We performed bioinformatics analysis on public avail-
able TCGA lung adenocarcinoma datasets according to DUSP22 
expression levels in patients, and found that patients with lower 
DUSP22 expression levels are more likely to have poor survival. In 
addition, the expression levels of cell cycle-related genes, identi-
fied as poor prognostic markers of various cancers, are negatively 
correlated with DUSP22 expression, which suggests a negative 
role for DUSP22 in controlling lung tumorigenesis. By utilizing a 
murine lung tumor model driven by the combination of mutat-
ed EGFR amplification (exon 19 deletion, EGFR-del) and the loss 
of DUSP22, we found that genetic ablation of DUSP22 promot-
ed EGFR-del-mediated lung tumor development. Analysis of the 
lungs from EGFR-del/DUSP22-/- mice showed that DUSP22 ab-
lation enhanced EGFR RTK phosphorylation levels (Tyr1068), de-
creased interferon-γ levels, and decreased tumor-infiltrating CD8 
T cell population, showing phenotypic features associated with 
accelerating lung tumor progression and the immunosuppressive 
landscape. Consistently, knockdown of DUSP22 expression in hu-
man and murine syngeneic lung tumor cells reduced the prolifer-
ation or activation of T cells during in vitro co-culture, suggesting 
that DUSP22-controlled tumor-intrinsic signaling is crucial for 

tumor-mediated immunosuppression. Currently, we are analyzing 
gene expression profiles of lung cancer cells by RNA-sequencing 
(control vs. DUSP22 knockdown) to identify potential molecules 
that could be responsible for immunosuppression. Meanwhile, we 
are testing several immunosuppressive molecules by employing 
antibody blockade. Collectively, our current data indicate that 
DUSP22 under-expression or loss of DUSP22 function in lung can-
cer cells may facilitate to establish an immunosuppressive tumor 
microenvironment for enhancing EGFR-del-mediated lung tum-
origenesis.

Keywords : DUSP22, lung adenocarcinoma, immunosuppression.
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A166 / Role of the local innervation in the formation of 
bronchus-associated Tertiary Lymphoïd Structures

Laïla Letaïef (Centre d’immunologie et des maladies infectieus-
es (CIMI-Paris)), Safa Azar (Collège de France, Centre Interdis-
ciplinaire de Recherche en Biologie), Jean-Luc Teillaud (Centre 
d’immunologie et des maladies infectieuses (CIMI-Paris)), Isabelle 
Brunet (Collège de France, Centre Interdisciplinaire de Recherche 
en Biologie), Marie-Caroline Dieu-Nosjean (Centre d’immunologie 
et des maladies infectieuses (CIMI-Paris)).

The immune system plays a key role in tumor control and devel-
opment. My laboratory has shown in a pioneering work that i) 
lymph node (LN)-like structures called tertiary lymphoid struc-
tures (TLS) are present in lung tumors, and ii) their presence is 
associated with a favorable prognosis in non-small-cell lung can-
cer (NSCLC). Recent results of the laboratory have also indicated 
that TLS present in lung tumors are critical sites of development 
of cellular and humoral anti-tumor responses. Interestingly, LN 
and TLS have a similar, albeit not identical, pattern of develop-
ment. However, whether the peripheral nervous system is involved 
in TLS neogenesis as it has been suggested for LN is unknown. 
Thus, I set up a murine model of lung inflammation where TLS 
can be induced and their kinetics of maintenance followed-up. 
Thanks to this model, we could demonstrate that an in vivo chem-
ically-induced specific denervation of sympathetic nervous fibers 
has a strong impact on TLS formation in inflamed lungs. Using a 
2nd generation of multiplex 3D-stainings for imaging both nerve 
fibers and TLS in the whole lung, as well as other Methods, we 
observed that the number of TLS drops dramatically in the mice 
as compared to control mice. The analysis of the immune cell 
composition of chemically-treated mice is currently investigated 
to determine which immune population(s) is(are) impacted by 
the systemic denervation. We will now decipher the molecular 
and cellular mechanisms that are responsible for the cross-talk 
between the sympathetic nervous fibers and the TLS present in 
the inflamed lung.

Keywords : Tertiary Lymphoïd Structure, neogenesis, peripheral 
nervous system.
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A167 / Targeting tumor-associated TREM1+ inhibitory 
myeloid cells to promote anti-tumor immunity

Michel STREULI (Pionyr Immunotherapeutics, Inc), Chris Chan 
(Pionyr Immunotherapeutics, Inc), Linda Liang (Pionyr Immuno-
therapeutics, Inc), Erin Mayes (Pionyr Immunotherapeutics, Inc), 
Manith Norng (Pionyr Immunotherapeutics, Inc), Tiep Le (Pionyr 
Immunotherapeutics, Inc), Subhadra Dash (Pionyr Immunothera-
peutics, Inc), Venkataraman Sriram (Pionyr Immunotherapeutics, 
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Inc), Erick Lu (Pionyr Immunotherapeutics, Inc), Joshua Pollack 
(Pionyr Immunotherapeutics, Inc), Mikhail Binnewies (Pionyr Im-
munotherapeutics, Inc), Joanna Waszczuk (Pionyr Immunothera-
peutics, Inc), Xiaoyan Du (Pionyr Immunotherapeutics, Inc), Shilpa 
Mankikar (Pionyr Immunotherapeutics, Inc), Aritra Pal (Pionyr Im-
munotherapeutics, Inc), Vladi Juric (Pionyr Immunotherapeutics, 
Inc).

The tumor microenvironment (TME) contains diverse types of 
myeloid cells, including tumor-associated macrophages (TAMs), 
tumor associated myeloid-derived suppressor cells (MDSCs), and 
tumor-associated neutrophils (TANs). TAMs and TANs exhibit a 
spectrum of functional phenotypes ranging from immunosup-
pressive M2-like macrophages or N2-like neutrophils that pro-
mote tumor growth to pro-inflammatory M1-like macrophages 
and N1-like neutrophils that promote anti-tumor immunity. Ther-
apies that shift the balance of inhibitory myeloid cells towards 
a more pro-inflammatory phenotype are expected to positively 
impact anti-tumor immune responses and convert checkpoint 
inhibitor (CPI)-resistant tumors into CPI-sensitive tumors. To 
target TAMs, TANs, and MDSCs, we developed anti-human and 
anti-mouse TREM1 mAbs, termed PY159 and PY159m, respec-
tively. These mAbs induced downstream signaling pathways that 
promoted production of a highly selective subset of pro-inflam-
matory factors in ex vivo assays. Additionally, PY159 treatment 
increased the expression of HLA-DR and the costimulatory mole-
cule, CD40, which play critical roles in antigen presentation and T 
cell activation. Molecular profiling of syngeneic tumors from mice 
treated with PY159m demonstrated activation of both innate and 
adaptive immune pathways consistent with the ex vivo assay re-
sults. These findings suggest that anti-TREM1 therapy re-educates 
TREM1+ myeloid cell into pro-inflammatory cells. In vivo, single 
agent treatment using PY159m had anti-tumor activity in a num-
ber of syngeneic tumor models. Particularly striking, PY159m in 
combination with anti-PD-1 converted anti-PD-1 resistant tumors 
into treatment-sensitive tumors, underscoring the utility of tar-
geting intratumor TREM1+ TAMs, TANs, and mMDSCs. Mice cured 
of their tumors by PY159m combination therapy were resistant 
to tumor re-challenge demonstrating that targeting myeloid cells 
supports adaptive immunity and induces long-term immuno-
logical memory. A survey of the immune infiltrates by both flow 
cytometry and RNA expression in a variety of human solid tu-
mors showed that TREM1+ myeloid cells were present at a high 
frequency in all tested tumors. Furthermore, for a number of tu-
mor types there was an inverse correlation between high levels 
of TREM1 expression and patient survival probability. Based on 
these preclinical findings, we are developing PY159 as a therapeu-
tic agent for monotherapy and/or CPI combination therapy for 
solid tumors.

Keywords : Suppressive myeloid cells, Anti-tumor immunity, My-
eloid tuning, CPI combination therapy.

A168 / Mapping γδT cell genetic networks

Murad R Mamedov (Department of Microbiology and Immunolo-
gy), Peixin Amy Chen (Department of Microbiology and Immunol-
ogy), Alexander Marson (1Department of Microbiology and Immu-
nology ; 2Department of Medicine ; 3Diabetes Center, University 
of California, San Francisco, CA 94143, USA ; 4UCSF Helen Diller 
Family Comprehensive Cancer Center, University of California, 
San Francisco, CA 94158 ; 5Innov).

γδ T cells efficiently detect and kill cancer cells. γδ T cell clones 
exhibit specificity against a wide array of cancer cell lines. How-
ever, this cell type remains one of the least understood aspects 
of the immune system. Specifically, we have a poor grasp on γδ 
T cells’ genetic wiring that controls their activation, cytotoxic po-
tential, and cytokine secretion in the presence of cancer cells. Ap-
plying functional genomics and genome-wide CRISPR knockout 
screens in primary human γδ T cells, we are generating unbiased 
maps of intracellular signaling that regulate γδ T cells. Using sin-
gle guide RNA (sgRNA) lentiviral infection with Cas9 protein elec-
troporation (SLICE), a method recently developed in the Marson 
Laboratory, we are able to perform genome-wide CRISPR screens 
in primary T cells. This approach will be expanded to testing the 
hypothesized distinction between adaptive (Vδ1) and innate 
(Vδ9Vδ2) human γδ T cells. These studies will uncover novel γδ T 
cell genetic networks, thereby creating new therapeutic avenues 

in cancer immunology.

A169 / Immuno-oncology therapy with HERA-GITRL : 
The novel hexavalent human GITR agonist that induces T 
cell-mediated anti-tumor immune responses and shows 
superior activity in direct comParison to benchmark ago-
nistic antibodies

David M. Richards (Apogenix AG), Julian P. Sefrin (Apogenix AG), 
Jaromir Sykora (Apogenix AG), Katharina Billian-Frey (Apogenix 
AG), Karl Heinonen (Apogenix AG), Christian Merz (Apogenix 
AG), Mauricio Redondo Müller (Apogenix AG), Matthias Schröder 
(Apogenix AG), Meinolf Thiemann (Apogenix AG), Oliver Hill 
(Apogenix AG), Christian Gieffers (Apogenix AG).

Glucocorticoid-induced TNF-R-related protein (TNFRSF18, GITR, 
CD357), expressed by T cells, upon binding its ligand (TNFSF18, 
GITRL), primarily expressed by myeloid cells, provides co-stimula-
tory signals that enhance T cell activity. Due to the important role 
that TNF Receptor Superfamily (TNF-R-SF) members, including 
GITR, play in regulating immune functions, they have been key 
immunotherapeutic targets for over 20 years. 

The limited clinical efficacy of antibody-based GITR agonists re-
sults from structural and functional characteristics of antibodies, 
including the presence of only two target-binding domains per 
molecule, that are unsuitable for stimulating the members of the 
TNF-R-SF. TNF-R-SF signaling is a structurally well-defined event 
that requires trimeric receptor clustering with proper spatial ori-
entation. While the ligands naturally exist as trivalent functional 
units, the receptors are separated on the cell surface and need to 
be organized into functional trimeric assemblies. Multiple clusters 
of trimeric receptor assemblies are necessary to induce proper 
intracellular domain organization, which is a prerequisite for sig-
naling. 

To overcome the inadequacies of bivalent antibodies, we have 
developed HERA-GITRL, a fully human hexavalent TNF recep-
tor agonist (HERA) targeting GITR and mimicking the natural 
signaling concept. HERA-GITRL is composed of three GITRL-re-
ceptor binding domains in a single chain arrangement fused to a 
silenced human IgG1 Fc-domain, which serves as a dimerization 
scaffold. This generates a hexavalent molecule that mimics the 
natural ligand and enables efficient receptor recruitment with op-
timal stoichiometry. Because of the unique design of the silenced 
Fc-domain, HERA-GITRL allows the study of pure GITR agonism 
in contrast to Fc-mediated mixed modes of action employed by 
agonistic antibodies. Here we report in vitro and in vivo properties 
of our novel HERA-GITRL construct. 

For functional characterization of HERA-GITRL in vitro, human T 
cells were isolated from healthy-donor blood and stimulated with 
anti-CD3 antibody in the presence of HERA-GITRL. Consistently, 
HERA-GITRL increased the activity of T cells, including prolifera-
tion, differentiation and cytokine production, even in the presence 
of regulatory T cells. Importantly, in the absence of T cell receptor 
stimulation, HERA-GITRL has no effect on T cell activity. 

In line with these findings, mmHERA-GITRL enhanced anti-
gen-specific clonal expansion of both CD4+ (OT-II) and CD8+ 
(OT-I) T cells in vivo while having no effect on non-specific T 
cells. In addition, mmHERA-GITRL showed single-agent anti-tu-
mor activity in two subcutaneous syngeneic colon cancer models 
(CT26wt and MC38-CEA) on two different genetic Backgrounds. 
Importantly, this activity is independent of its Fc gamma recep-
tor-binding functionality, as both mmHERA-GITRL with a func-
tional Fc- and a silenced Fc-domain showed similar tumor growth 
inhibition and T cell activity. Finally, in a direct in vitro comParison 
to a bivalent clinical benchmark anti-GITR antibody and a triva-
lent GITRL, only the hexavalent HERA-GITRL showed full biolog-
ical activity independent of additional crosslinking. Interestingly, 
while HERA-GITRL consistently increased T cell activity, the clini-
cal benchmark anti-GITR antibody consistently reduced the T cell 
response. 

In summary, here we describe the development of HERA-GITRL, a 
true GITR agonist with a clearly defined mechanism of action. By 
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clustering six receptor chains in a spatially well-defined manner, 
HERA-GITRL induces potent agonistic activity without being de-
pendent on additional Fc gamma receptor-mediated crosslinking.

Keywords : GITR, CD357, single-chain GITRL, TNF-SF.

A170 / Promotion of immune responses by using pHLIP 
technology to target tumor cell surface acidity

Yana K Reshetnyak (University of Rhode Island and pHLIP, Inc), 
Oleg A Andreev (University of Rhode Island), Donald M Engelman 
(Yale).

pH-Low Insertion Peptides (pHLIP® peptides) are a platform 
technology that uses surface acidity to target individual cells 
within tumors. If a cell surface is acidic, a pHLIP® will fold and 
insert to form a stable helix by inserting its C-terminus across the 
membrane into the cytoplasm and leaving its N-terminus in the 
extracellular space. Within the tumor microenvironment, pHLIPs® 
target cancer cells and tumor associated macrophages (TAMs) 
very well. In the uses of traditional targeting using molecular bio-
markers, resistance by clonal selection often emerges. pHLIP® 
overcomes the serious issues of tumor heterogeneity and clonal 
selection, since pHLIP® targets a universal characteristic of tumor 
cells – a high cell surface acidity. Extracellular acidosis promotes 
tumor development, progression and invasiveness. A combination 
of metabolic effects acidifies tumor cell interiors, so, to maintain 
intracellular pH, cells pump out lactic acid and protons, acidifying 
the extracellular space. In addition, the overexpression of carbonic 
anhydrases on the surfaces of cancer cells and the electrochemi-
cal potential further contribute to an acidification of the environ-
ment, especially near the cell surface. We have established that 
the pH near the surface of a cancer cell can be 0.5-0.7 pH units 
lower than the bulk extracellular pH, and demonstrated that the 
surface pH is sensitive to cell glycolytic activity. An individual tu-
mor cell maintains acidity near its surface and can be detected 
even in well-perfused areas. 

Using the insertion of pHLIP®, various diagnostic and therapeutic 
cargo molecules can be located at cell surfaces and/or directly 
delivered into their cytoplasm. Since the N-terminus of an insert-
ed pHLIP remains at the cell surface, it can be used to position 
imaging probes or immuno-stimulating agents at tumor cell sur-
faces. We are translating pHLIP®-based imaging agents to the 
clinic for diagnostic PET imaging, fluorescence-guided surgical 
procedures and photo-acoustic pre-operative imaging. Similarly, 
immunostimulatory agents can be positioned on tumor cell sur-
faces by pHLIP®, including antigens, carbohydrates, cytokines, 
chemokines and proteins. 

Another use of pHLIP® is to use attachment of a therapeutic 
cargo to the inserting C-terminus, releasing it into the cell via a 
cleavable link. The pHLIP® intracellular delivery mechanism by-
passes endosomal uptake and assures direct intracellular delivery. 
Molecules delivered into the cytoplasm can be polar (Log P in the 
range of -0.5 to -1.5) and large (4-5 kDa unstructured polymers 
and small proteins), as well as moderately hydrophobic (drugs 
and drug-like molecules) and small (< 1 kDa). Among moderately 
hydrophobic molecules targeted and delivered in vivo to tumor 
cells are PARP and tubulin inhibitors, DNA binding molecules, 
and other disruptive agents. Among polar molecules delivered 
by pHLIP® into cancer cells and TAMs are polar toxins, peptides, 
STING agonists, small proteins and PNAs (peptide nucleic acids), 
some of which can initiate immune responses within tumors. 

The first pHLIP® PET imaging agent (18F-NO2A-pHLIP), a pHLIP® 
fluorescent surgical imaging agent (ICG-pHLIP), and a pHLIP® 
therapeutic agent (pHLIP-PARPi, developed by Cybrexa Thera-
peutics) are entering clinical trials in 2019-2020. 

YKR, OAA, and DME are founders of pHLIP, Inc. and have financial 
interests in the company.

Keywords : tumor acidity, TAMs, immune response, imaging and 
therapy.

References : 
Wyatt LC, Lewis JS, Andreev OA, Reshetnyak YK, Engelman DM. Applications of pHLIP 
technology for cancer imaging and therapy. Trends Biotechnol, 2017, 35, 653-664.

A171 / CD73 blockade potentiates radiation-induced tu-
mor infiltration of conventional type I dendritic cells and 
abscopal anti-tumor effect in combination with immune 
checkpoint blockade

Erik Wennerberg (Weill Cornell Medicine), Nils-Petter Rudqvist 
(Weill Cornell Medicine), Claire Lhuillier (Weill Cornell Medicine), 
Qiuying Chen (Weill Cornell Medicine), Fengli Zhang (Weill Cor-
nell Medicine), Xi Kathy Zhou (Weill Cornell Medicine), Claire Van-
pouille-Box (Weill Cornell Medicine), Steven S Gross (Weill Cornell 
Medicine), Silvia Chiara Formenti (Weill Cornell Medicine), Sandra 
Demaria (Weill Cornell Medicine).

Tumor-targeted radiation therapy (RT) can promote systemic and 
tumor-specific immune responses in cancer patients that are un-
responsive to immune checkpoint blockade (ICB) [1]. RT-induced 
danger signals including release of nucleotides ATP and NAD by 
tumor cells contribute to tumor infiltration and activation of con-
ventional type I dendritic cells (cDC1), which are uniquely capable 
of cross-presenting tumor antigens to CD8 T cells, and essential 
for anti-tumor immune responses [2-4]. In the tumor microenvi-
ronment (TME), hydrolysis of ATP and NAD, mediated by CD39 
and CD38 respectively, generates precursors for CD73-mediated 
adenosine production that has broad immunosuppressive effects 
on both cDC1 and CD8 T cells [5]. In the present study, we test-
ed the hypothesis that adenosine generation in irradiated tumors 
hinders RT-induced cDC1 infiltration and anti-tumor immune re-
sponses. 

Tumor adenosine levels were assessed by liquid chromatogra-
phy-mass spectrometry (LC-MS) in subcutaneous TSA mouse 
tumors and surface expression of CD73, CD38 and CD39 was 
measured by flow cytometry on murine (TSA and 4T1) and hu-
man (MDA-MB-231 and 4175TR) tumor cells. In order to assess the 
impact of CD73-mediated adenosine generation on the immu-
nogenicity of 20Gy RT (previously shown ineffective at inducing 
cDC1 tumor infiltration [6]), Wild type (WT) or BATF3-deficient 
(BATF3-/-) mice (ablated development of cDC1) bearing subcu-
taneous TSA tumors were treated with 20Gy RT with or without 
concomitant CD73-blockade (anti-CD73 monoclonal antibody, 
TY/23) and monitored for tumor progression. Some mice were 
sacrificed 6 days after RT to analyze tumor-infiltrating DCs and 
T cells. cDC1s, generated from bone marrow cells cultured with 
FLT3L and GM-CSF, were CFSE-labeled and administered intrave-
nously in mice bearing irradiated flank TSA tumors and contralat-
eral non-irradiated tumors. Tumor infiltration of labeled cDC1s was 
assessed after 48 hours by flow cytometry. Systemic anti-tumor 
effect of CD73-blockade was assessed by combined treatment 
with RT and anti-CTLA-4 in the rapidly metastatic mammary car-
cinoma model 4T1. Lung metastatic burden was assessed on day 
28 after tumor inoculation. 

In TSA mouse tumors, a single dose of 20Gy RT significantly ele-
vated adenosine levels after 24 hours. In vitro, CD73 and CD38 ex-
pression on murine and human breast cancer cells was increased 
following RT. CD73-blockade alone had no significant effect 
on tumor progression. However, in mice treated with 20Gy RT, 
CD73-blockade improved significantly RT-induced tumor control 
and mouse survival, an effect associated with enhanced tumor 
infiltration of activated cDC1 and CD8 T cells. Consistent with the 
hypothesis that cDC1 are essential for RT-induced anti-tumor re-
sponses, the observed synergy between RT and CD73 blockade 
was abrogated in BATF3-/- mice. Improved infiltration of cDC1 
in irradiated tumors of anti-CD73-treated mice was confirmed in 
adoptive transfer experiments of ex vivo generated cDC1. Impor-
tantly, we observed that CD73-blockade in combination with ICB 
and RT induced systemic anti-tumor effects in the 4T1 model, re-
ducing lung metastasis burden compared to RT, ICB or anti-CD73 
alone. 

Our findings show that RT upregulates expression of ectoen-
zymes in the non-canonical pathway of extracellular nucleotide 
catabolism promoting adenosine accumulation in irradiated tu-
mors. We demonstrate that CD73 blockade can synergize with 
tumor-targeted RT to promote tumor infiltration of cDC1, primary 
tumor control and potentiate abscopal tumor effects in combi-
nation with ICB. With CD73 blocking antibodies currently in clini-
cal testing, implementation of CD73 blockade with radiotherapy/
immunotherapy combinations represents a promising treatment 
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option to improve responses in ICB refractory cancer patients.

Keywords : Adenosine, CD73, Radiation therapy, Dendritic cells.
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A172 / Peptide modified siRA (E2F3) functionalized ZnO 
nanorods : A two-in-one approach for breast carcinoma

Vimala Karuppaiya (Periyar University), Kannan Soundarapandian 
(Periyar Uniiversity).

Background : The delivery of combination therapeutic agents 
with different mechanism can cooperatively disallow progression 
and development of cancer. The present study demonstrates an 
innovative “two-in-one” approach based on systematic delivery 
of siRNA and doxorubicin (DOX) by poly ethylene glycol coat-
ed ZnOnanorods (ZnO NRs-PEG). The subsequent grafting of 
ZnOnanorods with PEG provides the space for loading both siR-
NA and DOX to form a “two-in-one” nano-complex, to specifically 
target tumor cells. In addition, utilizing a fresh siRNA transporting 
system combining double effects of folate targeting and bio-re-
ducible disulfide bond linked siRNA-CPPs conjugate is developed 
to suppress E2F3 gene expression of breast cancer both in vitro 
and in vivo. 

Methods : The bio synthesized ZnO NRs-PEG-siRNA-CPP-FA-DOX 
complex for its use as a breast cancer-targeted drug delivery sys-
tem to down regulation of E2F3 expression, induced significant 
inhibitory effect and anticancer efficacy. To investigated the ex-
pression level of E2F3 signalling pathway by RT-PCR and Western 
blotting analysis and in vivotumor suppression study. Results : The 
antitumor activity of ZnO NRs-PEG-siRNA-CPP-FA-DOX were 
evaluating via in vitro and in vivo studies against breast cancer. 
We observed that ZnO NRs-PEG-siRNA-CPP-FA-DOX can effi-
ciently deliver E2F3 siRNA into cancer cells, resulting in the down 
regulation of E2F3 expression, an induced significant inhibitory 
effect on the tumor growth. Further, results also confirmed that 
ZnO NRs-PEG-siRNA-CPP-FA-DOX nanorods had the strongest 
anti-tumor efficacy against MCF-7 tumor bearing xenograft mice. 

Conclusion : In this study, we successfully developed a nanocarrier 
(ZnO NRs) for intravenous co-delivery of E2F3 siRNA and che-
motherapeutic drug DOX. ZnO NRs-PEG-siRNA-CPPs-FA com-
bining folate targeting, and CPPs was constructed to suppress 
E2F3 gene expression of breast cancer both in vitro and in vivo. 
Additionally, owing to the aforementioned advantages ZnO NRs-
PEG-siRNA-CPP-FA-DOX remarkably inhibited tumor growth in a 
synergistic manner. Thus, a safe and efficient delivery system to 
target tumor growth by the co-delivery of siRNA and DOX will be 
much more attractive on the way to the clinic.

Keywords : ZnO Nanorods, DOX, siRNA, Codelivery, Brast cancer.
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A173 / Group 3 Innate lymphoid cells are essential for Cis-
platin mediated anti-tumor immune responses.

Marion Etiennot (Inserm U1231), Fréderique Végran (Inserm 
U1231), François Ghiringhelli (Inserm U1231), Mélanie Bruchard (In-
serm U1231).

Innate lymphoid cells (ILCs) are a native immune cell population 
discovered about ten years ago (1). ILCs are divided in subpopu-
lations mirroring T helper subsets. ILC3s are the innate counter-

part of CD4 Th17 cells, sharing their expression of the transcrip-
tion factor RORgt and the production of IL-17 and IL-22. ILC3s 
are essential for the organogenesis of secondary lymphoid organs 
during embryogenesis and for intestinal homeostasis. In cancer, 
ILC3s have been shown to exert pro- or anti-tumor properties, 
depending on the microenvironment they are in (2, 3). However, 
we still do not know if ILCs and ILC3s in particular, can influence 
the efficacy of chemotherapies. Despite recent advances in im-
munotherapy and targeted therapies, cytotoxic agents remain a 
major weapon against cancer. In addition to their direct cytotox-
ic effect, chemotherapies can also affect the immune system in 
a positive or negative fashion. Cisplatin is a platinum salt based 
chemotherapy widely used in the treatment of various cancer 
types amongst which bladder, esophageal, breast and lung can-
cers. Although cisplatin is known to be a non-immunogenic drug, 
it still has immune-stimulating properties. A cisplatin treatment 
has been shown to induce a massive recruitment and proliferation 
of effector T cells as well as of antigen presenting cells express-
ing high levels of costimulatory molecules within the tumor bed 
in both human and mice (4). Our goal is to understand the role 
ILC3s may play in the anti-tumor immune responses triggered by 
a cisplatin treatment. 

Using TC-1 tumor cells, a pulmonary cancer model, injected sub-
cutaneously into WT mice, we studied by flow cytometry and in 
a time course fashion, the evolution of the immune populations 
found in the tumor after a cisplatin treatment. We were able to 
observe that ILC3s were increased in the tumor as early as one 
day after treatment when the other immune populations increase 
started at day three after treatment. In order to see if ILC3s were 
responsible for the latter increase in immune cells, we depleted 
them and could see that in absence of ILC3s, the immune infil-
tration of the tumor was greatly reduced. The absence of ILC3s 
also diminished the efficiency of cisplatin against tumor develop-
ment. Here we show that ILC3s are a first mandatory step for the 
establishment of a potent immune response against the tumor 
after a cisplatin treatment. We hope that understanding the cellu-
lar and molecular mechanisms explaining cisplatin efficiency will 
help identify new potential targets to further improve its effects.
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A174 / Synaptic actin remodeling underlies cancer cell 
resistance to cytotoxic lymphocytes

Hannah Wurzer (Luxembourg Institute of Health), Céline Hoff-
mann (Luxembourg Institute of Health), Jerome Mastio (Luxem-
bourg Institute of Health), Clement Thomas (Luxembourg Insti-
tute of Health).

Immune evasion is a major hallmark of cancer. Significant prog-
ress has been made in investigating how tumors evade recogni-
tion and destruction by the immune system. However, approaches 
on antagonizing these escape strategies are often overcome in a 
short time. Using live cell imaging confocal microscopy and imag-
ing flow cytometry we established that rapid actin cytoskeleton 
remodeling in cancer cells can promote their survival during cyto-
toxic lymphocyte attack. Tumor cells that respond to lymphocyte 
contact with a quick and massive accumulation of F-actin at the 
region of the immunological synapse, a process we termed “actin 
response”, survive cytotoxicity assays and can detach from the 
immune cell without undergoing apoptosis. From a mechanistic 
standpoint, the rapid accumulation of polymerized Factin at the 
immunological synapse is accompanied by reduced levels of cyto-
toxic molecules inside target cancer cells. Our mechanistic inves-
tigations suggest that the actin response is at the heart of several 
immune evasion strategies. We report similar findings in different 
types of cancer as well as murine cancer cell models, indicating a 
conservation of this escape strategy. In vivo data show that stim-
ulating the actin response by interfering with specific mediators 
of actin polymerization dramatically increases tumor growth in 
immune competent mice. Together our work identifies the actin 
cytoskeleton as a potentially vulnerable property of cancer cells, 
with the possibility to target specific actin filament populations 
or actin-binding proteins that are selectively upregulated or show 
altered functions in cancers.
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A175 / The effect of inducing mismatch repair deficiency 
on low tumor mutation burden tumors and anti-tumor 
immunity

Maleki Saman (Western University), Mikal El-Hajjar (Western Uni-
versity), Ronak Zareardalan (Lawson Health Research Institute), 
Rene Figueredo (Western University), James Koropatnick (West-
ern University).

Immune checkpoint inhibitors (ICIs) have improved patient sur-
vival across a number of cancers, especially in high tumor muta-
tion burden (TMB) tumors. However, most cancer patients, across 
the spectrum of malignancies, still do not respond to ICIs. Patients 
with DNA mismatch repair (MMR)-deficient tumors show high re-
sponse rates to ICIs, regardless of the type of cancer (1). This has 
led to the first FDA approval of pembrolizumab (anti-PD1) for any 
type malignancies with MMR deficiency. Although this phenom-
enon is attributed to higher levels in neoantigens in MMR-defi-
cient tumors the underlying immune mechanisms behind these 
heightened responses are not understood (2). It is also not clear 
whether tumors with low TMB such as neuroblastoma could be 
rendered responsive to ICIs by inducing MMR deficiency in them. 
Here we used CRISPR/CAS9 genome editing to knock out (KO) 
MLH1, encoding a crucial molecule in the MMR pathway, in mouse 
neuroblastoma (Neuro-2a) cells – refractory to ICIs – to induce 
MMR deficiency. To analyze tumor growth inhibition in response 
to ICIs and T-cell immune profile, tumors with intact or induced 
MMR deficiency were injected subcutaneously into immunocom-
petent mice. Tumor growth and surrogate measures of animal sur-
vival were measured after treatment with anti-PD1 antibodies. In 
a separate set of experiments, mice were euthanized after tumors 
reached ~1400 mm3 ; spleen, lymph nodes, and tumor-infiltrating 
lymphocytes (TILs) were harvested and analyzed for activation, 
exhaustion, and effector markers, allowing for in-depth flow cyto-
metric analysis of T-cell subsets in these mice. We also examined 
MHC-I and PD-L1 levels on tumors upon induction of MMR defi-
ciency. Our data demonstrate that mice injected with tumors with 
induced MMR-deficiency exhibit a robust immune response fol-
lowing anti-PD1 therapy, including rejection of a subset of tumors. 
We observed increased total T-cell populations in these mice and 
changes in some immune markers. Furthermore, tumor cells in-
creased their PD-L1 levels and decreased their MHC-I levels over 
time following induction of MMR deficiency, in an immunoedit-
ing-independent manner, as a potential mechanism of resistance 
to anti-PD1 therapy in response to induction of MMR deficiency. 

In conclusion, our data show that inducing MMR deficiency sensi-
tizes tumors with naturally low TMB to ICIs while inducing pheno-
typic changes on immune and tumor cells. 

Supported by a grant from the Canadian Institutes of Health Re-
search to JK and SM
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A176 / Helicobacter pylori accelerates metaplasia and 
dysplasia in a mouse model of gastric cancer pre-neoplas-
tic progression

Valerie P O’Brien (Fred Hutchinson Cancer Research Center), Ar-
mando E Rodriguez (Fred Hutchinson Cancer Research Center), 
Christina Leverich (Fred Hutchinson Cancer Research Center), 
Jean S Campbell (Fred Hutchinson Cancer Research Center), 
Robert H Pierce (Fred Hutchinson Cancer Research Center), Eun-
young Choi (Vanderbilt University), James R Goldenring (Vander-
bilt University), Nina R Salama (Fred Hutchinson Cancer Research 
Center).

Gastric cancer is the fifth most common cancer and third-leading 
cause of cancer deaths worldwide (1). Almost 90% of gastric can-
cer is attributable to stomach infection with Helicobacter pylori 
(Hp) (2), a bacterium that infects half of humans (3). Hp is now 
known to initiate an inflammatory cascade that can result in gas-
tric cancer : infection causes chronic gastritis, which can induce 
loss of gastric acid-producing parietal cells. In response, digestive 
enzyme-producing chief cells can transdifferentiate, resulting in 
an inflammatory state called spasmolytic polypeptide-expressing 
metaplasia (SPEM), which can progress to intestinal metaplasia 
(IM), dysplasia, and finally to gastric cancer (4-10). However, most 
infected people do not develop cancer, and the specific mech-
anism(s) through which Hp infection leads to cancer – beyond 
initiating inflammation – are not fully understood. Here we used a 
transgenic mouse model in which the induction of an oncogenic 
Kras allele in the chief cells of the stomach rapidly causes SPEM 
and IM in the absence of infection (11). We examined the effects 
of concomitant Hp infection and Kras induction, compared to ei-
ther Hp infection alone or Kras induction alone. Our preliminary 
results show that Hp infection coupled with oncogenic Kras ex-
pression leads to : i) severe histopathologic alterations marked 
by increased epithelial thickness, oxyntic atrophy (loss of chief 
and parietal cells), and accelerated metaplasia progression ; ii) a 
significant increase in dysplastic glands throughout the stomach 
body ; and iii) enhanced inflammation marked by infiltration of 
macrophages and CD4+ and CD8+ T cell subsets. Despite this 
striking immunopathology, Hp is able to persistently colonize the 
stomach during the onset of these pre-cancerous changes, and to 
maintain the function of its type IV secretion system, a bacterial 
virulence factor implicated in gastric cancer development. Col-
lectively, these studies point to a previously unappreciated role 
for Hp in driving gastric carcinogenesis beyond the initiation of 
inflammation, through inflammatory and structural modifications 
to the gastric mucosa. These studies may lead to new advances 
in gastric cancer diagnosis and treatment strategies, which are 
urgently needed.
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A177 / B cells sustain inflammation and predict response 
to immune checkpoint blockade in human melanoma

Johannes Griss (Department of Dermatology, Medical University 
of Vienna), Wolfgang Bauer (Department of Dermatology, Medical 
University of Vienna), Christine Wagner (Department of Derma-
tology, Medical University of Vienna), Martin Simon (Department 
of Dermatology, Medical University of Vienna), Minyi Chen (De-
partment of Dermatology, Medical University of Vienna), Kathari-
na Grabmeier-Pfistershammer (Institute of Immunology, Medical 
University of Vienna), Peter Steinberger (Institute of Immunology, 
Medical University of Vienna), Rajasekharan Somasundaram (Wis-
tar Institute, Philadelphia PA), Stephan N Wagner (Department of 
Dermatology, Medical University of Vienna).

Tumor associated inflammation predicts response to immune 
checkpoint blockade in human melanoma. Established mecha-
nisms of therapy response and resistance center on the contribu-
tion of anti-tumor T cell responses. Here we show that tumor-as-
sociated B cells are vital to tumor associated inflammation. 
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In human melanoma, tumor-associated B cells are primarily locat-
ed at the invasive tumor-stroma margin arguing for a preferential-
ly cell contact-independent communication with tumor cells. We 
therefore exposed in vitro peripheral blood- and melanoma-de-
rived B cells to the secretome from autologous melanoma cells 
and observed induction of several pro- as well as anti-inflamma-
tory factors. Exposed B cells differentiated towards a plasmab-
last-like phenotype with marked down-regulation of surface CD20 
and upregulation of CD38 expression. In vivo, this functional B cell 
phenotype could be reconciled as a distinct B cell cluster in public 
single-cell RNA-seq data as well as by 7 color multiplex immunos-
taining from human melanoma samples. RNA-seq and multiplex 
immunostaining data also revealed that anti-CD20 immunothera-
py not only significantly reduced the number of tertiary lymphoid 
follicles and depleted plasmablast-like TAB from human tumors, 
but also led to a pronounced decrease in tumor inflammation sig-
natures as well as CD8+ T cell numbers. Single-cell RNA-seq data 
demonstrated the expression of T cell chemoattractants CCL5, 
CCL4, and CCL28 in plasmablast-like TAB further supporting their 
critical role in recruitment of immune cells and sustaining tumor 
inflammation. 

The potential clinical implications of our observations are demon-
strated in large-scale whole tissue and single-cell RNA-seq data-
sets. Here, the plasmablast-like TAB cell signature correlated with 
T cell abundance, inflammation and improved patient survival in 
the TCGA cutaneous melanoma cohort. Most strikingly, the fre-
quency of plasmablast-like TAB in pretherapy melanoma samples 
was predictive of response to immune checkpoint blockade ther-
apy in the Riaz et al. (Cell 2017) and Sade-Feldmann et al. (Cell 
2018) melanoma cohorts. Consistently, in a surrogate assay of T 
cell activation, melanoma secretomes induced autologous B cells 
to significantly increase the activation of PD-1-expressing Jurkat 
T cells by PD-1 blockade. 

Together, our data argue that tumor-associated B cells orches-
trate and sustain tumor inflammation, recruit CD8+ T effector 
cells and may represent a predictor for response and survival to 
immune checkpoint blockade in human melanoma.

Keywords : tumor associated B cells, melanoma, inflammation, tu-
mor microenvironment.

A178 / FcγRIIb engagement is required for αOX40 anti-
body-mediated activation of human tumor-infiltrating T 
cells

Lucia Campos Carrascosa (Gastroenterology and Hepatology, 
Erasmus Medical Center), Adriaan A. van Beek (Gastroenterology 
and Hepatology, Erasmus Medical Center, Rotterdam, NL), Vale-
ska de Ruiter (Gastroenterology and Hepatology, Erasmus Medi-
cal Center, Rotterdam, NL), Michael Doukas (Pathology, Erasmus 
Medical Center, Rotterdam, NL), Shahram Salek-Ardakani (On-
cology Research and Development, Pfizer Inc., San Diego, USA), 
Yik Andy Yeung (Oncology Research and Development, Pfizer 
Inc., San Diego, USA), Timothy S. Fisher (Oncology Research and 
Development, Pfizer Inc., San Diego, USA), Jie Wei (Oncology 
Research and Development, Pfizer Inc., San Diego, USA), Karlijn 
van Loon (Gastroenterology and Hepatology, Erasmus Medical 
Center, Rotterdam, NL), Patrick P.C. Boor (Gastroenterology and 
Hepatology, Erasmus Medical Center, Rotterdam, NL), Yannick S. 
Rakké (Gastroenterology and Hepatology, Erasmus Medical Cen-
ter, Rotterdam, NL), Joris I. Erdmann (Surgery, Amsterdam Medi-
cal Center, Amsterdam, NL), Belle V. van Rosmalen (Surgery, Am-
sterdam Medical Center, Amsterdam, NL), Pascal G. Doornebosch 
(Surgery, IJsselland Hospital, Rotterdam, NL), Dirk J. Grünhagen 
(Surgery, Erasmus Medical Center, Rotterdam, NL), Cornelis Ver-
hoef (Surgery, Erasmus Medical Center, Rotterdam, NL), Wojciech 
G. Polak (Surgery, Erasmus Medical Center, Rotterdam, NL), Jan 
N.M. IJzermans (Surgery, Erasmus Medical Center, Rotterdam, 
NL), Jaap Kwekkeboom (Gastroenterology and Hepatology, Eras-
mus Medical Center, Rotterdam, NL), Dave Sprengers (Gastroen-
terology and Hepatology, Erasmus Medical Center, Rotterdam, 
NL).

OX40 (CD134) is a co-stimulatory member of the TNFR family 
that is transiently expressed on T cells upon antigen recognition. 
Thus, OX40 targeting emerged as a potential immunotherapeu-

tic treatment avenue to reinvigorate anti-tumor activities of tu-
mor-infiltrating lymphocytes (TILs) by enhancing effector T cell 
expansion and suppressing Treg activity. 

The aim of this study was to investigate mechanisms and re-
quirements for effective OX40 co-stimulation of primary human 
TILs. Therefore, we isolated TILs, leukocytes from surrounding 
tumor-free tissues as well as peripheral blood mononuclear cells 
(PBMC) of hepatocellular carcinoma (HCC ; n=25) and colorectal 
cancer (CRC ; n=46) patients that underwent surgical resection. 
OX40 expression was determined by flow cytometry immediate-
ly after cell isolation. To assess effects of OX40 co-stimulation 
on PBMC and TILs, cells were cultured for up to 8 days in vitro 
in the presence of CD3/CD28 activation beads with or without 
hexameric OX40 Ligand or agonistic human αOX40 antibodies. 
Subsequently, T cell numbers as well as secreted cytokine levels 
were determined by flow cytometry and multiplex cytokine as-
says respectively. 

First, we assessed OX40 expression on T cells from tumor, tu-
mor-free tissue and peripheral blood. Tumor-derived T cells dis-
played higher OX40 levels as compared to T cells from blood or 
surrounding tumor-free tissue. Within TILs of both cancer types, 
activated CD4+Foxp3hiCD45RA- Treg (aTreg) and activated 
CD4+Foxp3dimCD45RA- Th (aTh) cells showed higher OX40 lev-
els as compared to CD4+ Foxp3- Th and CD8+ TILs. Addition of 
hexameric OX40 Ligand to TILs cultured in the presence of CD3/
CD28 activation beads enhanced expansion of CD4+ and CD8+ 
TILs and IFN-γ secretion in a dose-dependent manner. While 
soluble human agonistic αOX40 antibody failed to enhance TIL 
expansion, αOX40 antibody multimerized on beads significant-
ly stimulated TIL proliferation. This suggested that clustering of 
OX40 molecules is a prerequisite for efficient signal transduction. 
To determine whether αOX40-mediated co-stimulation requires 
FcγRIIb engagement, TILs were treated with an Fc-engineered 
human αOX40 IgG1 antibody with selectively enhanced FcγRIIb 
affinity, termed αOX40_v12. Soluble αOX40_v12 efficiently en-
hanced CD4+ as well as CD8+ TIL expansion while antibody-me-
diated blockade of FcγRIIb abrogated this effect. Stimulation 
with αOX40_v12 enhanced secretion of IFN-γ as well as Th2/9 
cytokines whereas IL-17 remained unchanged. FcγRIIb was de-
tected on most CD45+ CD3- TIL subsets including B cells, mono-
cytes, cDC and to a smaller extent NK cells, whereas T cells did 
not express FcγRIIb. Accordingly, αOX40_v12 failed to enhance 
expansion of CD3-purified TIL, demonstrating that the presence 
of FcγRIIb on non-T cells is critical for OX40 co-stimulation. To 
understand whether OX40-mediated enhanced TIL proliferation 
in our assays was based on reduced Treg suppression or a direct 
activation of effector T cells, we depleted CD25hi TILs by magnet-
ic cell separation. In the absence of Tregs, αOX40_v12 stimulation 
still enhanced CD4+ and CD8+ TIL expansion, thus indicating that 
a direct activation of effector T cells at least partially contributes 
to the enhanced TIL proliferation. 

In conclusion, we showed for the first time that OX40 targeting 
has the potential to reinvigorate expansion and activity of tu-
mor-derived human T cells. Additionally, our data indicate that 
effective co-stimulation of human T cells by OX40 targeting re-
quires multimerization of OX40 molecules which can be achieved 
by FcγRIIb-mediated antibody crosslinking as shown previously 
for other members of the TNFR family including CD40. Thus, by 
modulating the affinity to FcγRIIb, Fc-engineering is a critical tool 
to harness the full potential of αOX40 cancer immunotherapy.

Keywords : OX40 immunotherapy, liver and colorectal cancer, 
FcγRIIb-mediated antibody crosslinking, Fc engineering.

A179 / CCR8 as a novel biomarker for the specific targe-
ting of a highly suppressive tumor infiltrating regulatory T 
cell subset

Helena Van Damme (Laboratory of Cellular and Molecular Im-
munology, Vrije Universiteit Brussel - Myeloid Cell Immunology 
Lab, VIB Center for Inflammation Research), Eva Van Overmeire 
(Laboratory of Cellular and Molecular Immunology, Vrije Univer-
siteit Brussel - Myeloid Cell Immunology Lab, VIB Center for In-
flammation Research), Evangelia Bolli (Laboratory of Cellular and 
Molecular Immunology, Vrije Universiteit Brussel - Myeloid Cell 
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Immunology Lab, VIB Center for Inflammation Research), Máté 
Kiss (Laboratory of Cellular and Molecular Immunology, Vrije Uni-
versiteit Brussel - Myeloid Cell Immunology Lab, VIB Center for 
Inflammation Research), Pauline Bardet (Laboratory of Cellular 
and Molecular Immunology, Vrije Universiteit Brussel - Myeloid 
Cell Immunology Lab, VIB Center for Inflammation Research), Ma-
ria Solange Martins (Laboratory of Cellular and Molecular Immu-
nology, Vrije Universiteit Brussel - Myeloid Cell Immunology Lab, 
VIB Center for Inflammation Research), Yvon Elkrim (Laboratory 
of Cellular and Molecular Immunology, Vrije Universiteit Brussel 
- Myeloid Cell Immunology Lab, VIB Center for Inflammation Re-
search), Frank Tacke (Department of Medicine III, RWTH Universi-
ty-Hospital Aachen, Aachen, Germany), Sofie Struyf (Laboratory 
of Molecular Immunology, Rega Institute for Medical Research, 
Department of Microbiology and Immunology, KU Leuven, Leu-
ven, Belgium), Kiavash Movahedi (Laboratory of Cellular and Mo-
lecular Immunology, Vrije Universiteit Brussel - Myeloid Cell Im-
munology Lab, VIB Center for Inflammation Research), Isabelle 
Scheyltjens (Laboratory of Cellular and Molecular Immunology, 
Vrije Universiteit Brussel - Myeloid Cell Immunology Lab, VIB Cen-
ter for Inflammation Research), Massimiliano Mazzone (Lab of 
Tumor Inflammation and Angiogenesis, Department of Oncology, 
KU Leuven, Leuven, Belgium), Damya Laoui (Laboratory of Cellu-
lar and Molecular Immunology, Vrije Universiteit Brussel - Myeloid 
Cell Immunology Lab, VIB Center for Inflammation Research), Jo 
A. Van Ginderachter (Laboratory of Cellular and Molecular Immu-
nology, Vrije Universiteit Brussel - Myeloid Cell Immunology Lab, 
VIB Center for Inflammation Research).

Aside from cancer cells, the tumor microenvironment (TME) con-
tains a vast array of immune cells which are known to contribute 
significantly to tumor growth and dissemination. These immune 
cells are therefore considered interesting targets for cancer ther-
apy. Strikingly, detailed studies regarding the role of chemokines 
and chemokine receptor expression on tumor-resident immune 
cells are largely lacking. 

Through the use of single cell RNA sequencing we unraveled the 
T cell complexity in Lewis Lung carcinoma and were able to iden-
tify two distinct regulatory T cell (TI-Treg) subsets within the TME. 
The Chemokine (C-C motif) receptor 8 (CCR8) appeared specifi-
cally expressed by the highly activated TI-Treg subset. These find-
ings were confirmed at the protein and functional level, where 
the CCR8+ TI-Tregs showed higher expression of a plethora of 
activation markers and immune checkpoint molecules, including 
LAG-3 and OX40, and showed a superior suppressive capacity. 
Interestingly, this upregulation of CCR8 on the activated Tregs 
was specific for the TME and appeared to be antigen-induced. 
Moreover, these findings also translate to human cancer where we 
found that CCR8 upregulation also appeared to be specific for the 
TI-Tregs. These results indicate that CCR8 can be used as a bio-
marker for this pro-tumoral TI-Treg subset. However, comParison 
of WT TI-Tregs to CCR8-KO TI-Tregs showed that a loss of CCR8 
expression did not influence TI-Treg recruitment to the TME, nor 
their activation status or their suppressive capacity, indicating 
that CCR8 does not play an important functional role on TI-Tregs. 
Aside from CCR8, single cell RNA sequencing of the whole TME 
showed that the CCR8-specific ligand, CCL8, was specifically and 
highly expressed by pro-tumoral M2-like TAMs. However, the ex-
act role of CCL8 remains elusive. 

Overall, the unique expression-profile of CCR8 allows it to be used 
as a potent biomarker for the therapeutic targeting of the pro-tu-
moral LAG-3High OX40High TI-Treg subset. This highly specific 
targeting would allow us to prevent systemic Treg depletion in 
cancer patients and avoid the induction of autoimmune compli-
cations.

Keywords : Immuno-oncology, CCR8, Regulatory T cells, Immuno-
therapy.

A180 / Immunomodulatory effect of Hepatocyte Growth 
Factor on monocytes in human gastric cancer

Juliette Palle (Inserm U970), Laure Hirsch (Inserm U970), Alexan-
dra Lapeyre-Prost (Inserm U970), Ariane Lacotte (Inserm U970), 
Simon Pernot (Inserm U970), Thibault Voron (Inserm U970), Eric 
Tartour (Inserm U970), Julien Taïeb (Service d’Oncologie Diges-

tive, Hopital Européen Georges Pompidou, APHP), Magali Terme 
(Inserm U970).

Understanding the mechanisms involved in tumor-induced im-
munosuppression is currently of major interest. Among these im-
munosuppressive pathways, induction of regulatory T cells (Treg) 
can inhibit the development of an efficient anti-tumor immune re-
sponse. At physiological state, Treg induction is partly dependent 
of a subtype of dendritic cells (DC) characterized by an immature 
phenotype. [1] Hepatocyte Growth Factor (HGF) and its receptor 
c-met are involved in numerous cellular functions such as prolifer-
ation, migration and survival. Deregulation of the HGF/c-Met sig-
nalling occurs in several cancers such as gastric adenocarcinoma 
(GA), leading to aggressive cellular invasiveness [2] [3]. Yet, it has 
been shown in vitro in healthy volunteers (HV) that the HGF/c-
Met pathway could promote the development of Treg via DC [4], 
but this role has never been reported in human malignancies. We 
studied the immunomodulatory effects of HGF in GA patients. 

Peripheral blood from GA patients was collected and cMet ex-
pression on mononuclear cells was analysed by flow cytometry. 
Monocytes were isolated by magnetic separation and cultured 
with GM-CSF and IL-4 (standard condition to induce DCs) with or 
without HGF for 6 days. In some experiments at day 6, cells were 
matured by LPS for 24 hours. At day 7, cell phenotype and cy-
tokine production were assessed respectively by flow cytometry 
and ELISA in culture supernatants. Then, monocytes previously 
differenciated in presence or absence of HGF were co-cultured 
with allogenic T CD4+ lymphocytes (LT), isolated from peripheral 
mononuclear cells of HV by magnetic separation. After 7 days of 
co-culture, LT phenotype was analyzed by flow cytometry. 

47 patients with a GA were included (median age : 64.4 years ; 
male = 76%). No expression of c-Met could be detected on the 
surface of LT or Treg (0.36+/-0.13 % and 0.55+/-0.20 % respec-
tively), suggesting that HGF could not act on lymphocytes in a di-
rect manner. However, monocytes, that are precursor cells of DC, 
expressed c-Met (15.95+/-2.97%). C-Met expression was the same 
in the three monocytes subtypes (classical, intermediary and non 
classical). There was no difference of c-Met expression according 
to the histological type of adenocarcinoma (intestinal type, dif-
fuse or mixed type), or to the tumor location (gastric body or oe-
sogastric junction). However, c-Met expression on monocytes was 
higher in patients with a tumor burden (localized or metastatic) 
than in patients with no tumor burden (patients who underwent 
gastrectomy). Furthermore, we analysed cMet expression in one 
patient before and after tumor resection by gastrectomy. We ob-
served that cMet expression on peripheral monocytes decreased 
after the tumor resection. Treatment of monocytes with HGF in 
the presence of GM-CSF and IL-4 induces the development of 
cells expressing the DC markers CD11c and HLA-DR. Conditioning 
of these cells with HGF decreased the expression of CD80, CD83 
and CD86 co-stimulatory molecules and inhibited their matura-
tion induced by LPS. Furthermore, HGF stimulation increased the 
secretion of the protolerogenic cytokine IL-10. [5] Lastly, when 
co-cultured with monocytes previously treated with HGF, expres-
sion of Treg markers by LT (high expression of CD25, high ex-
pression of Foxp3 and low expression of CD127) was significantly 
increased, compared to the control condition. 

In conclusion, peripheral monocytes from GA patients express the 
HGF receptor c-Met. In the presence of HGF, monocytes differen-
tiated into cells with DC features and a protolerogenic phenotype. 
In addition, monocytes previously differentiated in presence of 
HGF could induce the expression of Treg markers by allogenic LT 
co-cultured in vitro. Thus, HGF could be a novel immune escape 
mechanism in cancer and could be targeted not only for its direct 
anti-tumor effect but also for its immunomodulatory properties.

Keywords : Regulatory T lymphocytes, Hepatocyte Growth Factor, 
Monocytes, Dendritic cells.
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A181 / Proteases activated during lethal heat shock parti-
cipate in antigen processing and influence the immunoge-
nicity of tumor cell death

Nicholas J Shields (Department of Pathology, Dunedin School of 
Medicine, University of Otago), Adele G Woolley (Department of 
Pathology, Dunedin School of Medicine, University of Otago), Su-
nali Mehta (Department of Pathology, Dunedin School of Medi-
cine, University of Otago), Christopher Jackson (Department of 
Medicine, Dunedin School of Medicine, University of Otago), Sar-
ah L Young (Department of Pathology, Dunedin School of Medi-
cine, University of Otago).

Immunogenic cell death (ICD) is a form of apoptosis that facili-
tates the induction of anti-tumor immune responses. ICD in tumor 
cells is a crucial determinant of therapeutic efficacy in cancer and 
relies on both the release of tumor antigens and immune-stim-
ulatory molecules called damage-associated molecular patterns 
(DAMPs)¹. While the programmed, sequential release of DAMPs 
during ICD is well characterized, the fate of antigen in dying tu-
mor cells is poorly defined¹, ². However, in other contexts, the ac-
tivation of particular cell stress and death pathways in antigen 
donor cells has been shown to influence subsequent antigen 
cross-presentation³, 4. We hypothesized that similar mechanisms 
may operate in tumor cells undergoing ICD. Here we investigat-
ed whether proteasome-independent proteases, activated during 
lethal heat shock, participate in antigen processing and influence 
the immunogenicity of tumor cell death. 

Using the MC38 murine colorectal cancer model, tumor cell death 
was induced by lethal heat-treatment (56ºC for 90 minutes) and 
validated as bona fide ICD by vaccination followed by live tumor 
challenge5. A self-quenched, fluorogenic ovalbumin conjugate 
(DQ-OVA), which generates dye-labeled peptides upon proteo-
lytic degradation, was utilised to assess proteolytic activity, anti-
gen processing and peptide localization in heat-killed (HK) tumor 
cells. Marked protease activity was observed in HK tumor cells, 
which were capable of processing antigen and binding resultant 
peptides. Spinning-disk confocal microscopy and 3D reconstruc-
tion revealed antigenic peptides processed by tumor-derived 
proteases associated with the inner leaflet of the plasma mem-
brane, accumulating at high concentrations. Interestingly, HK tu-
mor cells failed to induce CD4+ T-cell activation, but effectively 
induced cross-presentation to elicit CD8+ T-cell activation in vi-
tro. Prolonging antigen exposure to protease activity in HK tumor 
cells also increased subsequent cross-presentation in a time-de-
pendent manner. CD8+ T-cells expanded using HK tumor cells 
produced IFNγ, exhibited tumor cytotoxicity in vitro and provid-
ed protective antitumor immunity when adoptively transferred 
into tumor-bearing mice. Selective inhibition of tumor-derived 
calpains markedly reduced the cross-presentation of antigen as-
sociated with HK tumor cells in vitro, while selective inhibition of 
cathepsins L and B, as well as pan-caspase activity, resulted in a 
partial reduction. Combination of selective calpain, cathepsin and 
caspase inhibition had an additive effect, while broad tumor-de-
rived protease inhibition almost entirely abrogated cross-presen-
tation. Importantly, these observations were attributable to the 
inhibition of tumor-derived-proteases and not those present in 
antigen-presenting cells. 

Together, these results indicate that tumor-derived proteases, 
activated during lethal heat shock, participate in antigenic pro-
cessing that subsequently enhances cross-presentation and the 
immunogenic potential of tumor cell death. Furthermore, our 
findings suggest a dominant role for calpains in this process. Pro-
moting calpain activity in dying tumor cells may therefore repre-
sent a novel approach to improve the efficacy of immune-based 
cancer therapies.

Keywords : Immunogenic cell death, Heat shock, Proteases, Tumor 
lysates.
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A182 / The diverse immunopeptidome of melanoma

Andreas Behren (Tumour Immunology Laboratory, Olivia New-
ton-John Cancer Research Institute), Katherine Woods (Olivia 
Newton-John Cancer Research Institute), Pouya Faridi (Depart-
ment of Biochemistry and Molecular Biology, Monash Biomedi-
cine Discovery Institute, Monash University, VIC, Australia), Sim-
one Ostrouska (Olivia Newton-John Cancer Research Institute), 
Jonathan Cebon (Olivia Newton-John Cancer Research Insti-
tute), Ralf Schittenhelm (Monash Biomedical Proteomics Facility, 
Monash Biomedicine Discovery Institute, Monash University, VIC, 
Australia), Anthony W Purcell (Department of Biochemistry and 
Molecular Biology, Monash Biomedicine Discovery Institute).

Antigen-recognition by CD8+ T cells is governed largely by the 
pool of peptide antigens presented on the cell surface in the con-
text of HLA class I complexes. Recent studies have shown not 
only a high degree of plasticity in the immunopeptidome, but 
also that a considerable fraction of all presented peptides are 
generated through proteasome-mediated splicing of non-con-
tiguous regions of proteins to form novel peptide antigens. Here 
we used high-resolution mass-spectrometry combined with new 
bioinformatic approaches to characterize the immunopeptidome 
of melanoma cells in the presence or absence of interferon-gam-
ma. In total, we identified 29, 934 peptides and demonstrate that 
interferon-gamma induces marked changes in the peptidome 
(with an overlap of only 49.8% between conditions as revealed by 
data independent acquisition mass spectrometry). Around 6% (1, 
774) of the peptides were identified as cis-spliced peptides, and 
712 peptides (674 linear, 38 spliced peptides) were derived from 
known melanoma-associated antigens. Of note, several peptides 
showed in vitro immunogenicity across multiple melanoma pa-
tients. These observations highlight the breadth and complexity 
of the repertoire of immunogenic peptides that may be exploited 
therapeutically and suggest that spliced peptides may be a major 
class of tumour antigens.

Keywords : Immunopeptidome, Cis-splicing, Melanoma, Antigen 
processing.

A183 / An optimized in vitro model to uncover the trans-
criptomic landscape of activated tumor-reactive T cells

Christopher Aled Chamberlain (National Center for Cancer Im-
mune Therapy (CCIT-DK), Department of Oncology, Herlev and 
Gentofte Hospital, University of Copenhagen), Martin Lauss (Divi-
sion of Oncology, Department of Clinical Sciences, Lund Univer-
sity, Lund, Sweden), Arianna Draghi (National Center for Cancer 
Immune Therapy (CCIT-DK), Department of Oncology, Herlev and 
Gentofte Hospital, University of Copenhagen, Herlev, Denmark), 
Katja Harbst (Division of Oncology, Department of Clinical Sci-
ences, Lund University, Lund, Sweden), Krisztian Papp (Depart-
ment of Physics of Complex Systems, ELTE Eötvös Loránd Uni-
versity, Budapest, Hungary), Aimilia Schina (National Center for 
Cancer Immune Therapy (CCIT-DK), Department of Oncology, 
Herlev and Gentofte Hospital, University of Copenhagen, Herlev, 
Denmark), Aishwarya Gokuldass (National Center for Cancer Im-
mune Therapy (CCIT-DK), Department of Oncology, Herlev and 
Gentofte Hospital, University of Copenhagen, Herlev, Denmark), 
Istvan Csabai (Department of Physics of Complex Systems, ELTE 
Eötvös Loránd University, Budapest, Hungary), Inge Marie Svane 
(National Center for Cancer Immune Therapy (CCIT-DK), Depart-
ment of Oncology, Herlev and Gentofte Hospital, University of 
Copenhagen, Herlev, Denmark), Zoltan Szallasi (Danish Cancer 
Society Research Center, Copenhagen, Denmark), Göran Jönsson 
(Division of Oncology, Department of Clinical Sciences, Lund Uni-
versity, Lund, Sweden), Marco Donia (National Center for Cancer 
Immune Therapy (CCIT-DK), Department of Oncology, Herlev and 
Gentofte Hospital, University of Copenhagen, Herlev, Denmark).

Cytotoxic T-lymphocyte (CTL) recognition of tumor-antigens, fol-
lowed by activation of killing functions, represents the final com-
mon pathway of immune-mediated tumor regression. However, 
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the complete functional repertoire of tumor-reactive CTLs is still 
largely unclear. To characterize the precise molecular events lead-
ing to CTL activation and killing, we combined various cellular and 
molecular techniques to accurately reproduce the CTL-tumor cell 
interactions occurring within the tumor microenvironment (TME) 
of individual cancer patients. Our aim was to generate a robust 
workflow, allowing the isolation and transcriptomic character-
ization of tumor-reactive CTLs upon recognition of autologous 
tumor cells in vitro. We isolated tumor-reactive CTLs from the 
TME of 12 patients of varying histologies (metastatic melanoma, 
sarcoma, ovarian cancer), and following recognition of natural-
ly presented tumor-antigens in vitro, tumor-reactive CTLs were 
purified via magnetic-activated cell sorting and their mRNA se-
quenced. Our analysis demonstrated that CTLs recognizing autol-
ogous tumor antigens consistently upregulated many expected 
genes associated with activation and cytotoxicity programs (e.g. 
TNFRSF9, IFNG, GZMB, TNF, HAVCR2), thereby confirming the 
viability of our method. In addition, numerous additional genes 
(data not shown) associated with presently uncharacterized func-
tions were found to be highly upregulated, indicating additional 
roles for CTLs in the TME and further eluding to the potential of 
this method. Our results show that this workflow is a tool that can 
feasibly be used with patient-derived material to directly study 
natural tumor-CTL interactions and the functional repertoire of 
CTLs.

Keywords : cytotoxic T cell, transcriptomic analysis, tumor-reac-
tive T cell.

A184 / Salt-inducible kinase 3 facilitates tumor cell re-
sistance against cytotoxic T cell attack by shifting TNF 
signaling from apoptosis to survival

Tillmann Michels (iOmx Therapeutics AG), Antonio Sorrentino 
(German Cancer Research Centre (DKFZ)), Ayse Nur Menevse 
(German Cancer Research Centre (DKFZ)), Stefan Bissinger 
(iOmx Therapeutics AG), Peter Sennhenn (iOmx Therapeutics 
AG), Valentina Volpin (German Cancer Research Centre (DKFZ)), 
Sabrina Genssler (iOmx Therapeutics AG), Hannes Loferer (iOmx 
Therapeutics AG), Christian Kohler (Institute of Functional Ge-
nomics, University of Regensburg), Rainer Spang (Institute of 
Functional Genomics, University of Regensburg), Michael Rheli 
(Regensburg Center for Interventional Immunology (RCI)), Chris-
tian Schmidl (Regensburg Center for Interventional Immunology 
(RCI)), Marco Breinig (German Cancer Research Centre (DKFZ)), 
Michael Boutros (German Cancer Research Centre (DKFZ)), Se-
bastian Meier-Ewert (iOmx Therapeutics AG), Apollon Papadim-
itriou (iOmx Therapeutics AG), Philipp Beckhove (Regensburg 
Center for Interventional Immunology (RCI)), Nisit Khandelwal 
(iOmx Therapeutics AG).

Immune checkpoint blockade (ICB) is a breakthrough cancer 
therapy resulting in - for the first time - long-lasting patient sur-
vival. ICB functions by reactivating the patient’s immune system 
(e.g. cytotoxic T cells) against tumor cells leading to disease re-
mission. However, the majority of patients do not benefit from 
current immunotherapy treatments because tumors employ an 
arsenal of checkpoint and resistance pathways to evade immune 
attack. Our group uses the iOTarg RNAi screening platform to dis-
cover targets and pathways that induce immune resistance. Here 
we report that desensitization to immune cell-derived TNF is a key 
immune evasion strategy employed by tumor cells, which is tight-
ly regulated and orchestrated by the tumor-intrinsic activity of 
salt-inducible kinase 3 (SIK3). Inhibition of SIK3 using various in-
dependent genetic tools - including siRNAs, shRNA, CRISPR – in-
duced a strong sensitization of various human and murine (MC38) 
tumor cell lines to T cell or TNF-mediated apoptosis. Mechanisti-
cally, SIK3 induced the phosphorylation of histone deacetylase 
HDAC4, upon TNFR1 triggering, preventing its nuclear shuttling. 
Excluding HDAC4 from the nucleus leads to reduced promotor 
region deacetylation around NF-κB binding sites, increased chro-
matin accessibility and subsequently enhanced expression of NF-
κB driven pro-survival genes, as observed via ATAC-seq analysis. 
To understand the clinical relevance of the above biology in pa-
tient cohorts, we generated a SIK3-dependent gene signature of 
TNF-mediated NF-κB activation in a cell line model. By overlay-
ing this gene signature onto the TCGA pancreatic cancer cohort 
of 185 patients, we identified a large majority of patients with an 

upregulated SIK3 pathway signature which correlated with poor 
prognosis despite increased cytotoxic T cell (CTL) activity score, 
emphasizing the role of SIK3 as a key regulator of tumor cell re-
sistance against immune attack. We are investigating SIK3 as a 
target for modulation by small molecule inhibitors in order to 
sensitize tumor cells to immune attack. As a proof-of-concept, 
we used known SIK3 inhibitors HG-9-91-01 and dasatinib, as well 
as a synthesized SIK3-inactive dasatinib derivative (OMX-0326), 
for further studies. Despite the broad kinase inhibition profile of 
the above inhibitors, only compounds with the ability to inhibit 
SIK3 sensitized a large set of human tumor cell lines, as well as 
MC38 murine tumor cell line, towards TNF-induced apoptosis via 
a dose-dependent reduction of NF-κB’s transcriptional activity. 
Hence, the anti-tumor activity of SIK3 inhibitors is based on ab-
rogation of the TNF/SIK3 driven NF-κB pathway. Furthermore, 
MC38 tumor-bearing mice treated with SIK3 inhibitor demon-
strated a significant tumor growth inhibition in vivo and, in com-
bination with anti-PD1 treatment, showed significant increase in 
CTL activation and CTL to Treg ratio. In summary, we report a 
novel role for tumor-intrinsic SIK3 as a regulator of resistance to 
immune cell attack via modulation of the NF-kB pathway. Inhibi-
tion of SIK3 via small molecules sensitizes tumor cells to immune 
attack in vitro and in vivo, making it a promising drug target for 
cancer treatment. Our work further allows for selection of the 
most beneficial patient population for treatment with novel pro-
prietary SIK3 inhibitors.

Keywords : Immune Checkpointt, High-throughput screening, Re-
sistance to immune attack, TNF signaling.
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A185 / Targeting citrullinated vimentin and enolase with 
cytotoxic CD4 T cells, relies upon MHC-II expression by 
tumors, reduces myeloid suppressor cells and directly 
kills tumor cells.

Victoria A Brentville (Scancell Ltd), Rachael Metheringham (Scan-
cell Ltd), Ian Daniels (Scancell Ltd), Suha Atabani (University of 
Nottingham), Peter Symonds (Scancell Ltd), Katherine W Cook 
(Scancell Ltd), Ruhul Choudhury (Scancell Ltd), Poonam Vaghela 
(Scancell Ltd), Mohamed Gijon (Scancell Ltd), Ghislaine Meiners 
(ISA Pharmaceuticals BV), Willem-Jan Krebber (ISA Pharmaceu-
ticals BV), Cornelis J Melief (Leiden University), Lindy G Durrant 
(University of Nottingham).

Post-translational modifications in cancer cells result in changes 
to proteins which cause them to be recognised by the immune 
system. One such modification is citrullination, the conversion 
of arginine residues to citrulline by peptidylarginine deiminase 
(PAD) enzymes. In this study we show in both HLA-DR4 and 
HLA-DP4 transgenic mice that a combination of two citrullinated 
vimentin peptides and one enolase peptide (Modi-1) show similar 
Th1 responses compared to single immunisations. Modi-1 induced 
potent anti-tumor responses in HLA-DR4 or HLA-DP4 transgenic 
mice against both B16 melanoma and ID8 ovarian tumors express-
ing either constitutive or IFNγ inducible DR4 or DP4. In contrast, 
there was no anti-tumour response from wild type peptides or 
adjuvant alone. CD4 depletion but not CD8 depletion abrogat-
ed the primary anti-tumor response as well as recall response to 
tumor rechallenge. The role of CD4 T cells was further validat-
ed as successful tumor regression was consistently associated 
with an increase in CD4 infiltrate in the tumor and a reduction 
in tumor associated myeloid suppressor cells Indeed, direct CD4 
killing was crucial as only tumors expressing class II were reject-
ed. A comParison of different TLR stimulating adjuvants showed 
that Modi-1 induced strong Th1 responses when combined with 
GMCSF, TLR9/TLR4, TLR9, TLR3, TLR2 and TLR7 agonists. Link-
ing the TLR2 agonists to the peptides allowed the vaccine dose to 
be reduced 10-100 fold without loss of anti-tumor activity. These 
studies suggest that low dose of citrullinated peptides linked to 
TLR2 ligand should be rapidly translated to the clinic for the treat-
ment of cancer. Furthermore, ovarian cancer patients show a CD4 
proliferative response to one or more of the citrullinated peptides 
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which is similar to that in healthy donors. These results suggest 
that Modi-1 could be an effective vaccine for ovarian cancer pa-
tients.
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A186 / Resolving immune suppressive signatures in the 
tumor-microenvironment of pancreas adenocarcinoma

Kelly Boelaars (Amsterdam UMC, location VUmc), Ernesto Rodri-
guez (Amsterdam UMC, location VUmc), Sjoerd Schetters (Am-
sterdam UMC, location VUmc), Laura Kruijssen (Amsterdam UMC, 
location VUmc), Kari Brown (Amsterdam UMC, location VUmc), 
Yvette van Kooyk (Amsterdam UMC, location VUmc).

Pancreatic adenocarcinoma (PDAC) is one of the deadliest can-
cers, with a 5-year survival rate of 8%. Due to PDAC’s highly ag-
gressive nature and early invasion to the surrounding vasculature, 
the majority of tumors are inoperable. Additionally, other treat-
ment strategies such as chemo-, targeted- or immunotherapy re-
main ineffective in curing patients. 

Treatment failure has been attributed to the complex PDAC tumor 
microenvironment. The PDAC tumor microenvironment is charac-
terized by abundant, reactive, desmoplastic stroma, resulting in a 
nutrient poor immunosuppressive environment. The majority of 
immune infiltrates are cells of the myeloid lineage, with myeloid 
derived suppressor cells (MDSCs) as well as tumor associated 
macrophages (TAMs) contributing to local immune suppression. 
Cancer associated fibroblasts (CAFs) and extracellular matrix 
proteins also contribute to the aggressive behavior of the tumor 
by promoting proliferation, progression, invasion, metastasis and 
chemo resistance. 

It is well established that tumor cells have altered glycan expres-
sion in glycoproteins and glycolipid, referred to as the tumor gly-
co-code, that influence tumor growth and metastasis. In recent 
years, there has been an increasing interest in the interplay be-
tween the tumor glyco-code and the immune system, since many 
immune cells can recognize glycans through their immune inhibi-
tory lectin receptors. For example, we have shown that sialylation 
in B16 melanoma tolerizes NK cells and promotes Treg formation 
favoring tumor growth. 

We here show using transcriptomic data, that PDAC biopsies have 
enhanced sialylation. The presence of sialic acids in human PDAC 
tumors was confirmed by tissue analysis using plant-lectin stain-
ings. Sialic acids are recognized by a family of immune receptors 
called SIGLEC’s, of which most contain an ITIM motif causing im-
mune suppression upon binding of sialic acids. Interestingly, only 
SIGLEC-7 and SIGLEC-9 ligands were present on PDAC tumor 
cell lines. The receptors SIGLEC-7 and SIGLEC-9 are expressed on 
circulating monocytes, and were found in human PDAC biopsies, 
suggesting that sialic acids on tumor cells can interact with these 
monocytes and modify monocyte function. Indeed, we show that 
PDAC tumor cells induced specifically tumor-associated macro-
phage (TAM) differentiation from monocytes via SIGLEC-7 and 
SIGLEC-9 in vitro. Additionally, the presence of SIGLEC ligands 
in PDAC patients correlated with a TAM signature in the tumor. 

In conclusion, PDAC tumor cells upregulate sialic acids by which 
they induce TAM differentiation from monocytes via SIGLEC-7 
and SIGLEC-9, thereby contributing to immune suppressive sig-
natures in PDAC. Future therapy removing sialic acids, needs to 
reveal the potency of glyco-immune interference for optimal can-
cer immunotherapy.
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A187 / Deciphering the tumor-natural killer cell interac-
tions to develop immunotherapies for lung adenocarcino-
ma

Banu Eskiocak (Massachusetts Institute of Technology).

Cancer immunotherapy, which bolsters patient’s immune system 
to attack tumor cells, results in durable responses in several can-
cer types (1-4). Inhibitory antibodies against immune checkpoint 
proteins, CTLA-4 and PD-1, induce T cell mediated anti-tumor im-
munity resulting in objective response rates over 20% and dura-
ble disease responses over 10 years (5). Despite these favorable 
outcomes, a considerable subset of patients does not respond to 
such therapies. In these patients, reinvigoration of T cells may not 
be sufficient to eradicate tumors and that activation of additional 
immune cells may be required. 

Natural killer (NK) cells are effector lymphocytes of the innate 
immune system and participate in early control of virus infection 
and tumor immunosurveillance both in humans and mice (6-8). 
In mouse, lack of major histocompatibility complex (MHC) class 
I expression (9) or presence of NKG2D receptor ligands (10, 11) 
renders tumor cells susceptible to NK cell mediated cytotoxic-
ity and results in rejection of transplanted tumors. Activating 
receptors on NK cells, such as NKG2D that recognizes stress-in-
duced ligand expression on tumor cells (12) can bolster NK cell 
cytotoxicity against target cells. In addition, engagement of the 
activating receptor CD16 (FcγRIIIa) on NK cells potently medi-
ates antibody-dependent cellular cytotoxicity (ADCC) induced 
by therapeutic tumor targeting monoclonal antibodies such as 
trastuzumab (anti-HER2), cetuximab (anti-EGFR) or rituximab 
(anti-CD20) (13). An alternative therapeutic strategy is the appli-
cation of multi-specific antibodies that co-engage tumor antigens 
and NK cell receptors. In addition to conserving the ADCC effects, 
these multi-specific antibodies can bridge the NK cells to tumor 
cells. This strategy is beginning to yielded promising results in pa-
tients with Hodgkin’s lymphoma (14). 

Although our understanding of tumor immunosurveillance and 
immunotherapies were greatly enhanced by tumor transplant 
mouse models, a major limitation of these models was that tu-
mors grew outside of their native tissue and could not faithfully 
recapitulate the complexity of the physiologic tumor microenvi-
ronment. To try to better understand the dynamic interactions be-
tween tumor and immune cells in tumors that arise in their native 
tissue, we utilize the autochthonous KrasLSL-G12D/+; P53flox/
flox (KP) mouse model, which enable KRASG12D expression and 
P53 deletion upon intratracheal delivery of lentiviral Cre recombi-
nase leading to the formation of lung adenocarcinoma, that reca-
pitulates the genetic and histopathological features of the human 
disease (15, 16). 

In this study, we examined the abundance and activity of NK cells 
in KP mouse model during lung cancer initiation and progression. 
Flow cytometric analysis of NK1.1+CD3-CD49a-CD49b+Eomes+ 
cells 10 weeks post-tumor initiation revealed a significant in-
crease in mature NK cells with effector function in early stages 
of the tumor development. These conventional NK cells displayed 
enhanced activity in the tumor-bearing lungs evidenced by in-
creased IFNγ and Granzyme B production. Independently, we 
observed significantly increased numbers of NKp46+ cells in tu-
mor-bearing lungs using immunohistochemical analysis. As the 
tumors progressed, the number of NK cells returned to normal 
levels observed in control lungs. Decreased cytokine secretion 
and degranulation capabilities suggested that NK cells became 
less functional at later stages of the tumor development. As a 
therapeutic strategy to reinvigorate the NK cell function and to 
promote anti-tumor immunity, we are testing the in vivo efficacy 
of NK cell engagers, simultaneously targeting activating NK cell 
receptors and tumor cell surface antigens.

Keywords : NK cells, Innate immunity, Immunotherapies, Bispecific 
antibodies.
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A188 / Loss of EMC inhibits tumor growth through en-
hanced adaptive immune response

AHyun Choi (Novartis Institutes for BioMedical Research), Haihao 
Zhu (Novartis Institutes for BioMedical Research), Gary Yu (No-
vartis Institutes for BioMedical Research), Giancarlo Carollo (No-
vartis Institutes for BioMedical Research), Lianxing Zheng (No-
vartis Institutes for BioMedical Research), Zhao Chen (Novartis 
Institutes for BioMedical Research), Yan Feng (Novartis Institutes 
for BioMedical Research).

Checkpoint inhibitors have shown remarkable responses in pa-
tients with cancer. However, only a small percentage of patients 
with immunogenic tumors responded well, suggesting neces-
sity of additional treatments, especially ones that can turn the 
non-immunogenic tumors immunogenic. We performed a ge-
nome-wide CRISPR-cas9 screening in mouse cancer cell lines 
to identify mechanism(s) regulating MHC class I cell surface 
expression, where down-regulation links to resistant to immune 
surveillance. Guide RNAs for most of core subunits of ER mem-
brane protein complex (EMC) were recovered from the screen, 
along with genes regulating interferon-gamma signaling and non-
sense-mediated decay. Deletion of each EMC subunits, especially 
EMC1 or EMC3, increased MHC class I level at the cell surface, 
which was further augmented by interferon-gamma treatment. 
EMC1- or EMC3-deleted cancer cells implanted in syngeneic mice 
developed tumors initially, which then resolved completely by it-
self. In contrast, EMC-deficient cells implanted in Rag1-deficient 
mice showed no growth disadvantage, indicating that growth in-
hibition of EMC-deleted cancer cells in syngeneic mice was me-
diated by adaptive immune responses. In addition, we observed 
increased CD45+ leukocytes infiltration into EMC1-deficient tu-
mors and enhanced CD8 T-cells proliferation when co-cultured 
with EMC1-deleted tumor cells. EMC has been shown to be in-
volved in proper protein folding and induces ER stress when de-
leted in yeast. Induced ER stress by thapsigargin in EMC-deficient 
cells did not upregulated MHC class I, indicating the EMC acts 
on MHC class I through different mechanisms. Interestingly, de-
letion of EMC increased expression of genes regulating antigen 
presentation, including TAP1, TAP2, beta2M, as well as subunits of 
immunoproteasome, whereas PD-L1 level was not affected. This 
study suggests that targeting EMC in tumor cells might represent 
a novel therapeutic strategy worth further investigation.
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A189 / Analysis of the glyco-code in pancreatic cancer 
identifies novel immune regulatory circuits

Ernesto Rodriguez (Department of Molecular Cell Biology and 
Immunology - Amsterdam UMC), Kelly Boelaars (Department of 
Molecular Cell Biology and Immunology - Amsterdam UMC), Kari 
Brown (Department of Molecular Cell Biology and Immunology 
- Amsterdam UMC), Elisa Giovannetti (Department of Medical 
Oncology - Amsterdam UMC), Juan Garcia Vallejo (Department 
of Molecular Cell Biology and Immunology - Amsterdam UMC), 
Yvette van Kooyk (Department of Molecular Cell Biology and Im-
munology - Amsterdam UMC).

There is a clear need for new diagnostic and therapeutic ap-
proaches in pancreatic ductal adenocarcinoma (PDAC), that re-
mains as a lethal disease with a 5-year survival rate of only 7%. 
Immunotherapies, highly effective in other types of cancer, fail 
to succeed in PDAC, probably due to its low immunogenicity. A 
key hallmark of PDAC is a tumor microenvironment dominated 
by stromal cells where tumor and immune cells are intermixed. 
The molecular characteristics and architecture of the tumor mi-
croenvironment conjure to inflict a heavy immune suppression 
that contributes to the dismal prognosis of this cancer. The devel-
opment of new anti-cancer strategies that overcome this effect 
represents one of the main challenges in the field, for which it 
is essential to understand the molecular mechanisms behind the 
induction PDAC-induced tolerance. Changes in the glycosylation 
profile of cancer cells have been strongly associated with can-
cer progression and immune-modulation. The glycosylation sig-
nature effects inhibitory processes on many immune cells, that 
sense and develop inhibitory signals upon binding of the glycans 
through their lectins receptors. To deciphering the specific glycan 
signature of tumor cells, which we referred to as glyco-code, is 
important to understand how glycan–lectin circuits drive immune 
suppression in the tumor microenvironment. In this work, we per-
formed a deep characterization of the glyco-code in pancreatic 
cancer by analyzing transcriptomic data of patient samples and 
cell lines, providing solid evidence of the clinical relevance of gly-
cosylation and the induction of a tolerogenic microenvironment. 

Our results show that the expression of glycosylation-related 
genes can be used for the stratification of patients in molecular 
subtypes with different clinical outcomes. The analysis of tran-
scriptomic data of tissue from patients, and the subsequent vali-
dation in cell lines, allowed us to identify two subtypes of cancer 
cells that express specific glycan signatures and are associated 
with different ends of the Epithelial to mesenchymal transition 
continuum. We found that epithelial and mesenchymal cells are 
characterized by specific glycan signatures, particularly by the 
presence of the fucosylated carbohydrates. Our data show that 
these structures are expressed in cells with an epithelial pheno-
type, while they are absent in mesenchymal-like cells. The differ-
ential glycan signatures present in epithelial and mesenchymal 
cells impact their recognition by the immune system, in particular 
by cancer-induced Tumor associated macrophages. Indeed, while 
ligands of MGL are present in both kind of tumor types, ligands 
of the tolerogenic receptor DC-SIGN are expressed only in the 
epithelial cells. Interestingly, the glycan binding and triggering of 
DC-SIGN can clearly modulate the maturation of macrophages, 
by increasing the production of IL10, which may contribute to the 
tolerogenic microenvironment. In summary, we describe novel 
glycan-mediated tolerogenic circuits involved in PDAC tumor pro-
gression and the induction of its tolerogenic microenvironment.
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A190 / The contrasting roles of IFNs in tumor growth 
control and immune checkpoint inhibitor immunotherapy 
efficacy
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Type I and II Interferons (IFNs) are pleiotrppic cytokines that play 
essential role in regulation of host immune response. It has been 
known for decades that the type II IFNg acts in concert with T lym-
phocytes to control tumor growth and thus is a key component 
of the host cancer immunosurveillance system. Type I IFN (IFN-I) 
has recently also emerged as a key component of the host cancer 
immunosurveillance. More importantly, it has recently been de-
termined that the intrinsic signaling pathways of both Type I and 
II IFNs in tumor cells are essential for tumor response to immune 
checkpoint inhibitor (ICI) immunotherapy. Consistent with these 
findings, we observed that mice with deficiency of either IFNg 
or IFNAR1, the receptor for IFN-I, exhibit increased susceptibility 
to carcinoma-induced tumorigenesis and show impaired growth 
control of transplanted tumors. However, IFNAR1-sufficient tumors 
also grow significantly faster in IFNAR1-KO mice and in mice with 
IFNAR1 deficiency only in T cells (IFNAR1-TKO), suggesting that 
IFN-I functions in T cells to enhance host cancer immunosurveil-
lance. Strikingly, tumor-infiltrating CTL levels are similar between 
tumor-bearing WT and IFNAR1-KO mice. Competitive reconstitu-
tion of mixed WT and IFNAR1-KO bone marrow chimera mice de-
termined that IFNAR1-deficient naïve CTLs exhibit no deficiency 
in response to vaccination to generate antigen-specific CTLs as 
compared to WT CTLs. Gene expression profiling determined that 
Gzmb expression is down-regulated in tumor-infiltrating CTLs of 
IFNAR1-KO mice as compared to WT mice, and in antigen-specific 
IFNAR1-KO CTLs as compared to WT CTLs in vivo. Mechanisti-
cally, we determined that IFN-I activates STAT3 that binds to the 
Gzmb promoter to activate Gzmb transcription in CTLs. IFNAR1 
expression level is significantly lower in human colorectal carci-
noma tissues than in normal colon tissues. IFNAR1 protein is also 
significantly lower on CTLs from colorectal cancer patients than 
those from healthy donors. Paradoxically, sustained/chronic IFN 
signaling also promote tumor growth and confers tumor resis-
tance to ICI immunotherapy. We observed that inhibition of IFN 
signaling with Roxilitinib selectively inhibits STAT1 and STAT3 ac-
tivation and increases CTL infiltration to induce a Tc1/Th1 immune 
response to suppress tumor growth in a T cell-dependent manner 
in vivo. In addition, Ruxilitinib inhibits STAT3 activation in tumor 
cells to downregulate immune suppressive cytokines production 
to increase T cell activation and effector function. Taken together, 
our findings indicate that IFNs play a key role in host cancer im-
munosurveillance under physiological conditions and tumor cells 
may use down-regulating IFNAR1 on CTLs to suppress CTL effec-
tor function to evade host cancer immunosurveillance. However, 
under pathological conditions, chronic/sustained IFN signaling in 
tumor cells leads to immune suppression and targeting the chron-
ic IFN signaling in tumor cells is an effective approach to enhance 
the efficacy of ICI immunotherapy.
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A191 / BET bromodomain proteins regulate T cell expres-
sion of multiple immune checkpoint molecules
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Guillaume P. Andrieu (Institut Necker - Enfants Malades), Gerald 
V. Denis (Boston University Medical Campus).

Tumors may be infiltrated with T cell subpopulations exhibit-
ing minimal metabolic activity and proliferative capacity, which 
disable their ability to eliminate malignant cells by cytotoxicity, 
a state termed ‘checkpoint inhibition’. In certain cancers, partic-
ularly melanoma, blockade of checkpoint inhibition has shown 
success to unleash the anti-tumor immunity of tumor-infiltrating 
lymphocytes (TILs). Yet, high variability in response rates among 
diverse patients remains a critical problem ; insufficient progress 
has been made to understand mechanisms that resolve respond-
ers from non-responders. The transcriptional networks that reg-
ulate expression of immune checkpoint molecules are largely un-
known, yet may provide crucial insight into pathways that could 
maximize therapeutic benefit. Here we used multiparameter flow 
cytometry to explore the expression of several important check-
point inhibition molecules, focusing on the functional role of the 
Bromodomain and ExtraTerminal (BET) family of transcriptional 

co-regulators (BRD2, BRD3 and BRD4). We found that BET pro-
teins regulate expression of inhibitory receptors PD-1, CTLA-4, 
TIM-3 and TIGIT in CD8+ T cells, yet the normal variation of BET 
profile is wide. Individual differences in expression of BET proteins 
and inhibitory receptors should inform clinical decision making 
for immune checkpoint approaches. 

Introduction : We previously showed that BET proteins regulate 
tumor microenvironment pathways important for breast cancer 
progression [1] and proposed that immune checkpoints are tran-
scriptionally regulated by BET proteins [2]. Yet small molecule 
pan-BET inhibitors like JQ1 ignore BET protein functional differ-
ences that may stratify responses [3]; for example, BRD2 func-
tionally opposes BRD3 and BRD4 in epithelial-to-mesenchymal 
transition in breast cancer [4]. Therefore, personalized patient 
profiling of BET protein family members may reveal important in-
dividual-level differences that determine the success of immune 
checkpoint blockade. This approach may benefit breast cancer 
patients with chronic metabolic disease [5] that drives immune 
exhaustion in TILs. HYPOTHESES. BRD2, BRD3 and BRD4 sep-
arately regulate expression of inhibitory receptors PD-1, CTLA-4, 
TIM-3 and TIGIT in CD8+ T cells, and personalized patient profiles 
of BET gene expression determines individual signatures of im-
mune checkpoint expression. 

Method :. Human primary peripheral blood mononuclear cells 
(PBMCs) from normal healthy donors were activated ex vivo with 
plate bound anti-CD3 (10 ug/ml) and soluble CD28 (2 ug/ml) over 
1–5 days, then multiparameter flow cytometry was performed with 
an LSR2 cytometer to assay expression of inhibitory receptors 
PD-1, CTLA-4, TIM-3 and TIGIT on T cell subsets. We leveraged 
our published 16-color panel for analysis of multiple inhibitory re-
ceptors [6]; live cell events were analyzed in FlowJo. Different 
small molecule inhibitors of BET protein expression, including the 
pan-BET inhibitor JQ1 and the BRD4-selective PROTAC degrader 
MZ-1, were used to identify BET protein-regulated targets. Individ-
uals were profiled for their personalized expression profile of each 
BET gene by RT-PCR and BET protein by immunoblot, and PBMC 
profiles were matched to TILs in a preliminary cohort of patients 
with triple negative breast cancer. 

Result :. We observed wide individual-level differences in expres-
sion of each BET family member in primary PBMCs. Pan-BET in-
hibition by JQ1 decreased expression of PD-1, CTLA-4, TIM-3 and 
TIGIT in activated CD8+ T cells. MZ1 was more potent to inhibit 
CTLA-4, indicating an essential role of BRD4 in its expression. 
Personalized patterns of BET gene expression and inhibitory re-
ceptor expression on PBMCs generally matched TIL patterns in 
patients with triple negative breast cancer. 

Conclusion. Personalized BET profiles define individual responses 
to antibody blockade of immune checkpoints ; blood biomarkers 
for potential response could have value in breast cancer.

Keywords : BET bromodomain, multiparameter flow cytometry, 
personalized medicine, breast tumor T cell infiltrates.
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A192 / Total neoadjuvant therapy with FOLFIRINOX in 
combination with losartan followed by chemoradiothe-
rapy for locally advanced pancreatic cancer : A phase 2 
clinical trial.

Janet E Murphy (Division of Hematology/Oncology, Department 
of Medicine, Massachusetts General Hospital, Harvard Medical 
School, Boston, Massachusetts.), Jennifer Wo (Division of Hema-
tology/Oncology, Department of Medicine, Massachusetts Gen-
eral Hospital, Harvard Medical School, Boston, Massachusetts.), 



SESSION A

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
78

David P Ryan (Division of Hematology/Oncology, Department 
of Medicine, Massachusetts General Hospital, Harvard Medical 
School, Boston, Massachusetts.), Jeffrey W Clark (Division of 
Hematology/Oncology, Department of Medicine, Massachusetts 
General Hospital, Harvard Medical School, Boston, Massachu-
setts), Jiang Wenqing (Division of Hematology/Oncology, De-
partment of Medicine, Massachusetts General Hospital, Harvard 
Medical School, Boston, Massachusetts.), Beow Y Yeap (Division 
of Hematology/Oncology, Department of Medicine, Massachu-
setts General Hospital, Harvard Medical School, Boston, Massa-
chusetts.), Lorraine C Drapek (Department of Radiation Oncol-
ogy, Massachusetts General Hospital, Harvard Medical School, 
Boston, Massachusetts.), Ly Leilana (Department of Radiation 
Oncology, Massachusetts General Hospital, Harvard Medical 
School, Boston, Massachusetts.), Christian V Baglini (Department 
of Radiation Oncology, Massachusetts General Hospital, Harvard 
Medical School, Boston, Massachusetts.), Lawrence S Blaszkows-
ky (Division of Hematology/Oncology, Department of Medicine, 
Massachusetts General Hospital, Harvard Medical School, Boston, 
Massachusetts.), Christina R Ferrone (Department of Surgery, 
Massachusetts General Hospital, Harvard Medical School, Boston, 
Massachusetts.), Aparna R Parikh (Division of Hematology/On-
cology, Department of Medicine, Massachusetts General Hospi-
tal, Harvard Medical School, Boston, Massachusetts.), Keith D Lil-
lemoe (Department of Surgery, Massachusetts General Hospital, 
Harvard Medical School, Boston, Massachusetts), Nilesh P Talele 
(Department of Radiation Oncology, Massachusetts General Hos-
pital, Harvard Medical School, Boston, Massachusetts.), Rakesh K 
Jain (Department of Radiation Oncology, Massachusetts General 
Hospital, Harvard Medical School, Boston, Massachusetts.), Thom-
as F DeLaney (Department of Radiation Oncology, Massachusetts 
General Hospital, Harvard Medical School, Boston, Massachu-
setts.), Dan G Duda (Department of Radiation Oncology, Massa-
chusetts General Hospital, Harvard Medical School, Boston, Mas-
sachusetts.), Yves Boucher (Department of Radiation Oncology, 
Massachusetts General Hospital, Harvard Medical School, Boston, 
Massachusetts.), Carlos Fernandez-Del Castillo (Department of 
Surgery, Massachusetts General Hospital, Harvard Medical School, 
Boston, Massachusetts.), Theodore S Hong (Department of Sur-
gery, Massachusetts General Hospital, Harvard Medical School, 
Boston, Massachusetts.).

Importance : Patients with locally advanced pancreatic cancer 
have historically poor outcomes. Evaluation of a total neoadjuvant 
approach is warranted. 

Objective : To evaluate the margin-negative (R0) resection rate 
of neoadjuvant FOLFIRINOX (fluorouracil, leucovorin, oxaliplatin, 
and irinotecan) and losartan followed by chemoradiotherapy for 
locally advanced pancreatic cancer. 

Design, setting and paticipants : A single-arm phase 2 clinical trial 
was conducted at a large academic hospital from August 22, 2013, 
to May 22, 2018, among 49 patients with previously untreated lo-
cally advanced unresectable pancreatic cancer as determined by 
multidisciplinary review. Patients had Eastern Cooperative Oncol-
ogy Group performance status 0 or 1 and adequate hematologic, 
renal, and hepatic function. Median follow-up for the analysis was 
17.1 months (range, 5.0-53.7) among 27 patients still alive at study 
completion. INTERVENTIONS : Patients received FOLFIRINOX 
and losartan for 8 cycles. Patients with radiographically resect-
able tumor after chemotherapy received short-course chemo-
radiotherapy (5 GyE × 5 with protons) with capecitabine. Pa-
tients with persistent vascular involvement received long-course 
chemoradiotherapy (50.4 Gy with a vascular boost to 58.8 Gy) 
with fluorouracil or capecitabine. MAIN OUTCOMES AND MEA-
SURES : R0 resection rate. 

Results : Of the 49 patients (26 women and 23 men ; median age 
63 years [range, 42-78 years]), 39 completed 8 cycles of FOL-
FIRINOX and losartan ; 10 patients had fewer than 8 cycles due 
to progression (5 patients), losartan intolerance (3 patients), 
and toxicity (2 patients). Seven patients (16%) had short-course 
chemoradiotherapy while 38 (84%) had long-course chemora-
diotherapy. Forty-two (86%) patients underwent attempted sur-
gery, with R0 resection achieved in 34 of 49 patients (69%; 95% 
CI, 55%-82%). Overall median progression-free survival was 17.5 
months (95% CI : 13.9-22.7) and median overall survival was 31.4 
months (95% CI, 18.1-38.5). Among patients who underwent re-
section, median progression-free survival was 21.3 months (95% 

CI, 16.6-28.2), and median overall survival was 33.0 months (95% 
CI, 31.4 to not reached). 

Conclusion and relevance : Total neoadjuvant therapy with FOLF-
IRINOX, losartan, and chemoradiotherapy provides downstaging 
of locally advanced pancreatic ductal adenocarcinoma and is as-
sociated with an R0 resection rate of 61%. 

Trial registration : ClinicalTrials.gov identifier : NCT01821729.

Keywords : chemoradiation, Resection, desmoplasia, angiotensin 
receptor blockers.
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A193 / The role of CD163-positive macrophages in human 
and murine sarcoma - a new target for anti-cancer therapy

Motohiro Takeya (Kumamoto Health Science University, Depart-
ment of Cell Pathology, Graduate School of Medical Sciences, 
Kumamoto University), Daisuke Shiraishi (Department of Cell 
Pathology, Graduate School of Medical Sciences, Kumamoto Uni-
versity), Yukio Fujiwara (Department of Cell Pathology, Graduate 
School of Medical Sciences, Kumamoto University), Hasita Hor-
lad (Department of Cell Pathology, Graduate School of Medical 
Sciences, Kumamoto University), Yoichi Saito (Department of 
Cell Pathology, Graduate School of Medical Sciences, Kumamoto 
University), Yoshihiro Komohara (Department of Cell Pathology, 
Graduate School of Medical Sciences, Kumamoto University).

Tumor-associated macrophages (TAMs) play a pivotal role in tu-
mor progression, which affect tumor growth, tumor angiogen-
esis, immune suppression, and metastasis. Most human studies 
disclosed that a positive correlation between TAM density and a 
poor prognosis of the patients. Studies focusing on macrophage 
phenotypes emphasized the protumoral role of M2-like anti-in-
flammatory macrophages in many types of human malignancies 
including epithelial and non-epithelial tumors. CD163 is one of the 
most widely used markers for M2-like macrophages. CD163 is a cell 
surface glycoprotein receptor with a molecular weight of 130kDa 
and was first found to be a receptor of the hemoglobin and hap-
toglobin complex. In the present study, we analyzed 62 human 
cases of “undifferentiated pleomorphic sarcoma (UPS)”. As the 
fact that this tumor was misnamed as “malignant fibrous histiocy-
toma” indicates, many macrophages were detected among tumor 
cells. We analyzed the density of M2-like macrophages using an-
ti-CD163 and compared with that of total macrophages detect-
ed by Iba1 antibody, one of the pan-macrophage markers. The 
median densities of CD163-positive and Iba1-positve TAMs were 
406/mm2 and 683/mm2, respectively, and median percentage of 
CD163-positive cells in Iba1-postive cells was 78%. A high density 
of CD163-positive TAMs was significantly associated with high-
er clinical stage. Notably, a high percentage of CD163-positive 
TAMs was associated with decreased overall survival and higher 
histological grade. Whereas there was no significant association 
between the density of Iba1-positive total TAMs and all clinical 
parameters. To elucidate the role of CD163 molecule we evaluated 
transplanted murine sarcoma in CD163-deficient mice. The results 
showed that tumor development and lung metastasis were sig-
nificantly suppressed in CD163-deficient mice compared with that 
in wild-type mice. These observations indicated the significance 
of CD163 in the protumor functions of TAMs. In further in vitro 
experiments, coculture with wild-type peritoneal macrophages 
significantly increased proliferation of murine sarcoma cells but 
decreased in the presence of CD163-deficient macrophages. Cy-
tokine analysis revealed that production of IL-6 and CXCL2 was 
suppressed in CD163-deficient macrophages in comParison to 
wild-type macrophages. Silencing of IL-6 but not CXCL2 abro-
gated macrophage-induced proliferation of mouse sarcoma cells 
indicating IL-6, rather than CXCL2, derived from macrophages is 
involved in tumor proliferation under the coculture condition. Tak-
en together, our results indicates that CD163 is involved in protu-
moral activation of macrophages and subsequent development 
and progression of tumors in mice and humans. Current study 
of human UPS and murine sarcoma experiments indicates that 
CD163 molecule and CD163-positive TAMs are considered as new 
targets for anti-cancer therapy.

Keywords : tumor-associated macrophages, CD163, undifferenti-
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ated pleomorphic sarcoma.
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A194 / Expression of PD-1 in cancer cells

Vladimir Stanislavovich Rogovskii (Pirogov Russian National Re-
search Medical University (RNRMU)), Dariya Ulchenko (Pirogov 
Russian National Research Medical University (RNRMU)), Elena 
Sveshnikova (Pirogov Russian National Research Medical Univer-
sity (RNRMU)).

The purpose of the study was to evaluate the expression of vari-
ous immune-inflammation-related factors including PD-1 and PD-
L1 in various cancer cell lines (HeLa - cervical cancer cells, MCF-7 
- breast cancer cells, K-562 - chronic myeloid leukemia cells). 

The evaluation was performed using RT PCR for all factors. All 
studied cell lines have shown relatively high expression of PD-1. 
Notably, expression of PD-1 in all cell lines was greater than ex-
pression of PD-L1. 

Relative expression of PD-1 and PD-L1 were for HeLa cells : 4, 6 ± 
2.1% and 0, 5 ± 0, 3%, respectively ; for MCF-7 cells : 5, 4 ± 1, 1 and 
1, 6 ± 0, 6%; for K-562 cells : 18, 0 ± 3, 0% and 1, 2 ± 0, 1% (mean ± 
S.D., GAPDH as the internal standard). 

Inflammation is linked to immune tolerance. Low-grade inflamma-
tion mediates immune tolerance in normal tissues (e.g. in preg-
nancy, gut tolerance, etc.) as well as in cancer. Cancer cells per 
se can promote inflammatory microenvironment which facilitates 
immune exhaustion. One of examples is detection of PD-1 expres-
sion in cancer cells. It should be noted that expression of PD-1 by 
cancer cells has a dual role. According to the latest data in some 
cases (e.g. in melanoma) blocking of cancer cell-intrinsic PD-1 can 
help to limit tumor growth. In contrast to this in other cases (e.g. 
in lung cancer) blocking of cancer cell-intrinsic PD-1 can promote 
tumor growth. That’s why it is important to study PD-1 signaling 
pathways in various types of cancer cells. This should be taken 
into account in checkpoint inhibition therapy as a possible bio-
marker capable of predicting which patients are most likely to 
respond to anti PD-1 therapy.

Keywords : PD-1, Immune tolerance, Inflammation, Immune check-
points.
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A195 / CD24 signaling through macrophage Siglec-10 is a 
new target for cancer immunotherapy

Amira A Barkal (Stanford University), Rachel E Brewer (Stanford 
University), Maxim Markovic (Stanford University), Mark A Kow-
arsky (Stanford University), Sammy A Barkal (Stanford Univer-
sity), Balyn W Zaro (Stanford University), Venkatesh Krishnan 
(Stanford University), Jason Hatakeyama (Stanford University), 
Oliver Dorigo (Stanford University), Irving L Weissman (Stanford 
University).

Ovarian cancer and triple-negative breast cancer (TNBC) are 
among the most lethal diseases affecting women, with few tar-
geted therapies and high rates of metastasis. Here we show that 
CD24 can be the dominant innate immune checkpoint in ovarian 
cancer and breast cancer, and is a new, promising target for can-
cer immunotherapy. Cancer cells are capable of evading clearance 
by macrophages through the overexpression of anti-phagocytic 
surface proteins, called “don’t eat me” signals, including CD47 (1), 
programmed cell death ligand 1 (PD-L1) (2), and the beta-2 micro-

globulin subunit of the major histocompatibility class I complex 
(B2M) (3). Monoclonal antibodies which antagonize the interac-
tion of “don’t eat me” signals with their macrophage-expressed 
receptors have demonstrated therapeutic potential in several 
cancers (4-5). However, variability in the magnitude and durabil-
ity of the response to these agents has suggested the presence 
of additional, as yet unknown, “don’t eat me” signals. Here we 
demonstrate a novel role for tumor-expressed CD24 in promoting 
immune evasion through its interaction with the inhibitory recep-
tor, Sialic Acid Binding Ig Like Lectin 10 (Siglec-10), expressed by 
tumor-associated macrophages (TAMs). We observe that many 
tumors overexpress CD24 and that TAMs express high levels of Si-
glec-10. Both genetic ablation of CD24 or Siglec-10, and monoclo-
nal antibody blockade of the CD24–Siglec-10 interaction, robustly 
augment the phagocytosis of all CD24-expressing human tumors 
tested, in many cases outperforming CD47 blockade. Genetic ab-
lation as well as therapeutic blockade of CD24 resulted in a mac-
rophage-dependent reduction of tumor growth and extension of 
survival, in vivo. These data highlight CD24 as a highly-expressed, 
anti-phagocytic signal in several cancers and demonstrate the 
therapeutic potential for CD24-blockade as cancer immunother-
apy.

Keywords : Immunotherapy, Macrophages, Immunosurveillance, 
Translational research.
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A196 / Inhibition of Janus Kinase 3 (JAK3) improves an-
ti-tumor immunity and inhibits tumor outgrowth

Mandy van Gulijk (Erasmus MC), Floris Dammeijer (Erasmus MC), 
Melanie Lukkes (Erasmus MC), Menno van Nimwegen (Erasmus 
MC), Heleen Vroman (Erasmus MC), Rudi W. Hendriks (Erasmus 
MC), Thorbald van Hall (Leiden University Medical Center), Joa-
chim G.J.V. Aerts (Erasmus MC).

An immune suppressive tumor microenvironment as well as func-
tional impairment of T-cell mediated anti-tumor immunity are 
features that define most types of cancer and are factors that 
underlie resistance to anti-cancer therapies. Therefore, defining 
novel therapeutic targets that alleviate immune suppression and 
improve T-cell phenotype may enhance anti-tumor immunity and 
ultimately patient survival. A tyrosine kinase that is expressed 
both in tumor-associated macrophages as well as in T cells is 
Janus Kinase 3 (JAK3), which is essential for the common cy-
tokine receptor gamma chain. In macrophages, JAK3 is involved 
in interleukin 4 (IL-4) receptor signaling which induces immune 
suppressive “M2” macrophage polarization whereas JAK3 is in-
volved in IL-2 receptor mediated induction of T-cell proliferation. 
Modulation of JAK3 by low-grade inhibition could therefore inhib-
it “M2” macrophage polarization and modulate T-cell phenotype. 
Therefore, we aimed to investigate the effect on macrophage po-
larization, T-cell phenotype and anti-tumor immunity of a recently 
described specific JAK3 inhibitor (PF-06651600). To exploit the 
direct effect of JAK3 inhibition on macrophages and T cells, we 
assessed levels of immune suppressive “M2” macrophage surface 
markers as well as phosphorylation levels of signaling molecules 
involved in various T-cell signaling pathways after in vitro incuba-
tion of macrophages and T cells with PF-06651600. The effect on 
anti-tumor immunity was investigated in a mesothelioma model 
by treating C57/BL6 mice or CBA/J mice inoculated with respec-
tively AE17 or AC29 tumor cells with PF-06651600 dissolved in 
drinking water ad libitum (5 mg/kg). In vitro incubation of murine 
and human macrophages with PF-06651600 demonstrated that 
JAK3 inhibition prevents IL-4 mediated “M2” macrophage polar-
ization at nanomolar concentrations as observed by decreased 
expression of immune suppressive molecules on macrophages 
(PD-L1/2, IDO and IL-10). In addition, JAK3 inhibition specifical-
ly inhibited STAT5 phosphorylation in T cells, which induced de-
creased T-cell activation and proliferation only at high concentra-
tions. However, in an immune competent murine tumor model, 
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low-dose continuous administration of JAK3 inhibition in drinking 
water (5 mg/kg) resulted in improved CD8+ T-cell phenotype as 
indicated by enhanced proliferation (mean Ki67+: 9.4% vs 32%, 
p<0.05) and activation (CD69+: 5.2 vs 16%, p<0.05) as well as 
improved tumor responses as observed by a reduced tumor 
weight compared to untreated mice (mean tumor weight : 0.9 
vs 1.7 grams, respectively, p<0.05). Furthermore, JAK3 inhibition 
combined with tumor vaccination yielded superior anti-tumor ef-
fects as compared to no or either treatment alone. These effects 
were not due to direct anti-tumor effects of PF-06651600, as in 
vitro tumor cell proliferation was not perturbed by the addition of 
PF-06651600 to the culture. Collectively, these data indicate that 
low-grade modulation of JAK3-associated signaling pathways by 
using specific JAK3 inhibition reduces “M2” macrophage polar-
ization and improves T-cell immunity observed by the improved 
T-cell phenotype and reduced tumor load. These findings pave 
the way for further investigation of JAK3 inhibition in improving 
anti-tumor immunity and provide novel opportunities for therapy 
development.

Keywords : T cells, Macrophages, Tumor microenvironment, JAK3.

A197 / The tumor glycosphingolipid repertoire or-
chestrates HLA class I-mediated immune responses

Robbert Spaapen (Sanquin Research), Marlieke Jongsma (LUMC), 
Matthijs Raaben (NKI), Antonius de Waard (Sanquin Research), 
Tao Zhang (LUMC), Birol Cabukusta (LUMC), René Platzer (In-
stitut für Hygiene und Angewandte Immunologie), Vincent 
Blomen (NKI), Sophie Bliss (Sanquin Research), Arend Mulder 
(LUMC), Frans Claas (LUMC), Mirjam Heemskerk (LUMC), Hermen 
Overkleeft (Leiden University), Johannes Huppa (Institut für Hy-
giene und Angewandte Immunologie), Manfred Wuhrer (LUMC), 
Thijn Brummelkamp (NKI), Jacques Neefjes (LUMC).

HLA class I (HLA-I) proteins drive immune responses by present-
ing antigen-derived peptides to cognate CD8+ T cells. Molecu-
lar loading of immune stimulatory peptides into HLA-I proceeds 
through an elaborate process involving many steps, which can 
be exploited for immune escape by tumors. Here, we report an 
unexpected new regulatory layer of HLA-I biology. Using itera-
tive genome-wide haploid genetic screens, we find that the in-
tramembrane cleaving protease SPPL3 enhances HLA-I antigen 
presentation by inhibiting the activity of B3GNT5, an enzyme of 
the glycosphingolipid (GSL) synthesis pathway. GSLs generated 
by B3GNT5 shield HLA-I from interacting with other proteins and 
diminish CD8+ T cell activation. Glioblastoma and AML tumors 
overexpressing B3GNT5 GSLs also show an impaired capacity of 
HLA-I to activate T cells which can be rescued by GSL deletion, 
suggesting that GSLs are involved in escape from T cell surveil-
lance. The immune modulatory effect of B3GNT5 GSLs can also 
be reversed through inhibition of their synthesis using clinically 
approved drugs. Our findings demonstrate that the composition 
of the GSL repertoire determines the efficacy of antigen presen-
tation and represents a potential treatment target in cancer.

Keywords : HLA class I antigen presentation, Genome wide screen, 
Glycolipids, Glioblastoma.

A198 / Selective PD-L1 blockade in the tumor-draining 
lymph node induces effective anti-tumor T-cell immunity

Floris Dammeijer (Erasmus Medical Center), Mandy van Gulijk 
(Erasmus Medical Center), Melanie Lukkes (Erasmus Medical Cen-
ter), Menno van Nimwegen (Erasmus Medical Center), Sai Ping 
Lau (Erasmus Medical Center), Sjoerd Schetters (VUMC), Yvette 
van Kooyk (VUMC), Louis Boon (Bioceros), Yvonne M. Mueller 
(Erasmus Medical Center), Peter D. Katsikis (Erasmus Medical 
Center), Heleen Vroman (Erasmus Medical Center), Ralph Stad-
houders (Erasmus Medical Center), Rudi W. Hendriks (Erasmus 
Medical Center), Thorbald van Hall (LUMC), Joachim G.V. Aerts 
(Erasmus Medical Center).

Checkpoint immunotherapy for solid tumors is generally thought 
to act directly in the tumor microenvironment. The relevance of 
tumor-draining lymph nodes (TDLNs), however, remains largely 
unknown. In TDLNs circulating T cells are exposed to tumor-an-

tigens in the absence of a suppressive tumor microenvironment. 
Therefore, TDLNs could offer a central hub for the generation 
of anti-tumor immune responses. Dissecting the specific role of 
TDLNs in immunotherapy has proven difficult as pharmacologic 
or genetic Methods of ablation affect the entire host including 
the tumor. More in-depth analysis and specific targeting of the 
TDLN could offer novel insights into immunotherapy mode of ac-
tion and benefit future immunotherapeutic treatment strategies. 

To evaluate whether TDLNs harbor tumor-antigen specific T cells 
susceptible to immune-checkpoint blocking antibodies, we eval-
uated the expression of multiple co-inhibitory receptors and li-
gands on leukocyte subsets in TDLNs and non-TDLNs in various 
solid tumor models using multicolor flow-cytometry. Furthermore, 
a method was developed whereby a titrated low-dose concentra-
tion of anti-PD-L1 antibodies was administered intrapleurally. As 
tumors (including MC38-colon, AC29- and AE17-mesothelioma 
tumors) were located intraperitoneally, this enabled for specific 
targeting of the (mediastinal) TDLN, without translocation of the 
antibody to the tumor. Using this method, we evaluated poten-
tial efficacy of TDLN-directed anti-PD-L1 immunotherapy and as-
sessed mechanisms of action using flow- and histo-cytometry on 
LNs, peripheral blood and tumor tissue. 

We found that TDLNs from solid tumors were enriched for tumor 
antigen-specific PD-1+ T cells, the frequency of which correlated 
with tumor-antigenicity, independently of tumor type and ana-
tomical location. In parallel, TDLN myeloid cells including mac-
rophages and type 2 conventional dendritic cells (cDC2) highly 
expressed PD-L1 as compared their non-TDLN counterparts, ap-
proaching PD-L1 expression in tumors. TDLN-directed delivery of 
PD-L1-blocking antibodies was feasible, with particular binding 
to LN cDC2s and macrophages irrespective of mode of antibody 
delivery. Specific TDLN-targeting resulted in PD-1+ T cell mobili-
zation and effective delay in tumor outgrowth in several mouse 
models. TDLN-local or systemic anti-PD-L1 treatment strongly 
upregulated co-inhibitory immune receptors on CD8+ tumor-in-
filtrating T cells, with LN-local administration specifically leading 
to co-expression of all receptors whereas systemic treatment did 
not. Finally, several intervention and imaging studies pointed to 
TDLN-resident type 2 conventional dendritic cells (cDC2s), but 
not macrophages as mediators of local T-cell inhibition. 

We have for the first time shown that specific targeting of the 
PD-1/PD-L1 axis in TDLNs contributes to primary immunothera-
py efficacy. Our findings reveal a critical role of TDLNs in cancer 
immunity, and pave the way for further in-depth analysis of TDLN 
function for the benefit of effective immunotherapy development.

Keywords : T cells, Tumor-draining lymph node, Immunotherapy, 
PD-1/PD-L1.

A199 / Transcriptomic profile of human keratinocytes 
in the presence of a novel synthetic retinoid-polyamine 
conjugate

Katerina Grafanaki (Department of Dermatology, School of Med-
icine, University of Patras, Greece), Christos Kontos (Department 
of Biochemistry and Molecular Biology, University of Athens, 
Greece), Aigli Korfiati (InSyBio Ltd, 19 Staple Gardens SO23 8SR, 
Winchester, Hampshire, UK), Ilias Skeparnias (Department of Bio-
chemistry, School of Medicine, University of Patras, Greece), Dio-
nysios Papaioannou (Department of Chemistry, University of Pa-
tras, Greece), Andreas Scorilas (Department of Biochemistry and 
Molecular Biology, University of Athens, Greece), Denis Drainas 
(Department of Biochemistry, School of Medicine, University of 
Patras, Greece), Constantinos Stathopoulos (Department of Bio-
chemistry, School of Medicine, University of Patras, Greece).

We tested the effect of a novel synthetic N1, N12-Βis(all-trans-ret-
inoyl)spermine retinoid-spermine conjugate (RASP ; International 
Patent Publication Number WO 2004/018001 A1) on HaCaT cell 
line. Recently, novel synthetic retinoids with elaborate efficiency 
and minimum side effects have emerged as novel drugs. RASP 
has an established anti-cancer and anti-proliferative activity when 
tested in several cancer cell lines and moreover, exhibits limited 
toxicity and teratogenicity in rats. The purpose of the present 
study was to assess the effect of RASP on gene expression of Ha-
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CaT cells, a model of human epidermis. In addition, we measured 
the expression of miRNAs using NGS analysis and we correlated 
the molecular pathways that are affected and exhibit miRNA-me-
diated regulation, in order to evaluate the potency of RASP as a 
leading compound for skin cancer. 

Expression profile of transcripts from RASP treated (1μM RASP ; 
IC50) and untreated cells was analysed using DNA microarrays 
(One Array) on a Perkin Elmer platform (ScanArray Express). The 
small RNAs fraction (<200 nt) was isolated with MiRVana (Am-
bion) and used for NGS analysis on an IonTorrent PGM platform 
according the manufacturer’s instructions. Bioinformatics analy-
sis was performed using InSyBio Suite (www.insybio.gr) for func-
tional enrichment analysis and the construction of miRNA-mRNA 
networks. The most significant alterations both in mRNAs and 
miRNAs were verified by qRT-PCR. Apoptosis in various con-
centrations of RASP was monitored by observing mitochondrial 
integrity via confocal microscopy and cell cycle progression by 
FACS analysis. 

The effect of RASP on HaCaT cells resulted in 1437 downregulated 
and 416 upregulated genes during the mRNA expression analysis. 
In addition, 35 upregulated miRNAs targeting 1159 of the down-
regulated genes and 25 downregulated miRNAs targeting 336 
upregulated genes were identified after target prediction anal-
ysis. Τhe analysis using the InSyBio Suite offers a unique miRNA 
target-prediction pipeline, which results in scored miRNA target 
sites in mRNAs with over 95% accuracy. Protein-protein interac-
tions analysis was performed using the miRNA target-predicted 
genes, resulting in 31 downregulated and 2 upregulated signifi-
cant genes involved in statistically significant KEGG pathways 
like : NF-kappa B signalling, RIG-I-like receptor signalling pathway, 
T cell receptor signalling, FoxO signalling, MAPK signalling and 
microRNAs in cancer. Several genes affect the induction of apop-
tosis and interfere with different cell cycle phases. FACS analysis 
showed significant cell cycle arrest in G2 phase and DNA damage. 
Cell cultures at various steps and conditions showed extensive 
mitochondrial breakdown and DNA fragmentation which is also 
supportive for the apoptotic path of cells after exposure to RASP. 
RASP is a new synthetic retinoid-based compound with anti-pro-
liferative and anti-tumorigenic effects. Our analysis showed that 
many key miRNAs that are deregulated in melanoma and target 
important genes which regulate key components of the cell cycle 
and apoptosis are downregulated in the presence of RASP. Our 
transcriptomic analysis taken together with our previous studies 
in cell lines and animal models strongly support the anti-prolifer-
ative and anti-tumorigenic effects of RASP which could also be 
extended in studies concerning treatment of melanoma and skin 
cancer. RASP could provide the basis for further development of 
improved synthetic retinoid analogues used alone or in combi-
nation therapy, without the deleterious effects of previous com-
pounds in use.

Keywords : Retinoids, Skin cancer, Transcriptomics, miRNAs.
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A200 / Harnessing lymphoid neogenesis for prognosis 
and treatment of solid tumors

Karina Silina (University of Zürich), Alex Soltermann (Universi-
ty Hospital Zurich), Farkhondeh Movahedian Attar (University 
of Zurich), Ruben Casanova (University of Zurich), Alessandra 
Curioni-Fontecedro (University Hospital Zurich), Holger Moch 
(University Hospital Zurich), Florian Posch (Medical University 
of Graz), Thomas Winder (University Hospital Zurich), Nick van 
Dijk (The Netherlands Cancer Institute), Charlotte Voskuilen (The 
Netherlands Cancer Institute), Michiel van der Heijden (The Neth-
erlands Cancer Institute), Maries van den Broek (University of Zu-
rich).

Lymphoid neogenesis generates ectopic lymphoid organs called 
tertiary lymphoid structures (TLS) in chronically inflamed tissues 
including cancer. TLS are sites of naïve T and B cell activation and 
their presence correlates with prolonged survival in various cancer 
types. This suggests that TLS contribute to anti-tumor immunity 
and that TLS induction in tumors could be a novel immunother-
apeutic approach. However, molecular and cellular mechanisms 
of TLS development in cancer or how TLS contribute to survival 
are largely not understood. Here we used a quantitative pathol-
ogy approach based on multi-parameter immunofluorescence 
and multi-spectral microscopy to analyze TLS in cohorts of lung 
squamous cell carcinoma (n=138), colorectal cancer (n=111), blad-
der cancer (n=33) and renal cancer (n=50). We discovered that 
TLS development followed a common maturation sequence that 
culminated with the activation of a germinal center (GC) reac-
tion in all analyzed tumor types. The extent of TLS development, 
however, differed significantly between the tumor types : lung and 
bladder cancer had the highest, colorectal cancer had an interme-
diate and renal cancer had the lowest number of TLS. We found 
that the number of mature GC-positive TLS and not immature 
TLS was an independent prognostic factor for survival in untreat-
ed patients of all tumour types except renal cancer. Our analysis 
of neoadjuvant chemotherapy-treated lung and bladder cancer 
cohorts demonstrated that the prognostic significance of TLS 
was lost in these patients. We observed that total TLS numbers 
were not affected but GC formation was severely impaired after 
chemotherapy. Corticosteroids have a broadly anti-inflammatory 
effect and are commonly used to manage side effects of chemo-
therapy in lung and bladder cancer. To determine the effects of 
corticosteroids on cancer-associated TLS development we ana-
lyzed chemotherapy-naïve lung cancer patients that received cor-
ticosteroids to treat other comorbidities such as chronic obstruc-
tive pulmonary disease and others prior to surgery. We observed 
a significant reduction of TLS numbers and GC development in 
these patients compared to patients without any steroid thera-
py. Together, these results suggest that GC development either 
represents the relevant TLS function in anti-tumour immunity or 
indicates to an immune promoting microenvironment that can be 
counteracted by corticosteroids. To address these questions ex-
perimentally, we established an intranasal application protocol to 
induce TLS in the lungs of mice. We identified a combination of 
inflammatory stimuli that lead to GC-positive TLS development in 
naive lungs following the same maturation sequence as in cancer 
patients. We demonstrated a negative impact of low dose dexa-
methasone on TLS and GC development in this model. In summa-
ry, the number of GC-positive TLS is an independent prognostic 
marker in lung, bladder and colorectal cancer but not renal cancer 
patients. Renal cancer has the lowest number of TLS among the 
analyzed tumor types and insufficient number of GC-positive TLS 
might explain the lack of prognostic relevance. Corticosteroids 
impair TLS and GC development in cancer patients and in the 
established experimental model of lung TLS induction. This model 
recapitulates cancer-associated TLS maturation stages observed 
in patients and can be used to study the role of TLS in anti-tumor 
immunity.
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A201 / Citrullinated glucose-regulated protein 78 is a can-
didate target for cancer immunotherapy

Victoria A Brentville (Scancell Ltd), Jia Chua (Scancell Ltd), Suha 
Atabani (University of Nottingham), Peter Symonds (Scancell 
Ltd), Katherine W Cook (Scancell Ltd), Ruhul Choudhury (Scan-
cell Ltd), Ian Daniels (Scancell Ltd), Sabaria Shah (Scancell Ltd), 
Lindy G Durrant (University of Nottingham).

Post translational modification of proteins plays a significant 
role in the progression of autoimmune disease. In particular the 
modification of arginine to citrulline which is mediated by PAD 
enzymes. This modification is increased during cellular stress (au-
tophagy) which permits the presentation of modified epitopes 
upon MHC class II molecules for recognition by CD4 T cells. Ci-
trullination also occurs in tumour cells as a result of continuous 
environmental stresses and increased autophagy. We have shown 
in animal models the efficient stimulation of citrulline specific CD4 
T cells and their targeting of tumors resulting in dramatic elimi-
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nation/regression and enhanced survival. The ER chaperone glu-
cose-regulated protein 78 (GRP78) is known to also be required 
for stress-induced autophagy and is directly linked to autopha-
gosome formation. GRP78 is known to be highly expressed by 
many tumor types. In this study we investigate the potential of 
targeting citrullinated GRP78 for cancer therapy. We select five 
peptides based upon predicted MHCII binding scores and show 
the identification CD4 T cell responses to one citrullinated GRP78 
epitope that are restricted through HLA DP4, HLA-DR4 and HLA-
DR1 alleles. Citrulline specific CD4 responses to this epitope medi-
ate efficient therapy of established B16 melanoma tumors in HLA-
DP4 (p<0.0001) and HLA-DR4 (p=0.0013) transgenic mouse 
models. Finally we demonstrate the existence of a repertoire of 
responses with proliferative capacity to the citrullinated GRP78 
peptide in healthy individuals (p=0.0023) with 13/17 (76%) indi-
viduals showing a response to the peptide. In contrast, only 9/22 
(41%) of cancer patients showed responses to the same peptide 
and these were of lower frequency suggesting the response may 
be attenuated in cancer patients (p<0.05). We propose that vac-
cination against citrullinated GRP78 may help overcome this and 
provide an application to tumor therapy.

Keywords : glucose-regulated protein 78, citrullination, CD4 T cell.
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A202 / Time-dependency of PD-L1 targeting antitumor 
efficacy against PD-L1 deficient tumors

Alex Y. Huang (Case Western Reserve University School of Medi-
cine), Lauren F. Huang (Case Western Reserve University School 
of Medicine), Lucy Li (Case Western Reserve University School 
of Medicine), Anant Vatsayan (Case Western Reserve University 
School of Medicine), Peter Rauhe (Case Western Reserve Univer-
sity School of Medicine), R. Dixon Dorand (Vanderbilt University), 
Jay Myers (Case Western Reserve University School of Medicine), 
Agne Petrosiute (Case Western Reserve University School of 
Medicine).

PD-L1/PD-1 signaling plays a critical role in tumor evasion, with 
dramatic responses of therapy-refractory cancers to therapeutic 
blockade targeting this signaling axis. However, additional cellu-
lar and molecular mechanistic understandings must be sought 
to further improve current immune checkpoint blockade (ICB) 
therapies and to circumvent undesirable side effects. Clinical 
specimens revealed that most pediatric cancers do not express 
PD-L1 or express it at a low level, causing skepticism for poten-
tial efficacy of ICB in these tumors. Previously, we reported that 
Cyclin-dependent Kinase 5 (Cdk5) regulates tumor Programmed 
Death-Ligand 1 (PD-L1) in response to interferon-gamma (IFNg) 
in a murine medulloblastoma (MB) model derived from Ptch+/-/
p53-/- mice. Cdk5def MB solicits CD4+ T cell-dependent rejec-
tion linked to enhanced tumor microenvironment (TME) IFNg 
contents, increased PD-L1 expression in lymphoid and myeloid 
cells, and a blunted tumor PD-L1 expression in response to IFNg 
in p53 and SHH altered MB and rhabdomyosarcoma. Now us-
ing a high potency, orally available, non-selective Cdk5 inhibitor, 
CYC065, we observed significant reduction in MB tumor growth 
in vivo, with resultant explanted tumors showing epigenetically 
altered PD-L1, MHC-I and MHC-II responses to IFNg in vitro in the 
absence of further Cdk5 inhibition. As Cdk5 disruption reduces 
tumor PD-L1 expression, we investigate whether such reduction 
is directly responsible for enhanced immunity. To interrogate this, 
we genetically deleted PD-L1 in MB, and observed a time-depen-
dent, strong efficacy of anti-PD-L1 mediated ICB in PD-L1def MB. 
5x10e4 PD-L1def or Cdk5def MB resulted in a 50% tumor inci-
dence as compared to 100% tumor incidence with wild type MB. 
Weekly administration of anti-PD-L1 antibody to mice bearing 
PD-L1def MB starting at 7 days following tumor inoculation result-
ed in 100% tumor rejection, while injection of antibody treatment 
starting on day 0 of tumor inoculation resulted in only 30-50% tu-
mor-free incidence. Our data support the view that the absence of 
tumor PD-L1 does not preclude the potential utility of checkpoint 

blockade, and alternative cellular mechanisms of how PD-L1/PD1 
interaction enhances immune function among non-tumor cells in 
a time-dependent manner need be further examined. Ongoing in 
vitro co-culture experiment shows a dose-dependent inhibition of 
T cell activation upon IFNg receptor signaling upon early PD-L1 
blockade, potentially providing a molecular explanation for the 
observed time-dependency of ICB efficacy against PD-L1def tu-
mor. Our observations establish a functional link between an in-
creasingly important serine/threonine kinase in cancer to immune 
checkpoint regulation and other aspects of tumor immunity, pro-
vide the scientific rationale to carefully time the application of ICB 
in PD-L1lo tumors, and allow the pursuit of pharmacologic Cdk5 
inhibitor to modulate tumor sensitivity for immunotherapy.

Keywords : T cell activation, medulloblastoma, time-dependency, 
PD-L1 deficient.
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A203 / A small molecule triple-negative breast cancer 
immunotherapy that targets the Liver-X-Receptor.

Katherine J Carpenter (Saint Louis University School of Medicine), 
Colin Ashton Flaveny (Saint Louis University School of Medicine).

Triple negative breast cancer (TNBC) affects 10-20% of the 1 in 
8 women diagnosed with breast cancer every year. TNBC is the 
most aggressive form of breast cancer that unfortunately cannot 
be treated with hormonal or HER2 targeted therapies, leaving pa-
tients with limited treatment alternatives. Fortunately, TNBC re-
sponds to chemotherapy if caught early. However, treatment for 
recurrent TNBC is limited, therefore TNBC continues to present 
a formidable clinical challenge. Cancer immunotherapy, which 
stimulates the immune system to destroy tumors has revolution-
ized cancer treatment by producing astounding clinical results in 
late stage cancers. There is only FDA-approved immunotherapy 
for TNBC, Atezolizumab for patients with high PD-L1 expression, 
which unfortunately only marginally improves patient survival 
(~2 months). As a result, TNBC is still considered to have limited 
responsiveness to immune checkpoint-blockade. Therefore, re-
search efforts centered on developing effective immunotherapies 
for TNBC are of prime importance and should help save the lives 
of the thousands of patients that succumb to TNBC annually. 

Tight coordinated regulation of lipid and glucose metabolism in 
immune cells is essential to mounting an effective anti-tumor im-
mune response. It has been extensively demonstrated that aber-
rant lipid and glucose metabolite production are central to breast 
cancer etiology and treatment resistance. The Liver-X-Receptors 
(NR1H2, NR1H3) are nuclear receptors that function as key regu-
lators of lipid metabolism and are potent attenuators of immune 
activity. In solid and hematological malignancies cancer cells have 
been shown to produce lipid metabolites that inhibit anti-tumor 
immune function by activating LXRs in immune cells. We hypoth-
esized that TNBC tumor lipid metabolites drive tumor immune 
evasion by activating LXR in tumor infiltrating immune cells which 
inhibits anti-tumor immune activity and disrupts immune cell 
metabolic function. 

In this study we highlight that TNBC cells produce lipid metabo-
lites, that activate LXR to suppress immune function in a pleiotro-
pic manner. Using LXR-driven luciferase reporter assays, we show 
that TNBC cells produce lipids that act as LXR agonists. In accord 
with this TNBC-lipids inhibited anti-tumor (M1) macrophage dif-
ferentiation and suppressed dendritic cell C-C chemokine recep-
tor 7 (CCR-7) expression, vital for DC lymph-node homing and 
antigen presentation. LXR activation using TNBC-lipids or the 
synthetic LXR ligand GW3965 directly stimulated Treg differen-
tiation and expression of the checkpoint blockade ligand cyto-
toxic-T lymphocyte associated protein-4 (CTLA-4). We also ob-
served that TNBC lipids inhibited CD8+ T-cell differentiation and 
activation indicated by reduced expression of IFNy and granzyme 
B. Secondly, we demonstrate in vitro and in vivo that TNBC-lip-
id induced immune suppression can be reversed by pharmaco-
logical inhibition of LXR activity using the LXR inverse-agonist 
SR9243 ; a compound we have developed and characterized pre-
viously. In vitro, SR9243 stimulated CD8+T-cell differentiation and 
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activation, repressed Treg differentiation and promoted M1 and 
suppressed pro-tumor (M2) differentiation. Importantly, SR9243 
potently induced immune-mediated tumor destruction of E0771 
TNBC tumor allografts in a CD8+ T-cell dependent manner, by re-
pressing LXR activity in immune cells. Lastly, through extracellular 
flux analysis and mitochondrial activity profiling we have deter-
mined that LXR activation severely disrupts mitochondrial func-
tion in CD8+ T-cells. Our discoveries implicate LXR as a central 
mediator of TNBC immune evasion and as a promising treatment 
target for the development of novel small molecule immunother-
apies for TNBC.

Keywords : The Liver-X-Receptor, Triple-Negative Breast Cancer, 
Cancer Immunotherapy, Tumor Microenvironment, Tumor Lipo-
genesis, Immune Cell Metabolism.
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A204 / Bystander IFN-g activity promotes widespread 
and sustained cytokine signaling altering the tumor mi-
croenvironment

Ronan Thibaut (Institut Pasteur), Idan Milo (Institut Curie), Pierre 
Bost (Institut Pasteur), Marine Cazaux (Institut Pasteur), Fabrice 
Lemaitre (Institut Pasteur), Zacarias Garcia (Institut Pasteur), Ido 
Amit (Weizmann Institute), Béatrice Bréart (Institut Pasteur), Clé-
mence Cornuot (Institut Pasteur), Benno Schwikowski (Institut 
Pasteur), Philippe Bousso (Institut Pasteur).

The cytokine IFN-g produced by tumor-reactive T cells is a key ef-
fector molecule with well characterized pleiotropic effects during 
anti-tumor immune responses. While IFN-g production is a tran-
sient event targeted at the immunological synapse, how IFN-g 
acts in time and space within the tumor microenvironment has 
remained elusive. Here, we report that T cell-derived IFN-g pro-
foundly impacts tumor and infiltrating immune cells. By creating 
mosaic tumors containing antigen-positive and negative cells, we 
demonstrated that IFN-g production required local antigen recog-
nition but that IFN-g diffused extensively to act in antigen-nega-
tive tumor areas. Using intravital imaging and a reporter for STAT1 
translocation, we provide evidence that T cells can mediate sus-
tained IFN-g signaling, even in distant tumor cells. Furthermore, 
we show that tumor phenotypic alterations required several hours 
of exposure to IFN-g, most likely due to a positive feedback loop 
mediated by STAT1 and IRF8. This temporal requirement likely dis-
favors local IFN-g activity over diffusion and bystander effects. 
Finally, single-cell RNA-seq data from melanoma patients also 
suggested bystander IFN-g activity in human tumors. Our results 
indicate that tumor-reactive T cells act collectively to create large 
and sustained cytokine fields that profoundly modify the tumor 
microenvironment.  

Keywords : Interferon gamma, Cytokine diffusion, Intravital imag-
ing.
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A205 / PRAME, tumor-associated antigen and modulator 
of anti-tumor immunity

Adviti Naik (Qatar Biomedical Research Institute (QBRI)), 
Ghaneya Al-Khadairi (HBKU), Rim Bacha (HBKU), Julie Decock 
(Qatar Biomedical Research Institute (QBRI)).

PReferentially expressed Antigen in Melanoma (PRAME) is a 
cancer testis antigen that has shown great potential as a prog-
nostic biomarker and immunotherapeutic target in solid cancers. 
PRAME expression is upregulated in various solid tumor types 
and has been associated with more advanced disease and metas-
tasis. However, its function in normal and neoplastic cells remains 
poorly understood. In our recent work, we have demonstrated 
that PRAME can mediate the epithelial-to-mesenchymal transi-
tion, and hence promote tumor progression (Al-Khadairi et al, 
2019). To our best knowledge, however, it is unknown how PRAME 
interacts with other players within the tumor microenvironment, 
and whether PRAME is involved in anti-tumor immunity and/
or response to cancer immunotherapy. In the present study, we 
investigated the effect of PRAME overexpression in tumor cells 
on the expression of immune-related genes and T cell activity in 
vitro. For this purpose, we generated a PRAME overexpressing 
MDA-MB-468 breast cancer cell line in addition to the parental 
cell line. Co-culture of T lymphocytes with PRAME-overexpress-
ing cancer cells significantly reduced T cell activation, as mea-
sured by IFN-γ ELISpot. Moreover, we observed a reduction in 
cancer cell killing of PRAME-overexpressing cells compared to the 
parental cells. Interestingly, we found that the secretion of IFN-γ 
was reduced in direct and indirect co-culture systems, suggest-
ing that PRAME might be involved in the regulation of secreted 
pro- and anti-inflammatory mediators in addition to affecting di-
rect cell-cell contact with T lymphocytes. Analysis of the mRNA 
expression of various immune-related genes in the PRAME-over-
expressing cancer cells revealed a downregulation of molecules 
involved in antigen presentation, immune cell recognition, macro-
phage activation, and immune-mediated tumor cell killing such as 
β2-microglobulin, HLA-B, MICA, CSF1, TNFSF10, IRF1 and FASLG 
to name a few. On the other hand, we observed a marked increase 
in the expression of the epigenetic regulator AICDA, the immu-
nosuppressive molecule IDO1, and numerous pro-tumorigenic 
factors. We did not observe major changes in the expression of 
immune checkpoint ligands. In addition, a comprehensive analysis 
of secreted cytokines revealed PRAME-mediated downregulation 
of cytokines regulating T cell differentiation, activation and mi-
gration (e.g. IFN-γ, IL-18, CCL4, CCL19); as well as of cytokines 
involved in macrophage activation and migration (e.g. MCP-1, MIF, 
MIC-1), and in chemotaxis of neutrophils and natural killer cells 
(e.g. CCL4, CCL7, MCP-1). 

In conclusion, our findings suggest a substantial immune modu-
lation of the tumor microenvironment by PRAME-overexpressing 
cancer cells. 

Our current results, together with our previous work, suggest that 
PRAME is a tumor-associated antigen that can promote tumori-
genesis and to some extent dampen the anti-tumor immune re-
sponse through dysregulation of immune-related genes in favor 
of an immunosuppressive tumor microenvironment. These find-
ings support the potential of PRAME-specific immunotherapy to 
specifically target tumor cells and concomitantly alleviate inhibi-
tion of the anti-tumor immune response.

Keywords : PRAME, cancer testis antigen, immunosuppression, T 
cell activation.
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A206 / CD29 marks superior cytotoxic human T cells

Benoit Nicolet (Sanquin Research), Aurelie Guislain (Sanquin 
Research), Floris van Alphen (Sanquin Research), Raquel Go-
mez-Eerland (Netherlands Cancer Institute), Ton Schumacher 
(Netherlands Cancer Institute), Maartje van den Biggelaar (San-
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quin Research), Monika Wolkers (Sanquin Research).

Cytotoxic CD8+ T cells can effectively kill target cells by pro-
ducing cytokines, chemokines and granzymes. Expression of 
these effector molecules is however highly divergent, and tools 
that identify and pre-select potent killer cells are lacking. Human 
CD8+ T cells can be divided into IFN-gamma and IL-2 produc-
ing cells. Unbiased transcriptomics and proteomics analysis on 
cytokine-producing fixed CD8+ T cells revealed that IL-2+ cells 
produce helper cytokines, and that IFN-gamma+ cells produce 
cytotoxic molecules. IFN-gamma+ T cells could be identified with 
the surface marker CD29 already prior to stimulation. CD29 also 
marked T cells with cytotoxic gene expression from different tis-
sues in single-cell RNA-sequencing data. Notably, the cytotoxic 
features of CD29+ T cells were maintained during cell culture, 
suggesting a stable phenotype. Pre-selecting CD29-expressing 
MART1 TCR-engineered T cells potentiated the killing of target 
cells. We therefore propose that CD29 expression can help evalu-
ate and select for potent therapeutic T cell products.

Keywords : CD8 T cells, cytotoxicity, transcriptomics and pro-
teomics on Fixed cells.

A207 / Resident memory CD8+ T cells increase the 
breadth of anti-tumor T cell immunity through dendritic 
cells

Alvaro Lladser (Fundacion Ciencia & Vida), Evelyn Menares (Fun-
dacion Ciencia & Vida), Felipe Galvez-Cancino (Fundacion Cien-
cia & Vida), Pablo Caceres-Morgado (Fundacion Ciencia & Vida), 
Ehsan Ghorani (University College London Cancer Institute), Er-
nesto Lopez (Fundacion Ciencia & Vida), Ximena Diaz (Funda-
cion Ciencia & Vida), Juan Saavedra-Almarza (Fundacion Cien-
cia & Vida), Diego Andres Figueroa (Fundacion Ciencia & Vida), 
Eduardo Roa (Fundacion Ciencia & Vida), Sergio Andres Queza-
da (University College London Cancer Institute), Alvaro Lladser 
(Fundacion Ciencia & Vida).

Tissue-resident memory CD8+ T (Trm) cells mediate potent local 
innate and adaptive immune responses and play a central role 
against solid tumors. However, whether Trm cells cross-talk with 
dendritic cells (DCs) to support anti-tumor T cell immunity re-
mains unknown. Here we show that antigen-specific activation of 
skin Trm cells led to maturation and migration to draining lymph 
nodes of cross-presenting dermal DCs. Tumor rejection mediated 
by Trm cells triggered the spread of cytotoxic CD8+ T cell re-
sponses against multiple tumor-derived neo- and self-antigens 
via dermal DCs. These responses suppressed the growth of cu-
taneous tumors and disseminated melanoma lacking the Trm 
cell-targeted epitope. Moreover, analysis of RNA sequencing data 
from human melanoma tumors reveals that enrichment of a Trm 
cell gene signature associates with DC activation and improved 
survival. This work unveils the ability of Trm cells to increase 
the breath of cytotoxic CD8+ T cell responses through DCs to 
strengthen anti-tumor immunity

Keywords : Resident memory CD8+ T cells, Dendritic cells, Anti-
gen spread.
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A208 / CD4+ T-cells induce rejection of urothelial tumors 
after immune checkpoint blockade

Yuji Sato (SHIONOGI & CO., LTD).

Immune checkpoint blockade (ICB) provides clinical benefit to a 
minority of patients with urothelial carcinoma (UC). The role of 
CD4+ T-cells in ICB-induced anti-tumor activity is not well de-
fined, but they are speculated to play a supportive role to CD8+ 
T-cells that kill tumor cells after recognition of tumor antigens 
presented by MHC class I. To investigate the mechanisms of 
ICB-induced activity against UC, we developed mouse organ-
oid-based transplantable models that have histologic and genet-

ic similarity to human bladder cancer. We found ICB can induce 
tumor rejection and protective immunity with these systems in 
a manner dependent on CD4+ T-cells, but not reliant on CD8+ 
T-cells. Evaluation of tumor infiltrates and draining lymph node 
after ICB revealed expansion of IFNγ producing CD4+ T-cells. Tu-
mor cells in this system express MHC class I, MHC class II, and the 
IFNγ receptor (Ifngr1), but none were necessary for ICB-induced 
tumor rejection. IFNγ neutralization blocked ICB activity, and in 
mice depleted of CD4+ T-cells, IFNγ ectopically expressed in the 
tumor microenvironment was sufficient to inhibit growth of tu-
mors in which the epithelial compartment lacked Ifngr1. Our find-
ings suggest unappreciated CD4+ T-cell dependent mechanisms 
of ICB activity, principally mediated through IFNγ effects on the 
microenvironment.

Keywords : CD4+ T cell, PD-1, CTLA-4, IFNγ.
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A209 / Modular architecture of the STING C-terminal tail 
allows interferon and NF-κB signaling adaptation

Carina C. de Oliveira Mann (Gene Center and Department of Bio-
chemistry, Ludwig-Maximilians-Universität, Munich, Germany), 
Megan H. Orzalli (Division of Gastroenterology, Boston Children’s 
Hospital and Harvard Medical School, Boston, USA), David S. King 
(HHMI Mass Spectrometry Laboratory, University of California, 
Berkeley, USA), Jonathan C. Kagan (Division of Gastroenterology, 
Boston Children’s Hospital and Harvard Medical School, Boston, 
USA), Amy S. Y. Lee (Department of Biology, Brandeis Univer-
sity, Waltham, USA), Philip J. Kranzusch (Department of Cancer 
Immunology and Virology, Dana-Farber Cancer Institute and Har-
vard Medical School, Boston, USA).

Stimulator of Interferon Genes (STING) is a key regulator of type I 
interferon and pro-inflammatory responses during infection, cellu-
lar stress, and cancer. Here we reveal a mechanism for how STING 
balances activation of IRF3- and NF-κB-dependent transcription, 
and discover that acquisition of discrete signaling modules in 
the vertebrate STING C-terminal tail (CTT) shapes downstream 
immunity. As a defining example, we identify a motif appended 
to the CTT of zebrafish STING that inverts the typical vertebrate 
signaling response and results in dramatic NF-κB activation and 
weak IRF3-interferon signaling. We determine a co-crystal struc-
ture that explains how this CTT sequence recruits TRAF6 as a 
new binding partner, and demonstrate that the minimal motif is 
sufficient to reprogram human STING and immune activation in 
macrophage cells. Together, our results define the STING CTT as 
a linear signaling hub that can acquire modular motifs to readily 
adapt downstream immunity.

Keywords : STING, NF-κB, innate immunity, TRAF6.
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A210 / Role of Dectin-1 and Nitric-Oxide Synthase type 2 
in NOD.RET+ transgenic mice, a new mouse model of ra-
pidly evolving melanoma. Implications for human cancers

Emna Dabbeche-Bouricha (Cochin Institute, University Paris 
Descartes, Inserm U1016), Luiza Krause (University of Versailles 
Saint-Quentin, Inserm U1173), Masashi Kato (Unit of Environ-
mental Health Sciences, Chubu University, Japan), Armelle Pré-
vost-Blondel (Cochin Institute, University Paris Descartes, Inserm 
U1016), Raja Mokdad-Gargouri (Laboratory of Biomass Valorisa-
tion and Production of Eukaryotic Proteins Center of Biotechnol-
ogy of Sfax, Tunisia), Henri-Jean Garchon (University of Versailles 
Saint-Quentin, Inserm U1173).

Mice transgenic for the RET oncogene provide a remarkable mod-
el for investigating the mechanisms underlying the promotion and 
the development of melanoma tumors. In this model, as in human 
melanoma, vitiligo is associated with improved prognosis. We in-
ferred that RET-transgenic mice with the autoimmune-prone non-
obese diabetic (NOD) genetic Background should be protected 
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against melanoma development. 

We bred (NODxB6) F1 mice and backcrossed them with NOD 
mice. Very unexpectedly, F1 mice and mice at subsequent gen-
erations of backcrossing showed marked acceleration of tumor 
development, in particular with a more frequent and an earlier ex-
tension of the tumors from the primary ocular site. We then inves-
tigated whether changes in the immune system could explain this 
accelerated evolution of tumors. In close relation with this severe 
tumor evolution, we observed a profound drop in Dectin-1 expres-
sion on granulocytic myeloid cells CD11b+Ly6G+ correlating with 
an upregulation of the CD4+Foxp3+ T regulatory cell subset and 
of the CD8+IFNγ+ T cell population. Interferon (IFN)-γ is a major 
inducer of the type 2 nitric-oxide synthase (Nos2) gene whose 
NO products are known to be tumorigenic. Germline inactivation 
of the Nos2 gene was associated with a dramatically improved 
survival tumor prognosis and a restoration of Dectin-1 expres-
sion on myeloid cells. Moreover, in vivo treatment of (NODxB6)
F1.RET+ mice with curdlan, a glucose polymer that binds Dectin-1, 
prevented tumor extension and was associated with marked re-
duction of the CD4+Foxp3+ T cell subset. In parallel, we studied 
the prognostic value of NOS2 expression in four type of epithelial 
human cancers, including melanoma, nasopharyngeal, colorectal 
and breast tumors. Overall, we observed that an increased ex-
pression of NOS2 was associated with more severe clinical and 
histopathological characteristics. These observations highlight 
the NOD strain as a new model to investigate the role of the im-
mune system in the host-tumor relationship and point to Dectin-1 
and Nos2 as potentially promising therapeutic targets, especially 
in light of clinical findings.

Keywords : Dectin-1, Nos2, Myeloid cells, Melanoma.
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A211 / Overcoming resistance to immune checkpoint 
inhibitors by targeting TREM2+ tumor-associated macro-
phages

Venkataraman Sriram (Pionyr Immunotherapeutics), Marwan 
Abushawish (Pionyr Immunotherapeutics), Tian Lee (Pionyr Im-
munotherapeutics), Tiep Le (Pionyr Immunotherapeutics), Mikhail 
Binnewies (Pionyr Immunotherapeutics), Joshua L Pollack (Pionyr 
Immunotherapeutics), Erick Lu (Pionyr Immunotherapeutics), 
Amanda Chen (Pionyr Immunotherapeutics), Ranna Mehta (Pi-
onyr Immunotherapeutics), Nadine Jahchan (Pionyr Immunother-
apeutics), Vicky Huang (Pionyr Immunotherapeutics), Xiaoyan Du 
(Pionyr Immunotherapeutics), Subhadra Dash (Pionyr Immuno-
therapeutics), Manith Norng (Pionyr Immunotherapeutics), Aritra 
Pal (Pionyr Immunotherapeutics), Kevin Baker (Pionyr Immuno-
therapeutics), Michel Streuli (Pionyr Immunotherapeutics).

One of the major challenges in the immuno-oncology field is 
identifying therapies that convert immune checkpoint inhibitor 
(CPI)-resistant patients into therapy-sensitive patients. The basis 
for CPI resistance involves multiple mechanisms, one of which in-
cludes the role of tumor-associated macrophages (TAMs). TAMs 
are thought to be one of the major sources of innate CPI resis-
tance as they employ a multitude of means to subvert anti-tumor 
immunity and directly promote tumor growth. Clinically, high lev-
els of TAMs predict poor patient prognosis across multiple solid 
tumor indications. Consequently, therapeutic targeting of TAMs 
by compromising their survival and/or modulating TAM function 
is a promising strategy to both augment response rates in solid 
tumor indications and overcome resistance to CPI therapies. To 
this end, we and others have identified the transmembrane pro-
tein TREM2 (Triggering Receptor Expressed on Myeloid cells 2) 
as a highly enriched TAM marker. To target TAMs, we developed 
an anti-TREM2 monoclonal antibody (mAb), termed PY314m, that 
demonstrated compelling anti-tumor activity in combination with 
an anti-PD-1 mAb in a number of preclinical, anti-PD-1 resistant 
mouse syngeneic tumor models. Furthermore, PY314m also ex-
hibited strong single-agent activity in a subset of these tumor 
models. Mechanistically, PY314m significantly reduced a subset of 
TAMs, namely the M2-like, MHCII-Low, and ArginaseHigh TAMs, 
expanded MHCII-High M1-like TAMs, and was associated with the 

release of pro-inflammatory cytokines. An important advantage 
of depleting M2-like TAMs, as opposed to targeting just a single 
TAM-mediated immune-suppressive pathway, is that PY314m 
treatment removes multiple immune-suppressive mechanisms. 
PY314m treatment also resulted in an increase in the absolute 
number of intra-tumor immune cells that are known to drive an-
ti-tumor responses, including cytotoxic CD8+ T cells. PY314m 
plus anti-PD-1 mAb combination treatment produced long-term 
immunological memory as evidenced by the lack of tumor growth 
upon rechallenge in mice cured of their tumors. Screening of 
human tumor microarrays for TREM2 expression indicated that 
TREM2+ TAMs were expressed in multiple human solid tumors. 
Collectively these findings suggest that anti-TREM2 mAb therapy 
could be used to overcome CPI resistance in humans. To this end, 
we developed a humanized version of PY314m termed PY314, that 
in the pilot, repeat- dose non-GLP studies in non-human primates 
was well tolerated and had good pharmaceutical properties. Our 
ongoing efforts are aimed at better defining CPI-resistant patient 
populations that will maximally benefit from PY314 therapy.

Keywords : Tumor-associated macrophages, anti-tumor immunity, 
checkpoint inhibitor resistance, combination immunotherapy.

A212 / Post-translationally modified antigens are good 
targets for cancer immunotherapy but some patients have 
antigen specific T-regs that may need to be neutralized

Suha X Atabani (University of Nottingham), Victoria Brentville 
(Scancell Ltd.), Ian Xin Daniels (Scancell Ltd.), Ruhul Choudhury 
(Scancell Ltd.), Katherine Cook (Scancell Ltd.), Anne Skinner 
(Scancell Ltd.), Poulam Xin Patel (University of Nottingham), Lin-
dy Durrant (Scancell Ltd.).

The object of this study was to evaluate the immunogenicity of 
citrullinated epitopes in cancer. Stress induced post-translation-
al modifications (siPTM) stimulate T cell responses that result in 
anti-tumor immunity. Citrullination is the post-translational mod-
ification of arginine to citrulline by peptidyl deiminase (PAD) en-
zymes which are activated by high levels of calcium. In viable cells 
high levels of calcium can only occur in double membrane or-
ganelles such as nuclei and autophagosomes. Carbamylation of 
lysine by chemical reaction of isocyanic acid leads to homocitrul-
lination. Myeloperoxidase (MPO) produced by myeloid suppres-
sor cells catalyzes the build-up of isocyanic acid which diffuses 
into the tumor cells and homocitrullinates cytoplasmic proteins. 
Modified proteins are then degraded and presented by MHC-II. In 
murine tumor models, immunization with citrullinated or homoc-
itrullinated epitopes resulted in strong anti-tumor immunity and 
long-term survival (1-4). Here we show that cancer patients have 
a repertoire to these siPTM peptides when their PBMCs (periph-
eral blood mononuclear cells) are cultured and stimulated with 
our citrullinated/homocitrullinated peptides. A total of 37 cancer 
patients (16 lung cancer, 16 ovarian cancer and 5 breast cancer) 
and 30 healthy donors were bled. PBMCs were isolated, CD25 
depleted, CFSE loaded then cultured with one of the citrullinat-
ed or homocitrullinated peptides. 77% of healthy donors, 56% of 
lung cancer patients, 63% of ovarian cancer patients and 60% of 
breast cancer patients showed a specific CD4+ proliferative re-
sponse to at least 1 of the 9 citrullinated/homocitrullinated pep-
tides. Cytokine expression in early activated CD71+ cells was also 
measured in breast and lung patients. Healthy donors, lung can-
cer and breast cancer patients showed IFNγ responses but anti-
gen specific CD4+CD71+ cells and CD4+CFSElo were significantly 
more positive for LAP in cancer patients compared to that seen 
in the same population in healthy donors (p =0.0001, p =0.0109). 
In all donors, there is also an inverse correlation between CD4+C-
D71+LAP+ cells and proliferation (CD4+CFSElo) (p value 0.001). 
Skurr et al. (5), has described this population of CD4+ LAP+ cells 
as being 50-fold more suppressive than the conventional CD4+C-
D25+Foxp3+. These results suggest that modified antigens may 
be a good target for anti-tumor immunity but that some cancer 
patients may have developed an antigen specific LAP+ regulatory 
population which would either need to be inhibited with a TGF-β 
neutralizing antibody or polarized to Th1 with vaccination.

Keywords : citrullination, LAP, CD4+ T-cells, Cancer.
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A213 / Novel therapeutic approach to upregulate immu-
nostimulatory targets for cancer therapy

Choon Ping TAN (MiNA Therapeutics Limited), Laura Sinigaglia 
(MiNA Therapeutics Limited), Siv A. Hegre (Norwegian Univer-
sity of Science and Technology, Trondheim, Norway), Alexandre 
Debacker (MiNA Therapeutics Limited), Albert Kwok (MiNA Ther-
apeutics Limited), Pal Saetrom (Norwegian University of Science 
and Technology, Trondheim, Norway), Matthew Catley (MiNA 
Therapeutics Limited), David C Blakey (MiNA Therapeutics Limit-
ed), Nagy Habib (MiNA Therapeutics Limited).

Small activating RNAs (saRNAs) are short double-stranded oli-
gonucleotides designed to upregulate target gene expression by 
transcriptional activation. saRNAs transfected into cells are load-
ed into Ago2 and translocate into the nucleus where they interact 
specifically at the target gene leading to recruitment and acti-
vation of RNA Polymerase II (Portnoy et al., 2011). This leads to 
new mRNA production resulting in upregulation of the target pro-
tein. We have developed a saRNA based therapeutic, MTL-CEB-
PA to target the expression of the CEBPA transcription factor. 
MTL-CEBPA has been shown to inhibit hepatocellular cancer tu-
mor growth in preclinical models and to enhance the activity of 
immune checkpoint inhibitor drugs through impact on the tumor 
microenvironment (Reebye et al., 2018). This is the first saRNA 
drug to enter clinical trials and we are investigating whether this 
technology could be applied to activate immune-stimulatory 
genes for utilization in cancer immunotherapy. 

Using our proprietary algorithm we design saRNA sequences 
that bind to long non-coding RNA +2000 to -2000 nucleotides 
upstream or downstream from the transcriptional start site. saR-
NAs were designed and synthesized to target the IL23A, IL36g 
and OX40L transcripts. Double-stranded 19-nucleotide sequenc-
es from the algorithm for each target were added with mUmU 
overhangs at the 3’ ends of both strands to improve stability and 
reduce non-specific immunogenicity. The saRNAs were screened 
in human (A549 and HepG2) or murine (CT26, BNL.1ME and 
RAW264.7) cells by transfection and mRNA levels of the target 
genes were measured by qPCR. 

The saRNA algorithm identified active saRNAs for all 3 tar-
gets leading to upregulation of target mRNA at 48 -72 hours 
post-transfection compared to oligonucleotide transfection con-
trols. The levels of mRNA upregulation for each leading saRNA 
sequence from this screen were : IL23A (4.9 fold), IL36g (3.5 fold) 
and OX40L (6.7 fold). Sequence-dependent specificity of the 
lead saRNA were confirmed by switching the positions of 2 to 3 
nucleotide residues in the seed portion of the sequences (nucleo-
tides 2-8 in the anti-sense strand) which reduced induction of tar-
get mRNA compared to the parental saRNA sequence. The pres-
ence of increased target protein in saRNA transfected cells was 
confirmed either by immunofluorescence or ELISA. The heterod-
imeric IL23 cytokine is composed of the IL23A and IL12B subunit. 
We found that saRNA targeting IL23A expression increases IL12B 
expression indicating an increase of functional IL23. Furthermore, 
we observed that co-transfection of cells with a combination of 
IL23A and IL36g saRNA improved IL36g expression (from 3.5-
fold with single IL36g saRNA to 13.1-fold with a combination of 
IL23A and IL36g saRNA). The induction of IL12B mRNA was also 
maintained using the combination of IL23A and IL36g saRNA. 

In summary, we have demonstrated the ability of saRNA tech-
nology to upregulate immune-stimulatory targets for utilization 
in immunotherapy. We are currently optimizing formulation for 
delivery of the lead saRNAs for efficacy studies in preclinical tu-
mor models.

Keywords : small activating RNA, transcriptional activation, im-

mune stimulatory genes.
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A214 / Reporter imaging of Trp-IDO/TDO-Kyn-AHR 
pathway activity

Ivan Cohen (Memorial Sloan-Kettering Cancer Center), Inna Ser-
ganova (Memorial Sloan-Kettering Cancer Center), Matthew Lu-
bin (Memorial Sloan-Kettering Cancer Center), Portia Cummings 
(Memorial Sloan-Kettering Cancer Center), Luis Felipe Campe-
sato (Memorial Sloan-Kettering Cancer Center), Sadna Budhu 
(Memorial Sloan-Kettering Cancer Center), Jedd Wolchok (Me-
morial Sloan-Kettering Cancer Center), Taha Merghoub (Memo-
rial Sloan-Kettering Cancer Center), Ronald Blasberg (Memorial 
Sloan-Kettering Cancer Center).

Background : Despite recent progress in immunotherapy (check-
point blockade and adoptive T cell transfer), most patients with 
solid tumors still do not respond or develop resistance to thera-
py. Our group and others have described an immune resistance 
mechanism mediated by the metabolic dysregulation of Trypto-
phan (Trp) catabolism (mediated by indoleamine-2, 3-dioxygen-
ases (IDO) and 2, 3-dioxygenase (TDO)) to Kynurenine (Kyn) and 
the aryl hydrocarbon receptor (AHR). The production of Kyn and 
signaling through the AHR pathway, suppresses CD8+ and CD4+ 
effector T cells and enhances the generation of immunosuppres-
sive cell types, including FoxP3+CD4+ T cells (Tregs), myeloid-de-
rived suppressor cells (MDSCs) and M2-polarized tumor-associat-
ed macrophages (TAMs). These cells play a critical role in limiting 
anti-tumor immunity. In order to optimize the scheduling of com-
bination drug treatment (treatments targeting this pathway com-
bined with immune based therapies), we developed a reporter 
system to image signaling activity through the IDO/TDO-Kyn-
AHR pathway. 

Methods : A first generation Kyn/AHR-sensitive luciferase report-
er, driven by a dioxin response element (DRE), was developed to 
image Kyn/AHR signaling in B16 melanoma cells and 4T1 breast 
cancer cells (wild-type and HSV1-tk-GFP-FLuc fusion) using bio-
luminescence imaging (BLI). Since IDO over-expressing B16 mel-
anoma cells are in the process of being transduced with the Kyn/
AHR reporter (DRE), we performed “co-injection” (IDO-B16 plus 
DRE-B16) experiments, where IDO-B16 (non-reporter) cells were 
mixed with DRE-B16 (reporter) cells, and implanted s.c. for imag-
ing AHR activation and suppression. Similar tumor imaging stud-
ies were performed with AHR suppression in the s.c. the DRE-4T1 
tumor model. results. Two AHR activating molecules (kynurenine 
and the AHR agonist FICZ) were observed to increase luciferase 
expression, in B16-DRE and 4T1-DRE reporter cells, whereas an 
AHR inhibitor (CH223191) reduced reporter activity. Similarly, in 
B16 melanoma animal models where cells with over-expressed 
IDO were combined and co-injected with B16 DRE reporter cells, 
the resultant tumors showed increased tumor growth and in-
creased reporter activity (BLI signal). These reporter imaging 

Results : were consistent with the significant differences observed 
between B16-IDO and B16-wt tumors : i) greater immune cell infil-
tration, ii) greater activation of T regs and TAMs, and iii) greater 
expansion of suppressive myeloid cells were observed in B16-IDO 
tumors. LDH-A depletion in 4T1 tumors significantly reduced tu-
mor tryptophan and increased kynurenine levels, and was associ-
ated with a significantly higher density of CD3+ T cells. 

Comment :. An inducible DRE-responsive reporter system was 
developed to better understand signaling through the Trp–Kyn-
AHR pathway in the tumor microenvironment. Coupled with a 
constitutive reporter in the same cells, it is possible to quantita-
tively monitor AHR transcriptional activity using this dual report-
er system. The dual reporter system is expected to : i) quantify 
the kinetics of engagement with the AHR upon treatment with 
different agonists/antagonists and monitor the correlation with 
phenotypic changes in different components of the TME, includ-
ing cancer cells, macrophage and T cells ; ii) monitor the dynamic 
activation of the AHR pathway in vivo during tumor progression 
and targeted treatment in IDO/TDO-expressing cancer models ; 
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iv) evaluate the in vivo dynamics of AHR activation after response 
to immune-based therapeutic interventions (PD-1/CTLA-4 block-
ade, T cell therapy) in the same models ; v) evaluate the potential 
for clinical translation using radionuclide-based human reporter 
genes.

Keywords : Trp-IDO/TDO-Kyn-AHR pathway, reporter imaging, 
imaging AHR pathway activity, dual (inducible and constitutive) 
reporter imaging.

A215 / Tissue-specific innate lymphoid cells are novel tar-
gets for pancreatic cancer immunotherapy

John Alec Moral (Memorial Sloan Kettering Cancer Center), Jo-
anne Leung (Memorial Sloan Kettering Cancer Center), Luis Ro-
jas A (Memorial Sloan Kettering Cancer Center), Jennifer Ruan 
(Memorial Sloan Kettering Cancer Center), Julia Zhao (Memorial 
Sloan Kettering Cancer Center), Billel Gasmi (Memorial Sloan Ket-
tering Cancer Center), Zachary Sethna (Memorial Sloan Kettering 
Cancer Center), Anita Ramnarain (Memorial Sloan Kettering Can-
cer Center), Murali Gururajan (Bristol Myers Squibb), Umesh Bha-
not (Memorial Sloan Kettering Cancer Center), Ela Elyada (Cold 
Spring Harbor Laboratory), Youngkyu Park (Cold Spring Harbor 
Laboratory), David Tuveson (Cold Spring Harbor Laboratory), 
Mithat Gonen (Memorial Sloan Kettering Cancer Center), Steven 
Leach (Dartmouth Norris Cotton Cancer Center), Jedd Wolchok 
(Memorial Sloan Kettering Cancer Center), Ronald DeMatteo 
(University of Pennsylvania), Taha Merghoub (Memorial Sloan 
Kettering Cancer Center), Vinod P Balachandran (Memorial Sloan 
Kettering Cancer Center).

Pancreatic ductal adenocarcinoma (PDAC) is the classic cold 
tumor, with few tumor-infiltrating activated CD8+ T cells, a ma-
jor barrier to immunotherapy. Strategies to convert cold tumors 
like PDACs to hot can enable more effective immunotherapies. 
To identify targets that can convert cold PDACs to hot, we com-
pared a large cohort of rare long-term PDAC survivors with hot 
tumors to short-term survivors with cold tumors. Surprisingly, 
hot PDACs were enriched not only in activated CD8+ T cells, but 
also in group-2 innate lymphoid cells (ILC2s), a class of largely 
tissue-resident, cytokine-producing innate lymphocyte that po-
tentiate T cell immunity in local tissues. We identified that tumor 
ILC2s (TILC2s) infiltrate human and mouse PDACs, and TILC2 
frequency and tumor expression of the ILC2-activating ligand in-
terleukin (IL)-33 positively correlate with tumor immune cytolytic 
activity, and long-term patient survival. Using PDAC mouse mod-
els, we discovered that the IL33-ILC2 axis activates pancreatic 
tissue-specific anti-tumor T cell immunity. Host IL33 deficiency 
attenuated TILC2 expansion and CD8+ T cell activation, acceler-
ating tumor growth in orthotopic PDACs but not heterotopic skin 
implanted PDACs where TILC2s lack the IL33 receptor. Acute ILC2 
depletion partially phenocopied the tissue-specific phenotype of 
IL33 deficiency, with impaired rejection of immunogenic orthot-
opic but not heterotopic skin PDACs. Strikingly, chronic treatment 
with recombinant IL33 (rIL33), but not with the ILC1-activating 
ligand rIL18, increased TILC2 frequencies by 10-fold, activat-
ed CD8+ T cells by 5-fold, and abrogated PDAC establishment 
in >70% of mice in a pancreatic tissue-specific, ILC2-dependent 
manner. Taken together, these studies identify ILC2s as novel an-
ti-cancer immune cells for PDAC immunotherapy. Strategies to 
activate tissue-specific ILC2s may be a promising immunother-
apeutic approach for PDAC and other malignancies with similar 
immune landscape.

Keywords : Innate lymphoid cells, IL33, Pancreatic Cancer.

A216 / Macrophage phenotype plasticity regulates radia-
tion-induced lymphocyte migration

Joscha A. Kraske (German Cancer Research Center (DKFZ)), Pe-
ter E. Huber (German Cancer Research Center (DKFZ)), Thomas 
Walle (German Cancer Research Center (DKFZ)).

Radiotherapy can increase leukocyte infiltration into tumors and 
enhance anti-tumor immunity in preclinical models (1). Macro-
phages are tissue resident regulators of leukocyte infiltration, 
which show phenotype plasticity on a continuum between an-

ti-tumor and pro-tumor function (2). Here, we investigated the 
effects of ionizing radiation (IR) on macrophage tumor cell in-
teractions and subsequent effects on leukocyte migration using 
an in vitro coculture system. Human monocyte-derived macro-
phages were cocultured with human pancreatic adenocarcinoma 
cell lines and irradiated using a 137Cs source. Macrophage polar-
ization was assessed by flow cytometric (FACS) analysis of se-
lected surface proteins and cytokine expression was determined 
by quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) of RNA isolated from macrophages sorted by FACS. 
Leukocyte migration towards cocultures was determined using 
modified Boyden chamber assays and chemokine expression was 
assessed using flow cytometry-based multiplex bead-arrays and 
qRT-PCR of FACS-sorted macrophages. In the coculture system, 
macrophages acquired an immunosuppressive phenotype, which 
was attenuated by radiation in a dose dependent manner. IR had 
no effect on macrophage polarization in monoculture, indicating 
that macrophage-tumor cell interactions were pivotal for the ob-
served radiation-induced changes in macrophage polarization. 
This shift in macrophage polarization was accompanied by in-
creased CD4+ T cell, CD8+ T cell, NKT cell, and CD56dim NK cell 
migration and changes in chemokine expression patterns in the ir-
radiated cocultured macrophages, both on protein and transcript 
level. This study thereby expands our mechanistic understanding 
of macrophage-tumor cell interactions post-radiation, which may 
be exploited to improve current radio-immune combination ther-
apies.

Keywords : Radiation, Chemotaxis, innate immunity, myeloid.
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A217 / Synthetic gene circuits for cancer immunotherapy : 
Turning cancer cells against themselves.

Ming-Ru Wu (Massachusetts Institute of Technology).

Cancer immunotherapy has demonstrated robust therapeutic ef-
ficacy in clinics, but challenges such as the lack of ideal targetable 
tumor antigens, severe systemic toxicity, and tumor-mediated im-
munosuppression still limit its success. To overcome these chal-
lenges, we have designed a synthetic cancer-targeting gene cir-
cuit platform that triggers a robust tumor-localized combinatorial 
immunotherapy from within cancer cells : a Trojan horse-like ap-
proach. Once the circuits are introduced into cells, they will sense 
and integrate two pre-defined cancer-specific transcription factor 
activities with a logical AND gate. Only when both transcription 
factor activities are high, the circuit will trigger an effective combi-
natorial immunotherapy selectively from within cancer cells, while 
keeping normal cells unharmed. The circuit demonstrated robust 
therapeutic efficacy in treating disseminated ovarian cancer in 
mouse models. This platform can be adapted to treat multiple 
cancer types and can potentially trigger any genetically-encod-
able immunomodulators as therapeutic outputs. Moreover, this 
gene circuit platform can be adapted to treat additional diseases 
exhibiting aberrant transcription factor activities, such as chronic 
metabolic diseases and autoimmune disorders.

Keywords : synthetic biology, cancer-targeting gene circuit, can-
cer immunotherapy, combination immunotherapy.
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A218 / Transcriptomic profiling of cytotoxic and regu-
latory T cells in acute myeloid leukemia identifies novel 
potential drug targets

Milad Abolhalaj (Department of Immunotechnology, CREATE 
Health Translational Cancer Center, Lund University), Henrik Lill-
jebjörn (Division of Clinical Genetics, Department of Laboratory 
Medicine, Lund University), Carl Sandén (Division of Clinical Ge-
netics, Department of Laboratory Medicine, Lund University), 
Karin Hägerbrand (Alligator Bioscience AB), Peter Ellmark (Alli-
gator Bioscience AB), Carl Borrebaeck (Department of Immu-
notechnology, CREATE Health Translational Cancer Center, Lund 
University), Thoas Fioretos (Division of Clinical Genetics, Depart-
ment of Laboratory Medicine, Lund University), Kristina Lundberg 
(Department of Immunotechnology, CREATE Health Translational 
Cancer Center, Lund University).

Acute myeloid leukaemia (AML) has a 5-year survival of <5% 
among patients over 65 years. Checkpoint inhibitors have shown 
extraordinary effects in certain cancer patient groups, however, 
the results have been modest in AML. The aim of this project is to 
identify novel immunotherapeutic drug targets for treatment of 
AML based on transcriptomic analysis of cytotoxic T cells (CTLs) 
and regulatory T cells (Tregs). 

Flow cytometry was used to sort out CTL and Treg populations 
from peripheral blood of AML patients with TP53 mutations 
(n=5), as well as control subjects (n=3). RNA was extracted and 
was subjected to RNA sequencing. Data was analysed using Qlu-
core Omics Explorer software and MetaCore. To study the impact 
of AML on T cells, transcriptome of each T-cell population in the 
AML cohort was compared against its counterpart in the control 
cohort and differentially expressed genes were identified (two-
tailed t-test, FDR<0.1). Additionally, two strategies were used to 
identify novel drug target candidates. Firstly, genes expressed 
higher in CTLs in AML as compared to CTLs in control cohort 
were identified (one-tailed t-tests, FDR<0.1), and similarly for 
Tregs. In the second strategy, targets for selective manipulation 
of CTLs and Tregs in AML patients were identified based on the 
genes expressed higher in CTLs in AML as compared to Tregs in 
AML and vice versa (one-tailed t-test, FDR<0.1). For both strat-
egies, genes associated with plasma membrane (i.e. available to 
targeted therapy) were subsequently extracted and those that 
were novel in the context of immunotherapy in AML were identi-
fied based on literature. 

The analysis identified 578/498 and 391/387 genes expressed 
at higher/lower level by CTLs and Tregs from AML compared 
to their peer populations in control subjects, respectively. Inter-
estingly, 22 receptor-encoding genes were expressed higher in 
CTLs from AML patients as compared to the same population 
in control subjects, including 15 potential drug targets. For Tregs, 
17 receptor-encoding genes were expressed at higher levels in 
AML patients as compared to its peer population in control co-
hort, including 9 potential drug targets. Furthermore, 30 plasma 
membrane-associated genes were expressed selectively by CTLs 
compared to Tregs in AML patients, including 6 potential drug 
targets. Also, 5 plasma membrane-associated genes were found 
to be expressed selectively by Tregs compared to CTLs in AML 
patients, including 2 potential drug targets. To our knowledge, 7 
of the identified potential drug targets are novel and have not 
been investigated previously within the context of AML immuno-
therapy. 

In summary, gene expression profile of CTLs and Tregs in AML 
is different from that of the counterpart population in control 
subjects. The identified differentially expressed genes can give 
mechanistic insights into the impact of AML on T cells, and were 
used to pinpoint several potential novel drug targets in AML. Ad-
ditionally, drug target candidates for specific stimulation of CTLs 
or inhibition of Tregs in AML patients were identified.

Keywords : Acute myeloid leukemia, Cytotoxic and regulatory T 
cells, RNA sequencing, Immunotherapy.
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A219 / Targeting urokinase-type plasminogen activator 
receptor (uPAR) with an HLA-independent αβ T-cell re-
ceptor

Catherine Wölfel (Internal Medicine III, University Cancer Center 
(UCT) and Research Center for Immunotherapy (FZI), Universi-
ty Medical Center (UMC) of the Johannes Gutenberg University 
and German Cancer Consortium (DKTK), Partner Site Frankfurt/
Mainz), Daniela Eberts (Internal Medicine III, University Cancer 
Center (UCT) and Research Center for Immunotherapy (FZI), 
University Medical Center (UMC) of the Johannes Gutenberg 
University and German Cancer Consortium (DKTK), Partner Site 
Frankfurt/Mainz), Martina Fatho (Internal Medicine III, University 
Cancer Center (UCT) and Research Center for Immunotherapy 
(FZI), University Medical Center (UMC) of the Johannes Guten-
berg University and German Cancer Consortium (DKTK), Partner 
Site Frankfurt/Mainz), Patrick Derigs (Internal Medicine III, Uni-
versity Cancer Center (UCT) and Research Center for Immuno-
therapy (FZI), University Medical Center (UMC) of the Johannes 
Gutenberg University and German Cancer Consortium (DKTK), 
Partner Site Frankfurt/Mainz), Marc Pannenbeckers (Internal 
Medicine III, University Cancer Center (UCT) and Research Center 
for Immunotherapy (FZI), University Medical Center (UMC) of the 
Johannes Gutenberg University and German Cancer Consortium 
(DKTK), Partner Site Frankfurt/Mainz), Korbinian Nepomuk Kro-
pp (Internal Medicine III, University Cancer Center (UCT) and Re-
search Center for Immunotherapy (FZI), University Medical Center 
(UMC) of the Johannes Gutenberg University and German Can-
cer Consortium (DKTK), Partner Site Frankfurt/Mainz), Matthias 
Theobald (Internal Medicine III, University Cancer Center (UCT) 
and Research Center for Immunotherapy (FZI), University Medical 
Center (UMC) of the Johannes Gutenberg University and German 
Cancer Consortium (DKTK), Partner Site Frankfurt/Mainz), Thom-
as Wölfel (Internal Medicine III, University Cancer Center (UCT) 
and Research Center for Immunotherapy (FZI), University Medical 
Center (UMC) of the Johannes Gutenberg University and German 
Cancer Consortium (DKTK), Partner Site Frankfurt/Mainz).

The GPI-anchored urokinase-type plasminogen activator recep-
tor (uPAR ; aliases : PLAUR, CD87) is considered as a relevant 
diagnostic and therapeutic target on cancer cells. uPAR and its 
ligand urokinase (uPA) are involved in regulating tumor invasion 
and metastasis, cancer cell survival and angiogenesis. Enhanced 
expression of the uPA complex has been observed in a variety 
of common solid tumors and hematological malignancies and 
has been associated with a worse prognosis. E.g., uPAR radi-
oligands are currently investigated in PET imaging trials. Previ-
ously, we have observed the emergence of an HLA-independent 
anti-tumor αβT-cell repertoire in melanoma patients with HLA 
I-negative disease. This finding prompted us to see, if uPAR can 
be targeted by HLA-independent T cells. We stimulated CD3+ 
umbilical cord blood (UCB) lymphocytes with a genetically en-
gineered HLA I/II-deficient melanoma cell line overexpressing 
uPAR and stably transfected with CD80 and CD83. Responder T 
cells were analyzed for their specificity primarily with HEK293T 
cells also genetically modified for HLA deficiency and either 
lacking uPAR expression or transfected with uPAR. In 2/2 UCB 
donations we readily detected T cells recognizing both stimula-
tors and uPAR-transfected readout target cells. Their specificity 
for uPAR was additionally confirmed by complete inhibition with 
an anti-uPAR monoclonal antibody. An αβTCR was cloned from 
uPAR-specific T cells, chimerized with murine constant domains, 
codon-optimized and cloned into a P2A-based bicistronic retro-
viral construct. The TCR construct was transduced into blood T 
cells of a healthy donor. Both CD8+ and CD4+ T cells expressing 
the TCR specifically recognized uPAR in an HLA-independent, but 
TCR-dependent manner both in lysis and ELISPOT assays. No-
tably, this TCR cross-reacted with the murine uPAR homologue. 
TCR-transduced T cells recognized all tested primary AML blast 
populations (FAB M4/M5, obtained from 19 patients). However, 
although uPAR is known to be expressed in normal hematopoi-
etic cells, TCR-transduced T cells recognized neither monocytes 
nor immature or mature dendritic cells. We currently investigate 
the precise molecular mechanism of uPAR recognition. So far, we 
have found that HLA-independent T-cell recognition of uPAR is 
abolished after deletion of the protein´s GPI anchor, depends on 
the protein´s glycosylation and requires the presence of the phys-
iological trimolecular complex consisting of uPAR with its intact 
three-domain structure, uPA and vitronectin (VN). But it is still 
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unclear, which region of the uPAR/uPA/VN complex is directly in-
volved in the binding of uPAR-reactive TCR and in which way this 
complex differs e.g. in AML cells as compared with non-malignant 
hematopoietic cells. The therapeutic use of such an HLA-inde-
pendent TCR would counteract numerous escape mechanisms 
affecting HLA/peptide-specific T cells and also allow to circum-
vent the dictate of HLA polymorphism.

Keywords : uPAR, T cell receptor.

A220 / Targeting nodal and cripto-1 onco-fetal proteins 
using bispecific antibody fragments

Jwala Priyadarsini Sivaccumar (Institute of Biostructures and Bio-
imaging (CNR), 80134 – Naples), Annamaria Sandomenico (Insti-
tute of Biostructures and Bioimaging (CNR), 80134 – Naples and 
CIRPeB, University of Naples «Federico II », 80134 – Naples), Fabio 
Selis (BIOVIIIx R&D, via Brin 59C, 80122, Naples), Emanuela lac-
carino (Institute of Biostructures and Bioimaging (CNR), 80134 
– Naples), Giuseppina Focà (Institute of Biostructures and Bioim-
aging (CNR), 80134 – Naples), Luigi Vitagliano (Institute of Bio-
structures and Bioimaging (CNR), 80134 – Naples), Menotti Ruvo 
(Institute of Biostructures and Bioimaging (CNR), 80134 – Naples 
and CIRPeB, University of Naples «Federico II », 80134 – Naples).

Targeted therapies using monoclonal antibodies and their com-
bination regimens are considered as ‘Magic Bullets’ for treating 
cancer. The increasing understanding of the cancer-immune sys-
tem relationships and the advancements in protein engineering 
technology together have paved the way to the design and de-
velopment of ever more specific biomolecules. These efforts have 
ultimately led to introducing the concept of bispecific (or even 
multispecific) antibodies grasped as single agents with dual or 
multi-targeting features with high potential as novel therapeutics 
to fight cancer. We are generating bispecific fabs hunting dual 
epitopes or dual targets in order to improve specificity and ef-
ficacy toward diseased cells or tissues. Here, our targets of in-
terest are two onco-fetal proteins Nodal and Cripto-1. Nodal is a 
potent embryonic morphogen belonging to the TGF-beta super-
family. Typically, it binds to the Alk4/ActRIIB receptor complex 
in the presence of the co-receptor Cripto-1. Nodal and Cripto-1 
expression is restricted to embryonic tissues and human embry-
onic stem cells, whereas it is poorly present in normal adult cells. 
Re-expression of these proteins in the adults are associated with 
many tumors where they can control intracellular signaling and 
promote tumorigenesis. The two proteins have been thereby indi-
cated as diagnostic biomarkers and therapeutic targets for sever-
al types of cancer. We have generated anti-Nodal and anti-Crip-
to-1 monoclonal antibodies named 3D1 and 1B4, respectively. 3D1 
therapeutic efficacy has been proven in aggressive melanoma 
both in vitro and in vivo models. Beyond to block Nodal and Crip-
to-1 cellular signaling separately, 1B4 and 3D1 mAbs also may take 
advantage of working in combination acting as potential double 
neutralizing molecules that block the whole Nodal/ Cripto-1/Alk4 
ternary complex. To investigate this hypothesis at the therapeutic 
level, we have generated partly humanized recombinant Fabs of 
3D1 and 1B4 to obtain new molecules with better PK/PD profiles. 
We obtained the 3D1 recombinant chimeric Fab and recombinant 
chimeric Fab of 1B4 by expressing in the E. Coli host using the 
periplasmic expression strategy. These chimeric antibody frag-
ments will be employed as the fragments to generate the corre-
sponding bispecific anti-Cripto-1/anti-Nodal Fab2 for both imag-
ing and therapeutic purposes in Cripto-1/Nodal positive tumors. 
To selectively obtain the bispecific molecule we have applied a 
recently developed conjugation strategy that makes use of short 
peptide-based linkers introduced on the C-terminus of the Fab’s 
heavy chains exploiting MTGase transglutamination (bio-conju-
gation) reaction. The presence of specific orthogonal chemical 
groups ensures site-specific heterodimerization that leads only to 
bispecific molecules. We present the biochemical characteriza-
tion of the 3D1 and 1B4 recombinant chimeric Fab efficiently pro-
duced in the E. Coli host using the periplasmic expression strate-
gy. Expression and purification conditions have been optimized. 
Biochemical characterizations have confirmed the folding (Circu-
lar Dichroism), identity (ESI TOF mass spec), evaluated the kinet-
ic binding and functionalization of these recombinant chimeric 
fabs (SPR, BLItz, ELISA, Western blotting) of anti-nodal 3D1 fab 
and anti-cripto-1 1B4 fab against its target antigens. Furthermore, 

using short linkers we have introduced fluorescent dyes and the 
resulting molecules may have a direct use for imaging applica-
tions. This optimized Fab-FITC conjugation reaction confirms the 
yield of more than 90% and its purity and identity are confirmed 
by ESI TOF Mass spectrometry. Using the same concept, the Fab 
of anti-Nodal 3D1 and the Fab of anti-Cripto-1 1B4 molecules will 
be dimerized to generate the bispecific antibody Fab2 that will 
be finally employed as the dual anti-Nodal and anti-Cripto-1 ther-
anostic agent.

Keywords : Bispecific, Antibody fragments, Nodal, Cripto-1.
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A221 / Losartan treatment lowers solid stress in ovarian 
cancer

Ashwin S Kumar (Massachusetts General Hospital/ Harvard 
Medical School), Yanxia Zhao (Massachusetts General Hospital/ 
Harvard Medical School), Jinghong Cao (Massachusetts General 
Hospital/ Harvard Medical School), Dennis Jones (Massachusetts 
General Hospital/ Harvard Medical School), Hadi Nia (Massachu-
setts General Hospital/ Harvard Medical School), Yanling Zhang 
(Massachusetts General Hospital/ Harvard Medical School), Tri-
antafyllos Stylianopoulos (University of Cyprus), Fotios Mpekris 
(University of Cyprus), Meenal Datta (Massachusetts General Hos-
pital/ Harvard Medical School), Yao Sun (Massachusetts General 
Hospital/ Harvard Medical School), Limeng Wu (Massachusetts 
General Hospital/ Harvard Medical School), Xing Gao (Massa-
chusetts General Hospital/ Harvard Medical School), Rakesh Jain 
(Massachusetts General Hospital/ Harvard Medical School), Lei 
Xu (Massachusetts General Hospital/ Harvard Medical School).

Solid stress, distinct from fluid pressure, is a physical force con-
tained in and transmitted by solid components of the tumor 
including cells and the matrix they produce. Tumor blood and 
lymphatic vessels are highly structurally abnormal and are eas-
ily collapsible under this mechanical force, resulting in reduced 
blood and lymphatic flow throughout the tumor mass. This leads 
to (i) decreased drug delivery to tumors, which compromises 
treatment efficacy, (ii) lymph accumulation, and (iii) increased tu-
mor hypoxia, which promotes aggressive phenotypes, immuno-
suppression, and resistance to therapies that require oxygen to be 
effective. Losartan, a common antihypertensive that can reduce 
tumor extracellular matrix, is known to decrease solid stress. To 
that effect, we investigated the effects of losartan on solid stress 
in mouse models of orthotopic ovarian tumors. 

Ovarian tumors (SKOV3ip1) from either control or losartan-treat-
ed mice were excised and subjected to solid stress measure-
ments. Briefly, tumors are sliced in half to release the mechanical 
forces that make up solid stress, which causes the tissue to de-
form in peaks (areas originally under compression) and valleys 
(areas originally under tension). The tissue deformation is imaged 
via high-resolution ultrasound, and post-processed via commer-
cially available software to produce a 2-D map of the resultant 
solid stress. 

In size-matched peritoneal tumors, losartan treatment led to sig-
nificant reduction in compressive stresses by 25.5%, and tensile 
stress by 29.8%. Histological and imaging studies confirmed that 
losartan treatment, via its antifibrotic effects, is capable of de-
compressing vessels by reducing solid stress exerted from the 
dense tumor ECM. Indeed, losartan enhances the delivery and 
efficacy of chemotherapeutics in pancreatic, breast and ovarian 
cancer in mice and patients, and has the potential to do so for im-
munotherapies. Furthermore, solid stress measurements provide 
a new class of mechanical biomarkers that can be correlated to 
clinical outcomes for predictive/prognostic value.
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A222 / HLA open conformers induces potent anti-tumor 
activity by blocking LILRB and KIR receptors and acts 
synergistically with check-point blockade inhibition

Osiris Marroquin Belaunzaran (ImmunOs Therapeutics AG), Mi-
chael A. Curran (MD Anderson), Anahita Rafiei (University Hos-
pital Zurich), Julia Kolibaba (ImmunOs Therapeutics AG), Yang 
Liu (University of Basel), Ulf Petrausch (Onkozentrum Zurich), 
Alfred Zippelius (University of Basel), Frank Stenner (University 
of Basel), Christoph Renner (University of Basel & Onkozentrum 
Zurich).

Introduction : HLA open conformers (OC) are defined as HLA 
class I molecules lacking beta-2-microglobulin (β2m) and pep-
tide. OC can be derived from different HLA I molecules such as 
HLA-B27, -B57, and –Cw08. OC have a different three dimension-
al structure when compared to their respective HLA/β2m/pep-
tide counterpart and induce distinct immunological processes by 
binding to LILRB and KIR molecules, both key receptors of the 
innate immune system. B57 OC expression is associated with en-
hanced immunity against viruses and can cause autoimmunity. Its 
potential anti-tumor activity has not been exploited so far. 

Methods : B57 OC and control molecules were expressed as 
Fc-fusion proteins in CHO cells. The affinity for protein-ligand 
interaction was measured by SPR. Human macrophages M1/M2, 
polarization, phagocytosis, NK cell & CD8+ T cell cytotoxicity 
were assessed by flow cytometry and cellular assays. Syngeneic 
pancreatic cancer (Pan02), colon cancer (MC38) mouse models 
and melanoma transgenic mice were used. Mice with tumors of 
80mm3 were treated twice weekly at 5 mg/kg. Tumor and blood 
samples were analysed. FDA cancer panels were assessed by IHC 
for LILRB1-5 expression. Results : B57 OC displays distinct pro-
tein-ligand interactions with high affinity binding to LILRB2 & 4, 
KIR2L1-3, and KIR3DL1. Therapeutic efficacy in pancreatic and co-
lon cancer models was observed with monotherapy (p<0.01), and 
combo therapy using PD-1 and/or 41BB antibodies (p<0.0001). 
Significant tumor reduction and survival efficacy was observed 
in transgenic melanoma mice. Ex vivo tumor sample analysis re-
vealed a significant reduction of MDSC & Tregs, and an increase of 
M1 type macrophages. In addition, loss of MDSC functionality and 
enhanced CD8+ T cell expansion and cytotoxicity was assessed. 
IHC of human tissue demonstrated enhanced LILRB2 & 4 expres-
sion, notably in colon and lung cancer. 

Conclusion : B57 OC has a unique binding profile to LILRB and KIR 
receptors. B57 OC induces anti-tumor activity in diverse syngene-
ic and transgenic mouse models and acts synergistically with PD1 
or 41BB antibodies. Pre-clinical and human in vitro experiments 
demonstrate that B57 OC directly augments anti-tumor immuni-
ty through inhibition of MDSCs, M1 polarization of macrophages, 
activation of NK cells and LILRB blockade on tumor cells, which, 
in turn, indirectly boosts adaptive immune system by increasing 
CD8+ effector T cells and reducing Treg numbers. B57 OC is a 
first-in-class therapeutic with robust anti-tumor activity.

Keywords : HLA open conformers, Immuno-oncology.

Onco-and immunometabolism

A223 / Tumor lysis with LTX-401 creates anticancer immu-
nity

Wei Xie (Inserm UMR1138), Oliver Kepp (Inserm UMR1138), Guido 
Kroemer (Inserm UMR1138).

Local immunotherapies such as the intratumoral injection of on-
colytic compounds aim at reinstating and enhancing systemic 
anticancer immune responses. LTX-315 is a first-in-class, clinical-
ly evaluated oncolytic peptide-based local immunotherapy that 
meets these criteria. Here, we show that LTX-401, yet another on-
colytic compound designed for local immunotherapy, depicts a 
similar safety profile and that sequential local inoculation of LTX-
401 was able to cure immunocompetent host from subcutaneous 
MCA205 and TC-1 cancers. Cured animals exhibited long-term 
immune memory effects that rendered them resistant to rechal-
lenge with syngeneic tumors. Nevertheless, the local treatment 
with LTX-401 alone had only limited abscopal effects on second-
ary contralateral lesions. Anticancer effects resulting from sin-
gle as well as sequential injections of LTX-401 were boosted in 
combination with PD-1 and CTLA-4 immune checkpoint blockade 
(ICB), and sequential LTX-401 treatment combined with double 
ICB exhibited strong abscopal antineoplastic effects on contralat-
eral tumors underlining the potency of this combination therapy.

Keywords : Oncolysis, anticancer therapy, immunogenic cell death, 
checkpoint blockade.
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A224 / Oxidative metabolism promotes apoptotic resis-
tance in Th17 cells

Hanna S Hong (University of Michigan), Atsushi Hayashi (Univer-
sity of Michigan), Kristen Loesel (University of Michigan), Nobuhi-
ko Kamada (University of Michigan), Luigi Franchi (University of 
Michigan), Costas A Lyssiotis (University of Michigan).

A limitation to long-term efficacy of T cell-based immunotherapy 
is T cell survival. Following activation, T cells are programmed to 
undergo apoptotic cell death to limit unnecessary inflammation, 
and those that escape apoptosis persist to provide long-term im-
munity. Cellular metabolism fuels T cell homeostasis and growth. 
Moreover, given the role of metabolism in the expansion and 
effector phases of an immune response, it is of importance for 
anti-tumor immunity to understand how the metabolic needs of 
effector T cells dictate their potential for survival or death. Indeed, 
short-lived effector T cells utilize glycolysis for rapid expansion, 
while T cells that rely on mitochondrial oxidative phosphoryla-
tion (OXPHOS) are suggested to be metabolically equipped for 
memory cell persistence and function. These bioenergetic pref-
erences suggest a metabolic checkpoint that controls T cell fate 
and thus, the degree of an immune response. Th17 cells repre-
sent a subset of CD4 T cells that have an important role in an-
ti-tumor immunity. We have previously shown that Th17 cells in 
vivo require OXPHOS during effector phases and under chronic 
inflammatory conditions. This in vivo metabolic requirement is in 
contrast to in vitro-derived Th17 cells which are predominately 
glycolytic. To better understand how OXPHOS influences Th17 
cell fate and function, we developed in vitro culture conditions 
that generate Th17 cells that metabolically resemble their in vivo 
counterparts. Using this system, we have found that Th17 cells can 
use either glycolysis or OXPHOS for proliferation, differentiation 
and cytokine production. However, compared to their glycolytic 
counterparts, OXPHOS Th17 cells are more resistant to apoptotic 
stimuli in vitro and exhibit improved survival and persistence in 
vivo. Mechanistically, we have revealed that the reliance on OX-
PHOS vs. glycolysis leads to altered expression of BCL-2 anti- vs. 
pro-apoptotic regulators. Our work provides new insight into the 
role of OXPHOS in Th17 cell fate and may lead to the development 
of novel approaches that aim to inhibit or amplify Th17 responses.

Keywords : Th17 cells, Apoptosis, immunometabolism.
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A225 / Reprograming of innate immunity by glioma-de-
rived R-2-Hydroxyglutarate

Mirco Friedrich (German Cancer Research Center (DKFZ)), Lu-
kas Bunse (German Cancer Research Center (DKFZ)), Roman 
Sankowski (Institute of Neuropathology, University of Freiburg), 
Edward Green (German Cancer Research Center (DKFZ)), The-
resa Bunse (German Cancer Research Center (DKFZ)), Michael 
Kilian (German Cancer Research Center (DKFZ)), Stefan Pusch 
(Department of Neuropathology, Heidelberg University Hospital), 
Andreas von Deimling (Department of Neuropathology, Heidel-
berg University Hospital), Marco Prinz (Institute of Neuropathol-
ogy, University of Freiburg), Michael Platten (German Cancer Re-
search Center (DKFZ)).

Primary low-grade gliomas (LGG) represent a group of diffusely 
infiltrating brain tumors that often affect young adults and even-
tually transform to higher grade gliomas including glioblastoma. 
Isocitrate dehydrogenase 1 (IDH1)-mutant tumors form the major-
ity of LGG, qualifying as a new diagnostic entity in the 2016 WHO 
classification of CNS tumors. Mutations in the tumor-defining en-
zyme IDH1 result in the increased production of R-2-hydroxyglu-
tarate (R-2-HG) and constitute a distinct, metabolically skewed 
biological entity. These tumors are associated with less abundant 
and phenotypically altered immune cell infiltrates compared to 
IDH1 wild-type tumors. Despite recent advancements, the mech-
anisms shaping the immune microenvironment of IDH1-mutated 
tumors remain elusive. We could show that IDH1-mutated glio-
mas subdue their innate immune microenvironment by prompt-
ing a multifaceted reprogramming of myeloid cell metabolism. 
Integrated single-cell transcriptomic and proteomic analyses of 
human control and glioblastoma samples identified myeloid cell 
subsets with distinct fates in IDH1-mutated glioma that diverge 
from canonical trajectories of antigen-presenting cells. Paracrine 
tumor-derived R-2-HG, when transported into macrophages, in-
duced an immunosuppressive state through dysregulated trypto-
phan metabolism and subsequent activation of the aryl hydrocar-
bon receptor (AHR), resulting in increased production of IL-10 and 
TGF-β, down-regulation of MHC-II expression, and consequent 
suppression of T cell activity. We demonstrate that effective im-
munotherapy in the context of mutant IDH1 requires normaliza-
tion of this AHR-mediated phenotype. These findings argue for 
the development of new immunotherapy concepts that recognize 
the cell-specific immunomodulatory effects of IDH1-mutated tu-
mors ; and could prove vital defining the relevant entities targeted 
by small molecule AHR inhibitors currently undergoing preclinical 
development.

Keywords : Glioma, IDH, AHR, Tumor-associated myeloid cells.
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A226 / Characterization of novel potent dual A2A/A2B 
adenosine receptor antagonists for cancer immunothe-
rapy

Paulina Wegrzyn (Selvita), Michal Galezowski (Selvita), Aneta 
Bobowska (Selvita), Katarzyna Dziedzic (Selvita), Magdalena 
Bonkowska (Selvita), Karolina Grycuk (Selvita), Joanna Szereme-
ta-Spisak (Selvita), Marcin Nowogrodzki (Selvita), Grzegorz Sat-
ala (Selvita), Iwona Łozi²ska-Raj (Selvita), Przemysław Wyrebek 
(Selvita), Marcelina Dudek (Selvita), Anita Janiga (Selvita), Jacek 
Reus (Selvita), Marek Wronowski (Selvita), Magdalena Zastawna 
(Selvita), Grzegorz Statkiewicz (Selvita), Mateusz Swirski (Selvi-
ta), Krzysztof Brzozka (Selvita), Mateusz Nowak (Selvita).

Adenosine (ADO) is one of the crucial metabolites responsible 
for immunosuppression in tumors. It is present in normal tissue in 
low concentrations, having various physiological functions, main-
ly prevention of too high immunostimulation which may cause 
tissue damage or even sepsis. However in the tumor microenvi-
ronment it’s concentration significantly grows as the results of ne-
crosis, hypoxia or inflammation as well as upregulation of CD39/
CD73 proteins responsible for conversion of ATP to adenosine. 
Adenosine acts on various types of immune cells infiltrating the 
cancer tissue via either A2A receptor expressed for example on T 
lymphocytes, NK cells and M1 macrophages or via A2B receptor 
present on the surface of dendritic cells and M2 macrophages. 
Thus development of dual inhibitors is an attractive approach for 
cancer immunotherapy designed either as single agent or in com-
bination with other immuno- or chemotherapeutics. 

Here we present the characterization of equipotent dual A2A/
A2B receptor antagonists that exert nanomolar potency in tu-
mor-like adenosine-rich environment. Efficacy of compounds was 
confirmed in the in vitro assays based on cAMP modulation both 
in cell lines overexpressing A2AR or A2BR and in primary cells. 
Inhibition of adenosine dependent signaling pathway was con-
firmed in human whole blood assay in which phosphorylation of 
CREB (cAMP response element-binding protein) was the readout. 
Reversal of immunosuppression was confirmed in functional as-
says e.g. the cytokine release by activated CD4+ and CD8+ hu-
man T-lymphocytes, macrophages and dendritic cells. ComPari-
son of new dual A2A/A2B inhibitors to the reference compounds 
currently tested in clinical trials showed superior efficacy of our 
compounds in functional in vitro models.

Keywords : Cancer immunotheraphy, Immune tolerance, Immu-
nometabolism.
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A227 / Investigate the role of T lymphocytes in the regu-
lation of energy expenditure and obesity

Bo Hu (Dana Farber Cancer Institute ; Harvard Medical school), 
Chengcheng Jin (Massachusetts Institute of Technology, Bos-
ton), Xing Zeng (Dana Farber Cancer Institute ; Harvard Medical 
school), Mark Jedrychowski (Dana Farber Cancer Institute ; Har-
vard Medical school), Jon Resch (Beth Israel Deaconess Medical 
Cente), Zongfang Yang (Beth Israel Deaconess Medical Cente), 
Alexander Banks (Beth Israel Deaconess Medical Cente), Brad-
ford B Lowell (Beth Israel Deaconess Medical Cente), Diane Mathis 
(Harvard Medical School), Bruce M Spiegelman (Harvard Medical 
School and Dana-Farber Cancer Institute).

The increasing incidence of obesity and its co-morbid conditions 
poses a great challenge to global health. It is becoming clear 
that obesity is associated not only with type 2 diabetes mellitus 
and cardiovascular disease, but also with multiple types of can-
cer. Obesity and its associated inflammatory response has been 
closely linked to many aspects of cancer biology, including tum-
origenesis, cancer immunotherapy and cancer cachexia. Obesity 
is caused by energy surplus when energy intake exceeds energy 
expenditure. As an important contributor of total energy expen-
diture is adaptive thermogenesis in brown adipose tissue, a prom-
ising and emerging avenue for obesity treatment is to increase 
energy expenditure by augmenting the activity of thermogenic 
adipocytes. Emerging evidence indicates that the immune system 
is instrumental in the control of host energy metabolism. However, 
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the underlying mechanism has not been fully understood ; specif-
ically, the role of T-cells in regulating host thermogenesis has not 
been well studied. Here we identified that gamma delta T-cells and 
their associated signaling play a critical role in mediating adap-
tive thermogenesis in response to cold exposure in brown adi-
pose tissue and high-fat-diet-induced obesity. In pursuing these 
studies we hope to discover new ways (targeting immune cells) 
to support the obesity treatment and reduce obesity-associated 
systemic inflammation and complications, especially cancer.

Keywords : Immunometabolism, Obesity, Adaptive thermogene-
sis, T cell.
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A228 / Immunometabolism modulation by PSGL-1 signa-
ling in tumor-specific T cells

Jennifer L Hope (Sanford Burnham Prebys Medical Discovery In-
stitute), Dennis C Otero (Sanford Burnham Prebys Medical Dis-
covery Institute), Eun-ah Bae (Sanford Burnham Prebys Medical 
Discovery Institute), Christopher J Stairiker (Sanford Burnham 
Prebys Medical Discovery Institute), Hannah Faso (Sanford Burn-
ham Prebys Medical Discovery Institute), Petrus de Jong (Sanford 
Burnham Prebys Medical Discovery Institute), Garth Powis (San-
ford Burnham Prebys Medical Discovery Institute), Linda M Brad-
ley (Sanford Burnham Prebys Medical Discovery Institute).

P-selectin glycoprotein ligand-1 (PSGL-1) is an adhesion molecule 
expressed on the surface of naïve, effector, and memory CD4+ 
and CD8+ T cells. We identified PSGL-1 to be an immune check-
point inhibitor as antibody-mediated ligation of PSGL-1 promotes 
T cell exhaustion and deletion of PSGL-1 prevents chronic viral 
infection and inhibits tumor. To investigate the role of PSGL-1 sig-
naling in the development of T cell responses, we assessed the 
differentiation state, expansion capacity, and glycolytic profile 
of PSGL-1-deficient T cells. In a B16-OVA tumor model, we ob-
served increased IL-13+ CD4+ T cells among the intratumoral T 
cell compartment in PSGL-1-/- mice. In vitro activation with a 
sub-optimal dose of CD3 of PSGL-1-/- OT-II CD4+ T cells demon-
strated increased expansion and expression of CD25 compared 
to wild-type OT-II CD4+ T cells. Adoptively transferred in vitro-ac-
tivated PSGL-1-/- CD4+ T cells demonstrated greater expansion 
in vivo upon adoptive transfer into RAG-/- host mice. Using the 
Seahorse glycolysis stress test, we identified that both CD4+ and 
CD8+ PSGL-1-/- T cells demonstrate increased glycolysis after 72 
hours of in vitro activation compared to wild-type T cells. Further, 
in situ activation of PSGL-1-/- CD8+ T cells demonstrates that at 
both sub-optimal and optimal levels of CD3 stimulation, PSGL-1-
/- CD8+ T cells have increased glycolysis and increased glycolytic 
capacity. Single-cell RNA-sequencing of tumor infiltrating PSGL1-
/- CD8+ T cells shows the upregulation and modulation of several 
genes associated with T cell metabolism and enhanced intratu-
moral responses, suggesting an important role for PSGL-1 signal-
ing in the development of effective anti-tumor T cell responses. 
Taken together, these data show that PSGL-1 signaling has an in-
trinsic and immediate role in the development of T cell responses 
and their metabolic profile.
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A229 / Metabolic intervention of tumor infiltrating lym-
phocytes with interleukine-10 leads to eradication of es-
tablished solid tumors in mice

Yugang Guo (École polytechnique fédérale de Lausanne (EPFL)), 
Yuqing Xie (École polytechnique fédérale de Lausanne (EPFL)), Li 
Tang (École polytechnique fédérale de Lausanne (EPFL)).

Adoptive T-cell transfer (ACT) immunotherapy has produced 
stunning clinical results recently. Despite the great success in 
treating haematological malignancies, solid tumor remains a 
major challenge for ACT and cures remain rare. It has been re-
ported that tumor-infiltrating lymphocytes (TILs) show a gradual 

loss of effector functions and proliferation capacity in the tumor 
microenvironment (TME), defined as T cell ‘exhaustion’. From a 
metabolic point of view, glucose deprivation and other metabolic 
stress in the TME greatly alters T cell signaling and impair their 
antitumor immune response. Metabolic reprogramming of adop-
tively transferred T cells through ex vivo pretreatment has been 
shown to enhance ACT immunotherapy. However, a facile and 
safe in vivo metabolic intervention that can be combined with 
ACT to eradicate solid tumors and induce durable cures is still 
lacking. Interleukine-10 (IL-10), a member of the IL-10 family cyto-
kines, which targets both innate and adaptive immune responses, 
is generally considered immunosuppressive as it reduces tissue 
damage caused by uncontrolled inflammatory responses. Re-
cently, accumulating evidence has revealed the role of metabolic 
programing of IL-10 in macrophages. Here, we show that meta-
bolic reprograming of tumor infiltration lymphocytes with IL-10/
Fc markedly enhanced the efficacy of ACT against established 
solid tumors in both syngeneic and xenograft mouse models. 
Strikingly, up to 90% of mice bearing B16F10 mouse melanoma, a 
representative of an immunosuppressive, poorly immunogenic tu-
mor, which received ACT and IL-10/Fc combination therapy, were 
cured and exhibited long-lived protective T-cell memory response 
against tumor re-challenging. We found that treatment with IL-
10/Fc significantly expanded tumor infiltrating CD8+ T cells. In 
particular, the PD-1+TIM-3+CD8+ T cell subset was expanded to 
12.9 and 5.9-fold higher number compared to mice without IL-10/
Fc treatment in adoptively transferred and endogenous CD8+ T 
cell, respectively. The PD-1+TIM-3+CD8+ T cells were shown to 
vigorously produce granzyme B, IFN-γ, and TNF-α exhibiting en-
hanced effector functions for tumor cell killing. The mechanism 
studies revealed that IL-10/Fc modulated the metabolic fitness 
of tumor infiltrating PD-1+TIM-3+CD8+ T cells by increasing the 
oxidative phosphorylation (OXPHOS) and decreasing glycolysis. 
Together, we demonstrated a novel metabolic intervention strate-
gy using IL-10/Fc for highly effective ACT cancer immunotherapy 
and provided evidence for the metabolic regulation mechanism 
of IL-10 in T cells.

Keywords : Metabolic intervention, tumor infiltrating lymphocytes, 
Interleukine-10, Adoptive T-cell transfer.
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A230 / F-18-FDG-Positron Emission Tomography (PET)/
Computer Tomography (CT) imaging uncovers immune 
checkpoint inhibitor therapy responder-specific metabo-
lic changes in the bone marrow

Johannes Schwenck (Werner Siemens Imaging Center, Depart-
ment of Preclinical Imaging and Radiopharmacy, Eberhard Karls 
University Tübingen), Francesco Fiz (Department of Nuclear 
Medicine and Clinical Molecular Imaging, Eberhard Karls Universi-
ty Tübingen), Barbara Schörg (Werner Siemens Imaging Center, 
Department of Preclinical Imaging and Radiopharmacy, Eber-
hard Karls University Tübingen), Andrea Forschner (Department 
of Dermatology, Eberhard Karls University Tübingen), Thomas 
Eigentler (Department of Dermatology, Eberhard Karls Univer-
sity Tübingen), Benjamin Weide (Department of Dermatology, 
Eberhard Karls University Tübingen), Claus Garbe (Department 
of Dermatology, Eberhard Karls University Tübingen), Martin 
Röcken (Department of Dermatology, Eberhard Karls University 
Tübingen), Christina Pfannenberg (Department of Diagnostic and 
Interventional Radiology, Eberhard Karls University Tübingen, ), 
Bernd Pichler (Werner Siemens Imaging Center, Department of 
Preclinical Imaging and Radiopharmacy, Eberhard Karls Universi-
ty Tübingen), Christian la Fougere (Department of Nuclear Med-
icine and Clinical Molecular Imaging, Eberhard Karls University 
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Tübingen), Manfred Kneilling (Werner Siemens Imaging Center, 
Department of Preclinical Imaging and Radiopharmacy, Eberhard 
Karls University Tübingen).

Efficient immune checkpoint inhibitor therapy (CIT) in cancer pa-
tients is depending on a systemic immune response, which is not 
clearly elucidated yet. Nowadays CIT is employed in the clinical 
routine in a widespread manner e.g. in metastatic melanoma pa-
tients. Unfortunately, a large percentage of these patients does 
not respond to CIT or even progress rapidly. Unfortunately, we still 
lack diagnostic methods to predict a CIT-induced efficient cancer 
targeting immune response. Consequently, the majority of cancer 
patients underwent CIT without induction of an efficient anti-can-
cer immune response. The bone marrow (BM) is a major source of 
erythrocytes as well as immune cells homing to the tumor during 
CIT. Proliferation and differentiation of immune cells within the 
bone marrow is accompanied with an enhanced glucose metab-
olism. Thus, we focused in this study on the glucose metabolism 
of the bone marrow with non invasive in vivo F-18-FDG-PET/CT 
imaging to uncover a CIT-induced efficient anti-cancer immune 
response. 

Using a register study at the University Hospital of Tübingen (064 
/ 2013 BO1) we analyzed F-18-FDG-PET/CT data retrospectively 
from 39 patients with metastatic melanoma and available F-18-
FDG-PET/CT scans before and after the start of therapy with 
CTLA-4 and/or PD-1 mAbs. We excluded patients with uveal 
melanomas due to their different biological behavior as well as 
patients with diffuse bone metastases, bone marrow carcinosis 
and previous external beam radiation therapy on bone marrow 
regions. In total, 20 patients with F-18-FDG-PET scans within 50 
days before and 125 days after the start of therapy were identified. 
For the analysis of the bone marrow we employed a semi-auto-
matic segmentation tool, which is able to isolate the signal of the 
trabecular bone from that of the surrounding tissues, in particular, 
from the cortical bone. We conducted separate analyses for the 
entire skeletal system (without the skull and outer extremities), 
the axial skeleton (vertebrae and the sternum) and the appendic-
ular bones (humerus- and upper half of the femur shafts). 

We observed a significantly higher baseline F-18-FDG uptake 
within the bone marrow of metastatic melanoma patients re-
sponding to CIT when compared to non-responding patients (en-
tire skeleton ; ratio to the Background : 1.7±0.2 vs. 1.1±0.2, p<0.05). 
Interestingly, this effect was detected in the axial but not in the 
appendicular bones (2.2±0.2 vs. 1.5±0.1, p<0.01). After onset of 
CIT, the uptake in the entire skeleton increased by 19.0±6.8 % in 
responders (p<0.01) but slightly decreased in non-responders 
(-5.9±4.8 %). In the axial skeleton, the F-18-FDG uptake increased 
clearly by 16.7±5.0 % in the responders, whereas a marked de-
crease was measured in the non-responders (-9.3±4.4%, p<0.01). 
In the appendicular bones, we observed a trend towards a CIT-in-
duced increase in F-18-FDG uptake in responders (62.3±42.2 % 
as well as 7.4±23.6%), while the uptake of the non-responders re-
mained relatively stable. When excluding patients with bone me-
tastasis, comparable results for the differentiation of responders 
and non-responders were identified. 

Here, we present a first in vivo study investigating CIT-induced 
changes in the glucose metabolism of the bone marrow. Thus, the 
widely available in vivo 18F-FDG-PET/CT might represent a novel 
promising tool for non invasive in vivo detection of an efficient 
anti-cancer immune responses.

Keywords : immune checkpoint inhibitor therapy, imaging, PET/
CT, bone marrow.

A231 / Impaired mitochondrial respiration improves 
macrophages re-polarization

Cesar Oyarce (University Medical Center Groningen), Ana Vizcaí-
no-Castro (University Medical Center Groningen), Toos Daemen 
(University Medical Center Groningen).

Cervical and ovarian cancer are still major causes of death. In both, 
high infiltration of immune suppressive M2-like macrophages is 
associated with a poor prognosis. Therefore, M2 macrophages 
cells could be considered as target for therapy intervention in the 

context of immunotherapies. Since phenotype and activity of M2 
macrophages is related to their metabolic profile, we are focused 
on the manipulation of the metabolic pathways of macrophages 
to unleash and/or enhance their anti-tumoral activity. Thus, we 
selected drugs (FDA-approved or soon-to-be) that, by targeting 
metabolic pathways, can improve M2-to-M1 macrophages re-pro-
gramming or prevent polarization into M2 phenotype. We found 
that in mouse macrophages drug P (FAO inhibitor) and drug V 
(mitochondrial failure inductor) increased repolarization induced 
by IFN-γ, pro-inflammatory cytokine secretion and NO produc-
tion, as well as impaired mitochondrial respiration and increased 
glycolysis, a M1 macrophages feature. Furthermore, drug-treated 
repolarized macrophages displayed an increased cytotoxic activ-
ity against tumor cells as compared with IFN-γ-repolarized mac-
rophages, showing functional repolarization. On the other hand, 
drug C (glutaminolysis inhibitor), drug H (PPAR-inhibitor) and 
drug T (FAO inhibitor) and drug P prevented IL-4-mediated M2 
polarization as well as decreased pro-tumoral cytokines secretion, 
suggesting that different metabolic pathways determine macro-
phages polarization or repolarization. Next, we tested the effect 
of drug P on human macrophages, since it was the only drug that 
increased M2-to-M1 repolarization and prevented M2 polarization. 
Drug P impaired mitochondrial respiration in a lesser extent than 
what we observed in mouse macrophages. However, it was capa-
ble of preventing IL-4 mediated macrophages polarization and 
boost IFN-γ-mediated re-polarization. Our findings support the 
idea metabolic modulation of macrophages to prevent their M2 
polarization or improve re-programming into M1, and thus their 
activity against tumor cells. Overall, this new knowledge can help 
to develop new treatments aiming to create a pro-inflammatory 
tumor environment that improves immunotherapy.

Keywords : Macrophages, polarization, repolarization, metabolism.
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A232 / Targeting metabolism to improve response to im-
mune-checkpoint inhibition in melanoma

Jiske Fleur Tiersma (University Medical Center Groningen), Mathil-
de Jalving (University Medical Center Groningen), Steven de Jong 
(University Medical Center Groningen).

In recent years, immune checkpoint inhibition has changed the 
treatment landscape in advanced melanoma. Despite the unprec-
edented increase in long-time survival of melanoma patients, at 
least 40-50% of patients do not benefit from treatment. Repro-
grammed metabolism in melanoma leads to immunosuppression, 
which may be a key factor in compromising response to immu-
notherapy. This study aims to target metabolic reprogramming 
using dichloroacetate (DCA), which is a pyruvate dehydrogenase 
kinase (PDK) inhibitor. PDK inhibits pyruvate dehydrogenase 
(PDH), an enzyme that catalyzes the conversion of pyruvate 
into acetyl coenzyme A. Thus, DCA promotes entry of pyruvate 
into the citric acid cycle, thereby reducing glucose consumption 
and lactate secretion. We hypothesize that DCA treatment will 
render the melanoma cells less glycolytic, facilitating a stronger 
antitumor immune response. A clinical trial using DCA in meta-
static melanoma patients is scheduled to start in the Department 
of Medical Oncology later this year to test this hypothesis in pa-
tients. In vitro, we treated both melanoma cells and immune cells 
with DCA to determine the effect of DCA on metabolism and vi-
ability of these cells. In melanoma cells, DCA decreased protein 
expression of the inactive phosphorylated form of PDH. Glucose 
consumption, lactate secretion and cell viability were reduced af-
ter using high doses of DCA. Inhibition of phosphorylated PDH 
was minimal in T cells or peripheral blood mononuclear cells (PB-
MCs). Production of interferon-γ, a key moderator of cell-mediat-
ed immunity, was increased after DCA treatment in both T cells 
and PBMCs. However, DCA treatment decreased proliferation in 
T cells. To summarize, DCA inhibits melanoma cells metabolical-
ly and increases cytotoxicity of immune cells, but it also affects 
T cell proliferation. Therefore, caution is advised while using this 
drug to potentiate the response to immunotherapy.

Keywords : melanoma, metabolism, dichloroacetate.
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A233 / Preventing ATP- and AMP-degradation by sup-
pressing CD39 and CD73 expression in T cells with 
LNAplus™ ASOs results in different effects as compared to 
small molecule-mediated A2A receptor blockade

Richard Klar (Secarna Pharmaceuticals GmbH & Co. KG), Ju-
lia Festag (Secarna Pharmaceuticals GmbH & Co. KG), Tamara 
Thelemann (Secarna Pharmaceuticals GmbH & Co. KG), Monika 
Schell (Secarna Pharmaceuticals GmbH & Co. KG), Stefanie Raith 
(Secarna Pharmaceuticals GmbH & Co. KG), Sven Michel (Secar-
na Pharmaceuticals GmbH & Co. KG), Frank Jaschinski (Secarna 
Pharmaceuticals GmbH & Co. KG).

It is known that high adenosine levels in the tumor microenvi-
ronment can contribute to the suppression of antitumor immune 
responses and the so called adenosine axis has emerged as prom-
ising therapeutic target to enhance antitumor immune responses. 
The ectonucleotidase CD39 degrades extracellular immune-stim-
ulating adenosine triphosphate (ATP) to adenosine monophos-
phate (AMP) which is then degraded to immunosuppressive ade-
nosine by CD73. Adenosine then can bind to adenosine receptors 
such as A2A receptor (A2AR). So far, a direct comParison of ATP, 
AMP and adenosine on the one hand and blocking CD39, CD73 
and the A2A receptor on the other hand has not been thoroughly 
performed in a cell culture system using human T cells. 

We investigated effects of ATP, AMP and the non-degradable 
adenosine analogue 5’-N-Ethylcarboxamidadenosine (NECA) on 
activated T cells using flow cytometry and enzyme-linked immu-
nosorbent assay (ELISA). CD39 and CD73 expression were sup-
pressed using locked-nucleic acid (LNA)plus™ antisense oligonu-
cleotides (ASOs) and the A2A receptor was blocked using small 
molecule inhibitors that are already used in the clinic. 

Addition of ATP to activated T cells resulted in a significant reduc-
tion of T cell proliferation that could be reverted by ASO-mediat-
ed suppression of CD39 and / or CD73 expression. Furthermore, 
addition of AMP to activated T cells resulted in a significant reduc-
tion of T cell proliferation that could be reverted by ASO-mediat-
ed suppression of CD73 but not of CD39. Accordingly, inhibiting 
CD39 and / or CD73 expression prevented adenosine production 
upon addition of ATP. In strong contrast, we could not observe an 
anti-proliferative effect of NECA in our cell culture systems and 
A2AR small molecule inhibitors could not revert the suppression 
of T cell proliferation after addition of ATP or AMP to T cells. 

Taken together, we herein show that other factors than adenosine 
potentially play an important role in the suppression of T cell ac-
tivity. It has recently been shown by us (1, LNAplus™ ASO-medi-
ated CD39 suppression) and others (2, pharmacological blockade 
of the A2A and A2B receptor) that targeting the adenosine axis 
shows therapeutic promise in vivo. Our recent data show, that 
the blockade of different components of the adenosine axis can 
have unique effects on T cells. Therefore, a combination approach 
where different molecules that are part of the adenosine axis are 
targeted should be considered for clinical applications in the fu-
ture.

Keywords : CD39, CD73, Adenosine, Antisense oligonucleotides.
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A234 / Inhibition of tumor glycolysis cooperates with 
CTLA-4 blockade in counteracting the immunosuppres-
sive tumor microenvironment

Roberta Zappasodi (MSKCC), Inna Serganova (MSKCC), Ivan 
Cohen (MSKCC), Masahiro Shindo (MSKCC), Masatomo Maeda 
(MSKCC), Matthew Lubin (MSKCC), Mayuresh M. Mane (MSKCC), 
Yasin Senbabaoglu (MSKCC), Ellen Ackerstaff (MSKCC), Arnab 
Ghosh (MSKCC), Avigdor Leftin (MSKCC), Jason A. Koutcher 
(MSKCC), Jedd D. Wolchok (MSKCC), Ronald G. Blasberg (MSK-
CC), Taha Merghoub (MSKCC).

Immune checkpoint blockade has been demonstrated to signifi-
cantly extend survival of cancer patients across multiple tumor 
types, formally positioning immunotherapy as a viable option for 
the treatment of cancer1. However, durable clinical responses oc-
cur only in a limited fraction of patients, highlighting the need 
to deepen our understanding of the mechanisms underlying re-
sponse and resistance to checkpoint blockade to guide the ra-
tional design of more effective combination immunotherapies2. 
Cellular energy metabolism reprogramming is a critical hallmark 
of cancer3. Tumor cells typically adapt to meet their high energy 
demand by constantly consuming glucose and producing lactate 
through glycolysis (Warburg effect). High glucose consumption 
and lactate production by tumor cells restrict nutrient availability 
in the tumor microenvironment for effector T cells, which also rely 
on glycolysis to replicate and function4, making tumor metabo-
lism an attractive target to exploit in combination with immuno-
therapy. 

According to this hypothesis, we found that expression of gly-
colysis-related genes is inversely correlated with infiltration of 
most immune cell types in tumors from immunotherapy-naïve 
patients. However, after CTLA-4 blockade, immune-related and 
glycolysis-related genes are more often co-expressed in tumors, 
suggesting that anti-CTLA-4 may favor immune cell fitness in 
highly glycolytic tumor microenvironments. We thus investigated 
whether direct blockade of tumor glycolysis could potentiate the 
activity of anti-CTLA-4 against highly glycolytic and metastatic 
tumors, using the murine mammary carcinoma 4T1 as a model 
system in immune competent animals. We modeled selective 
blockade of glycolysis in tumors by knocking down the glycolytic 
enzyme lactate dehydrogenase A (LDH-A) in luciferase-express-
ing 4T1 cells (LDH-A-KD), and then tested the responsiveness of 
4T1 LDH-A-KD tumors to CTLA-4 blockade. To more closely sim-
ulate the clinical management of breast cancer, we administered 
anti-CTLA-4 using a neoadjuvant schedule and surgical resection 
of orthotopically implanted LDH-A-KD or control 4T1 tumors. We 
then followed metastasis formation by bioluminescence imaging 
and overall survival. Neoadjuvant CTLA-4 blockade more effi-
ciently extended survival of LDH-A-KD-tumor-bearing mice com-
pared to controls, achieving 75% complete tumor remission that 
was associated with the development of long-lasting anti-tumor 
immunologic memory. Analysis of tumor immune infiltrates re-
vealed increases in T cells, in particular CD4+ T cells, and decreas-
es in CD11b+ myeloid cells in LDH-A-KD versus control tumors. 
However, anti-CTLA-4 did not substantially potentiate these 
effects in the setting of LDH-A-KD tumors. Intriguingly, we ob-
served that anti-CTLA-4 increased the production of IFN-gamma 
and TNF-alpha by CD4+ T cells, in particular in regulatory T cells 
(Tregs), selectively in LDH-A-KD tumors. We thus asked whether 
higher glucose availability in the setting of glycolysis-defective tu-
mors (LDH-A-KD) and improved CD86/CD80 co-stimulation via 
CTLA-4 blockade could render Tregs functionally unstable and 
potentially more like effector cells. We found that blocking CTLA-
4 promotes glucose uptake by Tregs in LDH-A-KD tumors in vivo 
and that anti-CTLA-4 inhibits Treg-mediated suppression as a 
function of glucose concentration and CD86 expression in vitro, 
suggesting that CTLA-4 may contribute to alter Treg metabolism 
away from glycolysis, which would otherwise compromise the im-
mune suppression function of Tregs. 

Taken as a whole, these results underscore a new mechanism of 
action of CTLA-4 blockade that can be exploited by targeting 
tumor glucose metabolism. Since inhibitors of tumor glycolysis 
are currently being developed, testing them in combination with 
CTLA-4 blockade is a logical next step.

Keywords : Glycolysis, CTLA-4, Regulatory T cells.
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A235 / Preliminary results from a prospective clinical trial 
of using C11-labeled alpha-methyl tryptophan (C11-AMT) 
PET Imaging as a predictor of response to pembrolizumab 
in stage III/IV melanoma (MM).

Stergios Moschos (Lineberger Comprehensive Cancer Center, 
The University of North Carolina at Chapel Hill), Jorge D Oldan 
(Department of Radiology, The University of North Carolina at 
Chapel Hill), David W Ollila (Lineberger Comprehensive Cancer 
Center, The University of North Carolina at Chapel Hill), Ben C 
Giglio (Department of Radiology, The University of North Carolina 
at Chapel Hill), Eric Smith (Department of Radiology, The Univer-
sity of North Carolina at Chapel Hill), Deeanna M Bouchard (Line-
berger Comprehensive Cancer Center, The University of North 
Carolina at Chapel Hill), Michael Papakonstantinou Papakonstan-
tinou (Lineberger Comprehensive Cancer Center, The University 
of North Carolina at Chapel Hill), Marija Ivanovic (Department of 
Radiology, The University of North Carolina at Chapel Hill), Yueh 
Z Lee (Lineberger Comprehensive Cancer Center, The University 
of North Carolina at Chapel Hill), Frances A Collichio (Lineberger 
Comprehensive Cancer Center, The University of North Carolina 
at Chapel Hill), Michael O Meyers (Lineberger Comprehensive 
Cancer Center, The University of North Carolina at Chapel Hill), 
Diana E Wallack (Lineberger Comprehensive Cancer Center, The 
University of North Carolina at Chapel Hill), Amir H Khandani (De-
partment of Radiology, The University of North Carolina at Chapel 
Hill), Amber Abernathy-Leinwand (Biomedical Research Imaging 
Center, The University of North Carolina at Chapel Hill), April Jen-
nings (Biomedical Research Imaging Center, The University of 
North Carolina at Chapel Hill), Patricia Long (Department of Sur-
gery, The University of North Carolina at Chapel Hill), Jennifer A 
Ezzell (Department of Cell Biology and Physiology, The University 
of North Carolina at Chapel Hill), Dimitri G Trembath (Department 
of Pathology and Laboratory Medicine, The University of North 
Carolina at Chapel Hill), Terence Wong (Lineberger Comprehen-
sive Cancer Center, The University of North Carolina at Chapel 
Hill), Zibo Li (Lineberger Comprehensive Cancer Center, The Uni-
versity of North Carolina at Chapel Hill).

Background : Molecular imaging of biochemical pathways critical 
for effector T cell response other than glucose metabolism could 
predict response to PD-1 inhibitors. We have previously shown 
that high protein expression of distinct enzymes within the tryp-
tophan metabolic pathway in stage III/IV melanoma may correlate 
with reduced abundance of tumor-infiltrating lymphocytes(1). We 
therefore investigated the significance of C11-AMT, a PET tracer 
that images tryptophan metabolism, prior to treatment as a pre-
dictor of response to pembrolizumab in patients (pts) with PD-1 
inhibitor-naïve MM. 

Patients/Methods : In this prospective biomarker-driven trial (2) 
pts must have had measurable disease by RECIST v1.1 criteria and 
must have undergone FDG-PET & C11-AMT PET imaging as well as 
a mandatory tumor biopsy prior to initiation of pembrolizumab. 
RESULTS : 19 pts (15 males ; 14 stage IV ; median age 61, range 30-
90) had baseline FDG-PET and C11-AMT PET (dynamic imaging 
at 30-40min) studies performed. 12 pts were non-progressors (3 
with complete response, 6 with partial response, and 3 with stable 
disease). The median follow-up of the 19 patients was 13 months 
(2.1-22.7+ months), 4 pts were dead from MM, 8 were alive with no 
evidence of MM and 7 pts are alive with MM. 43 individual tumor 
lesions were assessed by FDG-PET, C11-AMT, and CT scan with 
IV contrast. Of the pts with one or more tumor lesions certain 
C11-AMT PET parameters (SUVmax ≤ 7, and skewness ≤ +0.2) of 
the tumor lesion with the highest C11-AMT SUVmax were asso-
ciated with non-progression by RECIST (SUVmax ≤ 7/skewness 
≤+0.2 in progressors vs. non-progressors ; Fisher’s exact one-tail 
test p=0.04). There was a moderate but significant correlation be-
tween FDG-PET SUVmax and C11-AMT PET SUVmax among the 
43 measured tumor lesions (Spearman rho=0.43, p=0.003). 

Conclusion : Baseline C11-AMT PET imaging using simple measures 
of the area with the highest metabolic activity within the tumor 
(SUVmax) and histogram-derived texture parameters of tumor 
heterogeneity (skewness) may predict clinical benefit in pts with 
PD-1 inhibitor-naïve MM. Variability in C11-AMT’s SUVmax can-
not be completely explained by FDG-PET’s SUVmax, suggesting 
that these two imaging modalities may provide complementary 
information about the metabolic dysregulation within the tumor 
that may be associated with immunotherapy response. Texture 
analysis using LifeX v4.0 and immunohistochemical analysis of re-
search tumor biopsies for components of the tryptophan (TPH1, 
TPH2, IDO1, TDO2, LAT1) and glucose metabolism (GLUT1, HK1, 
HK3) will be presented at the meeting. Accrual is ongoing.

Keywords : C11-labeled alpha-methyl tryptophan, PET, pembroli-
zumab, metastatic melanoma.
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Combination therapies with immune 
checkpoint blockers

A236 / Development of a novel, highly effective tripartite 
immunotherapy using autologous humanized PDX models 
and genetically engineered mouse models of cancer

Sven Borchmann (University of Cologne, Department I of Inter-
nal Medicine, Center for Integrated Oncology Aachen Bonn Co-
logne Duesseldorf), Hanna Ludwig (University of Cologne, De-
partment I of Internal Medicine, Center for Integrated Oncology 
Aachen Bonn Cologne Duesseldorf), Carolin Selenz (University of 
Cologne, Department I of Internal Medicine, Center for Integrat-
ed Oncology Aachen Bonn Cologne Duesseldorf), Lydia Meder 
(University of Cologne, Department I of Internal Medicine, Cen-
ter for Integrated Oncology Aachen Bonn Cologne Duesseldorf), 
Philipp Lohneis (University of Cologne, Department I of Internal 
Medicine, Center for Integrated Oncology Aachen Bonn Cologne 
Duesseldorf), Sara Breid (University of Cologne, Department I of 
Internal Medicine, Center for Integrated Oncology Aachen Bonn 
Cologne Duesseldorf), Christian Reinhardt (University of Cologne, 
Department I of Internal Medicine, Center for Integrated Oncolo-
gy Aachen Bonn Cologne Duesseldorf), Roland Ullrich (University 
of Cologne, Department I of Internal Medicine, Center for Integrat-
ed Oncology Aachen Bonn Cologne Duesseldorf).

Less than 10% of all cancer patients respond to immune-check-
point-inhibitors and less than 30% to any form of immunotherapy. 
Therefore, novel approaches are needed and ought to be devel-
oped rationally using appropriate model systems. Genetically en-
gineered murine cancer models can be used to develop immu-
notherapeutic interventions for cancer with the tumor being in 
its natural environment and subject to immunoediting. However, 
profound differences between human and murine immunity limit 
translation. In contrast, humanized mouse models of cancer en-
able the study of interventions affecting the human cancer-im-
mune-interaction, but only in a xenogeneic host. 

Here, we develop a novel combination immunotherapy of intra-
tumorally delivered TLR agonists, aPD1-checkpoint-blockade and 
a multicellular therapy of innate and adaptive effectors utilizing 
genetically engineered mouse models of cancer and, important-
ly, autologous humanized PDX transplant mouse models of lung 
cancer. 

Using TCGA-data, we found that a combined infiltration of acti-
vated NK-cells, γδT-cells and non-regulatory αβT-cells confers a 
uniform survival benefit across cancers, far exceeding the prog-
nostic value of T-cell infiltration alone. 

Thus, we adapted protocols to selectively expand NK-like-, γδT- 
and tumor-specific αβT-cells in vitro from human PBMCs or 
mouse splenocytes. Tumor-specific T-cells were induced in vitro 
in a coculture system with the respective tumor target. Exper-
iments confirmed cytotoxicity, specificity, functionality and ad-
equate expansion of subsets. We show that NK-like-, γδT- and 
tumor-specific αβT-cells act synergistically in combination to kill 
lung-, melanoma-, breast-, and lymphoid cancer cells and exhibit 
increased cytotoxic activity when exposed to aPD1-antibodies in 
vitro. Next, we performed in vivo experiments in humanized NSG-
mice carrying lung- (H441, H1975), breast- (JimT1), and lymphoid 
(KMH2) cancers, in a syngeneic melanoma model (B16F10) and in 
a difficult to treat K-ras / p53 driven (KP) genetically-engineered 
mouse model of lung cancer as well as autologous humanized 
PDX lung cancer models. We sequentially combined intratumoral 
TLR agonist therapy targeting TLR-3, TLR-7 and TLR-9, a com-
bined adoptive cellular therapy of NK-like-, γδT- and tumor-spe-
cific αβT-cells and aPD1 immune checkpoint blockade. Strikingly, 
we were able to show that all 3 elements are needed in order to 
effectively eradicate established tumors across models. 

Aiming to elucidate mechanisms, we first enumerated and char-
acterized immune cell subsets in tumors and spleens. Combina-
tion treatment leads to notable increases in tumor-infiltrating γδT-
cells, CD4+ and CD8+ T-cells as well as NK-cells across models. 
Furthermore, we used multiplex cytokine arrays to evaluate both 

changes in cytokines associated with tumor regression and those 
associated with certain treatment combinations. Our most prom-
inent finding was a pattern of increased cytokine levels of MIP-
1a, IL-5, IL-4, IL-9 and IL-15 associated with both reduced tumor 
growth and combination immunotherapy. Cell subset depletions 
studies and functional studies showed multiple anti-tumor mech-
anisms at work, collaborating to eradicate established tumors. We 
could show induction of tumor specific, polyfunctional T-cells, a 
tumor-specific antibody response and dependence of treatment 
efficacy on presence of both innate and adaptive effectors. 

In conclusion, we show that a tripartite immunotherapy of intra-
tumorally delivered TLR agonists, aPD1-checkpoint-blockade and 
a multi-cellular therapy of innate and adaptive effectors is high-
ly effective across cancer entities and model systems, including 
PDX models and genetically engineered mouse models of cancer. 
Importantly, we were able to develop a novel, highly effective, tri-
partite immunotherapy regimen with broad efficacy that is com-
pletely agnostic of the precise target antigen and thus transla-
tionally highly relevant.

Keywords : combination immunotherapy, cellular therapy, PDX 
models, local immunotherapy.
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POSTER SESSION B

Cancer prevention and life style fac-
tors in oncoimmunology

B001 / Investigating the influence of obesity on cancer 
immunotherapy

Silke Neumann (Department of Pathology, University of Otago), 
Meghan Evans (Department of Pathology, University of Otago), 
Katrin Kramer (Department of Pathology, University of Otago), 
Matthew Woodall (Department of Pathology, University of Ota-
go), Sarah Young (Department of Pathology, University of Otago).

Obesity is one of the main lifestyle-related factors causing can-
cer(1). In addition to contributing to cancer development, obesity 
promotes cancer recurrence and progression, while also reduc-
ing the efficacy of therapeutic interventions. In particular, cancer 
immunotherapies have been shown to be both less effective in 
obese animals and at the same time associated with greater tox-
icities(2, 3). In this project, we aimed to investigate if novel cancer 
vaccines, containing tumor antigens delivered on virus-like par-
ticles (VLP), could improve survival of obese and lean mice with 
breast or colorectal cancer. 

We utilized two VLP constructs, both designed to recombinantly 
express the murine survivin peptide, with one containing an ad-
ditional mucin1 peptide conjugation. For the breast cancer mod-
el, we utilized an orthotopic model, with C57.mg breast cancer 
cells injected into the mammary fat pad of C57Bl/6 and obese 
Pound mice. VLPs expressing survivin only were investigated in 
a colorectal cancer model where tumor formation was induced 
by subcutaneous injection of MC-38 cells. Once tumors were pal-
pable, mice were vaccinated with VLPs expressing survivin and 
mucin1 (breast cancer model) or survivin alone (colorectal cancer 
model), both given in combination with the vaccine adjuvant CpG. 
Additionally, we investigated whether obesity-associated immune 
suppression could be alleviated, by treating mice with a combina-
tion of VLPs and anti-PD-L1 immune checkpoint blockade. Repeat 
administration of anti-PD-L1 was conducted on day three and six 
following initial treatment. Tumor growth, body weight and over-
all well-being of mice were monitored to assess the efficacy and 
tolerability of the treatments. To investigate potential underlying 
mechanism for differences in the immune responses of obese and 
lean mice, the composition of bone marrow cell populations in the 
different mouse strains was assessed by flow cytometry. Further-
more, the ability of bone marrow cells, differentiated into bone 
marrow-derived dendritic cells (BMDCs), to respond to stimula-
tion with the vaccine adjuvant CpG was investigated. 

We observed that obese mice had higher levels and total num-
bers of CD11b+ myeloid cells and immature myeloid cells (CD11b+ 
Ly6C+ Ly6G+ cells and CD11b+ Ly6C+ Ly6G- cells) in the bone 
marrow. When bone marrow cells were differentiated into BMDCs 
and stimulated with CpG we found a decrease in expression of 
MHC-II, CD40 and CD86 in BMDCs from obese mice compared 
to lean mice, indicating a decreased responsiveness to adjuvant 
stimulation. Obese and lean mice challenged with either colorec-
tal or breast cancer cells had similar tumour growth kinetics when 
left untreated or treated with the VLP constructs. However, differ-
ences were observed in groups of mice treated with the combina-
tion of a VLP and PD-L1 immune checkpoint blockade, indicating 
that VLPs given in combination with checkpoint blockade may be 
less effective at delaying tumour growth in obese mice as com-
pared with wild type littermates. Taken together, our data indi-
cate that obese mice were less responsive to combination therapy 
with VLPs and immune checkpoint blockade, with further studies 
needed to delineate the underlying mechanisms.

Keywords : cancer immunotherapy, obesity, breast cancer, col-
orectal cancer.
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B002 / Developmental programming of long-term immu-
nity of CD8 T cells by perinatal glucocorticoid

Jun Young Hong (Yale University), Ruslan Medzhitov (Yale Uni-
versity).

Stress has been associated with various types of diseases includ-
ing cancer. It was suggested that compromised anti-tumor im-
munity is often responsible for tumor progression during stress, 
which is caused by immunosuppressive glucocorticoid (GC), a 
stress hormone, and sympathetic nervous system activation. Peri-
natal period is critical for immunity as the first major contact with 
the environment is made and this interaction can shape the im-
mune system development. Epidemiologic studies found that ear-
ly-life exposure to specific environment may have life-long impact 
on immunity, affecting the development of immune-related dis-
eases such as inflammatory diseases, metabolic diseases, allergic 
diseases as well as cancer. Nevertheless, it is still largely unknown 
whether developmental programming of immunity exists due to 
the lack of mechanistic understanding on this subject. 

Since most of the early environmental factors that are reported 
to cause later-life development of diseases are associated with 
stress, we adopted a model to directly test the effect of stress 
hormone. We introduced the in vivo mouse model of perina-
tal glucocorticoid receptor (GR) activation via dexamethasone 
(DEX) treatment in drinking water perinatally (embryonic day 
7.5-postnatal day 1). Then, we analyzed the T cell immunity when 
the offspring became mature. We found that perinatal GC expo-
sure elicited diminished CD8 T cell response in adulthood. As a 
result, mice with perinatal GC treatment showed insufficient an-
ti-tumor and anti-bacterial CD8 T cell responses, being suscep-
tible to immunogenic tumor development and Listeria infection. 
We found significantly reduced systemic levels of corticosterone 
(CORT) in the adult mice with perinatal GC exposure. Deficiency 
of GR signaling in CD8 T cells with adrenalectomy or with genetic 
deletion of GR in T cells was sufficient to reduce CD8 T cell re-
sponse. Inhibition of GR signaling in CD8 T cells acted primarily on 
CD25 signaling and mTOR pathway, resulting in decreased effec-
tor function and survival. Finally, we found the negative feedback 
threshold of HPA axis is altered by having enhanced mineralocor-
ticoid receptor (MR ; type I corticosteroid receptor) expression in 
the hippocampus and paraventricular nucleus of hypothalamus 
(PVH) with perinatal GC exposure. Our study shows that perinatal 
stress may have long-term consequences on CD8 T cell immunity 
by altering HPA axis threshold, thereby increasing predisposition 
to cancer and bacterial infection. 

These results showed that perinatal GC exposure persistently pro-
gramed the threshold for hypothalamus-pituitary-adrenal axis for 
regulating endogenous GC level, and that reduced systemic GC 
level elicited repressed CD8 T cell activation and survival, leading 
to tumor susceptibility.

Keywords : Glucocorticoid, Early-life stress, CD8 T cells.
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B003 / Low-dose carbon ion radiation boosts anti-tumor 
immune response by inhibiting myeloid-derived suppres-
sor cell (MDSC) proliferation through JAK2/STST3 signa-
ling pathway in melanoma bearing mice

Heng Zhou (Institute of Modern Physics, Chinese Academy of Sci-
ences).

Compared with conventional radiotherapy, heavy ion beams have 
distinct advantages in cancer therapy due to their high-energy 
sharp Bragg peak and potent killing effect on tumor cells. Here, 
we report that in situ a single fraction of low-dose carbon ion 
radiation reduces the number of MDSC in the bone marrow, pe-
ripheral blood and spleen of melanoma bearing mice through a 
JAK2/STAT3-dependent mechanism. In contrary the percentage 
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of CD4+ CD8+ T cells, macrophages and natural killer cells in-
creases which results in reduced tumor growth and prolonged 
overall survival of mice. In summary we show that single fraction 
low-dose carbon ion irradiation can boost anti-tumor immune re-
sponses via the inhibition of MDSC.

Keywords : Carbon ion radiation, MDSC, JAK2/STAT3 signaling 
pathway.

B004 / Infiltration of metastatic lymph nodes with PD-1+ 
T cells is associated with improved disease-free and ove-
rall survival in resected N+ NSCLC

shuo Wang (Capital Medical University Shijitan Hospital).

Purpose : Tumor metastases to regional lymph nodes are associ-
ated with worse outcome for patients with resected non-small cell 
lung cancer (NSCLC), but there is a wide variation in survival. We 
hypothesize that infiltration of tumor-involved lymph nodes with 
activated effector T cells is associated with improved prognosis. 

Methods : A total of 28 lymph nodes (18 N+ and 10 N-) collected 
from 7 Stage T2N1M0 patients and 4 lymph nodes collected from 
3 Stage T2N0M0 patients who underwent lymphadenectomy 
during surgical management of their NSCLC were analyzed for 
effector T cells expressing the activation markers PD-1 and TIM-3 
using the Opal-multiple immunofluorescence assay. 

Results : The frequency of CD3+CD8+(P=0.02), CD3+CD8+-
TIM-3+ (P=0.0045), CD3+CD8+TIM-3+Ki-67+(P=0.0017) T cells 
were greater in lymph nodes of N0 patients compared with N1 
patients ; however the frequency of CD3+CD8+PD-1+(P=0.039), 
CD3+CD8+PD-1+Ki-67+ (P=0.025) and CD3+CD8+TIM-3+Ki-67+ 
(P=0.025) T cells was greater in the tumor involved (N+) nodes 
of N1 patients compared with the tumor-uninvolved (N-) nodes. 
The frequency of intranodal CD3+CD8+, CD3+CD8+PD-1+ and 
CD3+CD8+PD-1+Ki-67+ T cells in N+ nodes was associated with 
prolonged progression-free (PFS) and overall survival (OS). 

Conclusion : CD3+CD8+TIM-3+ T cells may control tumor spread 
to regional lymph nodes but once tumor has spread to lymph 
nodes, CD3+/CD8+/PD-1+/Ki67+ T cells localized within N+ nodes 
may prevent some tumor cells from invading further resulting in 
prolonged survival.

Keywords : NSCLC, Metastatic lymph node, T cell subsets, PD-1.

References : 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statis-
tics 2018 : GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin. 2018 ;68 :394-424. 2. Teran MD, Brock MV. Staging 
lymph node metastases from lung cancer in the mediastinum. J Thorac Dis. 2014 ;6 :230-
236. 3. Kris MG, Johnson BE, Berry LD, et al. Using multiplexed assays of oncogenic 
drivers in lung cancers to select targeted drugs. JAMA. 2014 ;311 :1998-2006. 4. Manson 
G, Norwood J, Marabelle A, Kohrt H, Houot R. Biomarkers associated with checkpoint 
inhibitors. Ann Oncol. 2016 ;27 :1199-1206. 5. Kourie HR, Paesmans M, Klastersky J. Bio-
markers for adverse events associated with immune checkpoint inhibitors. Biomark 
Med. 2016 ;10 :1029-1031. 6. Schumacher TN, Schreiber RD. Neoantigens in cancer im-
munotherapy. Science. 2015 ;348 :69-74. 7. Robbins PF, Lu YC, El-Gamil M, et al. Mining 
exomic sequencing data to identify mutated antigens recognized by adoptively trans-
ferred tumor-reactive T cells. Nat Med. 2013 ;19 :747-752. 8. Gros A, Robbins PF, Yao X, 
et al. PD-1 identifies the patient-specific CD8(+) tumor-reactive repertoire infiltrating 
human tumors. J Clin Invest. 2014 ;124 :2246-2259. 9. Arasanz H, Gato-Canas M, Zuazo 
M, et al. PD1 signal transduction pathways in T cells. Oncotarget. 2017 ;8 :51936-51945. 10. 
Monney L, Sabatos CA, Gaglia JL, et al. Th1-specific cell surface protein Tim-3 regulates 
macrophage activation and severity of an autoimmune disease. Nature. 2002 ;415 :536-
541. 11. Zhu C, Anderson AC, Schubart A, et al. The Tim-3 ligand galectin-9 negatively 
regulates T helper type 1 immunity. Nat Immunol. 2005 ;6 :1245-1252. 12. Kuchroo VK, 
Anderson AC, Freeman GJ. Comment on “Tim-3 directly enhances CD8 T cell responses 
to acute Listeria monocytogenes infection”. J Immunol. 2014 ;193 :467. 13. Gorman JV, 
Starbeck-Miller G, Pham NL, et al. Tim-3 directly enhances CD8 T cell responses to acute 
Listeria monocytogenes infection. J Immunol. 2014 ;192 :3133-3142. 14. Sanchez-Fueyo 
A, Tian J, Picarella D, et al. Tim-3 inhibits T helper type 1-mediated auto- and alloim-
mune responses and promotes immunological tolerance. Nat Immunol. 2003 ;4 :1093-
1101. 15. Datar IJ, Sanmamed MF, Wang J, et al. Expression analysis and significance of 
PD-1, LAG-3 and TIM-3 in human non-small cell lung cancer using spatially-resolved 
and multiparametric single-cell analysis. Clin Cancer Res. 2019. 16. Griffith JW, Sokol CL, 
Luster AD. Chemokines and chemokine receptors : positioning cells for host defense 
and immunity. Annu Rev Immunol. 2014 ;32 :659-702. 17. Nosotti M, Palleschi A, Rosso 
L, et al. Lymph node micrometastases detected by carcinoembryonic antigen mRNA 
affect long-term survival and disease-free interval in early-stage lung cancer patients. 
Oncol Lett. 2012 ;4 :1140-1144. 18. Piersma SJ, Jordanova ES, van Poelgeest MI, et al. High 
number of intraepithelial CD8+ tumor-infiltrating lymphocytes is associated with the 
absence of lymph node metastases in patients with large early-stage cervical cancer. 
Cancer Res. 2007 ;67 :354-361. 19. Patriarca S, Ferretti S, Zanetti R. [TNM Classification 
of malignant tumours - Eighth edition : which news ?]. Epidemiol Prev. 2017 ;41 :140-143. 
20. Travis WD, Brambilla E, Nicholson AG, et al. The 2015 World Health Organization 
Classification of Lung Tumors : Impact of Genetic, Clinical and Radiologic Advances 
Since the 2004 Classification. J Thorac Oncol. 2015 ;10 :1243-1260. 21. Ulintz PJ, Green-
son JK, Wu R, Fearon ER, Hardiman KM. Lymph Node Metastases in Colon Cancer Are 

Polyclonal. Clin Cancer Res. 2018 ;24 :2214-2224. 22. Yu F, Li J, Xie Y, Sleightholm RL, 
Oupicky D. Polymeric chloroquine as an inhibitor of cancer cell migration and experi-
mental lung metastasis. J Control Release. 2016 ;244 :347-356. 23. Legras A, Roussel H, 
Mangiameli G, et al. Mutational Diversity of Lung Cancer and Associated Lymph Nodes. 
An Exploratory Prospective Study of 4 Resected cIIIA-N2. Pathol Oncol Res. 2017. 24. 
Das M, Zhu C, Kuchroo VK. Tim-3 and its role in regulating anti-tumor immunity. Immu-
nol Rev. 2017 ;276 :97-111. 25. Agata Y, Kawasaki A, Nishimura H, et al. Expression of the 
PD-1 antigen on the surface of stimulated mouse T and B lymphocytes. Int Immunol. 
1996 ;8 :765-772. 26. Honda T, Egen JG, Lammermann T, Kastenmuller W, Torabi-Parizi P, 
Germain RN. Tuning of antigen sensitivity by T cell receptor-dependent negative feed-
back controls T cell effector function in inflamed tissues. Immunity. 2014 ;40 :235-247. 27. 
Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-L1 Checkpoint. 
Immunity. 2018 ;48 :434-452. 28. Zhao Y, Qiao G, Wang X, et al. Combination of DC/
CIK adoptive T cell immunotherapy with chemotherapy in advanced non-small-cell lung 
cancer (NSCLC) patients : a prospective patients’ preference-based study (PPPS). Clin 
Transl Oncol. 2018.

B005 / The prevalence and associated factors of cigarette 
smoking and its association with opium use among outpa-
tients in Afghanistan : a cross-sectional study in Andkhoy 
city

Mohammad Hassan Hamrah (Andkhoy).

The objectives of this study were to estimate the prevalence and 
associated factors of cigarette smoking and the association be-
tween cigarette smoking and opium use among patients visiting 
an outpatient clinic in Afghanistan. 

Methods : A cross-sectional study was conducted on consecutive 
patients aged 18 years and older from January 2018 to April 2018. 
Data on patients’ sociodemographic characteristics and clinical 
variables were collected using an interview-based survey. Results : 
Six hundred and twenty-two patients (391males vs. 231 females) 
were interviewed for this study. The overall prevalence of current 
smoking was 50.2% (95% confidence interval [CI]: 46.2–54.2). 
Males were (odds ratio [OR] = 9.5 ; 95% CI : 5.3–17.1) more like-
ly to smoke cigarettes than females. The odds of current ciga-
rette smoking increased with having a family member smoker or 
a friend smoker (OR =3.3 ; 95% CI : 2.0–5.3). Cigarette smoking 
was significantly associated with the level of education (illiterate 
OR = 8.9 ; 95% CI : 4.0–19.8), primary/private education (OR = 7.8 ; 
95% CI : 3.9–15.6), and secondary education (OR = 4.4 ; 95% CI : 
2.3–8.4), with high school or higher education as the reference 
group. Rural residents were 3.7 times (95% CI : 2.3–6.2) more likely 
to smoke cigarette than urban residents. Opium users were 23.0 
times (95% CI : 12.5–42.3) more likely to smoke cigarettes than 
non-opium users. 

Conclusion : The prevalence of cigarette smoking among patients 
visiting an outpatient clinic in Afghanistan was high, and there 
was an association between cigarette smoking and male gender, 
a family history of smoking or a friend history of smoking, level of 
education, rural residency, and opium consumption.

Keywords : Cancer, Andkhoy, associated factors, smoking.

References : 
1. World Health Organization. Global Health Risks : mortality and burden of disease 
attributable to selected major risks. Bull World Health Organ 2009 ;87 :646. 2. World 
Health Organization. WHO Report on the Global Tobacco Epidemic, 2013 : Enforcing 
Bans on Tobacco Advertising, Promotion and Sponsorship. Geneva, Switzerland : World 
Health Organization ; 2013. p. 106. Available at : https ://apps.who.int/iris/bitstream/ han-
dle/10665/85380/9789241505871_eng.pdf ?sequence=1. 3. Saleheen D, Zhao W, Rash-
eed A. Epidemiology and public health policy of tobacco use and cardiovascular disor-
ders in low- and middle-income countries. Arterioscler Thromb Vasc Biol 2014 ;34 :1811-9. 
4. John U, Hill A, Rumpf HJ, Hapke U, Meyer C. Alcohol high risk drinking, abuse and 
dependence among tobacco smoking medical care patients and the general popula-
tion. Drug Alcohol Depend 2003 ;69 :189-95. 5. Kouimtsidis C, Reynolds M, Hunt M, Lind 
J, Beckett J, Drummond C, et al. Substance use in the general hospital. Addict Behav 
2003 ;28 :483- 99. 6. Cottler LB, Ajinkya S, Goldberger BA, Ghani MA, Martin DM, Hu H, 
et al. Prevalence of drug and alcohol use in urban Afghanistan : epidemiological data 
from the Afghanistan national urban drug use study (ANUDUS). Lancet Glob Health 
2014 ;2 :e592-600. 7. Delavari AR, Alikhani S, Alaedini F. A National Profile of Non- Com-
municable Disease Risk Factors in the I.R. of Iran. Tehran, Iran : Center for Disease Con-
trol, Ministry of Health & Medical Education ; 2005. 8. Hamrah MS, Hamrah MH, Ishii H, 
Suzuki S, Hamrah MH, Hamrah AE, et al. Association between Helicobacter pylori Infec-
tion and cardiovascular risk factors among patients in the northern part of Afghanistan : 
a cross-sectional study in Andkhoy City. Asian Pac J Cancer Prev 2018 ;19 :1035-9. 9. 
Lim HK, Ghazali SM, Kee CC, Lim KK, Chan YY, Teh HC, et al. Epidemiology of smoking 
among Malaysian adult males : prevalence and associated factors. BMC Public Health 
2013 ;13 :8. Available at : http ://www.biomedcentral.com/1471-2458/13/8. 10. Nasrollahza-
deh D, Kamangar F, Aghcheli K, Sotoudeh M, Islami F, Abnet CC, et al. Opium, tobacco, 
and alcohol use in relation to oesophageal squamous cell carcinoma in a high-risk area 
of Iran. Br J Cancer 2008 ;98 :1857-63. 11. American Psychiatric Association. Diagnos-
tic and Statistical Manual of Mental Disorders. 4th rev. ed. Washington, DC : American 
Psychiatric Association ; 2000. Available at : https ://books.google. ro/books/about/
Diagnostic_and_Statistical_Manual_of_Men. html ?id=qRj7lwEACAAJ&redir_esc=y. 12. 
Musaiger AO. Overweight and obesity in Eastern Mediterranean Region : prevalence 
and possible causes. J Obes 2011 ; article ID 407237. 13. James PA, Oparil S, Carter BL, 
Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 evidence-based guideline 
for the management of high blood pressure in adults : report from the panel members 
appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014 ;311 :507-20. 14. 



SESSION B

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
99

Mony P, D′Souza G, Sreedaran P, Rekha D, Srinivasan K. Clinico- epidemiological profile 
of tobacco users attending a tobacco cessation clinic in a teaching hospital in Bangalore 
city. Lung India 2012 ;29 :137-42. 15. Alsamghan AS, Bharti RK, Alhussain MA, Chaudhary 
S, Dealan KA, Karkman MJ, et al. Smoking pattern and determinants among adults at-
tending anti-smoking clinic in Aseer Region, Saudi Arabia. Int J Med Res Health Sci 
2017 ;6 :101-6. 16. Bagaitkar J, Demuth DR, Scott DA. Tobacco use increases susceptibility 
to bacterial infection. Tob Induc Dis 2008 ;4 :12. 17. K Rao P, Bant DD, Community IJ, Pub-
lic M, Jan H. A study on the pattern of tobacco use and its implications on the health 
of patients, attending Karnataka Institute of Medical Sciences, Hubballi. Int J Commu-
nity Med Public Health 2018 ;5 :331-335. 18. Sorensen G, Gupta PC, Pednekar MS. Social 
disparities in tobacco use in Mumbai, India : the roles of occupation, education, and 
gender. Am J Public Health 2005 ;95 :1003-8. 19. Shuja M, Sarrafzadegan N, Roohafza 
HR, Sadeghi M, Ghafari M, Mohammadian M, et al. Factors associated with cigarette 
smoking in central parts of Iran. Asian Pac J Cancer Prev 2017 ;18 :647-53. 20. Siddiqui 
S, Ogbeide DO, Al Khalifa I. Smoking in a Saudi community : prevalence, influencing 
factors, and risk perception. Fam Med 2001 ;33 :367-70. 21. Gilman SE, Rende R, Boergers 
J, Abrams DB, Buka SL, Clark MA, et al. Parental smoking and adolescent smoking initia-
tion : an intergenerational perspective on tobacco control. Pediatrics 2009 ;123 :e274-81. 
22. Cheah YK, Naidu BM. Exploring factors influencing smoking behaviour in Malaysia. 
Asian Pac J Cancer Prev 2012 ;13 :1125-30. 23. Khan MM, Aklimunnessa K, Kabir MA, Kabir 
M, Mori M. Tobacco consumption and its association with ilicit drug use among men 
in Bangladesh. Addiction 2006 ;101 :1178-86. 24. Odukoya OO, Dada MR, Olubodun T, 
Igwilo UA, Ayo-Yusuf OA. Risk perception and correlates of tobacco use among young 
people outside of formal school settings in Lagos State, Nigeria. Asian Pacific J Cancer 
Prev 2016 ;17 :2833-9. 25. Balley S.L. Adolescents’ multisubstance use patterns : the role 
of heavy Alcohol and cigarette use. Am J Public Health 1992 ;82 :1120-4. Hamrah, et al.: 
Smoking and opium use in Afghanistan

B006 / Controlled dietary interventions in patients with 
melanoma

Ashley E Holly (The University of Texas MD Anderson Cancer 
Center), Christine Ranieri (The University of Texas MD Anderson 
Cancer Center), Elizabeth M Burton (The University of Texas MD 
Anderson Cancer Center), Matthew Campbell (The University of 
Texas MD Anderson Cancer Center), Helene Rider (The University 
of Texas MD Anderson Cancer Center), Anna G Vardeleon (The 
University of Texas MD Anderson Cancer Center), Suzanne Cain 
(The University of Texas MD Anderson Cancer Center), Rodabe 
N Amaria (The University of Texas MD Anderson Cancer Center), 
Isabella IC Glitza (The University of Texas MD Anderson Cancer 
Center), Sapna P Patel (The University of Texas MD Anderson 
Cancer Center), Adi Diab (The University of Texas MD Anderson 
Cancer Center), Michael K Wong (The University of Texas MD An-
derson Cancer Center), Hussein Tawbi (The University of Texas 
MD Anderson Cancer Center), Michael A Davies (The University of 
Texas MD Anderson Cancer Center), Kelly Nelson (The University 
of Texas MD Anderson Cancer Center), Lorenzo Cohen (The Uni-
versity of Texas MD Anderson Cancer Center), Patrick Hwu (The 
University of Texas MD Anderson Cancer Center), Jennifer A War-
go (The University of Texas MD Anderson Cancer Center), Carrie 
R Daniel (The University of Texas MD Anderson Cancer Center), 
Jennifer L McQuade (The University of Texas MD Anderson Can-
cer Center).

There is increasing evidence from our group and others that host 
factors can influence melanoma biology, the anti-tumor immune 
response, and patient outcomes. In preclinical models, we have 
shown that dietary modulation of systemic insulin and IGF-1 can 
influence IGF-1R/PI3K/AKT pathway activation and melanoma 
tumor growth. In observational cohorts, melanoma patients who 
reported higher baseline consumption of fiber-rich plant foods 
were five-times more likely to respond to anti-PD1 immunothera-
py, and have higher abundance of gut bacteria we have previously 
found to correlate with anti-PD1 response. While dietary interven-
tions in other populations have been shown to successfully mod-
ulate these two melanoma-relevant targets (insulin/IGF-1 and the 
gut microbiome), to our knowledge, dietary studies have never 
been conducted in patients with melanoma. We hypothesize that 
controlled dietary interventions will be feasible in a melanoma 
population and will impact key biological processes relevant to 
melanoma therapeutic response. The trial is a single-institution 
fully-controlled feasibility feeding study of two diets in parallel : 
(1) a high-fiber diet targeting the gut microbiome and (2) a ke-
togenic diet aimed at lowering systemic insulin/IGF-1. Up to 20 
patients with a history of melanoma within the last five years, 
without evidence of disease, and off systemic therapy at least one 
year will be assigned in blocks of two patients to each diet. All 
calorie-containing food and beverages will be provided by the MD 
Anderson Bionutrition Research Core for the duration of the six 
week study. Both diets will be isocaloric to patient’s usual calorie 
intake/needs. Fiber in the high-fiber diet will be whole-foods de-
rived from diverse whole grains, fruits, and vegetables will other-
wise comply with the standard American Institute for Cancer Re-
search diet recommendations. Fiber content begins at 30 g and 
will be titrated up to 50 g daily as determined by tolerability. The 

ketogenic diet is a high-fat, moderate-protein, low-carbohydrate 
macronutrient profile. Fat sources in the ketogenic diet will be 
high-quality, beginning at 65% (3 :1 fat : carb + protein) and will 
be titrated up to 82% (4 :1) as determined by tolerability. Blood 
and fecal specimens will be collected q2 weeks. The primary end-
point is feasibility, defined by ≥25% of eligible patients enrolling. 
Secondary clinical endpoints include adherence (≥70% of calo-
ries consumed from provided diets assessed by dietary records), 
safety, and tolerability. Correlative endpoints include changes in 
gut microbiome (composition, diversity, and metabolic function), 
systemic insulin and IGF-1 levels, and systemic immune parame-
ters (PBMC flow and serum cytokines). To date, two patients have 
been accrued to the study. results from this trial will be used to in-
form the design of dietary intervention studies in patients receiv-
ing systemic therapy. The high-fiber diet will be tested in patients 
with metastatic melanoma receiving anti-PD1 immunotherapy 
with the goal of modulating the microbiome and enhancing sys-
temic and anti-tumor immunity. Based on preclinical data demon-
strating synergy between the ketogenic diet and PI3K pathway 
inhibitors through prevention of hyperinsulinemia/hyperglycemia, 
the ketogenic arm will be expanded into patients receiving target-
ed therapy. Ultimately, multi-institutional Phase III trials powered 
to test the effects of dietary modification on cancer outcomes will 
be conducted in a broader population via nutritional counseling/
behavioral intervention.

Keywords : Melanoma, diet, microbiome, immunotherapy.
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Combination therapies with immune 
checkpoint blockers

B007 / Development of small molecule PD-L1 inhibitors

YIZHE WU (Zhejiang University), Xiaowu Dong (Zhejiang Univer-
sity).

Inhibition of PD-1/PD-L1 interaction by antibody has obtained 
great success in cancer immunotherapy. Ten PD-1/PD-L1 mAbs 
with more than 10 different indications were approved by FDA 
or NMPA in U.S. or China. While the progress of small molecule 
PD-L1 inhibitor is slow. Most researchers considered that small 
molecule inhibitor could not achieve comparable binding affin-
ity to mAbs, so it is less competent with mAbs. Until recently, 
researchers from Incyte Corporation reported that their small 
molecule PD-L1 inhibitors INCB86550, which entered the clini-
cal trial phase1 in the end of 2018, could induce internalization of 
PD-L1 on cell membrane, which is different from antibodies. As 
small molecule PD-L1 inhibitor has such distinct mechanism, it is 
possible to realize the differentia competition with mAbs. Hence, 
development small molecule PD-L1 inhibitors can be an effective 
supplement to immune checkpoint blockade strategy. Here, we 
describe our recent work in discovery of small molecule PD-L1 in-
hibitors. In our study, we identified a series of biphenyl derivatives, 
which have moderate to potent PD-1/PD-L1 inhibition activity with 
IC50 values of nano-molar to submicro-molar. In mixed lympho-
cyte reaction assay, our representative compound ZJU-003 could 
significantly enhance T-cell function through blockade of PD-L1. 
In T cell killing assay, ZJU-003 could increase the sensitivity of 
tumor cells (MDA-MB-231) to T cell killing. The PK characters of 
ZJU-003 were also evaluated, ZJU-003 exhibited moderate oral 
bioavailability. The anti-tumor activity of ZJU-003 in PD-1/PD-L1 
humanized mice is still undergoing.

Keywords : PD-L1, SMALL MOLECULE INHIBITOR.
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B008 / Crizotinib-induced immunogenic cell death in 
non-small cell lung cancer

Peng LIU (Inserm UMR1138), Oliver KEPP (Inserm UMR1138), Gui-
do Kroemer (Inserm UMR1138).

Immunogenic cell death (ICD) converts dying cancer cells into a 
therapeutic vaccine and stimulates antitumor immune respons-
es. Here we unravel the results of an unbiased screen identifying 
high-dose (10 µM) crizotinib as an ICD-inducing tyrosine kinase 
inhibitor that has exceptional antineoplastic activity when com-
bined with non-ICD inducing chemotherapeutics like cisplatin. 
The combination of cisplatin and high-dose crizotinib induces 
ICD in non-small cell lung carcinoma (NSCLC) cells and effective-
ly controls the growth of distinct (transplantable, carcinogen- or 
oncogene induced) orthotopic NSCLC models. These anticancer 
effects are linked to increased T lymphocyte infiltration and are 
abolished by T cell depletion or interferon-γ neutralization. Crizo-
tinib plus cisplatin leads to an increase in the expression of PD-1 
and PD-L1 in tumors, coupled to a strong sensitization of NSCLC 
to immunotherapy with PD-1 antibodies. Hence, a sequential com-
bination treatment consisting in conventional chemotherapy to-
gether with crizotinib, followed by immune checkpoint blockade 
may be active against NSCLC.

Keywords : immune checkpoint blockers, immunotherapy, tyro-
sine kinase inhibitor, off-target effects.
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B009 / FS118, a LAG-3/PD-L1 bispecific antibody, capable 
of driving potent anti-tumour immune responses and 
overcome PD-(L)1-mediated compensatory upregulation 
of LAG-3 induced by single-agent checkpoint blockade

Mustapha Faroudi (F-star Therapeutics).

FS118, currently being evaluated in a Phase 1 clinical trial in pa-
tients with advanced malignancies (NCT03440437), is an IgG1 
mAb2 tetravalent bispecific antibody targeting LAG-3 (Lympho-
cyte-Activation Gene 3) and PD-L1 (Programmed Death-Ligand 
1), two immune checkpoint molecules that promote tumour es-
cape from immune surveillance. 

Despite advances with therapies targeting the PD-(L)1 pathway, 
many patients are refractory or relapse following treatment. Re-
sistance to anti-PD-1 treatment is associated with upregulation of 
other checkpoint inhibitor receptors such as LAG-3. The expres-
sion of LAG-3 on exhausted T cells and T regulatory cells (Tregs) 
in the tumour may be responsible for this resistance and provides 
a rationale for co-treatment with antibodies targeting LAG-3 and 
PD-L1. Dual targeting these immune checkpoint blockade (ICB) 
using bispecific monoclonal antibodies could potentially over-
come this resistance, further increase the therapeutic benefit of 
ICB therapy and prevent relapse or resistance after immunothera-
py. Bispecific antibody-based immunotherapeutic strategies have 
the potential to deliver superior activity to combination therapy 
through novel mode of action such as tumour redirected T cell ac-
tivation, simultaneous checkpoint regulators targeting, increased 
modulation of receptor signalling and target engagement through 
avidity binding effects. 

FS118 was engineered by introducing a distinct bivalent LAG-3 
binding capability into the CH3 region of the Fc portion of a hu-
man IgG1 molecule and assembled into a bispecific format with 
anti-PD-L1 Fabs. Additional mutations introduced into the CH2 
domain of the Fc region suppress Fc-mediated effector function. 
FS118 was evaluated in vitro for antigen binding and in a super-an-
tigen stimulated peripheral blood mononuclear cells (PBMC) as-
say. Anti-tumour activity of a murine-specific molecule, mLAG-3/
PD-L1 mAb2 (FS118 surrogate), was assessed in vivo in the MC38 
mouse tumour model and associated immunophenotypic chang-
es were evaluated using flow cytometry. 

FS118 has two binding sites for both LAG-3 and PD-L1. It is capa-
ble of binding to both targets simultaneously and can de-repress 
the inhibitory function of human PD-L1 and human LAG-3 in a 
human PBMC assay, as measured by cytokine, with at least equiv-
alent activity to a combination of anti-LAG-3 and anti-PD-L1. 

In a syngeneic model, a FS118 surrogate was used to determine 
the effect of dual checkpoint blockade on tumour growth and the 
modulation of LAG-3 and PD-L1 expression on tumour infiltrating 
lymphocyte (TIL) following treatment with the mAb2. Dual block-
ade of LAG-3 and PD-L1 with the surrogate mAb2 in the MC38 tu-
mour model resulted in an increased anti-tumour activity compa-
rable to a combination of the single agents. Moreover, the mAb2 
and single agent combination resulted in distinct modulations of 
LAG-3 and PD-L1 cell surface expression on TILs. While both the 
mAb2 and combination therapy significantly reduced the number 
of free PD-L1 binding sites on CD4+ and CD8+ T cells on TILs, 
total LAG-3 cell surface expression increased following treatment 
with the combination, whereas it was reduced with mAb2 treat-
ment. In addition, analysis of serum samples collected at various 
timepoints confirmed evidence of drug target engagement with 
increasing levels of both soluble LAG-3 (sLAG-3) and soluble PD-
L1 (sPD-L1) in the mAb2 treated animals. 

Dual blockade of LAG-3 and PD-L1 with FS118 resulted in T cell 
activation at least comparable to a combination of antibodies tar-
geting LAG-3 and PD-L1 in primary T cell assays and murine tu-
mour models. These data support the rationale for clinical devel-
opment of FS118 for the treatment of cancer patient with adaptive 
or acquired resistance to PD-(L)1 therapy.

Keywords : LAG-3/PD-L1 bispecific mAb, Immunotherapy, PD-1 
resistance.
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B010 / An oncolytic adenovirus mediated by PD-1 antibo-
dy for cancer therapy

ping Zhou (Institut Pasteur of Shanghai, Chinese Academy of Sci-
ences), xuchen wang (Institut Pasteur of Shanghai, Chinese Acad-
emy of Sciences), dongming Zhou (Institut Pasteur of Shanghai, 
Chinese Academy of Sciences).

Oncolytic viruses (OV) are native or recombinant viruses which 
preferentially target and destroy cancerous tissues without caus-
ing damage to normal cells. In addition to T-VEC, the first OV-
based drug approved by the Food and Drug Administration, 
adenovirus is widely used in preclinical and clinical trials and 
demonstrates therapeutically anticancer promise. On account of 
the programmed cell death protein 1 (PD-1) limits effector T cells 
function upon interaction with the ligand, PD-L1 or PD-L2, and 
promotes tumor own growth, therapy with anti-PD-1 has been 
indicted to strengthen the immune response in multiple malig-
nancies, while a majority of patients lack response to single im-
mune check point inhibitor due to the deficient tumor immuno-
genicity, inadequate infiltrated T cells and other unknown factors. 
Hence, we plan to exploit a novel oncolytic adenovirus AdC68-
sp/E1A-nivolumab, which is armed with full-length human PD-1 
monoclonal antibody (nivolumab). On one hand, the oncolytic 
virus could elicit and recruit abundant T cells to disrupt the sup-
pressive tumor microenvironment and activate effector T cell to 
recognize and disintegrate tumor cells. On the other hand, where-
in the PD-1 monoclonal antibody can effectively produce and play 
a critical role in tumor microenvironment. The study in vitro indi-
cated that the insertion of PD-1 didn’t change the oncolytic prop-
erties of OV and the PD-1 monoclonal antibody was expressed 
with biological function in a panel of tumor cells like Huh-7, Siha, 
NCI-H508, A549. Meanwhile, the viability of tumor cells treated 
with AdC68-sp/E1A-nivolumab descended poignantly in a mech-
anism of virus-induced apoptosis through activating the p53 sig-
naling pathway and cell cycle retardation of cancer cells. Further 
study in immunocompetent and immunodeficient mouse models 
is underway to evaluate the synergistic anti-tumor efficacy and 
mechanism in vivo.

Keywords : oncolytic adenovirus, human PD-1 monoclonal anti-
body, cancer therapy.
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B011 / Intratumoral, but not intravenous, CD40L/4-1BBL 
virotherapy (LOAd703) induces systemic anti-tumor im-
mune responses and enhances the effect of PD-L1 check-
point blockade

Jessica Wenthe (Uppsala University, Department of Immunolo-
gy, Genetics and Pathology, Science for Life Laboratory, Uppsa-
la, Sweden), Sedigheh Naseri (Uppsala University, Department of 
Immunology, Genetics and Pathology, Science for Life Laboratory, 
Uppsala, Sweden), Ann-Charlotte Hellström (Uppsala University, 
Department of Immunology, Genetics and Pathology, Science 
for Life Laboratory, Uppsala, Sweden), Anniken Olberg (Uppsala 
University, Department of Immunology, Genetics and Pathology, 
Science for Life Laboratory, Uppsala, Sweden), Rafael Moreno 

(IDIBELL-Institute Català d’Oncologia, L’Hospitalet de Llobregat, 
Barcelona, Spain), Gustav Ullenhag (Uppsala University, Depart-
ment of Immunology, Genetics and Pathology, Science for Life 
Laboratory, Uppsala, Sweden), Ramon Alemany (IDIBELL-Insti-
tute Català d’Oncologia, L’Hospitalet de Llobregat, Barcelona, 
Spain), Tanja Lövgren (Uppsala University, Department of Immu-
nology, Genetics and Pathology, Science for Life Laboratory, Up-
psala, Sweden), Emma Eriksson (Uppsala University, Department 
of Immunology, Genetics and Pathology, Science for Life Labo-
ratory, Uppsala, Sweden), Angelica Loskog (Uppsala University, 
Department of Immunology, Genetics and Pathology, Science for 
Life Laboratory & Lokon Pharma AB, Uppsala, Sweden).

The purpose of this study was to evaluate the capacity of stimu-
lating a systemic anti-tumor immune response using local or sys-
temic injections of an oncolytic adenovirus encoding TMZ-CD40L 
and 4-1BBL (LOAd703). Moreover, the possibility to further en-
hance responses by combining LOAd703 with PD-L1 checkpoint 
blockade was investigated. Immune checkpoint inhibitors have 
changed the outlook of numerous cancer patients. However, 
most patients are resistant to treatment, which is associated with 
a non-inflamed tumor phenotype. A promising clinical approach 
is to convert such tumors into inflamed tumors by using oncolyt-
ic viruses combined with checkpoint blockade. Herein we eval-
uated LOAd703, with and without PD-L1 blockade, in preclinical 
melanoma models. A murine version of LOAd703 (mLOAd703) 
expressing murine TMZ-CD40L and 4-1BBL was evaluated in the 
B16-hCD46/C57BL6 model while LOAd703 with human trans-
genes was used in human DC/526-mel co-culture experiments. 
Immune activation was determined by flow cytometry and mul-
tiplex assays from Meso Scale Discovery. Note that adenovirus-
es do not replicate in murine cells, hence, the treatment effect 
of mLOAd703 in animal models is only due to expression of the 
immunostimulatory transgenes. A twin-tumor model was used 
to evaluate the effect of mLOAd703 (1x10e9 ffu) by repeated 
intravenous (i.v.) or intratumoral (i.t.) injections (one lesion). I.v. 
treatment did not control tumor growth. In contrast, i.t. treatment 
could control growth of the injected tumor as well as hamper 
growth of the non-injected tumor demonstrating that it is more 
effective to induce immunity by creating a highly active site (high 
virus load) than to reach all lesions with a small number of vi-
rus particles. Dendritic cells (DCs) play a central role in mediat-
ing systemic immune responses and require adequate activation 
to function properly in the tumor microenvironment. In a human 
melanoma/DC co-culture model, LOAd703 activated DCs to ex-
press a wide range of co-stimulatory molecules (e.g. CD80, CD86) 
as well as the lymph node homing receptor CCR7. Extensive DC 
activation concurrently upregulated PD-L1 expression, which un-
derlines the relevance of checkpoint blockade combination. To 
test this combination, mice with twin-tumors were treated with 
i.t. mLOAd703 (1x10e9 ffu), anti- PD-L1 (intraperitoneal 5 mg/kg/
injection), a combination of both, or treated with an isotype con-
trol antibody (i.e negative control). Anti-PD-L1 monotherapy had 
only a limited effect on tumor growth, whereas the combination 
with mLOAd703 could control the growth of the injected tumor 
and further delay the growth of the non-injected tumor compared 
to mLOAd703 alone. In agreement, flow cytometry analysis of the 
tumor biopsies showed a significant increase of CD8+ T cells in 
both tumors (Non-injected vs injected : mean % CD8+ of CD45+ 
cells ; Isotype control : 4 vs 3%, anti-PD-L1 : 7 vs 9%, mLOAd703 : 
8 vs 14%, combination : 19 vs 20%). Likewise, serum levels of T ef-
fector cytokines such as IFNg and TNFa were highest in animals 
treated with the combination. 

In conclusion, local but not systemic CD40/4-1BB-stimulating vi-
rotherapy induced a systemic anti-tumor immune response in the 
non-immunogenic B16-hCD46 melanoma model. The effect of 
local therapy was further increased by anti-PD-L1 which did not 
show a significant effect as monotherapy, meaning that LOAd703 
could sensitize otherwise resistant mice to PD-L1 checkpoint 
blockade. LOAd703 is currently under clinical investigation for the 
treatment of solid tumors (NCT03225989) and pancreatic can-
cer (NCT02705196). The latter trial will be expanded to include 
combination with anti-PD-L1. In addition, a trial investigating the 
combination in checkpoint-resistant melanoma patients will be 
initiated shortly.

Keywords : Oncolytic virus, Checkpoint blockade, CD40L, 4-1BBL.
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B012 / Axl inhibition improves immunotherapy by targe-
ting local and systemic tumor-myeloid crosstalk

Gro Gausdal (BerGenBio ASA), Kjersti Davidsen (Department of 
Biomedicine, Centre for Cancer Biomarkers, University of Bergen, 
Bergen, Norway), Katarzyna Wnuk-Lipinska (BerGenBio ASA, 
Bergen, Norway), Sturla Magnus Grøndal (Department of Bio-
medicine, University of Bergen, Bergen, Norway), Noelly Made-
leine (Department of Biomedicine, University of Bergen, Bergen, 
Norway), Stacey Ann D’mello Peters (Department of Biomedicine, 
University of Bergen, Bergen, Norway), Magnus Blø (BerGenBio 
ASA, Bergen, Norway), Linn Nilsson Hodneland (BerGenBio ASA, 
Bergen, Norway), Lavina Ahmed (BerGenBio ASA, Bergen, Nor-
way), Agata Rybicka (BerGenBio ASA, Bergen, Norway), Maria 
Lotsberg (Department of Biomedicine, Centre for Cancer Bio-
markers, University of Bergen, Bergen, Norway), Muntequa Ishtiaq 
Siraji (Department of Biomedicine, University of Bergen, Bergen, 
Norway), Sushil Dhaka (Department of Biomedicine, University of 
Bergen, Bergen, Norway), Oddbjørn Straume (Department of On-
cology, Haukeland University Hospital, Bergen, Norway), Agnete 
TS Engelsen (Department of Biomedicine, Centre for Cancer Bio-
markers, University of Bergen, Bergen, Norway), Michael A Curran 
(Department of Immunology, The University of Texas MD Ander-
son Cancer Center, Houston, TX, USA), Rolf A Brekken (Depart-
ment of Surgery and Hamon Center for Therapeutic Oncology 
Research, UT Southwestern Medical Center, Dallas, TX, USA), Gro 
Gausdal (BerGenBio ASA), James B Lorens (Department of Bio-
medicine, 2Centre for Cancer Biomarkers, University of Bergen, 
Bergen, Norway).

Tumor mobilization of suppressive myeloid cells is a primary ob-
stacle to immune checkpoint inhibitor (ICI) efficacy. Here we show 
that combining ICI with the small molecule AXL kinase inhibitor 
bemcentinib improved durable response by targeting tumor-im-
mune crosstalk in a refractory suppressive myeloid-dominated 
murine adenocarcinoma model. ICI/bemcentinib therapy blocked 
ICI-induced tumor AXL and Colony Stimulating Factor 1 (CSF1) 
expression and acquired EMT plasticity markers. High dimension-
al mass cytometry immune profiling demonstrated that AXL-ex-
pressing peripheral and tumor microenvironment resident sup-
pressive myeloid cells were targeted by bemcentinib treatment. 
We reveal that AXL defines novel splenic and tumor dendritic 
cell subpopulations characterized by immune suppressive mark-
er expression. AXL targeting by bemcentinib blocked tolerogenic 
dendritic cells and enhanced adaptive anti-tumor immunity. Our 
findings indicate that AXL signaling integrates cancer cell plas-
ticity with immune suppressive myeloid and regulatory dendritic 
cell mobilization and that tumor immunity can be enhanced by 
combined ICI and AXL targeting.

Keywords : AXL, Bemcentinib, High dimensional mass cytometry 
immune profiling (CyTOF), Immune suppression.

B013 / Neoadjuvant immunotherapy followed by can-
cer surgery re-sets the tumor-specific T cell response to 
provide durable protection against residual metastatic 
disease

Jake S O’Donnell (QIMR Berghofer Medical Research Institute), 
Jing Liu (QIMR Berghofer Medical Research Institute), Jason Ma-
dore (QIMR Berghofer Medical Research Institute), Scott Muel-
ler N (Department of Microbiology and Immunology, The Peter 
Doherty Institute, The University of Melbourne), Christian U Blank 
(Medical Oncology Department and Division of Molecular Oncol-
ogy & Immunology, Netherlands Cancer Institute), Mark J Smyth 
(Immunology in Cancer and Infection Laboratory, QIMR Ber-
ghofer Medical Research Institute), Michele W.L. Teng (Cancer Im-
munoregulation and Immunotherapy Laboratory, QIMR Berghofer 
Medical Research Institute).

Neoadjuvant immunotherapy followed by cancer surgery has 

shown improved efficacy over adjuvant immunotherapy, but the 
mechanism of action underlying this effect is not fully under-
stood. Using a mouse model of spontaneous metastatic cancer 
we have shown that neoadjuvant immunotherapy can “reset” the 
anti-tumor immune response more akin to that which occurs fol-
lowing an acute viral infection ; with discreet re-expansion, con-
traction, and memory differentiation phases. Compared with ad-
juvant-treatment, neoadjuvant-treatment improved the quality of 
tumor-specific CD8+ T cells as characterized by their increased 
effector cytokine production and in vivo cytotoxicity. These ef-
fects were dependent on the timely resection of the primary 
tumor and independent of de-novo tumor-specific CD8+ T cell 
priming following treatment. This understanding allowed for the 
identification of dynamic biomarker(s) of response to anti-PD1 in 
combination with either anti-CD137, anti-CTLA4, anti-CD40, or 
IL-2. Predicted poor responders identified early after neoadju-
vant-treatment could be converted into long-term survivors by 
further expanding their tumor-specific T cells with a single dose 
of IL-2 treatment. Translationally, the biomarker(s) identified were 
validated in PBMCs from human melanoma patients treated with 
neoadjuvant and adjuvant anti-PD1+anti-CTLA4. Together this 
work provides compelling support for new-found interest in the 
development of human neoadjuvant immunotherapy trials.

Keywords : Neoadjuvant immunotherapy, Immunotherapy, Cancer 
surgery, Immune checkpoint blockade.

B014 / Whole blood dendritic cell immunoprofiling in ad-
vanced melanoma patients and responses to checkpoint 
inhibitor immunotherapy

Yoke Seng Lee (Mater Research Institute, The University of 
Queensland, Translational Research Institute), Carina Walpole (Ma-
ter Research Institute, The University of Queensland, Translational 
Research Institute, Woolloongabba, Queensland, Australia), Liam 
O’Brien (Mater Research Institute, The University of Queensland, 
Translational Research Institute, Woolloongabba, Queensland, 
Australia), Ingrid Leal Rojas (Mater Research Institute, The Uni-
versity of Queensland, Translational Research Institute, Wool-
loongabba, Queensland, Australia), Victoria Atkinson (School of 
Clinical Medicine, The University of Queensland, Woolloongabba, 
Queensland, Australia), Andrew Barbour (PA-Southside Clinical 
School, School of Medicine, The University of Queensland, Wool-
loongabba, Queensland, Australia), Kristen Radford (Mater Re-
search Institute, The University of Queensland, Translational Re-
search Institute, Woolloongabba, Queensland, Australia).

The conventional type 1 dendritic cell subset (cDC1, also known 
as CD141+ DCs in humans) are essential for the development of 
protective CD8+ anti-tumor immune responses and efficacy of 
immunotherapies as demonstrated by animal models. However, 
very little is known about DC subsets in human cancer patients. 
We developed a whole blood assay for quantitation, phenotyp-
ing, and functional characterization of human DC subsets (CD141+ 
DCs, CD1c+ DCs, and plasmacytoid DCs (pDCs)) by flow cytom-
etry and compared these in healthy donors and in patients with 
stage III and IV metastatic melanoma. CD141+ DC and pDC num-
bers were decreased in stage IV melanoma patients compared to 
healthy controls. Significantly higher CD141+ and CD1c+ DC num-
bers were found in male patients, but DC numbers did not appear 
to correlate with age. We further examined DC function post toll-
like receptor (TLR) stimulation by assessing costimulatory mole-
cules CD40 and CD83, and the inhibitory ligand PD-L1. Following 
stimulation with TLR3 and TLR7/8 agonists, CD141+ DCs in mela-
noma patients were selectively impaired in their ability to induce 
CD83. TNFα, IL-1β, and IL-8 were significantly elevated in patient 
plasma following TLR stimulation compared to equivalently-treat-
ed healthy control plasma, whereas IFNα2 was decreased. We 
further examined patients undergoing anti-PD-1 and/or anti-CT-
LA-4 immunotherapy by assessing samples pre-treatment, and 
at 6 weeks-, 12 weeks-, and 6 months during treatment. While DC 
numbers prior to treatment did not correlate with responses, all 
DC subsets were decreased by 6 months into treatment selec-
tively in non-responders. CD83 expression on stimulated CD141+ 
and CD1c+ DCs was also significantly lower in non-responders by 
6 months into treatment compared to that of responders. IFNλ1 
detected in plasma following TLR3 and TLR7/8 stimulation was 
significantly higher in responders than in non-responders when 
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pre-treatment samples were assessed. IL-1β and IFNγ were also 
higher in responders when 6-month on-treatment samples were 
assessed. Taken together, these results demonstrate impairments 
in CD141+ DCs in advanced melanoma patients and provide a 
rationale for strategies to enhance CD141+ DC numbers and/or 
function to improve tumor immune responses.

Keywords : Melanoma, Dendritic cell, Immune checkpoint inhibitor, 
Whole blood.

B015 / Genetic and pharmacologic suppression of the 
myeloid-cell specific Src-kinase HCK improves immune 
checkpoint-mediated anti-tumor responses

Matthias Ernst (Olivia Newton-John Cancer Research Institute), 
Ashleigh R Poh (Olivia Newton-John Cancer Reserach Institute).

While immunotherapies that target PD1 and CTLA4 have shown 
impressive clinical success in several cancers such as melanoma 
and renal-cell carcinoma, many solid malignancies remain re-
fractory to treatment with immune checkpoint inhibitors. One of 
the underlying reasons for this has been attributed to immuno-
suppressive tumor microenvironments (TME) characterized by 
increased infiltration of myeloid cells, including alternatively-ac-
tivated neutrophils and macrophages. The latter display an im-
mune suppressive and tumor-promoting endotype, which limit 
the recruitment of effector T cells. Accordingly, strategies are pur-
sued to limit the abundance and recruitment of myeloid cells in to 
the TME, as well as to interfere with their plasticity and associated 
polarization towards alternatively activated endotypes. 

Elevated expression of the myeloid-specific Src-family kinase 
Hematopoietic Cell Kinase (HCK) occurs in a majority of solid 
malignancies and correlates with poor patient survival. Using ge-
netic mouse models of constitutive HCK activation (HCKCA) and 
HCK-knockout (HCKKO), we have previously shown in adaptive 
bone marrow chimeras that the HCK genotype affects the growth 
of endogenous and xenograft tumors [Poh et al, Cancer Cell 2017]. 
These observations directly correlate with spontaneous HCK-
CA-dependent polarization of tumor-associated macrophages to 
an alternatively-activated Arg2-high/Ym1-high/Tie2-high/NOS-
low endotype, which is markedly reduced in HCKKO cells. Impor-
tantly, inhibition of HCK signaling with a small molecule kinase 
inhibitor reduced the growth of endogenous mouse and human 
xenograft tumors by impairing alternative macrophage polariza-
tion in wild-type but not in HCKKO hosts. 

Using syngeneic models of gastrointestinal cancer or mela-
noma, we now demonstrate that the anti-tumor effect of HCK 
suppression is further enhanced when combined with anti-PD1, 
anti-CTLA4, or agonistic-CD40 based immune therapy. These ob-
servations are underpinned by a mechanism whereby these an-
tibodies confer increased tumor cell apoptosis in HCKKO hosts. 
We show that this synergy is sensitive to CD8+ T-cell ablation, 
and we functionally attribute this effect to increased production 
of cytotoxic IFNgamma, Perforin and Granzyme B by CD8+ T and 
NK cells, and of IL12 by macrophages. Likewise, pharmacologic 
inhibition of HCK also augments the anti-tumor activity of an-
ti-PD1, anti-CTLA4, and agonistic-CD40 antibodies by reversing 
the alternatively-activated macrophage endotype and associated 
immunosuppressive TME to enable infiltration of effector T-cell in 
to the tumor cores. 

Collectively, our observations establish HCK as a readily targe-
table myeloid-specific kinase to complement current approach 
(i.e. inhibition of Csf-1R and/or PI3Kgamma/delta) to reverse the 
immunosuppressive TME in solid cancers and to improve the effi-
cacy of immunotherapy.

Keywords : Immunotherapy, Solid malignancies, Myeloid cells, 
Scr-family kinase.
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B016 / In-vitro study of combinatory therapy of the on-
colytic adenovirus ONCOS-102, checkpoint inhibitors and 
standard of care (pemetrexed plus cisplatin) in malignant 
mesothelioma

Lukasz Kuryk (Targovax Oy, Clinical Science (FI); National Insti-
tute of Public Health – National Institute of Hygiene, Department 
of Virology (PL)), Anne-Sophie W Møller (Targovax ASA, Clinical 
Science, Oslo, Norway), Magnus Jaderberg (Targovax ASA, R&D, 
Oslo, Norway).

Malignant mesothelioma (MM) is an aggressive and a rare form of 
cancer that develops from mesothelium. The median survival time 
for mesothelioma patients after diagnosis is typically only around 
12 months. MM tumors are often poorly responsive to standard 
therapies and incidence is constantly increasing worldwide. The 
low incidence of MM has led to limited investment in discovery 
and research of new drugs. There is therefore a high medical need 
for new treatment modalities. 

Oncolytic adenoviruses are promising and potentially powerful 
immunotherapy tools for treatment of cancer. This approach ex-
ploits the high immunogenicity of adenovirus. In addition, oncol-
ysis releases tumor epitopes for processing of antigen presenting 
cells (APC) and may ultimately lead to the development of adap-
tive cellular immune responses specific for tumor epitopes. Im-
munogenicity of adenovirus can be further enhanced by arming 
the virus with an immune-stimulatory transgene. The overall an-
titumor efficacy can be potentially enhanced by combining viral 
immunotherapy with other agents such as check point inhibitors. 
Indeed, in our previous study we have observed synergistic an-
ti-tumor effect when combining oncolytic adenovirus ONCOS-102 
with pembrolizumab in humanized mice melanoma model. 

ONCOS-102 is an oncolytic adenovirus armed with human GM-
CSF and an Ad5/3 chimeric capsid. It has shown to be well toler-
ated in phase I study (NCT01598129) wherein it induced antitumor 
immunity, infiltration of CD8+ T cells to tumors, and up-regulation 
of PD-L1. In this study, local ONCOS-102 treatment of patients 
with treatment refractory pleural mesothelioma induced systemic 
anti-tumor CD8+ T cell responses and tumour infiltration of CD8+ 
T cells. 

The aim of this in-vitro study was to examine the benefits of a 
combining ONCOS-102 with the immunotherapeutic anti-PD-1 an-
tibody, pembrolizumab and standard of care (SoC/pemetrexed 
plus cisplatin) which will next be followed by in-vivo experiments. 
The hypothesis being that co-administration of agents, such as 
anti-PD1 antibodies and ONCOS-102, may reactivate tumor infil-
trating leukocytes against the numerous exposed tumor-associ-
ated antigens released by lysis as the final step of viral replication. 

Cytotoxicity was investigated with assays for measuring apopto-
sis, necrosis and cell viability. The amount of apoptosis and ne-
crosis after treatment was assessed by Annexin V and PI stain-
ing. Annexin V staining showed that MSTO-211H, NCI-H226 and 
Mero-95 were sensitive to ONCOS-102 treatment. SoC treatment, 
used as a positive control, significantly triggered apoptosis and 
necrosis on all the cell lines tested whereas pembrolizumab had 
no effect. 

Cell viability was investigated by MTS assay. SoC diminished cell 
viability for MSTO-211H, Mero-82 and Mero-95 cell lines. Treatment 
with ONCOS-102 (50 and 100 VP/cell) resulted in reduction of cell 
viability (MTS) for all investigated 5 mesothelioma cell lines. 

Calreticulin exposure was triggered after treatment with SoC for 
all the cell lines but no calreticulin exposure was induced after 
ONCOS-102 treatment. 

HMGB-1 release was induced after treatment with ONCOS-102 for 
all cell lines except for NCI-H2452. 

All cell lines highly expressed PD-L1 (more than 85%) except 
NCI-H2452, for which only 45% of the cells expressed PD-L1. 

Data indicate that NCI-H226 and MSTO-211H cells responded well 
to ONCOS-102 monotherapy treatment and also to SoC therapy 
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(pemetrexed plus cisplatin). Additive effect was further observed 
when ONCOS-102 was combined with SoC. Pembrolizumab alone 
had no adverse effects on any cell lines tested. However additive 
effect was observed when ONCOS-102 was combined with pem-
brolizumab. These findings give a rationale for the further preclin-
ical testing of ONCOS-102 in combination with first-line chemo-
therapy and pembrolizumab in malignant mesothelioma.

Keywords : oncolytic adenovirus, ONCOS-102, melanoma, CPI.
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B017 / Tumor-intrinsic factors that prevent leukocyte 
recruitment in a spontaneous mouse model of gastric 
cancer

Viola Puddinu (University of Geneva), Betül Ta²koparan (Universi-
ty of Geneva), Carole Bourquin (University of Geneva).

Gastric cancer is the sixth most frequent type of cancer world-
wide and the third leading cause of cancer-related death. The 
success of immunotherapy makes it an appealing strategy to 
treat gastric cancer, but recent clinical trials have reported limited 
efficacy of immune checkpoint inhibitors in this indication. Devel-
oping new therapeutic strategies is thus essential to improve the 
efficacy of immunotherapy and the outcome in this disease. Here 
we characterized the anti-tumor immune response in a mouse 
model of spontaneous gastric cancer, the CEA424-SV40 T Ag 
mice. These mice develop stomach tumors that grow as multi-
focal plaques in the gastric mucosa and progressively invade the 
surrounding tissues. We observed an age-dependent increase of 
leukocyte numbers in the tumors, consisting mainly of PD-L1+ 
myeloid cells and B cells. Low numbers of CD62L- CD44+ effector 
T cells were also detected, expressing markers of T-cell activation 
as well as immune checkpoint molecules commonly associated 
with T-cell exhaustion such as PD-1. Detailed histological analy-
sis revealed that the leukocytes were largely excluded from the 
tumor and were confined to the tumor-surrounding stroma, in a 
pattern characteristic of immune-excluded cancer. As reported in 
literature, immune-excluded tumors are less likely to respond to 
immune checkpoint blockade, and in line with this, we observed 
no efficacy of anti-PD-1 therapy. RNAseq analysis of the tumor 
revealed that the TGFβ signalling pathway together with factors 
typical of stroma remodelling were upregulated in late stage tu-
mors in these mice. Using the RNAseq data from these mice, we 
developed a new gene signature for stroma remodelling. Impor-
tantly, this signature can be translated to the human system and 
serves as a better predictor for overall survival in patients with 
stomach adenocarcinoma than previously described signatures. 
Our findings thus suggest that the CEA424-SV40 T Ag mouse 
model mirrors essential pathological immune mechanisms pres-
ent in gastric cancer patients with poor prognosis. We propose 
that these mice are a good platform to test new therapeutic strat-
egies, including combinatorial treatment with immune checkpoint 
blockade in order to enhance the outcome of immunotherapy in 
gastric cancer

Keywords : Gastric cancer, immune-excluded tumors, Stroma re-
modeling, TGFbeta.
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B018 / CD40 agonist primes the T cell response to αPD1 
treatment in an αPD1 resistant model of muscle-invasive 
bladder cancer

Marine M Leblond (Clinical Tumor Biology & Immunotherapy 
Group, Department of Oncology, University of Lausanne), Laure 
Tillé (Clinical Tumor Biology & Immunotherapy Group, Depart-
ment of Oncology, University of Lausanne), Sina Nassiri (Clinical 
Tumor Biology & Immunotherapy Group, Department of Oncolo-
gy, University of Lausanne ; Bioinformatics Core Facility, SIB Swiss 
Institute of Bioinformatics, Lausanne), Connie Gilfillan (Clinical Tu-
mor Biology & Immunotherapy Group, Department of Oncology, 
University of Lausanne), Claire Imbratta (Clinical Tumor Biology 
& Immunotherapy Group, Department of Oncology, University of 
Lausanne), Daniel E Speiser (Clinical Tumor Biology & Immuno-
therapy Group, Department of Oncology, University of Lausanne), 
Grégory Verdeil (Clinical Tumor Biology & Immunotherapy Group, 
Department of Oncology, University of Lausanne).

Bladder cancer (BCa) represents the fourth most common can-
cer in men, with poor patient prognosis for advanced disease [1]. 
The recently introduced immunotherapy have allowed to improve 
the treatment of advanced BCa patients, but only a fraction of 
them respond to immune checkpoint blockade (αPD1/αPDL1) 
[2]. To better understand the immune biology of the disease and 
its relevance for the patient’s outcome, we developed a genetic 
mouse model for BCa that recapitulates the various stages of the 
human disease. Specific deletion of Tp53 and Pten in the bladder 
induced non-muscle invasive BCa, followed by transition to mus-
cle invasive BCa (MIBC) and then metastatic disease. With tumor 
progression, we observed a transition from an inflammatory mi-
croenvironment to a pro-tumoral/immunossupressive one, going 
along with a M1 to M2 transition of macrophages, increased ex-
pression of PD1 by T cells and accumulation of regulatory T cells. 
Interestingly, this MIBC model is resistant to αPD1 treatment. Af-
ter investigating various immunotherapy combinations, we found 
that αCD40+αPD1 led to an increase of CD8 TIL infiltration and 
IFNγ production, a re-polarization of macrophages toward a M1-
like phenotype and significantly prolonged mouse survival. We 
revealed that CD8 T cells, macrophages and IFNγ were necessary 
for the control of the tumor, and that IFNγ production by CD8 T 
cells was directly related to the repolarization of macrophages. To 
conclude, our mouse model is representative of the large propor-
tion of MIBC patients that does not respond to αPD1 treatment, 
making it suitable to test new immunotherapeutic strategies for 
these patients. Treatment with αCD40+αPD1 was successful by 
reprograming the immune microenvironment, suggesting its po-
tential as an effective combinatorial therapy for patients with 
MIBC that are resistant to currently available therapies.

Keywords : Bladder cancer, anti-PD1, anti-CD40.
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B019 / Improving the resistance against PD-1 blockade 
therapy in melanoma lung metastasis by STING ago-
nist-loaded lipid nanoparticles

Takashi Nakamura (Faculty of Pharmaceutical Sciences, Hokkaido 
University), Takanori Sato (Faculty of Pharmaceutical Sciences, 
Hokkaido University), Naomichi Takahashi (Faculty of Pharma-
ceutical Sciences, Hokkaido University), Yusuke Sato (Faculty of 
Pharmaceutical Sciences, Hokkaido University), Hideyoshi Ha-
rashima (Faculty of Pharmaceutical Sciences, Hokkaido Univer-
sity).

The appearance of immune-checkpoint inhibitors such as the pro-
grammed cell death 1 (PD-1) antibody has revolutionized the field 
of cancer therapy. However, positive responses were observed in 
only a minority of patients treated. In some types of cancers that 
are resistant to PD-1 blockade therapy, a weak immune response 
and a few immune cells were observed in the tumor microenvi-
ronment, which is referred to as a cold tumor. In this situation, 
activating the immune system in our body is a promising strategy 
for converting cold tumors into hot tumors. Cyclic di-GMP, a cy-
clic dinucleotide found in bacteria, is known to induce an immune 
response by activating the stimulator of interferon genes (STING) 
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pathway. The STING pathway is an innate immune pathway sens-
ing cytosolic DNA and an agonist of the STING pathway would 
be a promising adjuvant for use in cancer immunotherapy. We 
reported on the development of a cyclic di-GMP (for use as a 
STING agonist) loaded in a lipid nanoparticle (STING-LNP), which 
showed strong antitumor immune responses (ref. 1 and 2). In this 
study, we report on an evaluation of the potential of the STING-
LNP to convert cold tumors into hot tumors, in which an immune 
response is actively generated and the resistance against PD-1 
blockade therapy is improved. 

Evaluations of antitumor activity were performed by measuring 
the expression of luciferase in a lung metastasis mouse model 
prepared by the administration of B16-F10-luc2 cells via the tail 
vein. The administration of the PD-1 antibody alone showed no 
antitumor activity, indicating its resistance against PD-1 block-
ade therapy. On the other hand, the use of a combination of the 
STING-LNP and the PD-1 antibody showed a remarkable antitu-
mor effect, suggesting that the resistance against PD-1 blockade 
therapy was improved by the treatment with the STING-LNP. 
Subsequently, we elucidated the mechanism of the reduced resis-
tance to PD-1 blockade therapy by the treatment of STING-LNP. 
An analysis of gene expression in a lung with B16-F10-luc2 metas-
tasis indicated that NK cells, helper T cells, PD-1 expression and 
IFN-γ production were all increased by the STING-LNP treatment, 
suggesting that the cold tumor was converted into a hot tumor. 
Moreover, the expression of the programmed cell death ligand 1 
(PD-L1) was strongly enhanced in the tumor colony in the lung 
tissue after the STING-LNP treatment. These results indicate that 
the conversion to a hot tumor by the STING-LNP administration 
induced the expression of PD-L1 on the cancer cells and estab-
lished immune suppression via PD-1/PD-L1 interaction, resulting in 
the appearance of the PD-1 blockade effect. 

Collectively, the STING-LNP represents an example of a promising 
adjuvant system for improving the resistance against PD-1 blo-
kade therapy in melanoma lung metastasis and that a combina-
tion therapy using the STING-LNP and a PD-1 antibody can be an 
effective cancer immunotherapy. 

Keywords : PD-1 blockade, STING agonist, delivery system, adju-
vant 
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B020 / Methionine increases the efficacy of suboptimal 
anti-PD-1 treatment by boosting an anti-tumor γδ/ CD8+ 
T cell crosstalk

Sofia Mensurado (Instituto de Medicina Molecular – João Lobo 
Antunes, Faculdade de Medicina, Universidade de Lisboa), Karine 
Serre (Instituto de Medicina Molecular – João Lobo Antunes, Fac-
uldade de Medicina, Universidade de Lisboa), Bruno Silva-Santos 
(Instituto de Medicina Molecular – João Lobo Antunes, Faculdade 
de Medicina, Universidade de Lisboa).

Tumors develop potent mechanisms to evade immune surveil-
lance, such as T cell inhibition through the PD-1/ PD-L1 immune 
checkpoint pathway. This led to the development of blocking 
monoclonal antibodies that produced remarkable success in the 
treatment of some advanced-stage cancers, particularly in mel-
anoma and lung carcinoma. Regrettably, most patients in many 
cancer types do not respond or have limited clinical benefit from 
anti-PD-1 antibody therapy, thus urging the need to improve its 
efficacy. Based on the overt negative impact of oxidative stress 
on T cell responses, we explored here the potential of combin-
ing checkpoint inhibition with the administration of methionine, 
whose metabolism provides substrates for producing the key cel-
lular anti-oxidant, glutathione. We found that methionine supple-
mentation enhances the efficacy of suboptimal anti-PD-1 therapy 
in an orthotopic murine model of triple-negative breast cancer. In 

comParison with anti-PD-1 single therapy, the combination with 
methionine supplementation in vivo leads to increased accumula-
tion of γδ T cells and IFN-γ-producing CD8+ T cells with enhanced 
killing ability in the tumor bed. Depleting strategies and genetic 
approaches revealed that both CD8+ and γδ T cells are necessary 
for the decreased tumor growth upon combination treatment. In-
terestingly, γδ T cells appear to be upstream of the CD8+ T cell re-
sponse, since the accumulation of IFN-γ-producing CD8+ T cells 
within tumor lesions is markedly reduced in TCRδ-deficient mice. 
These data reveal an unanticipated γδ / CD8+ T cell axis, spe-
cifically boosted by methionine metabolism, that enhances the 
efficacy of suboptimal anti-PD-1 therapy in pre-clinical models of 
breast cancer.

Keywords : Anti-PD-1, methionine, gamma-delta T cells, CD8 T 
cells.

B021 / Autophagy inhibits abscopal responses to radia-
tion driven by mitochondrial DNA

Takahiro Yamazaki (Weill Cornell Medical College), Marissa Ryb-
stein (Weill Cornell Medical College), Aitziber Buqué (Weill Cor-
nell Medical College), Ai Sato (Weill Cornell Medical College), 
Lena Stafford (Weill Cornell Medical College), Norma Bloy (Weill 
Cornell Medical College), Giulia Petroni (Weill Cornell Medical Col-
lege), Lorenzo Galluzzi (Weill Cornell Medical College).

Background : Macroautophagy (autophagy) is an evolutionarily 
conserved cellular mechanism culminating with the lysosomal 
degradation of dispensable, damaged or potentially toxic cyto-
plasmic structures including permeabilized mitochondria. Auto-
phagy helps cancer cells to adapt to harsh environmental condi-
tions and to resist therapy. However, autophagy in malignant cells 
is also key for anticancer immune responses. Thus, whether auto-
phagy should be inhibited or activated in the context of cancer 
therapy remains debated. Since : (1) autophagy has been shown 
to play a key role in the removal of multiple sources of cytosolic 
DNA including micronuclei and permeabilized mitochondria, (2) 
cytosolic DNA leads to type I interferon (IFN) secretion, and (3) 
type I IFN is required for systemic immune responses activated 
by radiation therapy (RT), we asked the question as to wheth-
er selectively inhibiting autophagy in cancer cells may boost the 
ability of RT to initiate anticancer immunity. Moreover, we evaluat-
ed the contribution of mitochondrial DNA (mtDNA) to abscopal 
responses driven by RT. 

Methods/Tools : CRISPR/Cas9 technology was used to render 
mouse mammary carcinoma TSA cells autophagy deficient, 
and chemical inhibitors of autophagy were employed. Autopha-
gy-competent versus –deficient cells were characterized for auto-
phagic proficiency (by immunoblotting), resistance to cell death 
induced by RT (by multicolor flow cytometry and clonogenic as-
says), sensitivity to RT in vivo, in immunocompetent syngeneic 
hosts (by tumor growth tests), and production of type I IFN (by 
RT-PCR and ELISA). Alongside, mitochondria-deprived (Rho0) 
TSA cells were generated and tested for accumulation of cytoso-
lic DNA (by immunofluorescence and subcellular fractionation), 
and type I IFN expression (by RT-PCR) upon irradiation. More-
over, TSA cells were employed to generate slightly asynchronous 
tumors in immunocompetent syngeneic mice. Only one of these 
tumors (that was either autophagy-competent or-deficient) was 
irradiated in the context of CTLA4 inhibition, and the response 
of both the irradiated and non-irradiated (abscopal) tumor was 
monitored. 

Results : Autophagy inhibition increased the sensitivity of mouse 
mammary carcinoma cells to RT, in vitro and in vivo. The ability of 
RT to drive cytosolic DNA accumulation and type I IFN production 
was lost in Rho0 cells, and cytosolic DNA was found in the prox-
imity of mitochondria (but not nuclei) in wild-type cells. Moreover, 
pharmacological and genetic autophagy inhibition increased the 
capacity of mouse mammary carcinoma cells to secrete type I 
IFN in response to RT, correlating with increased accumulation of 
cytosolic DNA. Finally, immunocompetent mice bearing syngene-
ic autophagy-deficient mouse mammary carcinoma cells mount-
ed improved abscopal responses to RT (in the context of CTLA4 
blockade) as compared to immunocompetent mice bearing syn-
geneic autophagy-competent cells, as determined by growth in-
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hibition of a distant, non-irradiated, autophagy-competent lesion. 

Conclusion : Autophagy inhibits abscopal responses driven by RT 
as a consequence of its ability to dispose of permeabilized mi-
tochondria, which stands out as a major initiator of type I IFN 
secretion in this setting.

Keywords : systemic anti-tumor immunity, Type I IFN, CTLA-4.

B022 / Sustained compensatory p38 MAPK signaling ac-
tivation following RAS/RAF/MEK inhibition induces upre-
gulation of the immunosuppressive protein CD73

Mikkel G Terp (University of Southern Denmark), Henriette Vever 
(University of Southern Denmark), Henrik J Ditzel (University of 
Southern Denmark).

The RAS/RAF/MEK (MAPK) pathway play a central role in im-
mune regulation within the tumor microenvironment and intrigu-
ingly inhibitors of this pathway have been shown to both sup-
press and promote tumor-immune activity suggesting that the 
immunomodulatory activity of MAPK inhibitors is multifaceted 
and complex. CD73 has recently attracted substantially attention 
due to its immunosuppressive function through adenosine pro-
duction. The expression of CD73 has been linked to inflammation 
mediated MAPK signaling, through ERK1/2 and c-jun, and shown 
to be altered by inhibition of this pathway. 

Here we show that low CD73 expression significantly correlates 
with an improved response to cetuximab in colorectal cancer 
patients, thus highlighting the importance of CD73 in treatment 
targeting the MAPK pathway. While we confirmed previous re-
ports showing that CD73 expression is downregulated in some 
patient tumors during BRAF inhibition, our clinical data including 
head and neck squamous cell carcinoma and melanoma patients, 
indicates that in the majority of patients CD73 expression was ei-
ther unchanged or upregulated. Interestingly, other transcription-
al targets of the MAPK pathway, including cyclin D1 expression, 
was downregulated in the majority of the latter patient group 
suggesting that the transcriptional activity was indeed inhibited 
in these patients. We further investigated the effect of inhibition 
of the MAPK pathway on human and mouse cell lines as well as 
PDX models. We found that while MAPKi initially significantly 
decreased CD73 expression in most cell lines, CD73 was subse-
quently re-expressed and significantly upregulated compared to 
the initial CD73 level prior to treatment in a subset of the cell lines 
tested. This MAPKi-induced CD73 expression was mediated by 
sustained cross-activation of the p38 pathway and furthermore 
pharmacological inhibition of p38 diminished the upregulation of 
CD73. This pattern of CD73 regulation was also observed in clini-
cally relevant pancreatic and breast cancer PDX models. 

Our results highlight the unfavorable effect of CD73 expression 
during treatment targeting the MAPK pathway and that compen-
satory signaling pathways is activated following MAPK inhibition, 
which might lead to increased CD73 expression in a subset of 
tumors. As a consequence, this might contribute to the develop-
ment of immunologic resistance and emphasizes the importance 
of co-targeting CD73 in order to enhance the anti-tumor effect of 
MAPK targeting drugs.

Keywords : CD73, MAPK.

B023 / Functional impact of anti-PD-L1 treatment on spe-
cific lung (tumor) residing myeloid cell subsets

Cleo Goyvaerts (Vrije Universiteit Brussel).

Antibodies targeting Programmed Death-1 (PD-1) or its ligand 
became a first-line treatment option for metastatic non-small 
cell lung cancer (NSCLC) patients. Unfortunately, about 75% of 
patients don’t show any benefit1. The main clinically applied bio-
marker is PD-L1 expression on tumor cells. However, preclinical 
observations reveal that not PD-L1 on tumor cells, but on tumor 
infiltrating myeloid cells represents a major determinant for ther-
apy outcome2, 3. Further, the lung represents an immunologic or-

gan packed with different innate myeloid subsets that could inter-
act with anti-PD-(L)1 antibody as they express both Fc receptors 
and/or PD-(L)1. Despite these observations, the functional impact 
of anti-PD-L1 therapy on myeloid cells within healthy and NSCLC 
tissue as well as systemically remains largely unknown. 

To evaluate the abundance of specific PD-(L)1+ myeloid subsets 
during NSCLC progression, C57BL/6 mice were intravenously 
challenged with Firefly luciferase (Fluc) encoding Lewis Lung 
Carcinoma (LLC) cells. Next, mice were treated every three days 
with anti-PD-L1 or isotype control for four times in total. NSCLC 
engraftment and PD-(L)1 expression was evaluated on weeks 1, 
2 and 3 using immunohistochemistry and flow cytometry. In ad-
dition, sorted myeloid subsets were functionally evaluated using 
an ex vivo 3D spheroid killing assay next to qPCR for alternative 
checkpoints, arginase 1, nitric and super oxide evaluation. 

First, only a marginal therapeutic benefit without increase in 
CD8+ T cell infiltration was observed upon anti-PD-L1 therapy. In 
contrast, particular myeloid subsets decreased significantly with-
in NSCLC bearing lungs. More specifically the fraction of Ly6G+ 
neutrophils decreased during anti-PD-L1 therapy while the frac-
tion of MHCIIlo F4/80+ macrophages (‘M2’), Ly6C+ inflammatory 
(IM) and Ly6C- residential monocytes (RM) only decreased after 
therapy. Systemically, the ratio of MHCIIlo/MHCIIhi macrophages 
and the amount of CX3CR1+ patrolling monocytes decreased in 
bone marrow or/and in spleen respectively. In contrast, PD-L1+ 
neutrophils and macrophages decreased in blood and spleen 
while all PD-L1+ monocytic fractions decreased only in spleen. 
When lung-residing macrophages and monocytes were sorted 
from healthy or tumor-bearing mice, we could show that in vivo 
anti-PD-L1 treatment increased : 1) SIRP&#120572 ; expression on 
the macrophages and IMs, 2) arginase 1 expression in the RMs, 3) 
superoxide production in the ‘M2’ macrophages, and 4) the CD8+ 
T-cell stimulating potential in an ex vivo 3D spheroid killing assay 
specifically for the ‘M1’ macrophages and RMs. 

These findings shed light on our relatively confined knowledge of 
myeloid cell related responses to anti-PD-L1 treatment that could 
provide novel rationales for potent combination therapies.

Keywords : anti-PD-L1 therapy, lung cancer, myeloid cells, spher-
oids.
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B024 / PI3Kαδ inhibitor and radiation enhance anti-tumor 
effect of PD-1 blockade in syngeneic tumor model

In Ah Kim (Seoul National University), Min Guk Han (Seoul Na-
tional University), Won Ick Chang (Seoul National University), Mi 
Hyun Kang (Seoul National University), Ji Min Park (Seoul Nation-
al University).

Background : Breast cancer has been showing relatively poor re-
sponse to immune checkpoint blockades. We hypothesize that in 
situ tumor vaccination via radiation therapy (RT) and suppression 
of immune tolerance via PI3Kδ inhibition could enhance the effi-
cacy of immune checkpoint blockade and evaluated whether RT 
and a novel PI3Kαδ inhibitor could enhance the efficacy of a PD-1 
blockade in immune-competent syngenic triple negative breast 
cancer model. 

Methods : 4T1 murine breast cancer cells were grown subcutane-
ously in the hind limb of BALB/c mice. Tumors were irradiated 
using 24 Gy/3 fractions. PD-1 blockade and PI3Kαδ inhibitor were 
administered every other day for two weeks, respectively. Tumor 
size was measured periodically to evaluate efficacy of each mo-
dality and combination therapy. Immune-modulatory function 
was evaluated using FACS, Elispot assay and immunohistochemi-
cal staining. Results : Triple combination of RT, PD-1 blockade, and 
PI3Kαδ inhibitor significantly delayed tumor regrowth whereas 
PD-1 inhibitor alone showed only modest effect in 4T1 syngenic 
TNBC model. FACS and IHC study for immune repertoire using 
tumor samples showed that RT and PD-1 blockade modestly in-
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creased the proportion of cytotoxic CD8+ T cells and PI3Kαδ in-
hibitor led to decrease the proportion of regulatory T cells and 
MDSCs. Triple combination showed remarkable increase of cyto-
toxic CD8+ T cells suggesting synergistic immune modulatory ef-
fect of RT, PD-1 blockade and PI3Kαδ inhibitor. Triple combination 
led to significant upregulation of c-GAS/STING pathway in the tu-
mor and increased IFN-γ level in blood as well compared to each 
modality alone.Abscopal effect was observed and it correlated 
with the accumulation of CD8+ T cells in the spleen. 

Conclusion : Taken together, combination of RT and PI3Kαδ in-
hibitor significantly enhanced immune stimulatory function in 
immune competent syngenic TNBC model and enhanced the 
response of PD-1 blockade via non-redundant synergistic im-
mune modulatory effect. This study provides a preclinical ratio-
nale for the combination of PI3Kαδ inhibitor and RT with PD-1 
blockade to overcome the immune tolerance of breast cancer. 
(Work supported by the grants from NRF #2017R1A2B4002710 & 
#2017M2A2A7A01018438 to In Ah Kim)
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B025 / Intratumoral CD40 agonist (APX005M) in com-
bination with pembrolizumab induces broad innate and 
adaptive immune activation in local and distant tumors in 
CPI treatment-naïve metastatic melanoma

Salah-Eddine Bentebibel (University of Texas MD Anderson Can-
cer Center).

The use of immune-checkpoint inhibitors (CPI) has become an im-
portant modality in the treatment of metastatic melanoma (MM). 
However, long-term survival and durable remission rates remain 
low and new treatment options are needed to improve clinical 
outcomes. CD40 activation on antigen presenting cells (APCs) 
initiates their ability to prime and activate CD8+ T cells. APX005M 
is a humanized IgG1 CD40 agonistic antibody that binds with high 
affinity to human CD40 expressed on APCs. Our pre-clinical stud-
ies have demonstrated that intratumoral CD40 activation induced 
systemic anti-tumor effects and synergize with anti-PD-1 therapy. 
Therefore, we hypothesized that intratumoral administration of 
APX005M in a single lesion in combination with pembrolizumab 
would stimulate local APCs and potentiate CD8+ T cell-mediat-
ed local and abscopal anti-tumor responses. This is an ongoing 
dose I/II study of image guided intratumoral (IT) APX005M in 
combination with systemic pembrolizumab in MM. Approximately 
41 participants will be enrolled, all patients (pts) will receive IT 
APX005M every 3 weeks for a total of 4 doses. The dose escala-
tion portion of the trial has been completed with 18 pts enrolled 
in 5 dosing cohorts of APX005M at 0.1, 0.5, 1, 3 and 10 mg in 
combination with standard pembrolizumab at 2 mg/kg. Biomark-
er analyses of blood and tumor biopsies are being performed to 
measure immune activation using immunophenotyping includ-
ing mass cytometry (CyTOF), multiplex immunofluorescence, 
TCR sequencing and gene expression analyses. The combination 
of APX005M with pembrolizumab did not induce dose limiting 
toxicity at any dose level of APX005M. Most treatment-related 
adverse events (TRAEs) were injection-site reactions. No grade 
≥3 TRAEs were reported. 13 pts treated across all five dosing co-
horts have had disease evaluations (as of May 2, 2019 data cut); 
7 pts (54%) achieved partial responses (PR) including 2 pts who 
received 1 mg of APX005M, 2 pts who received 3 mg of APX005M 
and 3 pts who received 10 mg of APX005M. Interestingly, par-
tial responses were observed in both PD-L1 negative and positive 
tumors. 4/13 (31%) pts had stable disease (SD), and 3/13 (23%) 
pts had progression (PD). Preliminary RNA profiling of tumor bi-
opsies obtained from 3 responding pts treated with APX005M 
at dose between 3 to 10 mg and 3 nonresponding pts treated 
with APX005M at lower dose (0.1 and 1 mg) revealed an induc-
tion of broad innate and adaptive immune activation in the re-
sponding pts only. 6 weeks post injection biopsies obtained from 
2 responding pts in both injected and un-injected tumors showed 
upregulation of genes expressed in a variety of APCs including 
DCs, macrophages, and B cells (ITGAX, CD68, CD79A) as well 
as upregulation of genes associated with their activation (CD80, 
CD86, and HLADRA). There were also increase in the genes asso-
ciated with T-cell infiltration and effector functions (CD3G, CD3D, 
CD8A, IFNG, and GZMB). Consistently, TCR sequencing analysis 
demonstrated an increase in T cell infiltration and clonality post 
treatment only in the responding patient reflecting the induction 
of a more oligoclonal T cell repertoire. Strikingly, the increase in 
T-cell infiltration and clonality was observed in both injected and 
un-injected lesions. Collectively, results from the dose escalation 
portion of this trial demonstrated that combination of pembroli-
zumab with intratumoral APX005M is well tolerated, has a nota-
ble clinical response accompanied by broad innate and adaptive 
immune activation in both local and distant lesions. Updated bio-
marker and clinical response data will be presented.

Keywords : Intratumoral CD40 agonist (APX005M) in combina-
tion with pembrolizumab, Metastatic melanoma, innate and adap-
tive immune activation.
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B026 / A novel bifunctional anti-PD-1 / IL-7 fusion protein 
potentiates effector function of exhausted T cell and di-
sarms Treg suppressive activity

Aurore Morello (OSE Immunotherapeutics), Justine Durand (OSE 
Immunotherapeutics), caroline mary (OSE Immunotherapeutics), 
virginie thepenier (OSE Immunotherapeutics), margaux Seite 
(OSE Immunotherapeutics), sabrina Pengam (OSE Immunother-
apeutics), Nicolas Poirier (OSE Immunotherapeutics).

Introduction Despite the clinical success of checkpoint blockade 
therapies over other cancer treatments, most patients remain 
unresponsive or fail to develop a durable response after PD-(L)1 
therapy. We explored a novel combination therapy and designed 
a second generation of PD-1 antibody by fusing IL-7 cytokine to 
the Fc portion. IL-7 is an optimal target for immunotherapy to 
preferentially stimulate effector T cell (Teff) functions over regu-
latory T cells (Treg) due to the differential expression of IL-7R and 
poor capacity of IL-7 to stimulate Treg proliferation (1). Moreover, 
it has been recently published that PD-1 blockades improve IL-7 
signaling in exhausted T cells (2) rationalizing our combination 
approach anti PD-1 antibody + IL-7. We hypothesized that our 
bispecific anti PD-1/IL-7 fusion molecule will outperform anti PD-1 
therapy by promoting a sustaining effector anti-tumor response 
and by impeding the immunosuppressive activity of Treg. Exper-
imental procedure Proliferation (H3 thymidine), IFN-γ secretion, 
IL-7R signaling (pSTAT5) and NFAT activation (PD-1 bioassay, 
PromegaTM) assays were tested to determine the efficacy of the 
anti PD-1/IL-7 on naïve and exhausted-like T cell population in vi-
tro. For the suppressive assay, CD4 Treg and autologous CD8 Teff 
were co-cultured (1 :1) with IL-7, anti PD-1/IL-7, IL-2 or IL-15. Teff 
and Treg proliferation were assessed on 5 days using cell tracer. In 
vivo tumor mouse models were developed by orthotopic injection 
of hepatocarcinoma cells (Hepa1.6), lung carcinoma cells (LLC-1) 
or mesothelioma cells (AK7). 

Summary of data Our anti PD-1/IL-7 bispecific antibody efficiently 
blocks the PD-1/PD-L1 and PD-L2 interactions and the PD-1 me-
diated inhibitory signal (pSHP1). Importantly, we observed that 
the IL-7 portion synergizes with the anti-PD-1 to enhance TCR 
mediated signaling (NFAT). Using a model of repeated TCR stim-
ulation in vitro, we recapitulated chronic antigen stimulation and 
characterized the capacity of T cells to respond to IL-7. Although 
IL-7R expression decrease overstimulation while PD-1 expression 
increased, we observed that partially and fully exhausted T cells 
still efficiently respond to IL-7 as shown by pSTAT5 activation. 
Moreover, IL-7 was able to maintain proliferation of partially and 
fully-exhausted T cells. 

Knowing that Tregs have a key suppressive function in the tumor 
microenvironment, we explored the possibility that anti PD-1/IL-7 
affect Treg functions. In a Treg/Teff coculture assay, we observed 
that IL-7 and the anti PD-1/IL-7 fusion protein does not stimulate 
regulatory T cells (Treg) proliferation, in contrast to IL-2 and IL-15 
cytokines. We also demonstrated that IL-7 as the anti PD-1/IL-7 
abrogates the capacity of Treg to inhibit proliferation and IFN-g 
secretion of effector CD8+ T cells. 

To investigate the potential therapeutic effect of anti PD-1/IL-7 
in vivo, we first developed and characterized multiple orthotopic 
tumor mouse models that are sensitive and resistant to anti PD-1 
treatment. In PD-1 sensitive model (Mesothelioma), only 10% of 
intratumoral T cells express IL-7R whereas in PD-1 resistant model 
(Hepatocarcinoma and Lung carcinoma), 40-60% of Tumor-infil-
trating T cells (both CD4 and CD8) express IL-7R and are sensitive 
to IL-7 stimulation ex vivo (pSTAT5 activation). Experiments are 
ongoing to evaluate the efficacy of Anti PD-1/IL-7 versus anti PD-1 
alone in these tumor models. Our preliminary data showed that 
the anti PD-1/IL-7 bispecific can reactivate intratumoral T cells 
that are resistant to PD-1 therapy. 

Conclusion Our data validate the therapeutic potential of anti 

PD-1/IL-7 molecule. The bifunctional anti-PD1/IL-7 favors the T cell 
effector over T regulatory immune balance by stimulating effec-
tor T-cell functions (proliferation, IFN-γ) while disarming regula-
tory T cells.

Keywords : bispecific antibody, PD-1, IL-7, exhaustion.
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B027 / MGD019, a PD-1 x CTLA-4 Tetravalent Bispecific 
DART® Protein, Provides Optimal Dual Checkpoint Bloc-
kade

Alexey Berezhnoy (MacroGenics, Inc), Stahl Kurt (MacroGenics, 
Inc), Kalpana Shah (MacroGenics, Inc), Daorong Liu (MacroGenics, 
Inc), Jonathan Li (MacroGenics, Inc), Douglas Smith (MacroGen-
ics, Inc), Jill Rillema (MacroGenics, Inc), Sergey Gorlatov (Macro-
Genics, Inc), Valentina Ciccarone (MacroGenics, Inc), Ralph Alder-
son (MacroGenics, Inc), Hua Li (MacroGenics, Inc), James Tamura 
(MacroGenics, Inc), Jennifer Brown (MacroGenics, Inc), Bradley 
Sumrow (MacroGenics, Inc), Jon Wigginton (MacroGenics, Inc), 
Ezio Bonvini (MacroGenics, Inc), Gundo Diedrich (MacroGenics, 
Inc), Paul Moore (MacroGenics, Inc).

Combinatorial blockade of PD-1 and CTLA-4 has shown clinical 
benefit beyond that observed with individual mAbs, albeit with 
increased toxicity. Co-expression of the checkpoint receptors 
creates an opportunity for selective, enhanced blockade of dual 
PD-1/CTLA4 expressing cells through use of a bispecific inhibitor 
targeting both pathways simultaneously. 

Consistent with previous reports, multiplex in-situ hybridization 
(ISH) demonstrated enrichment of PD-1/CTLA-dual positive cells 
in neoplastic lesions relative to normal tissues, where distinct 
populations expressed CTLA-4 or PD-1. PD-1 x CTLA-4 molecules 
were designed as either bivalent or tetravalent bispecific engagers 
with a human IgG4 backbone ; in vitro characterization revealed 
that both 1 x 1 and 2 x 2 bispecific PD-1 x CTLA-4 formats block 
each checkpoint molecules, with enhanced blockade of CTLA-4 
over that achieved with anti-CTLA4 mAb on dual expressing cells. 
As expected, 1 x 1 format molecules are less efficient in blocking 
PD-1 in cell models lacking CTLA-4 expression, while 2 x 2 mol-
ecules demonstrate full PD-1 blockade equipotent to a nivolum-
ab replica. Likewise, the 2 x 2 format molecule effectively blocks 
CTLA-4 ligand interactions on PD-1negCTLA4pos cells, while the 
1 x 1 design is significantly less efficient. The tetravalent bispecif-
ic molecule was designated as MGD019 and selected for clinical 
development. 

In primary cell assays in which both CTLA-4 and PD-1 contribute 
to inhibit T-cell activation, MGD019 enhances antigen-driven in 
vitro T-cell activation to a level comparable to the combinatori-
al PD-1 plus CTLA-4 blockade. Tumor microenvironment models 
that recapitulate vascular or stromal compartments confirmed 
MGD019 induces in vitro immune response profiles comparable to 
those observed with replicas of ipilimumab plus nivolumab. Unlike 
ipilimumab, however, MGD019 does not reduce the number of pe-
ripheral blood Tregs ex vivo. 

MGD019 was well tolerated in cynomolgus monkeys, with no mor-
tality or significant adverse findings up to 100 mg/kg QWx4. T-cell 
proliferation in the periphery and expansion in lymphoid organs 
was observed, with increases in ICOS+ CD4 cells and memory T 
cells, findings attributable to the CTLA-4 blocking arm, since the 
anti-PD-1 mAb precursor was devoid of these activities. 

In summary, MGD019 offers the convenience of a single molecule 
administration for dual checkpoint blockade. In addition to pro-
viding full blockade on cells expressing PD-1 or CTLA-4 individu-
ally, MGD019 exploits dual target avidity resulting in preferential 
engagement and enhanced blockade on cells that express both 
checkpoint molecules, a feature that could provide additional 
benefits given the preeminent co-expression of CTLA-4 and PD-1 
by TILs. These data indicate support clinical testing of MGD019 in 
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cancer patients.

Keywords : PD-1, CTLA-4, bispecific, memory.

B028 / Tumor-expressed B7x promotes the induction of 
regulatory T-cells and resistance to immune checkpoint 
blockade

Peter John (Albert Einstein College of Medicine), Kim Ohaegbu-
lam (Albert Einstein College of Medicine), Yao Wei (Albert Ein-
stein College of Medicine), Xingxing Zang (Albert Einstein College 
of Medicine).

The B7/CD28 families of ligands/receptors play crucial roles in 
cancer progression, as tumors rely on inhibitory pathways, i.e. im-
mune checkpoints, to evade immune-mediated killing. Blockade 
of checkpoints such as CTLA-4, PD-1, and PD-L1 is effective in 
the treatment of many cancers, but resistance to these therapies 
is common. B7x (B7-H4) is a less characterized member of the 
B7 family that is frequently overexpressed by human cancers and 
inhibits anti-tumor immunity. Since B7x mediates an inhibitory 
pathway that suppresses the anti-tumor immune response, we 
hypothesized that expression of B7x on tumor cells would reduce 
the therapeutic efficacy of checkpoint inhibitors such as anti-CT-
LA-4. 

To investigate this potential mechanism of resistance, we used the 
MC38 syngeneic murine tumor model. Mice were engrafted with 
MC38 colon carcinoma cells that were either stably transduced to 
express B7x (MC38-B7x) or were mock transduced (MC38-con-
trol). We observed that anti-CTLA-4 treatment was less effective 
in inhibiting the growth of MC38-B7x tumors as compared to 
MC38-control tumors. Analysis of tumor-infiltrating immune cells 
showed that B7x-expressing tumors had increased regulatory T 
cell (Treg) populations and reduced activation of effector T and 
NK cells after anti-CTLA-4 treatment. Moreover, increased Tregs 
were also observed in B7x-expressing tumors of untreated mice. 
In vitro, we observed that naïve CD4 T cells converted into Tregs 
at greater rates in the presence of recombinant B7x-Ig protein 
or B7x-expressing MC38 cells, than with control Ig-protein or 
B7x-negative cells. When Tregs were transiently depleted in tu-
mor-bearing mice, the resistance of MC38-B7x tumors to anti-CT-
LA-4 was eliminated, demonstrating that Tregs are necessary for 
the resistance phenotype. Further, combination treatment with 
an anti-B7x monoclonal antibody together with anti-CTLA-4 
demonstrated synergistic efficacy against MC38-B7x tumors and 
abolished their resistance to anti-CTLA-4 therapy. 

These findings reveal novel roles for tumor-expressed B7x in pro-
moting Treg induction and reducing the efficacy of anti-CTLA-4. 
Further, we demonstrate the synergistic therapeutic effect of an-
ti-B7x with anti-CTLA-4, highlighting a promising new strategy 
for cancer immunotherapy.
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B029 / Heterogeneity of T-cell receptor and tumor 
neo-epitope repertoires in experimental glioma in the 
context of immune checkpoint blockade

Verena Turco (DKTK CCU Neuroimmunology and Brain Tumor 
Immunology, German Cancer Research Center, Heidelberg, Ger-
many), Katrin Deumelandt (DKTK CCU Neuroimmunology and 
Brain Tumor Immunology, German Cancer Research Center, Hei-
delberg, Germany), Chin Leng Tan (DKTK CCU Neuroimmunology 
and Brain Tumor Immunology, German Cancer Research Center, 
Heidelberg, Germany), Jens Blobner (DKTK CCU Neuroimmu-
nology and Brain Tumor Immunology, German Cancer Research 
Center, Heidelberg, Germany), Ed Green (DKTK CCU Neuroimmu-
nology and Brain Tumor Immunology, German Cancer Research 
Center, Heidelberg, Germany), Jana Sonner (DKTK CCU Neuro-
immunology and Brain Tumor Immunology, German Cancer Re-
search Center, Heidelberg, Germany), Michael Breckwoldt (DKTK 
CCU Neuroimmunology and Brain Tumor Immunology, German 
Cancer Research Center, Heidelberg, Germany), Manuel Fischer 
(Department of Neuroradiology, Heidelberg University Medical 

Center, Heidelberg, Germany), Daniel Schrimpf (DKTK CCU Neu-
ropathology, DKFZ, Heidelberg, Germany), Jochen Meyer (DKTK 
CCU Neuropathology, German Cancer Research Center, Heidel-
berg, Germany), Lukas Bunse (DKTK CCU Neuroimmunology 
and Brain Tumor Immunology, German Cancer Research Center, 
Heidelberg, Germany), Felix Sahm (DKTK CCU Neuropathology, 
German Cancer Research Center, Heidelberg, Germany), Andreas 
von Deimling (DKTK CCU Neuropathology, German Cancer Re-
search Center, Heidelberg, Germany), Michael Platten (DKTK CCU 
Neuroimmunology and Brain Tumor Immunology, German Cancer 
Research Center, Heidelberg, Germany).

Although immune checkpoint blockade (ICB) therapy plays an in-
creasingly important role in treatment of various tumor entities, 
gliomas seem resistant to this line of therapy. Recent evidence 
from a randomized clinical trial did not show a therapeutic benefit 
in an unselected population of patients with recurrent glioblasto-
ma. However, the blood brain barrier does not seem to be a hur-
dle in transducing an effective peripheral immune response into 
tumors treated with ICB, as shown by responses seen in selected 
glioma patients as well as patients with brain metastases. 

This project investigates the mechanisms of effective immune 
response to ICB targeting CTLA-4 and PD-1 in an experimental 
syngeneic glioma model, where we found a remarkably clear di-
chotomy and acquired immune heterogeneity between respond-
er and non-responder mice. Response to ICB was driven by in-
creased numbers of cytotoxic tumor-infiltrating T cells (TILs) and 
distinct phenotypic changes of TILs. Using state-of-the-art single 
cell RNASequencing as well as VDJ analysis of TILs from respond-
ing and non-responding mice, we were able to faithfully map TIL 
phenotypes and discover unique T-cell receptor (TCR) signatures. 
Within our dataset we found 25 distinct clusters of TCRs which 
are differentially expressed in responding and non-responding 
mice. Likewise, we were able to classify shared TCR motifs in ICB 
responding mice, suggestive of a common tumor-antigen driv-
ing the expansion of reactive clones in responding mice. Acquired 
immune heterogeneity was further indicated by distinct tumor 
neo-epitope repertoires of responder and non-responder tumors, 
where we identified neo-epitopes that were mainly enriched in 
non-responder tumors and thus might have been effectively tar-
geted in ICB responders. Moreover, we demonstrated that peptide 
vaccination in mice with one of our MHC class II neo-epitopes was 
able to induce a strong and consistent immune response. Collec-
tively, we provided evidence for shared TCR signatures as well as 
putative tumor neo-antigens associated with effective ICB thera-
py. These findings might not only be exploited for immunotherapy 
target discovery in glioma patients but also further broaden our 
understanding of T-cell therapy in glioma.

Keywords : Immune Checkpoint Blockers, T-cell therapy, Single 
Cell Sequencing, Glioma.
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B030 / Playing hide and seek with glioblastoma : Using 
epigenetic modulators to increase cancer testis and 
neoantigen expression

Ruichong Ma (MRC Human Immunology Unit, Radcliffe Depart-
ment of Medicine, University of Oxford), Margarida Rei (MRC 
Human Immunology Unit, Radcliffe Department of Medicine, Uni-
versity of Oxford, Oxford, UK), Isaac Woodhouse (MRC Human 
Immunology Unit, Radcliffe Department of Medicine, University 
of Oxford, Oxford, UK), Hashem Kooky (MRC Human Immunolo-
gy Unit, Radcliffe Department of Medicine, University of Oxford, 
Oxford, UK), Puneet Plaha (Department of Neurosurgery, Oxford 
University Hospitals NHS Foundation Trust, Oxford, UK), Vincenzo 
Cerundolo (MRC Human Immunology Unit, Radcliffe Department 
of Medicine, University of Oxford, Oxford, UK).

Background Glioblastoma (GBM) is the most common and ma-
lignant primary brain tumour in adults. With full treatment the 
median survival for such patients is still only 14- 24 months (1). The 
relentless and inevitable progression of glioblastoma is thought 
to be facilitated in part by an immunosuppressive microenviron-
ment, which weakens the ability of the central nervous system 
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to mount an effective and tumour-eradicating response. Howev-
er, despite numerous trials, clinical response in GBM patients to 
these immunomodulatory drugs, including checkpoint inhibitors, 
is modest (2-4). This is in part due to the low number of muta-
tions seen in GBM (5). Epigenetic regulation of tumour cells is be-
coming increasingly recognised as an important factor in tumour 
immune escape with down-regulation of chromatin modifying 
genes being shown to lead to increased sensitivity to checkpoint 
blockade (6) and increased immune-mediated cell killing through 
increased expression of interferon stimulated genes (7). Here, we 
examine the effect of a decitabine (DAC), a DNA methyl-trans-
ferase inhibitor, on the expression of both cancer testis antigens 
(CTA) and neoantigens (NAg). 

Methods Primary GBM cell lines were created through single cell 
suspension of fresh tumour specimens taken at the time of sur-
gery and culturing on laminin coated plates using defined neural 
stem cell media. Neoantigens from Primary and U87MG cell lines 
were predicted using whole exome sequencing data. Differential 
expression of CTA and NAg caused by DAC treatment was deter-
mined using RNA sequencing data from the cell lines in the pres-
ence or absence of 1uM DAC. Peptide specific T cells were isolated 
from peripheral blood mononuclear cells (PBMC) of autologous 
donors and from healthy donors, using fluorescence labelled pep-
tide-MHC class I tetramers. T cell functionality was tested through 
intracellular cytokine staining and/or LDH release killing assay. 

results Four out of nine potential neoantigen encoding mutations 
were significantly upregulated following DAC treatment in U87MG 
cell line and further 7 in the 4 primary patient cell lines. In addition, 
a wide range of CTA were consistently upregulated across the 4 
primary patient cell lines. We were able to establish 1 NAg specific 
T cell clone from 1 patient’s PBMC and 35 clones responsive to 
37/160 peptides across all the cell lines. All T cell clones respond 
to their specific peptide in a concentration specific manner. With-
in these, there are T cell clones that are responsive to NAgs that 
are expressed in the cell line at baseline. These T cell clones are 
able to recognise and kill the specific cell lines in a TCR-MHC de-
pendent fashion. In addition, we show that T cells specific to NAgs 
upregulated by DAC show increased activation and killing against 
cell lines treated with DAC. 

Conclusion Here we show for the first time that a large spectrum 
of CTAs as well as several NAgs are upregulated following DAC 
treatment. We have optimised a protocol for isolation of a panel 
of peptide specific T cells, both from patients and healthy donors, 
for interrogation of increased NAg specific killing following treat-
ment with DAC. Finally, we show these T cells are capable of rec-
ognition of the tumours in a NAg specific fashion and increased 
expression of NAg leads to increased T cell mediated killing.

Keywords : Decitabine, Glioblastoma, Neoantigen, checkpoint in-
hibitor.
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B031 / Targeting lysyl oxidase (LOX) favors T cell migra-
tion in the tumor stroma and enhances anti-PD1 treat-
ment.

Alba Nicolas-Boluda (Institut Cochin, Inserm U1016/CNRS UMR 
8104, Université Paris Descartes, Paris, France), Javier Vaquero 
(Sorbonne Université, Inserm, Centre de Recherche Saint-Antoine, 
CRSA, Paris, France), Sarah Barrin (Institut Cochin, Inserm U1016/
CNRS UMR 8104, Université Paris Descartes, Paris, France), Chah-
razade Kantari-Mimoun (Institut Cochin, Inserm U1016/CNRS UMR 
8104, Université Paris Descartes, Paris, France), Gilles Renault 
(Institut Cochin, Inserm U1016/CNRS UMR 8104, Université Paris 
Descartes, Paris, France), Laura Fouassier (Sorbonne Université, 
Inserm, Centre de Recherche Saint-Antoine, CRSA, Paris, France), 
Florence Gazeau (Laboratoire Matière et Systèmes Complexes 
(MSC), CNRS-UMR 7057, Université Paris Diderot, Paris, France), 
Emmanuel Donnadieu (Institut Cochin, Inserm U1016/CNRS UMR 
8104, Université Paris Descartes, Paris, France).

Cancer immunotherapy is a promising therapeutic intervention. 
However, complete and durable responses are only seen in a frac-
tion of cancer patients. One of the determinants in the success of 
T cell-based immunotherapies lies in the ability of effector T cells 
to reach tumor cells. Solid tumors are characterized by an aber-
rant organization of the extracellular matrix (ECM) in the form of 
highly reticulated and long linear collagen fibers, which have been 
shown to limit T cells infiltration into tumor cell islets. Currently, 
there are several strategies in development to target the tumor 
ECM including the inhibition of lysyl oxidase, an extracellular cop-
per-dependent enzyme upregulated in many tumors that cata-
lyzes the cross-linking of collagen. Here, using several relevant 
preclinical mouse models of pancreatic, breast and bile duct car-
cinomas combined with dynamic imaging on fresh tumor slices, 
we investigated the consequences of LOX pharmacological inhi-
bition with beta-aminopropionitrile (BAPN) on the intratumoral 
migration of T lymphocytes. Our data indicate that treatment of 
mice with BAPN lead to a significant decrease of tumor stiffness 
mapped using shear wave elastography that correlates with an 
increase of T cell intratumoral migration. Although this treatment 
alone has minor effects on tumor growth, its combination with 
anti–PD-1 therapy with X (name of drug) increases the accumu-
lation of effector CD8 T cells and delays tumor progression. This 
study highlights the rationale of combining approaches targeting 
the ECM and immune checkpoint proteins.

Keywords : tumor extracellular matrix, anti-PD1, Lysyl Oxidase, T 
cell migration.

B032 / Oral cancer vaccine using recombinant Bifido-
bacterium expressing WT1 protein and anti-PD1 antibody 
induced WT1 specific immune responses via gut immune 
system in murine bladder cancer model

Koichi Kitagawa (Division of Advanced Medical Science, Kobe 
University Graduate School of Science, Technology and Innova-
tion, Kobe Japan), Naoto Kunimura (Division of Advanced Medical 
Science, Kobe University Graduate School of Science, Technology 
and Innovation, Kobe Japan), Mako Kato (Division of Advanced 
Medical Science, Kobe University Graduate School of Science, 
Technology and Innovation, Kobe Japan), Shota Komai (Division 
of Advanced Medical Science, Kobe University Graduate School 
of Science, Technology and Innovation, Kobe Japan), Hazuki Doi 
(Division of Advanced Medical Science, Kobe University Gradu-
ate School of Science, Technology and Innovation, Kobe Japan), 
Nanoka Sueda (Division of Advanced Medical Science, Kobe Uni-
versity Graduate School of Science, Technology and Innovation, 
Kobe Japan), Yoshiko Hashii (Department of Pediatrics, Osaka 
University Graduate School of Medicine, Suita, Japan), Takane 
Katayama (Division of Integrated Life Science, Graduate School 
of Biostudies, Kyoto University, Kyoto, Japan), Toshiro Shirakawa 
(Division of Advanced Medical Science, Kobe University Graduate 
School of Science, Technology and Innovation, Kobe Japan).

Today, progress of immuno-oncology (I-O) drug has achieved re-
markable success for cancer therapy in urological cancers such 
as renal cancer and urothelial cancers. Immune-checkpoint inhibi-
tors has been considered as one of the most breakthrough in I-O, 
but induction of tumor-specific immune response is still a funda-
mental of I-O therapy. Therefore, combining immune-checkpoint 
inhibitors and cancer vaccines, which can induce tumor-specific 
CTLs, could be a promising modality to increase response rate in 
cancer patients. Recently, we developed an oral vaccine platform 
using recombinant Bifidobacterium longum displaying WT1 pro-
tein (B. longum 420) as an oral cancer vaccine [1], and showed 
anti-tumor effect to bladder cancer in mice in combination with 
anti-PD-1 antibody. In this study, we investigated the mechanism 
of the anti-tumor effect of B. longum 420 to demonstrate how the 
anti-tumor immune responses were induced. 

On million cells of MBT-2, a WT1 and PD-L1-postive murine bladder 
cancer cell line, were subcutaneously inoculated into mice. One 
week after tumor inoculation, 1×109 of B. longum 420, B. longum 
2012 (negative control), or PBS were orally administered 5 times 
a week for following weeks. Intraperitoneal injection of anti-PD-1 
antibody were combined with B. longum 420 administration 
twice a week. After the treatment, tumors, spleens and mesenter-
ic lymph nodes were collected to analyze the immune respons-
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es. As the results, the combination treatment of B. longum 420 
and anti-PD-1 antibody induced significantly higher population 
of tumor infiltrating CD4T cells (0.88%±0.12) than B. longum 420 
alone (0.46%±0.10) (p<0.05) and induced substantially higher 
CD8T cells in MBT-2 tumor. Intracellular cytokine staining showed 
that B. longum 420 induced remarkably higher population of 
WT1-CD8-epitope-specific T cell responses in mouse spleens. The 
combination therapy also induced higher population of IFN-gam-
ma-producing CD4T and CD8T cells in mesenteric lymph nodes 
after treatments. In addition, oral administration of B. longum 420 
increased the expression of CD86 on dendritic cells in mesenter-
ic lymph nodes, suggesting that B. longum induced the matu-
ration of dendritic cells as antigen-presenting cells and initiated 
T cell immunity in gut immune system to activate the systemic 
WT1-specific anti-tumor cellular immunity. 

In conclusion, we demonstrated that the combination of B. long-
um 420 oral vaccination and anti-PD-1 antibody could induce 
the tumor infiltrating T cells and gut immune responses against 
WT1 in mice. Our findings suggested that our oral cancer vaccine 
platform could be a promising candidate of WT1 cancer vaccine 
and combination immunotherapy with immune checkpoint inhib-
itors including pembrolizumab, an anti-PD-1 antibody therapy for 
treatment of advanced bladder cancer.

Keywords : Cancer vaccine, Wilms’ tumor 1, Immune checkpoint 
inhibitor, Bladder cancer.
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B033 / Adjuvant activities of type I interferons

Katherine Audsley (Telethon Kids Institute), Teagan Wagner (Tele-
thon Kids Institute), Clara Ta (Telethon Kids Institute), Anthony 
Buzzai (Telethon Kids Institute), Hannah Newnes (Telethon Kids 
Institute), Bree Foley (Telethon Kids Institute), Jason Waithman 
(Telethon Kids Institute).

Immunotherapies such as checkpoint blockade therapy are rev-
olutionizing outcomes for cancer patients. However, further ad-
vances are required for the majority of patients to benefit. One 
reason patients may not respond to checkpoint blockade is due 
to a suboptimal anti-tumor T cell response. Anti-cancer vaccines 
are currently being employed to generate robust tumor-specif-
ic T cell immunity. A key ingredient for effective vaccination is 
the inclusion of an appropriate adjuvant that boosts anti-cancer 
responses, potentially sensitizing patients to checkpoint block-
ade. We investigated the adjuvant potential of individual mem-
bers of the type I interferon (IFN) cytokine family using a mel-
anoma whole-cell vaccine approach. To this end, mice received 
irradiated B16 melanoma cells expressing a single IFN subtype. 
We have identified that several subtypes demonstrate superior 
adjuvant potential as compared to the current gold standard ad-
juvant, polyI :C. In particular, IFNbb induced significantly greater 
priming and activation of systemic tumor-specific CD8+ T cell 
responses than polyI :C and all other IFN subtypes tested. This 
CD8+ T cell expansion is dependent on the presence of CD4+ T 
cells, CD40/CD40L signalling, and XCR1+ dendritic cells (DCs). 
Increased tumor-specific T cell infiltration into the tumor microen-
vironment was observed with IFNb, with infiltrating CD8+ T cells 
upregulating PD1 expression. Combination of our whole-cell vac-
cination strategy with anti-PDL1 checkpoint blockade treatment 
significantly delayed tumor growth. Thus, vaccination strategies 
incorporating IFNb in combination with anti-PDL1 therapy has 
the potential to promote strong immune responses and improved 
therapeutic outcomes for patients.

Keywords : Adjuvant, Type I Interferon, Checkpoint blockers, Mel-
anoma.

B034 / Mechanism of regulation of double stranded 
RNA-dependent protein kinase PKR

Sadeem Ahmad (Boston Children’s Hospital), Linlin Zhao (Har-
vard Medical School), Sehoon Park (Boston Children’s Hospital), 
James Chou (Harvard Medical School), Sun Hur (Boston Chil-
dren’s Hospital).

Protein Kinase R (PKR) is a double stranded RNA (dsRNA)-de-
pendent kinase that binds to dsRNA leading to its autophosphor-
ylation and concomitant dimerization to the activated state. Upon 
activation PKR causes translational shutdown by phosphorylating 
the eukaryotic translation initiation factor eIF2α1. PKR has been 
shown to be involved in a number of cellular processes such as 
antiviral immunity and stress response. Due to its role in causing 
inflammation and apoptosis, it has implications not only in antivi-
ral immunity but also in cancer2. Therefore, regulation of PKR ac-
tivity is crucial in order to prevent any aberrant activation. Recent 
reports have shown that A-to-I modification by Adenosine Deam-
inase Acting on RNA 1 (ADAR1) prevents endogenous RNAs from 
activating PKR and causing translational shutdown3. Interestingly, 
a recent study revealed that loss of ADAR1 function in tumors 
helps in overcoming resistance to immune checkpoint blockade4. 
It was revealed that loss of ADAR1 activity promoted growth in-
hibition and tumor inflammation via PKR and MDA5 respectively. 
In addition to ADAR1, PKR activity is also regulated by a cellular 
protein called PACT (PKR Activator). However, a complete under-
standing of how PACT regulates PKR activity is not known. 

There are contrasting reports suggesting inhibitory as well as acti-
vating effect of PACT on PKR. Our biochemical results with differ-
ent RNA species show an inhibitory effect of PACT on PKR. PACT 
comprises of 2 tandem canonical dsRNA-binding domains, that 
are involved in RNA recognition, and a C-terminal non-canonical 
dsRNA-binding domain (dRBD3), that is involved in dimerization. 
Our results show that regulation of PKR activity by PACT is depen-
dent on dRBD3 domain. We have solved the structure of dRBD3 
domain of PACT using NMR in collaboration with Chou lab. The 
structure reveals that PACT dRBD3 forms an asymmetric homodi-
mer with a central 6-stranded beta sheet formed by 3 beta strands 
from each monomer flanked by the 2 alpha helices on each side. 
The intramolecular beta sheet has an anti-parallel arrangement 
whereas the 2 beta strands at the interface are parallelly arranged 
thereby breaking the dimer symmetry. The structure shows that 
α2 of monomer B forms a tight network of interactions with β3 
and L2 from monomer A. This network of interaction locks mono-
mer B in such a way that the same set of interactions in monomer 
A are incompatible. These interactions include His285 :Asp297, 
Gln271 :Gln304 and Glu263 :Gln304. Therefore, we propose a 
model of dimeric asymmetry for PACT-D3 wherein the interaction 
at the A :B interface prevents the analogous interaction at the B :A 
interface leading to two modes of dimers. Interestingly, the NMR 
data revealed that there is a constant exchange between the two 
dimeric states. We are currently in the process of doing some mu-
tational and functional studies to understand the role of the PACT 
dimerization domain in regulation of PKR activity.

Keywords : Innate immunity, PKR.
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B035 / Modulating the tumor microenvironment to 
improve immunotherapy : Interrogating the interplay 
between MYC and immune checkpoints in pancreatic can-
cer

Kelly E Henry (Memorial Sloan Kettering Cancer Center), Ian L Fox 
(Memorial Sloan Kettering Cancer Center), Kyeara Mack (Memo-
rial Sloan Kettering Cancer Center), Maria Davydova (Memorial 
Sloan Kettering Cancer Center), Jason S Lewis (Memorial Sloan 
Kettering Cancer Center).

Immunotherapy with antibodies that target the PD-1/PD-L1 axis 
has shown great promise and even curative outcomes in many 
cancer subtypes but not in pancreatic ductal adenocarcinoma 
(PDAC). This is due in large part to the lack of functional immune 
cells in the characteristically dense stroma in PDAC, resulting in an 
immune-quiescent (“cold”) tumor microenvironment (TME). Am-
plified expression of MYC in tumors has been shown to directly 
upregulate PD-L1 and other immune checkpoints and orchestrate 
immunosuppression of the TME. Although MYC has been suggest-
ed as a global regulator of the immune response, it is not known 
how MYC-targeted therapies specifically affect the immune cells 
within the TME, or if these types of therapies could be leveraged 
to improve immunotherapeutic outcomes in PDAC. Given that 
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PDAC is one of the deadliest and fastest-moving cancers — with 
a 5-year survival rate of less than 10% — there is a clinically unmet 
need to understand the mechanism by which targeted therapies 
affect the immune microenvironment. We aim to solve this prob-
lem by treating syngeneic PDAC with MYC-targeted therapies and 
studying the mechanism by which they affect different cell pop-
ulations in the TME. Since oncogenic MYC is highly expressed in 
“cold” PDAC tumors, our central hypothesis is that MYC-targeted 
therapy will recruit T cells to the tumor, making the tumors “hot, 
” and improving the therapeutic effects of anti-PD-L1 immuno-
therapy. A panel of murine and human PDAC cells were drugged 
with MYC-targeted therapies (BET inhibitor JQ1, ERK inhibitor 
SCH772984, and MEK inhibitor trametinib) to observe the effects 
on PD-L1 and transferrin receptor (TfR), a surrogate marker for 
MYC expression. We found a significant increase of PD-L1 expres-
sion (P < 0.001) in KRAS-mutant PDAC cells that respond to ERK 
inhibitor SCH772984 and MEK inhibitor trametinib (measured by 
a significant decrease of TfR ; P < 0.05). In these same cells, we 
found a significant decrease in PD-L1 expression upon response 
with BET inhibitor JQ1 (P < 0.001). Interestingly, we observe the 
opposite effect in KRAS wild-type PDAC cells, with essentially no 
significant change in PD-L1 expression with a response to ERK 
and MEK inhibition (as measured via decrease in TfR expression), 
coupled to significant increase of PD-L1 (P < 0.001) upon treat-
ment with JQ1. To examine the effects on the TME as a whole, we 
created a molecular imaging agent from an anti-PD-L1 antibody 
(clone 6E11, Genentech) to noninvasively and longitudinally assess 
tumor burden in vivo. Anti-PD-L1 was conjugated to desferriox-
amine (DFO) and radiolabeled with zirconium-89 (89Zr) for pos-
itron emission tomography (PET) imaging. KPC cells (established 
from genetically engineered mouse models p48-Cre ;KRASLSL-
G12D ; p53R172H/+) were infected with luciferase-GFP lentivec-
tor and orthotopically implanted into the pancreas of C57BL/6J 
mice. Tumor-bearing KPC-Luc-GFP mice were treated with ERK 
inhibitor SCH772984 (90 mg/kg once daily for 6 days) and inject-
ed with [89Zr]Zr-anti-PD-L1 to undergo serial PET imaging. We 
observed significantly increased uptake of [89Zr]Zr-anti-PD-L1 (P 
< 0.05) upon drug treatment compared to vehicle control at 72 h 
post-injection of radiotracer. These findings were correlated with 
increased expression of PD-L1 by ex vivo immunofluorescence, 
along with an increase in PD-L1+ and CD3+ T cells in the TME, as 
measured by ex vivo flow cytometry (P < 0.05). Further mecha-
nistic investigations are being pursued to identify the function-
ality of T cell infiltration (by probing CD4, CD8, and other T cell 
fates) both in vitro in activated T cells isolated from splenocytes 
as well as ex vivo (through additional probing of KPC-Luc-GFP 
mice treated with MYC-targeted therapy). We anticipate that our 
mechanistic studies along with guidance through [89Zr]Zr-anti-
PD-L1 PET will be able to drive synergistic combinatorial thera-
peutic approaches with immune checkpoint blockade in PDAC.

Keywords : MYC, pancreatic cancer, tumor microenvironment, im-
mune checkpoint.
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B036 / Tumor Treating Fields (TTFields) induce immu-
nogenic cell death resulting in enhanced antitumor effica-
cy when combined with anti-PD-1 therapy

Noa Kaynan (Novocure Ltd., Haifa, Israel), Tali Voloshin (Novocure 
Ltd., Haifa, Israel), Shiri Davidi (Novocure Ltd., Haifa, Israel), Yaara 
Porat (Novocure Ltd., Haifa, Israel), Anna Shteingauz (Novocure 
Ltd., Haifa, Israel), Mijal Munster (Novocure Ltd., Haifa, Israel), 
Rosa Schneiderman (Novocure Ltd., Haifa, Israel), Catherine Tem-
pel Brami (Novocure Ltd., Haifa, Israel), Yaniv Alon (Novocure Ltd., 
Haifa, Israel), Einav Zeevi (Novocure Ltd., Haifa, Israel), Karnit Got-
lib (Novocure Ltd., Haifa, Israel), Roni Blat (Novocure Ltd., Haifa, 
Israel), Orna Tal Yitzhaki (Novocure Ltd., Haifa, Israel), Shay Cahal 
(Novocure Ltd., Haifa, Israel), Aviran Itzhaki (Novocure Ltd., Hai-
fa, Israel), Moshe Giladi (Novocure Ltd., Haifa, Israel), Eilon Kirson 
(Novocure Ltd., Haifa, Israel), Uri Weinberg (Novocure Ltd., Haifa, 
Israel), Adrian Kinzel (Novocure GmbH, Munich, Germany), Yoram 

Palti (Novocure Ltd., Haifa, Israel).

Tumor Treating Fields (TTFields) are a clinically applied anti-neo-
plastic treatment modality delivered via noninvasive application of 
low-intensity, intermediate-frequency, alternating electric fields. 
In this study we evaluated whether TTFields-induced cell death 
can be immunogenic and therefore suitable for combination with 
anti-PD-1 therapy. Cancer cells were treated with TTFields using 
the inovitro system. Immunogenic cell death (ICD) was character-
ized by the exposure of calreticulin on the cell surface, secretion 
of ATP, and release of HMGB1. For detection of ER stress, phos-
phorylation of eIF2α was assessed. TTFields effect on autophagy 
was evaluated using electron microscopy, and evaluation of LC3. 
Bone marrow derived dendritic cells (DCs) were co-incubated 
with TTFields treated cells and phagocytosis by DCs and DCs 
maturation were evaluated. The combination of TTFields and an-
ti-PD-1 was evaluated in short duration treatment protocol in or-
thotopic lung cancer model and long duration treatment protocol 
in subcutaneous colon cancer model. Analysis of infiltrating cells 
was performed using flow cytometry. 

We demonstrate that cancer cells that die during TTFields ap-
plication exhibit ER stress leading to calreticulin translocation to 
the cell surface, as well as release of damage-associated molec-
ular patterns including HMGB1 and ATP. Moreover, we show that 
TTFields treated cells promote phagocytosis by DCs, DCs matu-
ration in vitro, and promote immune cells recruitment in vivo. We 
also show that the combined treatment of TTFields plus anti-PD-1 
led to a significant decrease in tumor volume and significant in-
creases in CD45+ tumor infiltrating cells in both tumor models. In 
the lung tumors, these infiltrating cells, specifically macrophages 
and DCs, demonstrated upregulation of surface PD-L1 expression 
following short treatment duration. Correspondingly, cytotoxic 
T-cells isolated from these tumors have shown higher levels of 
IFN-γ production relative to untreated mice. In the colon cancer 
tumors, significant increases in T-cell infiltration was observed fol-
lowing long treatment duration with TTFields plus anti-PD-1. 

Our results demonstrate the potential of TTFields therapy to 
induce ICD. We also demonstrate robust efficacy of concurrent 
application of TTFields and anti PD-1 therapy in mouse models 
of cancer. These data suggest that combining TTFields with an-
ti-PD-1 might achieve tumor control by further enhancing antitu-
mor immunity.

Keywords : Tumor Treating Fields, Anti-PD-1 Therapy, Immuno-
genic Cell Death.

B037 / Combining anti-Angiopoietin-2 and anti-PD-1 
therapy with VEGF/VEGFR signaling blockade prolongs 
overall survival in small cell lung carcinomas

Lydia Meder (University of Cologne, Faculty of Medicine, Center 
for Molecular Medicine Cologne), Roland Tillmann Ullrich (Univer-
sity of Cologne, Faculty of Medicine, Center for Molecular Medi-
cine Cologne).

Lung cancer is the leading cause of smoking- and cancer-relat-
ed deaths worldwide. Small cell lung cancer (SCLC) accounts for 
approximately 15 % of all newly diagnosed lung cancers, is driven 
by bi-allelic loss in RB1 and TP53 and represents the most ag-
gressive pulmonary and neuroendocrine differentiated carcinoma 
of the lung. Current chemotherapies are initially effective against 
small cell lung carcinomas however, tumors rapidly reoccur and 
patients die within only a few months. Recently, programmed 
death ligand 1 (PD-L1) positive late stage SCLC patients received 
a high-affinity monoclonal programmed death receptor 1 (PD-1) 
antibody reactivating T cells responses against the tumor cells. 
Despite remarkable response rates, most SCLC patients harbor a 
primary resistance or acquire resistance during treatment by re-
sistance mechanisms triggered by the tumor cells themselves or 
by an immune suppressive tumor microenvironment. Thus, there 
is a critical need to combine immune checkpoint blockade with 
other therapies to overcome these resistances. 

We implemented a combined therapy concept including anti-An-
giopoietin-2 and anti-PD-1 monoclonal antibodies and VEGF/
VEGFR signaling blockade for SCLC in an autochthonous mouse 
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model. Thereby, Angiopoietin-2 is known as a negative prognostic 
marker in SCLC and may serve as biomarker for immune check-
point targeted therapy. As a read out, we used X-ray computed 
tomography, flow cytometry and end point immunohistochem-
istry. 

We found that this triple combination treatment significant-
ly improved survival of mice suffering from SCLC, compared to 
corresponding monotherapies. Moreover, we found enhanced T 
cell infiltration into the tumors and an acquired resistance mech-
anism to anti-PD-1 antibody monotherapy. In line with the results 
obtained from our mouse model, we found similar results in pe-
ripheral blood mononuclear cells of SCLC patients with acquired 
adaptive resistance to PD-1 blockade by Nivolumab. 

Taken together, there is evidence for a substantial benefit of im-
plementing combined blockade of immune checkpoints and 
tumor-angiogenesis in the treatment of patients suffering from 
SCLC in order to overcome acquired resistance to immune check-
point blockade.

Keywords : Small cell lung cancer, PD-1, VEGFR signaling, Angio-
poietin-2.

B038 / Smac mimetics synergize with anti-CTLA-4 to era-
dicate bladder cancer

Shawn Beug (CHEO Research Institute), Tarun Sanda (CHEO Re-
search Institute), Eric LaCasse (CHEO Research Institute), Robert 
Korneluk (CHEO Research Institute).

The Inhibitors of Apoptosis (IAPs) are oncogenes that enable 
cancer cells to evade numerous death signals, including signals 
originating from the immune system. Smac mimetic compounds 
are IAP antagonists that cause the degradation of two IAPs, cIAP1 
and cIAP2, which are proteins important to immunity and can-
cer cell survival. To kill cancer cells, Smac mimetics require an im-
munological death ligand, such as Tumor necrosis factor alpha 
(TNFα). In addition, Smac mimetics modulate inflammation and 
immunity by regulating the activity of the alternative Nuclear Fac-
tor Kappa B (NF-κB) signaling pathway, which is critical to the 
control of immune cell activity. We are exploring the combination 
of Smac mimetics with immune checkpoint inhibitors for their ef-
fects in various animal tumor models, including invasive bladder 
cancer. Our data shows that the combination of Smac mimetics 
with an immune checkpoint inhibitor specific for cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4) is effective at generating 
long-term durable cures in all dually-treated mice bearing MB49 
bladder cancer. We demonstrate that anti-CTLA4 from immuno-
globulin subtypes with antibody dependent cytotoxicity (ADCC) 
activity show improved anticancer responses in tumor bearing 
mice, when compared to those anti-CTLA4 monoclonal anti-
bodies that lack ADCC. We also observed that the combination 
of Smac mimetics with ADCC-active anti-CTLA4 have reduced 
levels of immunosuppressive regulatory T cell (Tregs) within the 
tumor microenvironment. The combination therapy enhanced 
a compensatory shift in the exhaustion profile of intratumoral 
T cells to a more reinvigorated phenotype compared to either 
monotherapy. Taken together, Smac mimetics exploit the lack of 
Treg-mediated suppression on key immune effectors in the tumor 
microenvironment following anti-CTLA-4 therapy to effect their 
action. Our findings from these pre-clinical studies will guide the 
use of Smac mimetic and immune checkpoint inhibitor based im-
munotherapies for the treatment of invasive bladder cancer.

Keywords : Inhibitors of apoptosis (IAPs), Cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4), Bladder cancer.

B039 / Interim results from CLASSICAL-Lung, a phase 
1b/2 study of pepinemab (VX15/2503) in combination 
with avelumab in advanced NSCLC patients who pro-
gressed on prior anti-PDx therapy

Elizabeth E Evans (Vaccinex), Terrence L Fisher (Vaccinex), John 
E Leonard (Vacccinex), Desa Rae Pastore (Vaccinex), Crystal 
Mallow (Vaccinex), Ernest Smith (Vaccinex), Maurice Zauderer 

(Vaccinex), Andreas Schroder (Merck KGaA), Kevin Chin (Merck 
KGaA), Michael Shafique (Moffit Cancer Center).

Despite progress of immune checkpoint blockade therapies, 
many non-small cell lung cancer (NSCLC) patients do not receive 
durable clinical benefit from these agents, and even in those who 
do respond initially, acquired resistance and tumor recurrence can 
develop. Therefore, the development of therapies that can over-
come resistance factors remains a critical unmet need. Pepinemab 
is an IgG4 humanized monoclonal antibody targeting semaphorin 
4D (SEMA4D, CD100). In vivo preclinical models demonstrated 
antibody blockade of SEMA4D promoted immune infiltration and 
reduced function and recruitment of immunosuppressive myeloid 
cells within the tumor. Importantly, preclinical combinations of an-
ti-SEMA4D with various immunotherapies enhanced T cell infiltra-
tion and activity, as well as durable tumor regression. The CLAS-
SICAL-Lung clinical trial evaluates the combination of pepinemab 
with PD-L1 antibody avelumab to couple beneficial modifications 
of the immune microenvironment via pepinemab with immune ac-
tivation via checkpoint inhibition. This ongoing phase 1b/2, open 
label, single arm, first-in-human combination study is designed to 
evaluate the safety, tolerability and efficacy of pepinemab in com-
bination with avelumab in patients with advanced (stage IIIB/IV) 
NSCLC (NCT03268057), including a dose escalation cohort and 
expansion cohorts consisting of 1) 17 immunotherapy-naïve pa-
tients and 2) the focus of the present abstract, 33 patients whose 
tumors progressed during or following immunotherapy (IO fail-
ure). Patients in expansion cohorts received the recommended 
phase 2 dose of pepinemab (10 mg/kg, q2W) in combination with 
avelumab (10mg/kg, Q2W) by intravenous infusion. The combina-
tion was well tolerated with no concerning safety signals identi-
fied to date. No patients experienced a treatment related adverse 
event (TRAE) leading to study discontinuation or death and the 
most frequent related AEs were grades 1 or 2 fatigue, pyrexia, or 
chills. One dose limiting toxicity occurred, a grade 3 pulmonary 
embolism in the 10mg/kg pepinemab cohort, and resolved with-
out recurrence. Interim analysis focusing on the greatest unmet 
need includes 22 evaluable patients within the IO failure cohort. 
Two patients experienced a partial response (PR) of 49% and 37% 
tumor reduction on study following acquired resistance to prior 
treatment with pembrolizumab. In addition, stable disease of at 
least 8 weeks was observed in 11 patients and 4 patients have 
remained on study for ≥20 weeks. Analysis of pre- and on-treat-
ment lung biopsies demonstrated no or low tumor burden detect-
ed in 2 biopsies from patients with PR, and no detectable tumor 
was observed in the biopsies from 3 of 4 samples assessed from 
patients with stable disease. Furthermore, an increase in CD8+ T 
cell density and CD8 :FoxP3 ratio was observed following treat-
ment with pepinemab + avelumab. Preliminary data suggest the 
combination of pepinemab plus avelumab is well tolerated and 
shows initial signals of antitumor activity in patients who did not 
respond to or developed resistance to prior anti-PDx therapy. On-
going analysis to be presented includes updated clinical response 
data, as well as additional immunophenotyping of tissue biopsies, 
including but not limited to activated T cells, regulatory T cells, 
DCs, monocytes, macrophages, and importantly myeloid-derived 
suppressor cells (MDSCs).

Keywords : Semaphorin, immune checkpoint, immunotherapy re-
sistance, MDSC.
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B040 / A novel antibody targeting ICOS increases intra-
tumoural cytotoxic to regulatory T cell ratio and induces 
tumour regression

Richard Sainson (Kymab ltd).

The immunosuppressive tumour microenvironment constitutes a 
significant hurdle to the response of immune checkpoint block-
ers. Both soluble factors and specialised immune cells such as 
regulatory T cells (TReg) are key components of intratumoral 
immunosuppression. Previous studies have shown that Induc-
ible Co-Stimulatory receptor (ICOS) is highly expressed in the 
tumour microenvironment, especially on TReg, suggesting that 



SESSION B

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
114

it represents a relevant target for preferential depletion of these 
immunosuppressive cells. Here, we used immune profiling of sam-
ples from tumour bearing mice and cancer patients to first fully 
characterise the expression of ICOS in different tissues and solid 
tumours. By immunizing an Icos knockout transgenic mouse line, 
we selected a fully human IgG1 antibody called KY1044 that binds 
ICOS from different species. Using KY1044, we demonstrated that 
we can exploit the differential expression of ICOS on T cell sub-
types to modify the tumour microenvironment and therefore im-
prove the anti-tumour response. We showed that KY1044 induces 
sustained depletion of ICOShigh TReg cells in mouse tumours and 
depletion of ICOShigh T cells in the blood of non-human primates, 
but also stimulates the secretion of pro-inflammatory cytokines 
from ICOSlow TEFF cells. Altogether, KY1044 improved the intra-
tumoral TEFF :TReg ratio and increased activation of TEFF cells, 
resulting in monotherapy efficacy or in synergistic combinatorial 
efficacy when administrated with the immune checkpoint blocker 
anti-PD-L1. In summary, our data demonstrate that targeting ICOS 
with KY1044 can favourably alter the intratumoral immune con-
texture, promoting an anti-tumour response.

Keywords : ICOS, Tregs, PD-L1.

B041 / AVID200 neutralizes TGF-beta1 and -beta3, the 
principal immunosuppressive TGF-beta isoforms ove-
rexpressed by tumors and sensitizes tumors to immune 
checkpoint inhibitors

Tina Gruosso (Forbius), Jean-François Denis (Forbius), Rene 
Figueredo (Lawson Health Research Institute, University of West-
ern Ontario), Jim Koropatnick (Lawson Health Research Institute, 
University of Western Ontario), Gilles Tremblay (Forbius), Ilia Tik-
homirov (Forbius), Maureen O’Connor (Forbius).

AVID200 is a novel, rationally-designed receptor ectodomain trap 
that inhibits transforming growth factor-beta (TGF-beta) isoforms 
1 and 3 with pM potency. Selective targeting of isoforms 1 & 3 with 
AVID200 has the potential to increase the number of patients 
that benefit from immune checkpoint inhibitors (ICIs). ICIs, such 
as anti-PD-(L)1 therapies, are approved in a multitude of oncology 
indications, including as a first line treatment for advanced stage 
disease. However, only a fraction of patients have durable re-
sponses, rendering primary and acquired resistance to ICIs a ma-
jor unmet medical need. The TGF-beta pathway has been directly 
associated with resistance to ICIs. TGF-beta acts by inhibiting the 
recruitment and activation of anti-tumor T-cells, either directly, 
or indirectly through its action on cancer-associated fibroblasts 
which promotes fibrosis in the tumor microenvironment. Hence, 
targeting of TGF-beta represents a novel strategy to increase 
sensitivity of tumors to treatment with ICIs. In this study, the per-
cent of patients exhibiting tumor over-expression (>30FPKM) of 
TGF-beta isoforms was analyzed in >10, 000 samples from the 
TCGA RNAseq database. The potency and selectivity of AVID200 
and, for comParison, other clinical stage TGF-beta inhibitors, were 
assessed in vitro using an A549 cell-based assay. The ability of 
AVID200 to enhance the tumor-cell killing activity of T-cells was 
evaluated in vivo in a syngeneic 4T1 cancer model. In addition, 
the capacity of AVID200 to enhance the efficacy of ICIs was as-
sessed in EMT-6 and MC-38 cancer models. TGF-beta1 and -beta3 
were found to be the predominant isoforms expressed in solid 
tumors, with TGF-beta2 showing only minimal expression. Hence, 
for maximal efficacy, both TGF-beta1 and -beta3 isoforms should 
be targeted, particularly since they can functionally substitute for 
each other. In vitro studies showed that AVID200 exhibited supe-
rior potency (low pM) and selectivity for TGF-beta1 & -beta3 vs 
TGF-beta2 as compared to the other clinical stage TGF-beta in-
hibitors tested. AVID200 increased the response to anti-PD-L1 in 
vivo and enhanced T-cell mediated killing of tumor cells in a dose 
dependent manner. In agreement with these findings, AVID200 
was also shown to promote T-cell infiltration in vivo. 

In conclusion, AVID200 efficiently neutralizes TGF-beta1 and 
-beta3, the main oncogenic isoforms of TGF-beta, with best-in-
class potency and sensitizes tumors to immune checkpoint block-
ade. AVID200 has minimal activity on TGF-beta2 which is desir-
able since TGF-beta2 inhibits metastasis by promoting tumor cell 
dormancy, is required for normal cardiac homeostasis, and is a 
positive regulator of hematopoiesis. A Phase 1 dose-escalation 

study with AVID200 in patients with solid tumors is ongoing.

Keywords : tumor microenvironment, TGF-beta.
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B042 / Long-acting MDNA109 : Emerging IL-2 Superkines 
displaying potent anti-tumoral responses.

Moutih Rafei (Université de Montréal), Minh To (Medicenna Thera-
peutics), Chandtip Chandhasin (Medicenna Biopharma), Rosemi-
na Merchant (Medicenna Therapeutics), Fahar MERCHANT (Med-
icenna Therapeutics).

Background : Use of cytokines as cancer therapy was initiated 
with the approval of interleukin-2 (Proleukin®) for treatment of 
metastatic melanoma and renal cell carcinoma. However, the ther-
apeutic utility of Proleukin® remains limited due to a short half-
life and toxicity. In addition, Proleukin® preferentially induces the 
unwanted activation of regulatory T cells (Tregs), which express 
the high-affinity trimeric IL-2 receptor (CD25/CD122/CD132). In 
contrast, NK and naïve CD8 T cells express the intermediate-af-
finity form (CD122/CD132) of the receptor, towards which IL-2 
has reduced potency. To overcome these limitations, we engi-
neered long-acting variants of the IL-2 Superkine MDNA109 (MD-
NA109-LA, MDNA109-LA1 and MDNA109-LA2) fused to an inac-
tive protein scaffold, capable of selectively activating cytotoxic T 
cells with enhanced potency while displaying diminished effects 
on Tregs. 

Methods : To test the activities of MDNA109-LA, MDNA109-LA1 
and MDNA109-LA2, a series of in vitro and in vivo studies were 
conducted, including IL-2 pathway signaling in human PBMCs, Bi-
acore binding analyses and tumor growth inhibition studies in tu-
mor models with or without immune checkpoint inhibitors (ICIs). 

Results : The biochemical activities of long-acting MDNA109 
Superkines were assessed via STAT5 phosphorylation using hu-
man PBMCs derived from healthy donors. MDNA109-LA selec-
tively triggered enhanced STAT5 signaling in naïve CD8 T cells 
compared to native IL-2. In a pre-established CT26 colon cancer 
model, MDNA109-LA displayed strong tumor growth inhibition, 
and combination treatments with ICIs, particularly anti-CTLA-4, 
resulted in a majority of mice being tumor free. To further im-
prove the potency of MDNA109-LA, a second generation mole-
cule, MDNA109-LA1, was engineered to mitigate binding to CD25. 
Biacore studies confirmed lack of binding of MDNA109-LA1 to 
CD25. In PBMC studies, MDNA109-LA1 greatly reduced activation 
of Tregs while maintaining its potency to activate naïve CD8 T 
cells. In CT26 and B16F10 (mouse melanoma) models, treatment 
with MDNA109-LA (bi-weekly for 2 weeks) and MDNA109-LA1 
(once weekly for 2 weeks) potently inhibited tumor growth. These 
data suggest that MDN109-LA1 could lead to potent therapeutic 
effects with a dosing schedule similar to that used for ICIs. MD-
NA109-LA2 contains the same backbone as MDNA109-LA but is 
fused to an alternative protein scaffold to further improve PK and 
retention in the tumor microenvironment. MDNA109-LA2 inhibit-
ed growth of B16F10 tumors to a similar extent as MDNA109-LA 
and MDNA109-LA1. When administered on the same dosing reg-
imen as MDNA109-LA, MDNA109-LA2 displayed superior tumor 
growth inhibition in the CT26 model. The combination of MD-
NA109-LA2 and anti-CTLA-4 resulted in complete tumor regres-
sion in 8 of 9 mice (89%). These mice remained tumor free and 
were highly resistant to two additional CT26 re-challenges with-
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out further treatment, consistent with development of long-term 
memory response. Analyses of tumor-infiltrating lymphocytes, 
cytokine profiles in immune cells as well as PK/PD studies are 
currently underway. Additional data to support lead candidate 
selection for IND enabling studies and first in human clinical trials 
will also be presented within the context of other approaches to 
improve PK and PD properties of IL-2. 

Conclusion : MDNA109 is the only IL-2 in development that has 
been engineered for high affinity binding to CD122. Furthermore, 
three long-acting Superkines, MDNA109-LA, MDNA109-LA1, and 
MDNA109-LA2 have superior potency over IL-2 at activating NK 
and naïve CD8 effector T-cells. These 3 molecules potently inhib-
ited CT26 and B16F10 tumor growth in vivo as monotherapies 
as well as in combination with ICIs on a dosing schedule that is 
similar to that of antibody based therapies. MDNA109-LA1 in par-
ticular has greatly reduced activity towards Tregs, which could 
potentially translate to superior anti-tumor activity and a better 
safety profile.

Keywords : MDNA109, IL-2, Superkine, immune checkpoint inhib-
itors.

B043 / Dramatically improving vaccinia virus-based can-
cer immunotherapeutics by deleting E5R, which encodes 
a dominant viral inhibitor of cGAS

Ning Yang (Memorial Sloan Kettering Cancer Center), Yi Wang 
(Memorial Sloan Kettering Cancer Center), Weiyi Wang (Memorial 
Sloan Kettering Cancer Center), Gregory Mazo (Memorial Sloan 
Kettering Cancer Center), Peihong Dai (Memorial Sloan Kettering 
Cancer Center), Jiahu Wang (Ottawa Hospital Research Institute), 
Wei Yan (IMVAQ Therapeutics), John Choi (IMVAQ Therapeutics), 
Stewart Shuman (Memorial Sloan Kettering Cancer Center), Taha 
Merghoub (Memorial Sloan Kettering Cancer Center), Jedd D. 
Wolchok (Memorial Sloan Kettering Cancer Center), Liang Deng 
(Memorial Sloan Kettering Cancer Center).

Viral-based cancer immunotherapies have gained momentum in 
the era of immune checkpoint blockade (ICB). Both preclinical 
and clinical studies have shown that oncolytic viral therapy is an 
effective way to overcome resistance to ICB by turning “cold” tu-
mors that are non-responsive to ICB to “hot” tumors that are re-
sponsive to ICB. Both non-replicative and replicative oncolytic vi-
rus can induce antitumor immunity through multiple mechanism 
of actions including : (i) the induction of immunogenic cell death ; 
(ii) the release of tumor-associated antigens (TAAs) from dying 
tumor cells as well as damage-associated molecular patterns 
(DAMPs) and pathogen-associated molecular patterns (PAMPs); 
(iii) the alteration of immunosuppressive tumor microenvironment 
by activating tumor-infiltrating dendritic cells (DCs) and T cells, 
and (iv) the depletion of immune suppressive cell populations. We 
have previously shown that the cGAS/STING-mediated cytoso-
lic DNA-sensing pathway and Batf3-dependent cross-presenting 
DCs play important roles in the generation of antitumor immuni-
ty by intratumorally delivered inactivated modified vaccinia virus 
Ankara (iMVA) (Dai et al., Science Immunology, 2017). MVA is a 
highly attenuated vaccinia strain that is replication incompetent 
in most mammalian cells. Wild type vaccinia (WT VACV) is high-
ly immune suppressive to infected DCs due to the expression of 
many immune evasions proteins. To improve the immunogenici-
ty of MVA or vaccinia, we screened 72 vaccinia viral early genes 
for their abilities to inhibit the cGAS/STING pathway in an IFNB 
promoter-based luciferase assay. We identified vaccinia E5 (en-
coded by the E5R gene) is a dominant inhibitor of cGAS. Infec-
tion of bone marrow-derived DCs (BMDCs) with MVA deleting the 
E5R gene (MVA∆E5R) induced much higher levels of IFNB gene 
expression and protein secretion compared with either MVA or 
inactivated MVA. MVA∆E5R strongly activates DCs and induces 
DC maturation as well as their abilities to prime and activate an-
tigen-specific T cells in a cGAS-dependent manner. In addition, 
MVA∆E5R infection of DCs causes much less cell death compared 
with those infected with either MVA or inactivated MVA. Recom-
binant VACV deleting the E5R gene (VACV∆E5R) is 1000-fold 
more attenuated compared with WT VACV in an intranasal infec-
tion model. Although WT VACV does not induce IFN production 
in BMDCs, infection with VACV∆E5R induces higher levels of IFNB 
gene expression and protein secretion compared with MVA. 

We have now generated two platforms of vaccinia-based cancer 
immunotherapeutics- one is recombinant MVA (rMVA) with de-
letion of the E5R gene expressing two transgenes : a DC growth 
factor Flt3L and T cell co-stimulatory molecule OX40L ; the other 
one is recombinant VACV (rVACV) with deletion of the thymidine 
kinase and E5R genes expressing anti-CTLA-4 antibody, Flt3L, 
and OX40L. Both rMVA and rVACV infection of B16-F10 tumor 
cells induces ATP release, which is a marker for immunogenic cell 
death. Intratumoral injection of either rMVA or rVACV generates 
strong systemic antitumor effects in multiple murine syngeneic 
tumors models either alone or in combination with systemic ICB 
therapy. Taken together, these results indicate that deleting the 
E5R gene from MVA or VACV genome dramatically improved the 
immunogenicity of the recombinant viruses.

Keywords : immunogenic DNA virus, Modified vaccinia virus An-
kara, in situ vaccination, cGAS/STING.
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B044 / Cyclophosphamide chemotherapy enhances the 
anti-tumor potency of GITR engagement

Daniel Hirschhorn (Memorial Sloan Kettering Cancer Center), Al-
lison Betof Warner (MSKCC), Adam D Cohen (University of Pen-
silvania), Gabrielle Rizzuto (UCSF), Levi MB Mangarin (MSKCC), 
Liu Cailian (MSKCC), Jedd D Wolchok (MSKCC), Taha Merghoub 
(MKSCC).

Enhancing anti-tumor immunity with immune checkpoint block-
ade has become a standard apporach for some malignancies, but 
primary and secondary resistance to CTLA-4 and PD-1 blockade 
limit the number of patients that show clinical response. Exploring 
novel pathways that orchestrate an anti-tumor immune response 
could increase the clinical impact of immunotherapy strategies. 
Glucocorticoid-induced TNFR family related gene (GITR) is a co-
stimulatory molecule expressed primarily on the surface of T cell 
subsets. GITR engagement promotes potent activation, prolifer-
ation, and clonal expansion of effector T cells while hampering 
the suppressive function of regulatory T cells. However, clinical 
trials with agonist anti-GITR antibodies given as a monotherapy 
have yielded disappointing results. We hypothesized that immu-
nomodulatory chemotherapy regimens could enhance the an-
ti-tumor efficacy of GITR antibodies. Cyclophosphamide (CTX) 
is an alkylating agent known to deplete T cell subsets while caus-
ing homeostatic proliferation of antigen-specific effector T cells. 
CTX also modulates GITR expression on T cell subsets in a dose 
dependent manner. GITR engagement with the monoclonal anti-
body DTA-1, in combination with a single dose of CTX, promotes 
potent anti-tumor immunity in multiple transplantable murine 
tumor models including B16 melanoma, MCP-11 myeloma, and 
CT26 colon carcinoma. Specifically, CTX triggers tumor necrosis, 
releasing antigen that can prime anti-tumor immunity. Addition-
ally, combination therapy increases the ratio of CD8+ effector T 
cells to Tregs, at least in part by inducing Treg-specific activa-
tion-induced cell death. Single cell sequencing and flow cytom-
etry demonstrate a marked increase in pro-inflammatory cyto-
kines, cytolytic granules, and activation markers accompanied by 
a reduction in exhaustion markers in intratumoral CD8+ T cells. 
Overall, we demonstrate that a single dose of cyclophosphamide 
added to GITR engagement is a potent combinatorial approach 
that primes an anti-tumor response, enhances T cell fitness, and 
shifts the balance between effector and suppressive T cells to 
control tumor growth, an approach that is now incorporated into 
an ongoing clinical trial (NCT03861403).
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B045 / Immunomodulatory effects of metronomic oral 
oxaliplatin using nanoemulsion and its combination with 
aPD-1 therapy

Seho Kweon (Seoul National University), Jeong Uk Choi (Seoul 
National University).

A new type of orally available oxaliplatin nano-emulsion (NE) 
was developed by formulating a complex of negatively charged 
oxaliplatin with positively charged DCK (deoxycholic acid-lysine 
conjugates), which is a derivative of deoxycholic acid. This for-
mulated oxaliplatin showed significantly higher oral bioavailability 
than without formulation. Oral anticancer drugs considered for 
metronomic chemotherapy have known to show immunologi-
cal anti-cancer effects. In particular, these drugs can induce not 
only apoptosis but also immunogenicity in tumor. This means 
that oral oxaliplatin-NE could have immunological synergistic ef-
fects with &#120572 ;PD-1, an immune checkpoint inhibitor. Then 
B16F10.OVA murine melanoma cell line was selected to evaluate 
how oxaliplatin-NE induced immunogenicity in vitro. As a result 
of treating oxaliplatin-NE, calreticulin was exposed to cell mem-
brane and HMGB-1 was translocated to extracellularly, a marker 
of immunological cell death. When oral oxaliplatin-NE was met-
ronomically treated to xenograft model in vivo, the drug-treated 
group showed higher amount of expressed HMGB-1 than that of 
control group. This means the oral metronomic oxaliplatin-NE was 
proven to have immunogenicity. Based on these results, antitu-
mor synergistic effect of oral oxaliplatin-NE with &#120572 ;PD-1 
was evaluated. The &#120572 ;PD-1 combination group showed 
significantly higher antitumor effect than each individually treat-
ed group. Also, oral metronomic treated mice showed better 
antitumor effect than conventional intravenous injection treated 
mice. In the aspect of immunological effects, the oxaliplatin-NE 
helped to activate innate immune response, showing activation of 
dendritic cells and increased antigen uptake in the tumor draining 
lymph node. This even could affect the adaptive immunity, show-
ing increased number of CD45, CD8 T cells in tumor. The drug 
also improved the function of T cells as a result of increased ratio 
of PD-1-/INFr+ CD8 T cells. 

In conclusion, orally metronomic oxalipaltin-NE stimulated stron-
ger immunogenicity in both local tumor and systemically, then 
it encouraged further anticancer effects. Furthermore, oxalipla-
tin-NE showed significant immunologic synergistic effects when 
used with immunotherapy, such as &#120572 ;PD-1 antibody.

Keywords : oral metronomic therapy, oxaliplatin, nanoemulsion.
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B046 / Uncovering response prediction to checkpoint 
inhibitor based immune therapies by non-invasive in vivo 
64Cu-NODAGA-CD69-mAb positron emission tomogra-
phy (PET)/magnetic resonance imaging (MRI)

Bredi Tako (Werner Siemens Imaging Center, Department of Pre-
clinical Imaging and Radiopharmacy, University Hospital Tuebin-
gen, Eberhard Karls University), Philipp Knopf (Werner Siemens 
Imaging Center, Department of Preclinical Imaging and Radio-
pharmacy, University Hospital Tuebingen, Eberhard Karls Univer-
sity), Andreas Maurer (andreas.maurer@med.uni-tuebingen.de), 
Bernd Pichler (Werner Siemens Imaging Center, Department of 
Preclinical Imaging and Radiopharmacy, University Hospital Tue-
bingen, Eberhard Karls University), Manfred Kneilling (Depart-
ment of Dermatology, University Hospital Tuebingen, Eberhard 
Karls University, Tuebingen, Germany), Dominik Sonanini (De-
partment of Internal Medicine VIII, University Hospital Tuebingen, 
Eberhard Karls University, Tuebingen, Germany).

T cell infiltration and activation is essential for successful cancer 
immunotherapies and determines antitumoral response to im-
mune checkpoint inhibitor treatment (CIT). Beside surgical re-
section, radiation therapy and chemotherapy, CIT has become a 

standard of care treatment approach to date for various cancers 
such as metastatic malignant melanoma. Nevertheless, despite 
the enormous success of CIT the majority of cancer patients do 
not benefit at all and response to CIT still remains poorly predict-
able. As T cells express the early activation antigen CD69 upon 
stimulation, CD69 might be an excellent candidate for monitoring 
immune responses by non-invasive in vivo molecular imaging(Ci-
brian et. al, 2017). The aim of this study was to develop a clinically 
translatable antibody based CD69 targeting immunoPET tracer 
and to evaluate its potential as a novel imaging tool for monitor-
ing T cell activation by CIT. 

We used the radiochelator NODAGA for copper-64 (64Cu) ra-
diolabeling of the anti CD69-monoclonal antibody (mAb). Im-
munoreactivity assays were performed on in vitro activated and 
non-activated mouse CD4+ and CD8+ T cells. C57BL/6N mice 
with subcutaneous MC38 colon adenocarcinomas (responsive to 
CIT) or OVA-B16 melanomas (non-responsive to CIT) with a tu-
mor diameter of 5-8 mm underwent a combined CIT by weekly 
intraperitoneal (i.p.) injection of anti-programmed death ligand 1 
(anti-PD-L1) mAbs and anti-lymphocyte activation gene 3 (an-
ti-LAG-3) mAbs. Another group of OVA-B16 tumor bearing mice 
underwent a combined immunotherapy consisting of cyclophos-
phamide + adoptively transferred IFN-g-producing OVA-specific 
CD4+ (Th1) T cells + anti-PD-L1 mAbs + anti-LAG-3 mAbs. Control 
groups of both tumor models received no therapy. On three dif-
ferent timepoints after therapy start simultaneous PET/MRI was 
acquired 48 hours after i.v. 64Cu-NODAGA-CD69-mAb injection. 

Radiochelation of the 64Cu-NODAGA-CD69-mAb yielded high 
radiolabeling efficiency (> 95%) and immunoreactivity (> 60%). 
Non-invasive in vivo PET/MRI investigations of CIT-treated MC38 
tumor bearing mice revealed a significant increase in 64Cu-
NODAGA-CD69-mAb tumor uptake on day 3 (13.6 %ID/cc ± 1.1 
SEM) and 5 (13.4 %ID/cc ± 0.6) after onset of CIT when compared 
to the control group with a similar tumor volume (10.3 %ID/cc ± 
0.3 SEM). In contrast, no differences between the CIT- (10.5 %ID/
cc ± 0.2 SEM) and the control group were observed on day 8, 
highlighting the temporal dynamics of CD69 as an early activa-
tion marker. Moreover, we measured no significant difference of 
the 64Cu- NODAGA-CD69-mAb uptake in spleen, liver and kid-
ney uptake between the experimental groups. OVA-B16 tumor 
bearing mice which did not respond to CIT treatment exhibited 
no increase in tumor 64Cu-NODAGA-CD69-mAb uptake on day 
3 when compared to the control group (11.6 %ID/cc ± 0.3 SEM vs. 
10. 9 %ID/cc ± 0.4 SEM). In contrast, efficiently with cyclophos-
phamide + OVA-Th1 cells + PD-L1 mAbs + LAG-3 mAbs treated 
OVA-B16 tumor bearing mice exhibited a significantly increased 
64Cu-NODAGA-CD69-mAb tumor uptake (13.81 %ID/cc ± 0.5 
SEM) when compared to the control (10.9 %ID/cc ± 0.4 SEM) or 
combined CIT-treatment (11.6 % ID/cc ± 0.3 SEM) group. Ex vivo 
biodistribution analysis confirmed our in vivo PET results. 

Whole body 64Cu-NODAGA-CD69-mAb-PET/MRI enables mon-
itoring of T cell activation and thus identifying CIT responders 
as early as 3 days after onset of CIT. Consequently, immediate 
identification of CIT resistance by 64Cu-NODAGA-CD69-mAb-
PET/MRI facilitates early treatment modification and will probably 
guide clinicians to improve the survival of cancer patients.

Keywords : Programmed cell death ligand 1, Lymphocyte activa-
tion antigen 3, PET/MR, T-cells.
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B047 / PGE2/COX2 pathway inhibition enhances anti-me-
lanoma immunity and synergizes with anti-PD1 immuno-
therapy

Michelle Ferreira (Yale School of Medicine), Irina Krykbaeva (Yale 
University School of Medicine), William Damsky (Yale University 
School of Medicine), Harriet Kluger (Yale University School of 
Medicine), Marcus Bosenberg (Yale University School of Medi-
cine).

Checkpoint inhibitors such as anti-PD1 (aPD1) therapies have rev-
olutionized treatment of metastatic melanoma, but a large sub-
set of patients receiving such treatments fail to respond to aPD1 
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monotherapy. The PGE2/COX2 signaling pathway is one of the 
many pathways implicated in T cell exhaustion and PD1/PD-L1 up-
regulation and thus represents an attractive pharmacologic tar-
get to enhance effects of aPD1 therapy due to the availability and 
safety of inhibitors such as aspirin or NSAIDs. There is evidence 
that PGE2/COX2 pathway inhibitors act synergistically with aPD1 
therapy in murine melanoma and breast cancer models to bolster 
response rates. Here we further attempted to further character-
ize the synergism between PGE2/COX2 pathway inhibitors and 
aPD1 therapy and elucidate its mechanism using the YUMMER 
(Yale University Mouse Melanoma Exposed to Radiation) 1.7 mod-
el, an irradiated, syngeneic cell line originating from BrafV600E ; 
Pten-/-; and Cdkn2a-/- genetically engineered mouse melano-
mas. YUMMER1.7 cells implanted into the flanks of C57BL6/j mice 
show reproducible but partial responses to intraperitoneal aPD1 
therapy due to their irradiation-induced neoantigen burden, while 
YUMM1.7 cells, which have not been irradiated, do not respond to 
aPD1 therapy and model immunologically “cold” tumor cells. The 
YUMM/YUMMER model thus serves as an ideal platform to study 
if and how concurrent PGE2/COX2 pathway blockade may result 
in additive effects to aPD1 therapy. 6-8 week old male C57BL6/j 
mice were injected with 500K YUMMER1.7 or YUMM1.7 cells and 
treated with intraperitoneal aPD1 therapy alone starting on day 7 
after tumor implantation (n = 10), ibuprofen dissolved in drinking 
water at a concentration of 1 mg/mL started on the day of tu-
mor implantation (n = 10), combination aPD1/ibuprofen therapy 
(n = 10), or untreated (n = 10). Tumor growth was monitored bi-
weekly and tracked to an endpoint of 1cm3. In a separate cohort, 
IFN-gamma depletions were performed biweekly for aPD1 alone, 
ibuprofen alone, and aPD1/ibuprofen combination groups at a 
dose of 0.2 mg/mouse starting on the day of tumor implantation. 
Plasma and tumor samples for cytokine analysis were harvested 
at day 12 post tumor implantation after 2 doses of aPD1. Survival 
was significantly increased (p < 0.0001) in mice implanted with 
YUMMER1.7 receiving either ibuprofen alone (80%) or combi-
nation aPD1/ibuprofen (100%) after 60 days compared to mice 
receiving aPD1 alone (0%). 50% of aPD1-nonresponsive YUM-
MER1.7 tumors regressed when ibuprofen was added at the des-
ignated outgrowth threshold of 150mm3. In mice implanted with 
YUMM1.7, the combination of aPD1 and ibuprofen significantly ex-
tended median survival to 34 days as compared to 24 days with 
aPD1 alone or ibuprofen alone (p = 0.0002). Gamma blockade in 
YUMMER1.7 nullified the antitumor response of ibuprofen alone, 
aPD1 alone, and the aPD1/ibuprofen combination, suggesting that 
ibuprofen exerts its antitumor effects via a gamma-dependent 
mechanism. Furthermore, combining ibuprofen with aPD1 ther-
apy resulted in significant increases in the gamma-dependent 
cytokine CXCL10 (p = 0.018) and IFN-B1 (p = 0.040) in plasma 
relative to aPD1 therapy alone. We have shown that PGE2/COX2 
pathway inhibition with ibuprofen strongly synergizes with aPD1 
therapy in a murine model of melanoma, complementing exist-
ing evidence. Furthermore, combining ibuprofen with aPD1 ther-
apy rescued half of aPD1 non-responsive YUMMER1.7 tumors and 
significantly extended survival in immunologically cold YUMM1.7 
tumors. Interestingly, in YUMMER1.7, ibuprofen alone had superior 
antitumor effects to aPD1 alone and similar effects to the combi-
nation of aPD1 and ibuprofen. This suggests that PGE2/COX2 in-
hibitors such as NSAIDs, which are over-the-counter agents with 
a well-studied safety profile, may serve as a promising means of 
enhancing the response to aPD1 therapies such as nivolumab in 
melanoma patients who initially fail aPD1 monotherapy.

Keywords : Melanoma, Ibuprofen, COX2, PD1.
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B048 / Reprogramming the tumor microenvironment by 
activation of p53 enhances anti-tumor effects of immune 
checkpoint blockade in preclinical models.

Arnab Ghosh (Parker Institute for Cancer Immunotherapy and 
Swim Across America/Ludwig Collaborative Laboratory/ Me-

morial Sloan Kettering Cancer Center), Judith Michels, (Parker 
Institute for Cancer Immunotherapy and Swim Across America/
Ludwig Collaborative Laboratory/ Memorial Sloan Kettering Can-
cer Center), Luis Felipe Campesato (Parker Institute for Cancer 
Immunotherapy and Swim Across America/Ludwig Collabora-
tive Laboratory/ Memorial Sloan Kettering Cancer Center), David 
Redmond, (Parker Institute for Cancer Immunotherapy and Swim 
Across America/Ludwig Collaborative Laboratory/ Memorial 
Sloan Kettering Cancer Center), Lauren Dong (Parker Institute for 
Cancer Immunotherapy and Swim Across America/Ludwig Col-
laborative Laboratory/ Memorial Sloan Kettering Cancer Center), 
Levi Mark Bala Mangarin (Parker Institute for Cancer Immunother-
apy and Swim Across America/Ludwig Collaborative Laborato-
ry/ Memorial Sloan Kettering Cancer Center), Mohsen Abu-Akeel, 
(Parker Institute for Cancer Immunotherapy and Swim Across 
America/Ludwig Collaborative Laboratory/ Memorial Sloan Ket-
tering Cancer Center), Nathan Suek (Parker Institute for Cancer 
Immunotherapy and Swim Across America/Ludwig Collabora-
tive Laboratory/ Memorial Sloan Kettering Cancer Center), Hong 
Zhong (Parker Institute for Cancer Immunotherapy and Swim 
Across America/Ludwig Collaborative Laboratory/ Memorial 
Sloan Kettering Cancer Center), Sadna Bushu (Parker Institute for 
Cancer Immunotherapy and Swim Across America/Ludwig Col-
laborative Laboratory/ Memorial Sloan Kettering Cancer Center), 
Olivier de Henau, (Parker Institute for Cancer Immunotherapy and 
Swim Across America/Ludwig Collaborative Laboratory/ Memo-
rial Sloan Kettering Cancer Center), Jedd Wolchok (Parker Insti-
tute for Cancer Immunotherapy and Swim Across America/Lud-
wig Collaborative Laboratory/ Memorial Sloan Kettering Cancer 
Center), Taha Merghoub (Parker Institute for Cancer Immunother-
apy and Swim Across America/Ludwig Collaborative Laboratory/ 
Memorial Sloan Kettering Cancer Center).

An emerging body of literature suggests that non-cell autono-
mous effects of p53 can induce anti-tumor immunity. Activation 
and stabilization of p53 could therefore alter the tumor microen-
vironment, enabling more effective immune targeting of tumor 
cells. To explore this further, we studied the effects of enhanced 
p53-signaling in tumor-associated myeloid and T cells. 

To evaluate the role of enhanced p53 expression in the tumor 
microenvironment, we used mice bearing supernumerary copies 
of the p53 gene (Superp53 mice) and wild-type (WT) littermate 
controls and implanted them with B16 (p53-WT) melanoma tu-
mor cells. The tumor infiltrating cells in the Superp53 mice con-
tained a greater frequency of activated CD8+ T cells with higher 
expression of Ki67, Granzyme-B and PD-1. The Superp53 T cells 
also expressed elevated levels of IFN-gamma and TNF-alpha 
compared with WT. Superp53 mice implanted with B16 tumors 
and treated with anti-PD1 antibody (RMP1-14) had delayed tu-
mor growth compared to WT littermates (p<0.01) treated with 
anti-PD1 and controls, suggesting that enhanced p53 expression 
in the host augments the effects of immune checkpoint blockade. 
The differences in tumor control and survival were lost when T 
cells were depleted. To gain an in-depth understanding of the B16 
tumor microenvironment in Superp53 vs. WT mice, we sorted in-
filtrating myeloid, CD4+ and CD8+ T cells, and studied the global 
transcriptome by RNASeq. We observed distinct p53-dependent 
gene signatures, associated with p53-dependent Rb1 and Atm1 
repression, in the CD8, CD4 and myeloid cells. In myeloid cells, we 
found enhanced regulators of inflammation including RelA, Ccl5, 
TNF-alpha and ICAM-1. Accordingly, multiplexed cytokine array 
analysis of tumor extracts demonstrated an inflammatory cyto-
kine profile. 

We next studied the implications of pharmacologically activat-
ing p53 with APR-246. APR-246 reversibly binds the core domain 
of p53 through alkylation of thiol groups, shifting the equilibrium 
towards folded protein to reactivate endogenous p53 activity. 
In vitro treatment of B16 cells with APR-246 caused intracellular 
accumulation of p53, leading to increased apoptosis. However, 
treatment of B16-melanoma bearing mice with APR-246 mono-
therapy did not result in significant changes in tumor growth or 
survival. However, analyses of the tumor immune microenviron-
ment by flow cytometry revealed increased immune potentiating 
M1 pro-inflammatory tumor-associated macrophages, and Ki67, 
Granzyme B and PD-1 in CD8+ T cells, similar to that observed 
in Superp53 mice. Concomitantly, there was increased PD-L1 ex-
pression in the macrophages, and Foxp3+ Tregs in tumors from 
APR-246 treated animals. The combination of anti-PD1 antibody 
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with APR-246 treatment in B16-bearing mice led to a significant 
delay in tumor growth (P < 0.001), and improved survival com-
pared to anti-PD1 or APR-246 monotherapies (P < 0.01). Improved 
responses were also seen in MC38 colorectal cancer-bearing mice 
(P < 0.01). The anti-tumor effects of APR-246 and anti-PD1 were 
T cell dependent and abrogated in hosts lacking T cells. We an-
alyzed the global transcriptome of the myeloid, CD4+ and CD8+ 
T cells in the microenvironment by RNAseq and found a similar 
pattern of inflammation with APR-246 therapy as that seen in the 
B16-tumor-associated myeloid cells of Superp53 mice. 

Our studies support a role for enhancing the p53 effect in the tu-
mor microenvironment and provide evidence that treatment with 
APR-246 can enhance anti-tumor immune responses and inhibit 
tumor growth in preclinical models.

Keywords : p53, APR-246.

B049 / Complete response of stage IV pancreatic can-
cer combining low-dose checkpoint inhibitors with in-
terleukin-2 (IL-2) and fever range hyperthermia

Ralf Kleef (Immunology & Integrative Oncology Vienna), Robert 
Nagy (Immunology & Integrative Oncology Vienna), Hans Bojar 
(NextGen Oncology Group), Ralph Moss (Cancer Decisions).

Advanced stage inoperable pancreatic cancer has a poor progno-
sis and patients rarely enjoy durable complete response to treat-
ment ; progression free survival often is limited. 

Materials and Methods : We previously reported several cases 
of complete remission of far advanced lung metastasis in triple 
negative breast cancer, esophageal cancer and breast cancer at 
ITOC3 (Munich) 2016, ITOC 4 (Prague) 2017 and ITOC 5 (Berlin) 
2018 respectively ; here we report a similar case. 

The patient was a 45-year-old male newly diagnosed 05/2017 
with adenocarcinoma of the pancreas with histological confirma-
tion of primary invasive ductal adenocarcinoma of the pancreas 
with disseminated liver metastasis (>20 single lesions up to 2cm) 
and a single large peritoneal deposit (2.7×2.0×3.9 cm) close to 
the caecum. There was small volume malignant ascites. Histology 
revealed adenocarcinoma stage UICC IV T2 N2 M1 (hepar, perito-
neum) with disseminated para-aortal and celiac lymph node me-
tastasis. Guardant360 sequencing indicated somatic alteration 
burden of 9.2%. Analysis of circulating Tumor cells (CTC) revealed 
a high score of 236. Laboratory showed elevated transaminases 
and pancreatic enzymes, TM CEA/ was 3.4 ng/ml, CA19/9 4 U/ml. 

The patient underwent one-time neoadjuvant CHT with Gemcit-
abine–Abraxane prior. Clinically the patient presented with Kar-
nofsky index of 90% with moderate weight loss of 4 kg in the 
last 2 months, the patient experienced mild left upper abdominal 
discomfort which started around 9 months ago VAS 2-3. 

Therapy consisted of administration of the following combina-
tion protocol : Low-dose PD-1 immune checkpoint (IC) inhibitor 
nivolumab (0.5 mg/kg) with CTLA-4 IC inhibitor ipilimumab (0.3 
mg/kg) administered weekly, over three weeks. This was accom-
panied by loco regional hyperthermia with radiofrequency fields 
(13.56 MHz) using the Syncrotherm device 3 times per week (max 
output 400 w) over the tumor region in combination with high 
dose vitamin C (0.5 g/kg) and alpha lipoic acid (600mg) over 
three weeks. This was followed by long duration fever range 
whole body hyperthermia (using the Heckel HT3000 device) in 
combination with low dose chemotherapy using cyclophospha-
mide 300 mg/m² to down modulate Treg cells. Moderate dose i.v. 
Interleukin-2 (IL-2) under Taurolidine protection was administered 
for five days with careful titration to daily fever hyperthermia of 
max 39.5°C. CHT was administered with metronomic gemcitabine 
500mg/m2 two times. 

Results : First restaging 11/2017 three month following initiation 
of therapy with CT of abdomen and pelvis demonstrated major 
partial remission with decrease of the size of disseminated liver 
metastasis and no measurable primary pancreatic tumour, van-
ishing of the previously described lymphadenopathy. At that 
time the patient had started gaining weight again and was free 

of any cancer-related symptoms. Second restaging 05/2018 nine 
months following initiation of therapy with CT of the abdomen 
and indicated complete remission. Follow-up time with NED now 
is 2 years. Patient is healthy and free of any symptoms. 

Conclusion : This is one of several cases of advanced stage cancer 
patients having a complete response to primary immunothera-
py treatment. Clearly, this combination immune therapy warrants 
further clinical studies.

Keywords : Pancreatic Cancer, Hyperthermia, Checkpoint Inhibi-
tors, Interleukin-2.
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Microbiota in oncoimmunology

B050 / Identifying bacterial molecules that induce gut 
immune responses and characterizing their protective 
potential against colitis-associated cancer

Martina Sassone Corsi (1 Division of Immunology, Department of 
Microbiology and Immunobiology, Harvard Medical School, Bos-
ton, MA 02115, USA. 2 Evergrande Center for Immunologic Diseas-
es, Harvard Medical School and Brigham and Women’s Hospital, 
Boston MA 02115, USA.), Adriana Ortiz-Lopex (1 Division of Immu-
nology, Department of Microbiology and Immunobiology, Harvard 
Medical School, Boston, MA 02115, USA. 2 Evergrande Center for 
Immunologic Diseases, Harvard Medical School and Brigham and 
Women’s Hospital, Boston MA 02115, USA.), Diane Mathis (1 Divi-
sion of Immunology, Department of Microbiology and Immuno-
biology, Harvard Medical School, Boston, MA 02115, USA. 2 Ever-
grande Center for Immunologic Diseases, Harvard Medical School 
and Brigham and Women’s Hospital, Boston MA 02115, USA.), 
Christophe Benoist (1 Division of Immunology, Department of Mi-
crobiology and Immunobiology, Harvard Medical School, Boston, 
MA 02115, USA. 2 Evergrande Center for Immunologic Diseases, 
Harvard Medical School and Brigham and Women’s Hospital, Bos-
ton MA 02115, USA.).

Colitis-associated cancer (CAC) is a type of colorectal cancer that 
develops in patients with chronic intestinal inflammation associ-
ated with inflammatory bowel disease (IBD) (1). T cells play a piv-
otal role in enforcing intestinal homeostasis, as alterations in the 
number and function of T helper 17 (Th17) and T regulatory (Treg) 
cells contribute to the severity of IBD. Importantly, the induction 
of T effector cells and maintenance of intestinal homeostasis is 
dependent on different members of the gut microbiome (2, 3). 
Hence, identifying novel bacterial immunomodulatory molecules 
that alone could induce colonic Tregs and Th17 cells is fundamen-
tal for the development of novel therapeutic strategies to treat 
IBD and CAC. Therefore, we combine immunophenotyping and 
immunogenomics with bacterial comparative genomics and ge-
netics to identify bacterial molecules involved in the maintenance 
of intestinal homeostasis and modulation of T cells responses. 
Previously it was shown that the probiotic strain of Escherichia 
coli, Nissle 1917 (EcN), can induce both Th17 and peripheral T reg-
ulatory cells (pTregs) in the colonic lamina propria (LP) of germ-
free (GF) mice (4). We recently found that the ability of EcN to in-
duce these immune cell populations was not shared by the closely 
related strain of E. coli, BW25113 (EcBW). Genome comParisons 
between these two strains identified a set of genetic differences 
which could be responsible for the immunomodulatory effects of 
EcN. Using the Lamda red recombineering system, we generated 
a set of EcN mutants lacking one or multiple genes unique to EcN 
in comParison to EcBW. To investigate their ability to promote 
Th17 and Treg responses, we monocolonized GF mice with either 
EcN wild-type or EcN mutants and immunophenotyped the gut 
tissue. Interestingly, we found that mice monocolonized with an 
EcN mutant lacking a surface molecule showed a drastic reduc-
tion of Th17 and pTreg accumulation in the colon. In addition, a 
mutant lacking the ability to produce a metabolite also led to re-
duced pTregs, while the Th17 population was not affected. To in-
vestigate these inductions further, we performed low-input RNA-
seq of various colonic immune and non-immune populations from 
mice monocolonized with wild-type and mutant EcN. Preliminary 
data suggest various interesting pathways that warrant further 
investigation. Identification of novel bacterial immunomodulatory 
mechanisms will help the development of new therapeutic strate-
gies to ameliorate IBD and CAC.

Keywords : Colitis-associated cancer, Microbiota, T regulatory 
cells, Bacterial molecules.
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B051 / Regulatory considerations for gut microbio-
ta-based cancer therapy - US FDA perspective

Ke Liu (U.S. Food and Drug Administration, Center for Biologics 
Evaluation and Research).

Recent studies have suggested that gut microbiota may have a 
mechanistic impact on tumor response to cancer immunothera-
py (1, 2). Transplantation of gut microbiota derived from human 
checkpoint inhibitor (anti-PD 1) responders to tumor-bearing 
mice led these mice to respond to anti-PD 1 treatment (3). These 
investigations appear to provide strong scientific rationale for 
conducting human trials using gut microbiota-based therapies to 
treat cancer. However, many regulatory challenges exist for this 
novel approach. 

We searched U.S. FDA internal database for investigational drug 
applications (INDs) using gut microbiota for the treatment of 
patients with cancer. Ten such INDs have been identified, and all 
INDs are for Phase 1 and Phase 2 trials for different cancer in-
dications. Four of these trials use fecal microbiota transplanta-
tion (FMT). We reviewed and compared these clinical trial pro-
tocols with respect to donor screening, FMT Methods, dose and 
schedule, assessment for safety and clinical outcome, and patient 
follow-up. We plan to present the aggregated information and 
discuss the following regulatory considerations for FMTs cancer 
trials : 1. Fecal donor screening ; 2. Manufacturing process ; 3. Trial 
design elements : a. Study population (refractory vs. early lines of 
therapy) b. Treatment plans i. Oral antibiotic use prior to FMT ii. 
FMT formulation (liquid vs. capsule) iii. Dose/schedule and route 
of administration iv. Coordination with other disciplines (e.g., gas-
troenterologist for endoscopies) c. Study evaluation i. Analyses 
for recipient stool microbiota pre and post FMT and immunother-
apy ii. ComParison with the donor microbiota d. Safety monitor-
ing for unpredictable behavior of commensal bacteria in immuno-
compromised hosts such as cancer patients (4)

Keywords : Microbiota, Fecal Microbiota Transplant, Cancer Immu-
notherapy, U.S. FDA Regulatory Consideration.
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B052 / TARGETING MICROBIOTA FOR IMPROVING CAN-
CER IMMUNOTHERAPY

Marie Vetizou (NCI, NIH), John McCulloch (NCI NIH), Jonathan 
Badger (NCI, NIH), Rodrigo Xavier Das Neves (NCI NIH), Giorgio 
Trinchieri (NCI, NIH).

The treatment and outcome of advanced melanoma has been 
dramatically modified in the last decade by the development of 
immunotherapy and mainly immune checkpoint blockers (ICBs). 
Even if some patients experience long term survival, only 20% 
of the advanced melanoma benefit from ICBs. Recently, intestinal 
bacteria have been shown to impact chemotherapy and immuno-
therapy, including ICBs therapy [1]. However, while all the studies 
reported the importance of gut microbiota, they highlighted dif-
ferent bacterial players. Dietary manipulation represents an attrac-
tive approach of microbiome modulation to enhance response to 
immunotherapy. Using a preclinical model, we have demonstrated 
that the anti-tumor efficacy of anti-PD1 was reduced and delayed 
in the absence of dietary fiber. A higher percentage of Regulato-
ry T cells has been observed in the tumor microenvironment of 
mice fed with a fiber-free diet. Finally, a protective association 
was found between Bifidobacterium abundance and tumor size, 
validating the recent literature[2]. Mechanistic studies are ongo-
ing to better understand the cause-effect relationship between 
dietary component, gut microbiota and response to ICBs therapy. 
Yet, the possibility of targeting the microbiota to improve cancer 
treatment is an exciting one that is likely soon to become a reality.

Keywords : Cancer immunotherapy, anti-PD1, gut microbiota, Di-
etary fiber.
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B053 / BACTERIOPHAGE DELIVERY INTO TUMOR ASSO-
CIATED BACTERIA

Maya Kahan-Hanum (BiomX), Nufar Buchshtab (BiomX), Lior Zelc-
buch (BiomX), Efrat Khabra (BiomX), Dana Inbar (BiomX), Lital 
Polonsky (BiomX), Hava Ben David (BiomX), Sharon Kredo-Russo 
(BiomX), Myriam Golembo (BiomX), Naomi Zak (BiomX).

Introduction : Recent studies demonstrate that bacterial species 
are present within the tumor microenvironment (Bhatt et al., 
2017). These bacteria were suggested to promote tumor growth 
(Rubinstein et al., 2013 & Yang et al., 2017), enable tumor cells to 
evade the immune system (Gur et al., 2015) and provide resistance 
to cancer therapeutics (Yu et al., 2017 & Geller 2017). Fusobacte-
rium nucleatum (F. nucleatum) was shown to be significantly en-
riched in human colorectal carcinomas, pancreatic cancer, breast 
cancer, esophagus cancer, adenocarcinomas and in stomach can-
cer (Abed et al., 2017), compared with matched adjacent noncan-
cerous tissue or tissue from healthy controls. A higher abundance 
of F. nucleatum has been associated with advanced tumor stage 
and poor prognosis in colorectal carcinomas (Mima et al., 2016). 
Bacteriophage (‘phage’) are viruses that specifically infect bac-
teria, and as such they play a critical role in regulating bacterial 
populations. Thus phage may serve as an anti-bacterial candidate 
therapy for tumor-associated bacteria. The present study aims to 
demonstrate phage delivery into tumor associated F. nucleatum. 

Methods : Natural phage were isolated from clinical samples, se-
quenced and tested against F. nucleatum strains. To study in vivo 
phage delivery, a syngeneic subcutaneous mouse model of mu-
rine colon carcinoma tumors (CT26) was used. F. nucleatum was 
injected IV and survival in the tumor environment was determined 
by extraction and colony counts (CFU). Phage delivery into mice 
was carried out by a single IV administration and phage abun-
dance in serum and tumors was determined by plaque forming 
units (PFU) on lawns of F. nucleatum. Phage infection of intra-tu-
moral F. nucleatum was measured by a qPCR designed to specif-
ically detects infected F. nucleatum. 

Results : Several novel phages for F. nucleatum were discovered 
and characterized for host range on clinical F. nucleatum isolates. 
One F. nucleatum strain and a corresponding phage were cho-
sen for the in vivo study. Following IV administration, F. nuclea-
tum was highly accumulated within the tumors (2x10^7 CFU/gr 
tumor). A pharmacokinetic study showed that, following IV ad-
ministration of 10^9 pfu/mL, phage levels in serum were above 
10^7 PFU/mL for at least 6 hours and were reduced after 24 hours 
to 10^4 PFU/mL. Phage delivery to intra-tumor F. nucleatum was 
demonstrated by significantly increased expression of the infect-
ed bacteria as seen by qPCR (p<0.0001, relative to mice that were 
administered with phage buffer). 

Conclusion : We have shown that IV administered phage can 
reach tumors and infect intra-tumoral bacteria. Phage success-
fully delivered to target intra-tumor bacteria may be used as a 
candidate therapeutic approach to eradicate pathogenic tumor 
associated bacteria. We plan to further study phage combinations 
and their efficacy, together with potential combination with cur-
rent therapy.

Keywords : Bacteriophage.
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B054 / Leveraging the Second Genome platform to deve-
lop microbiome-derived cancer immunotherapies

Bernat Baeza-Raja (Second Genome, Inc).

The gut microbiota has emerged as an important player in cancer 
pathology and increased evidence supports its influence on clin-
ical response to immune checkpoint inhibitor (ICI) therapy. How-
ever, the specific gut bacteria-derived molecules responsible for 
the improved response to ICI therapy remain unknown. Second 
Genome has developed a unique discovery platform to identify, 
screen, and validate microbiome-derived peptides that promote 
response to cancer-immunotherapy. Using our multi-technology 

meta-analysis of published datasets characterizing the baseline 
microbiome from melanoma patients treated with anti-PD-1, we 
have identified gut microbiota strains differentially abundant in 
responders versus non-responders that are concordant across 
multiple cohorts. Next, peptides from the strains associated with 
responder signatures were predicted from their genome se-
quences. In addition, we identified and selected predicted bacte-
rially-derived peptides associated with responder signatures from 
assembled metagenomes. All predicted peptides were screened 
using phage display technology to select binders to immune cells 
known to play a role in the tumor microenvironment (TME). Se-
lected microbiome-derived peptide binders were evaluated for 
activity in cell-based assays using isolated human primary T cells, 
dendritic cells, and macrophages. We show that several selected 
peptide binders induce secretion of proinflammatory cytokines 
and chemokines (e.g., IP-10, TNF) from human primary mono-
cyte-derived dendritic cells, as well as effector cytokine secre-
tion (e.g., IFNγ, IL-2) from human primary T lymphocytes. Addi-
tionally, we have identified microbiome-derived peptide binders 
with capacity to inhibit an M2-like phenotype in macrophages 
(decreased LPS-induced IL-10 secretion). Collectively, our results 
demonstrate the potential of Second Genome’s discovery plat-
form to identify and characterize novel immunomodulatory fac-
tors produced by the gut microbiota. Second Genome’s discovery 
platform offers a unique approach to identify novel agents with 
potential for use as therapeutics in cancer immunotherapy.

Keywords : Microbiome, Therapeutic peptides, immunomodula-
tion, cancer biology.
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B055 / Investigating immune-microbiota interaction in 
genetically engineered mouse model of lung cancer

Chengcheng Jin (David H. Koch Institute for Integrative Can-
cer Research, Massachusetts Institute of Technology), Georgia 
Lagoudas (Department of Biological Engineering, Massachusetts 
Institute of Technology), Chen Zhao (National Institute of Allergy 
and Infectious Disease, National Institutes of Health), Tyler Jacks 
(David H. Koch Institute for Integrative Cancer Research, Mas-
sachusetts Institute of Technology), Ronald Germain (National 
Institute of Allergy and Infectious Disease, National Institutes of 
Health).

The development of lung cancer is closely associated with chron-
ic inflammation, but the source of such inflammation has not 
been clearly defined and the contribution of specific cellular and 
molecular component of the immune system is yet to be eluci-
dated. Pulmonary infections are very common in lung cancer pa-
tients and affect clinical outcomes, but these associations are not 
understood in molecular details. In this manuscript, we provide 
strong evidence that local microbiota play a critical role in pro-
moting lung cancer development by provoking tumor-associated 
inflammation. 

Using an autochthonous genetically engineered mouse model 
(GEMM) of lung adenocarcinoma, we found lung cancer devel-
opment was associated with increased total bacterial load and 
reduced bacterial diversity in the airway. Our data suggested that 
tumor-associated barrier defects and airway obstruction might 
result in impaired bacterial clearance and altered growth condi-
tions for microbes. This dysregulated local microbiota stimulated 
IL-1β and IL-23 production from myeloid cells in a Myd88-depen-
dent fashion, resulting in proliferation and activation of lung-res-
ident Vγ6+Vδ1+ γδ T cells. These γδ T cells produced IL-17 to 
promote neutrophil infiltration and inflammation in the tumor mi-
croenvironment ; they also expressed IL-22, amphiregulin and oth-
er effector molecules to directly enhance tumor cell proliferation. 
Mice rederived to germ-free condition or treated with combined 
antibiotics were profoundly protected from lung cancer initiation 
and progression induced by oncogenic Kras and p53 loss ; on the 
other hand, intratracheal inoculation of bacterial mixture isolated 
from late-stage lung tumors robustly accelerated tumor growth in 
naïve animals. Bulk and single-cell RNA-seq based transcription-
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al profiling further revealed that microbiota induced robust gene 
expression changes in a number of tumor-associated immune cell 
populations. In addition, we also performed 16S FISH in combi-
nation with immunofluorescence microscopy to show the direct 
interaction between bacterial and immune cells in the native lung 
tumor microenvironment. Therapeutically, we found blocking the 
γδ T or its downstream IL-17, IL22 signaling all significantly sup-
pressed tumor growth in the lung. Importantly, we demonstrated 
that the key findings from the mouse model are closely relevant in 
human lung adenocarcinoma patients. 

In summary, our study clearly links local microbiota-immune 
crosstalk to lung tumorigenesis, and thereby define key cellular 
and molecular mediators that may serve as effective targets in 
lung cancer treatment and prevention.

Keywords : microbiota, inflammation, IL-17, lung cancer.

New trends in technology & informa-
tics

B056 / Investigating correlates of clinical and immune 
response to cancer immunotherapy using a novel un-
biased cell population discovery Method in whole blood 
single-cell, flow cytometry

Steven P. Fling (Fred Hutchinson Cancer Research Center, Seattle 
WA), Leonard D’Amico (Fred Hutchinson Cancer Research Cen-
ter, Seattle WA), Nirasha Ramchurren (Fred Hutchinson Cancer 
Research Center, Seattle WA), Martin A. Cheever (Fred Hutchin-
son Cancer Research Center, Seattle WA), Evan Greene (Fred 
Hutchinson Cancer Research Center, Seattle WA), Greg Finak 
(Fred Hutchinson Cancer Research Center, Seattle WA), Raphael 
Gottardo (Fred Hutchinson Cancer Research Center, Seattle WA).

The Cancer Immunotherapy Trials Network (CITN) coordinates 
multi-center cancer immunotherapy trials that are paired closely 
with correlative biomarker studies, wherein multiparameter flow 
cytometry is performed in real time on longitudinally collected 
whole blood samples. The purpose of this study is to describe 
an immune monitoring approach that combines quantitative, 
whole blood flow cytometry (using diverse immunophenotyp-
ing staining panels) with an automated, unbiased, cell population 
discovery method to enable discovery of informative correlative 
biomarkers. 

We have recently reported clinical trial results from two CITN 
multi-center trials. We have also reported a non-parametric meth-
od for unbiased cell population discovery that annotates cell pop-
ulations with biologically interpretable phenotypes through a new 
procedure called Full Annotation Using Shape-constrained Trees 
(FAUST). We used the unbiased FAUST procedure to analyze 
multi-parameter flow cytometry data generated from these two 
cancer immunotherapy clinical trials to demonstrate that candi-
date biomarkers can be associated with clinical outcome. 

Here we provide comparative analyses of these flow cytometry 
results, performed both by conventional manual gating strategies 
as well as the FAUST method to highlight the value of this ap-
proach in identifying within fresh whole blood predictive biomark-
ers of clinical responses in immunotherapy. 

In conclusion, by combining whole blood flow staining with a 
non-parametric method of data analyses, our results demonstrate 
the ability to capture important minor cell subpopulations that 
may not be observed when using biased manual gating that is 
limited to characterizing cell populations considered a-priori to 
be significant. In addition, our results emphasize the unique value 
for multi-center trials of performing flow cytometry using fresh 
whole blood which preserves the minor cell populations cap-
tured/identified by FAUST which may be lost or compromised by 
standard cryopreservation Methods.

Keywords : Correlative Biomarker Discovery, Immune Monitoring, 
Flow Cytometry.

B057 / Identification of pharmacological agents that in-
duce HMGB1 release

Liwei Zhao (Inserm UMR1138), Peng Liu (Inserm UMR1138), Oliver 
Kepp (Inserm UMR1138), Guido Kroemer (Inserm UMR1138).

The translocation of the protein high mobility group box 1 (HMGB1) 
from the nucleus to the cytoplasm and its secretion or passive re-
lease through the permeabilized plasma membrane, constitutes a 
major cellular danger signal. Extracellular HMGB1 can interact with 
pattern recognition receptors to stimulate pro-inflammatory and 
immunostimulatory pathways. Here, we developed a screening 
assay to identify pharmacological agents endowed with HMGB1 
releasing properties. For this, we took advantage of the “reten-
tion using selective hooks” (RUSH) system in which a streptavi-
din-NLS3 fusion protein was used as a nuclear hook to seques-
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trate streptavidin-binding peptide (SBP) fused with HMGB1 and 
green fluorescent protein (GFP). When combined with biotin, 
which competitively disrupts the interaction between streptavi-
din-NLS3 and HMGB1-SBP-GFP, immunogenic cell death (ICD) in-
ducers such as anthracyclines were able to cause the nucleo-cy-
toplasmic translocation of HMGB1-SBP-GFP. This system, was 
used in a high-content screening (HCS) campaign for the identi-
fication of HMGB1 releasing agents. Hits fell into three functional 
categories : known ICD inducers, microtubule inhibitors and epi-
genetic modifiers. These agents induced ICD through a panoply 
of distinct mechanisms. Their effective action was confirmed by 
multiple Methods monitoring nuclear, cytoplasmic and extracellu-
lar HMGB1 pools, both in cultured human or murine cells, as well 
as in mouse plasma.

Keywords : chemotherapy, DNA methylation, HTS, immunogenic 
cell death.
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B058 / Single-cell immune biomarker discovery in whole 
blood

Alex Chenchik (Cellecta).

New rapid and robust transcriptome-based Methods for biomark-
er discovery in whole blood are needed to improve diagnosis and 
treatment of cancer and other diseases. However, the biomarker 
profiling in heterogeneous blood cell populations is intrinsically 
limited by the fact that the readout of any pooled assay represents 
a “weighted average” of that population’s cellular constituents 
which are different for each clinical sample. Compared to conven-
tional gene expression analysis in pooled RNA, single-cell expres-
sion analysis can reliably detect transcripts in rare cell populations 
that are below the threshold in bulk RNA. Nonetheless, single-cell 
sequencing is technically challenging due to the limited biologi-
cal material in an individual cell and the high cost of sequencing 
across multiple cells. To address these limitations, we are devel-
oping highly scalable protocols for whole blood cell stabilization, 
followed by single-cell targeted multiplex RT-PCR-NGS digital ex-
pression profiling. Importantly, we developed a novel protocol for 
single-cell expression profiling in semi-solid media which doesn’r 
require special cell partitioning instrument and could applied for 
cost-effective analysis of thousands PBMC or FACS sorted cell 
fractions. This biomarker discovery platform provides at least 
100-fold better sensitivity and significant improvement in sam-
ple-to-sample variability than conventional bulk expression profil-
ing in whole blood. Also, using a defined set of amplicons and in-
ternal calibration standards significantly improves batch-to-batch 
variation, data analysis and sample-to-sample normalization. 

We will present the performance of the genome-wide multiplex 
RT-PCR-NGS strategy for profiling PBMC subsets in normal whole 
blood samples, basally and in response to immunomodulatory 
stimuli ex vivo. Notably, we identify canonical cell types and de-
termine their activation states. Preliminary studies demonstrate 
the assay has unparalleled specificity and sensitivity, resulting in 
better detection of low abundance immune biomarkers as well as 
an improved cost-effectiveness for high-throughput clinical ap-
plications.

Keywords : immunity biomarker, single-cell analysis, expression 
profiling, whole blood.

B059 / A fully integrated platform for functional deep mi-
ning of antibody repertoires from a variety of species to 
secure clinical lead candidate antibodies against conser-
ved and difficult targets

Janus S Jakobsen (Symphogen A/S), Klaus Koefoed (Symphogen 
A/S), Torben Gjetting (Symphogen A/S), Nikolaj Dietrich (Sym-
phogen A/S), Camilla Fröhlich (Symphogen A/S), Trine Lindsted 
(Symphogen A/S), Maria C Melander (Symphogen A/S), Michael 
M Grandal (Symphogen A/S), Franziska Uhlenbrock (Sympho-

gen A/S), Anne Worsaae (Symphogen A/S), Matteo Riva (Sym-
phogen A/S), Johan Lantto (Symphogen A/S), Mikkel Pedersen 
(Symphogen A/S).

Traditional hybridoma antibody cloning workflows are limited to 
rodent B cells and only sample a minority of the immune rep-
ertoire. Symphogen has pioneered a fully integrated approach 
for cloning, expression and functional screening of large immor-
talized antibody repertoires derived from millions of B cells iso-
lated from humans, transgenic mice, transgenic rat or chickens. 
Our powerful methodology combines antibody cloning from sin-
gle sorted B cells, Next Generation Sequencing and automated 
high-throughput functional screening to identify antibodies with 
rare binding and functional properties. Case stories showing how 
our approach allows for unlimited robust functional screening of 
1000s of unique antigen-specific recombinant antibodies in the 
final therapeutic format will be presented. Combining antibody 
cloning from chicken B cells with high-throughput humanization, 
we demonstrate how chicken-derived antibodies can offer unique 
advantages over rodent-derived antibodies. Such advantages in-
clude access to unique functional epitopes, ultra-high affinity and 
importantly cross-reactivity to both non-human primate and ro-
dent target orthologs. Cross-reactivity to rodent target orthologs 
enables rigorous pre-clinical evaluation of the actual lead anti-
body in relevant in vivo models and eliminates the need for surro-
gate antibodies. Sym021, an anti-PD1 antibody in clinical phase 1, 
is a first in man chicken-derived antibody originating from our B 
cell technology platform.

B060 / Increased HLA-peptidome coverage by coupling 
gas-phase fractionation to LC-MS/MS

Susan Klaeger (The Broad Institute of MIT and Harvard), Annie 
Apffel (The Broad Institute of MIT and Harvard, Cambridge, MA, 
USA), Siranush Sarkizova (Department of Biomedical Informat-
ics, Harvard Medical School, Boston, MA, USA), Derin B Keskin 
(Department of Medical Oncology, Dana-Farber Cancer Institute, 
Boston, MA, USA), Karl R Clauser (The Broad Institute of MIT and 
Harvard, Cambridge, MA, USA), Hasmik Keshishian (The Broad In-
stitute of MIT and Harvard, Cambridge, MA, USA), Nir Hacohen 
(The Broad Institute of MIT and Harvard, Cambridge, MA, USA), 
Catherine J Wu (Department of Medical Oncology, Dana-Farber 
Cancer Institute, Boston, MA, USA), Steven A Carr (The Broad In-
stitute of MIT and Harvard, Cambridge, MA, USA).

Highly polymorphic class I human leukocyte antigen (HLA) mol-
ecules present short peptide sequences from endogenous or for-
eign proteins to cytotoxic T cells. Each allele is estimated to bind 
and present 1, 000 – 10, 000 unique peptides, but the rules of an-
tigen presentation are not yet fully understood. Mass spectrome-
try (MS) holds the advantage of enabling direct identification of 
endogenously processed and presented peptides(1). In particular, 
MS detection of antigens presented by tumor cells can confirm 
selected epitopes, give rise to new potential antigens for thera-
py and monitor changes in antigen presentation in response to 
treatment. 

Despite recent advances in instrumentation, the study of HLA 
peptides by mass spectrometry can still benefit from improve-
ments in accuracy and sensitivity. Often, available material is lim-
ited and extensive sample handling leads to sample loss. Methods 
capable of deep profiling of HLA peptides using small amounts 
of tissue will be required for analysis of primary tumor samples 
obtained in a clinical setting. Separation of ions in the gas phase 
(ion mobility) can enable distinct mass analysis of otherwise in-
terfering sets of peptides and thus, provides additional selectivity 
and sensitivity(2). 

Here, we investigated the potential benefits of gas phase fraction-
ation to increase the depth of the immunopeptidome coverage 
starting with relatively low amounts of input HLA peptide. HLA 
peptide complexes were immunoprecipitated from up to 50 mil-
lion cells or 0.1 g of tumor material. HLA bound peptides were acid 
eluted, analyzed by high resolution liquid chromatography cou-
pled tandem mass spectrometry (LC-MS/MS) and mass spectra 
were interpreted with the Spectrum Mill software package. This 
study employed a Fusion Lumos orbitrap based mass analyzer 
(Thermo Fisher Scientific) equipped with a FAIMS pro interface 
(high field asymmetric waveform ion mobility) that employs a 
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cylindrical electrode design to achieve gas-phase ion separation 
on the millisecond timescale, prior to conventional analysis in the 
MS/MS system. For initial evaluations, we acquired data on HLA-
bound peptides eluted from three monoallelic B721.221 cell lines. 
When using FAIMS, the number of peptide identifications could 
be increased up to 40% compared to our standard workflow on 
a Fusion Lumos using the same input. Charge state and peptide 
length distribution also followed the same trends observed with-
out ion mobility. 

All newly identified peptides matched the main motif of the allele 
and data from the different acquisition Methods also revealed the 
same submotif clusters. These results demonstrate that ion mobil-
ity can sequence the HLA peptidome to a greater depth without 
biasing the coverage. For multiallelic samples such as tumors and 
patient derived cell lines, the number of identified peptides could 
also be increased by >30% using FAIMS. 

In conclusion, coupling gas phase fractionation to LC-MS/MS can 
deepen the immunopeptidome coverage in a single LC-MS/MS 
run starting with lower sample amounts. Upfront gas phase ion 
separation combined with ever faster and more sensitive MS are 
likely to enable routine detection of less abundant peptide spe-
cies such as neoantigens.

Keywords : immunopeptidomics, mass spectrometry, ion mobility, 
neoantigen.
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B061 / Empty peptide receptive MHC class I molecules for 
efficient detection of antigen-specific T cells

Sunil Kumar Saini (Department of Health Technology, Technical 
University of Denmark (DTU), Denmark), Tripti Tamhane (De-
partment of Health Technology, Technical University of Denmark 
(DTU), Denmark), Raghavendra Anjanappa (Department of Life 
Sciences and Chemistry, Jacobs University, Bremen, Germany), 
Ankur Saikia (Department of Life Sciences and Chemistry, Jacobs 
University, Bremen, Germany), Sofie Ramskov (Department of 
Health Technology, Technical University of Denmark (DTU), Den-
mark), Marco Donia (National Center for Cancer Immune Thera-
py, Copenhagen University Hospital, Herlev, Denmark), Inge Marie 
Svane (National Center for Cancer Immune Therapy, Copenhagen 
University Hospital, Herlev, Denmark), Søren Nyboe (Department 
of Health Technology, Technical University of Denmark (DTU), 
Denmark), Maria Garcia-Alai (European Molecular Biology Labo-
ratory (EMBL), Hamburg, Germany), Martin Zacharias (Physik-De-
partment, T38, Technical University of Munich, Germany), Rob 
Meijers (European Molecular Biology Laboratory (EMBL), Ham-
burg, Germany), Sebastian Springer (Department of Life Sciences 
and Chemistry, Jacobs University, Bremen, Germany), Sine Reker 
Hadrup (Department of Health Technology, Technical University 
of Denmark (DTU), Denmark).

The peptide-dependent stability of MHC (Major histocompatibil-
ity complex) class I molecules poses a substantial challenge for 
their use in peptide-MHC multimer-based approaches to com-
prehensively analyze T cell immunity. To overcome this challenge, 
we demonstrate the use of functionally empty MHC class I mol-
ecules stabilized by a disulfide bond to link the alpha-1 and al-
pha-2 helices close to the F pocket. Peptide-loaded disulfide-sta-
bilized HLA-A*02 :01 shows complete structural overlap with wild 
type HLA-A*02 :01. Peptide-MHC multimers prepared using di-
sulfide-stabilized HLA A*02 :01, HLA A*24 :02, and H 2Kb can be 
used to identify antigen specific T cells, and they provide a better 
staining index for antigen-specific T cell detection compared to 
multimers prepared with wild type MHC class I molecules. Disul-
fide-stabilized MHC class I molecules can be loaded with peptide 
in the multimerized form without affecting their capacity to stain 
T cells. We demonstrate the value of empty loadable tetramers 
that are converted to antigen-specific tetramers by a single-step 
peptide addition through their use to identify T cells specific for 
mutation-derived neoantigens and other cancer-associated anti-
gens in human melanoma.

Keywords : Empty MHC class I, MHC tetramers, T cells, Immuno-

therapy.
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B062 / Opposing immune and genetic forces shape on-
cogenic programs in synovial sarcoma

Livnat Jerby (The Broad Institute of Harvard and MIT), Cyril Nef-
tel (Massachusetts General Hospital), Mario Suva (Massachusetts 
General Hospital), Nicolò Riggi (Institute of Pathology, Faculty of 
Biology and Medicine, Centre Hospitalier Universitaire Vaudois, 
Lausanne), Aviv Regev (Broad Institute of Harvard and MIT).

Synovial sarcoma is a highly aggressive neoplasm, characterized 
by exceptionally low T cell infiltration levels, despite high levels 
of immunogenic cancer testis antigens. The disease is invariably 
driven by the SS18-SSX oncoprotein, which leads to genome-scale 
dysregulation of the chromatin structure and gene transcription. 
To study the cancer immune interplay in this disease we devel-
oped new computational approaches and applied them to a new 
cohort of single-cell RNA-Sequencing and transcriptomic imag-
ing data that we collected from 10 synovial sarcoma patients. Our 
data reveals that – despite their cold phenotype – synovial sar-
coma tumors contain active and clonally expanded T cells, and 
that the dysregulation of SS18-SSX targets is coupled to oxidative 
metabolism and repressed immune responses in the malignant 
cells. Using genetic and pharmacological perturbations, we show 
that SS18-SSX is promoting immune resistant cell states, while cy-
tokines produced by macrophages and T cells in the tumor micro-
environment reverse the dysregulation of SS18-SSX targets. Reg-
ulatory network analyses then predicted that SS18-SSX promotes 
these resistant cell states through the combined activity of HDAC1 
and CDK6. Confirming these predictions, HDAC and CDK4/6 in-
hibitors synergistically activated cell autonomous immune re-
sponses and antigen presentation specifically in synovial sarco-
ma cells. Taken together, our study provides new approaches to 
map bi-directional interactions between malignant and immune 
cells, and strengthens the notion that canonical oncogenes can 
function as master regulators of cellular immunity. Targeting the 
corresponding oncogenic pathways can substantially modulate 
cancer-immune interactions in synovial sarcoma, and potentially 
in other malignancies.

Keywords : Single cell analyses, Cell-cell interactions, Tumor eco-
system, T cell exclusion.

B063 / MHC II dCODE Dextramer reagents allow single 
cell characterization of antigen-specificity, TCR clonotype 
and gene expression of CD4+ T cells

Liselotte Brix (Immudex ApS), Bjarke Endel Hansen (Immudex 
ApS), Kivin Jakobsen (Immudex ApS), Amir Ameri (Immudex 
ApS), Sara Bursomanno (Immudex ApS).

T-cell mediated adaptive immunity to pathogens, tumor- and 
self-antigens in autoimmunity, is dependent on the specific rec-
ognition of the MHC-peptide (pMHC) antigen by a unique TCR on 
the target cell. The identification of specific T cells, their function-
al potential and clonotypic TCR sequence is essential to unravel 
the complexity of the immune responses, and to manipulate it for 
therapeutic benefits. 

We have developed an MHC multimer technology, the dCODE 
Dextramer reagents, composed by a dextran backbone display-
ing multiple pMHCs and a DNA barcode unique for the displayed 
pMHC specificity. The dCODE Dextramer is compatible with 10x 
Genomics Chromium platform for single cell analysis. 

In this study we have used a panel of MHC II dCODE Dextramer 
reagents to characterize antigen-specificity, TCR clonotype and 
gene expression of single CD4+ T cells from human peripheral 
blood. 

Initially, the integrity of each dCODE Dextramer was demonstrat-
ed by specific labelling of CD4+ T-cells in flowcytometry. Subse-
quently, using the MHC II dCODE Dextramer panel we were able 
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to identify and correlate antigen specific CD4+ T cells, with their 
unique TCR clonotypes and phenotypic gene expression profiles. 

In conclusion, the MHC II dCODE Dextramer can reveal 1) antigen 
specificity, 2) TCR clonotype and 3) functional gene expression 
profile of single CD4+ T cells. This allows a new understanding 
of cellular immunology that can progress immunological research 
and immunotherapeutic development.

Keywords : dCODE Dextramer Technology, TCR immune profiling, 
single cell analysis, NGS.

B064 / The development of a membrane-free ‘cold’ and 
‘hot’ tumor model in the high throughput compatible Mi-
metas’ OrganoPlate® platform

Johnny Suijker (Mimetas BV), Lenie van den Broek (Mimetas BV), 
Luuk de Haan (Mimetas BV), Karla Queiroz (Mimetas BV), Erik 
Walinga (Mimetas BV), John Lowman (Mimetas US), Henriette L 
Lanz (Mimetas BV).

Immunotherapy is a growing field to treat tumors, where the im-
mune system of a patient is stimulated to fight the cancer. The 
tumors which are sensitive to this kind of therapies are referred 
to as ‘hot’ tumors. However, resistance to immunotherapies is ob-
served in a subset of tumors. Resistance to immunotherapy may 
be caused by several mechanisms, including a lack of tumor T cell 
infiltration caused by a lack of antigens, or a lack of antigen pre-
sentation. These resistant tumors are referred to as ‘cold tumors’. 
A field to discover therapies to turn these ‘cold’ tumors ‘hot’ again 
is emerging. 

Here, we describe the development of 3D co-cultures with ‘hot’ 
and ‘cold’ tumor models including T cells and an endothelial ves-
sel under pump-free flow conditions in the Mimetas’ OrganoPlate 
platform. In the development of this model the 3-lane Organo-
Plate was used, which allows for membrane-free compartments 
mimicking lane 1) the blood vessel containing immune cells, lane 
2) a compartment with tumor cells seeded in an extracellular ma-
trix (ECM) and lane 3) a final compartment which can be used 
to manipulate the immune response by adding different compo-
nents to the medium. 

We developed two models of which one includes a matched pair 
of T cells and tumor cells (‘hot’ tumor) and one model with tumor 
cells lacking the antigen specifically recognized by the T cells. 
Tumor cells were seeded in a collagen I ECM, allowing the devel-
opment of spheroids. The MHC class I expression of the tumor 
cells was determined by immunostaining to make sure antigen 
presentation was possible.Endothelial cells were seeded against 
the ECM and an endothelial vessel was formed after applying a 
pump-free flow. The endothelial vessel allows for the T cell adhe-
sion by the expression of different selectins and integrins, need-
ed for the migration into the ECM. Migration could be confirmed 
and quantified by labelling the T cells by a CellTracker. In con-
trast to the unpaired T cells and tumor cells, co-localization of 
the matched T cells and tumor cells was observed resulting in the 
specific killing of the tumor cells. 

This new model in the Mimetas’ OrganoPlate platform allows to 
study the effects of different components on the killing and mi-
gration capacity of CD8+ T cells. The 3-lane design is composed 
of 40 chips allowing for the screening of components manipu-
lating the immune response. Therefore, this co-culture model is 
of high use in understanding and overcoming the resistance to 
current immunotherapies.

Keywords : Organ-on-a-chip, immunotherapy, hot tumor model, 
cold tumor model.
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B065 / A 3D T cell migration model to study transendo-
thelial migration in healthy and diseased conditions in a 
high-throughput microfluidic culture platform

Luuk de Haan (MIMETAS BV), Johnny Suijker (Mimetas BV), Karla 
Queiroz (MIMETAS BV), Erik Walinga (Mimetas BV), Henriette L 
Lanz (Mimetas BV), Lenie van den Broek (Mimetas BV).

Using the patients’ own immune system has been shown to be 
a promising avenue for combatting cancer although therapeutic 
efficacy varies significantly depending on the tumor type. To im-
prove this treatment and expand its use to multiple other tumor 
types, new models that manage to better recapitulate the in vivo 
processes should be developed. Here, we describe a 3D co-cul-
ture model comprising an endothelial vessel and immune cells in 
the high-throughput (n=40) microfluidic culture platform called 
OrganoPlate® that can be used to investigate the transendotheli-
al migration of immune cells under healthy and diseased circum-
stances. 

Endothelial cells are cultured against an extracellular matrix gel in 
the upper compartment of the microfluidic platform and are per-
fused using a rocker system resulting in the formation of a vessel. 
Upon formation of a vessel with high barrier integrity, the vessel 
is perfused with medium containing T cells. The bottom perfusion 
lane of the microfluidic chip is used to add triggers and stimulate 
T cell migration. 

Formation of vessels with high barrier integrity is observed within 
6 days after seeding endothelial cells as confirmed by an assay 
using cell-impermeable fluorescent dyes. High barrier integrity 
was retained for another 48 hours of co-culture with T cells. Upon 
their addition, T cells are seen to slow down and attach to the 
endothelial vessel wall, as confirmed by immunofluorescent stain-
ing. T cell numbers in the endothelial vessel are seen to increase 
over time, showing a significant difference between unstimulated 
and stimulated T cells. The occurrence of the process of transen-
dothelial migration can be affected by addition of triggers like 
chemokines. The extent to which this happens, however, is highly 
dependent on the integrity of the endothelial barrier as T cells are 
observed to migrate to a lesser degree when the barrier is intact 
whereas migration increases when barrier integrity is lowered, 
something that occurs in vivo in case of inflammation. 

This co-culture model allows one to follow the rolling, tight adhe-
sion and subsequent transendothelial migration of T cells, which 
are key processes of immunotherapy, in healthy and disease states 
in a real-time manner. Furthermore, the bottom compartment of 
the microfluidic platform can be utilized to add triggers or immu-
notherapeutic compounds to the system and assess their effects 
on the migratory behavior of the T cells. Thus, this novel model 
presents new possibilities to improve and expand our knowledge 
regarding the process of transendothelial migration of immune 
cells during immunotherapy.

Keywords : Organ-on-a-chip, transendothelial migration, immu-
notherapyA 3D T CELL MIGRATION MODEL TO STUDY TRAN-
SENDOTHELIAL MIGRATION IN HEALTHY AND DISEASED CON-
DITIONS IN A HIGH-THROUGHPUT MICROFLUIDIC CULTURE 
PLATFORM.
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B066 / Combining ion beam imaging modalities for pro-
bing the T cell and B cell synapse

Maxim Markovic (Stanford University), Bokai Zhu (Stanford Uni-
versity), Yunhao Bai (Stanford University), Xavier Rovira-Clave 
(Stanford University), Sizun Jiang (Stanford University), Garry 
Philip Nolan (Stanford University).

Multiplexed Ion Beam Imaging (MIBI) overcomes the limitations 
of fluorescence spectral overlap in traditional microscopy with 
the use of mass spectrometry to ‘read’ tissue samples in two di-
mensions. In addition to biologically-ubiquitous elements (such 
as carbon, iron and phosphorus), specific antibody-conjugated 
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metal ions can also be detected (Angelo et al., 2014). Tissue sam-
ples stained with a cocktail of metal-conjugated antibodies can 
be visually reproduced in two dimensions, to allow for the highly 
parameterized study and analysis of human tissue samples with 
more than 40 markers on a single sample simultaneously. More 
recently, our lab described super-resolution Ion Beam Imaging 
(srIBI), a related method capable of reconstructing single cells in 
three-dimensions, with up to 7 parameters at high resolutions (as 
low as 50nm X-Y) (Rovira-Clave and Jiang et al., 2019). Here, we 
aim to overcome the technical challenges in combined analysis 
with both the MIBI and srIBI Methods. This will establish a novel 
technique for the experimental validation of cellular neighbor-
hoods and the fine details of cell-to-cell interactions. 

As a proof of concept, we first perform preliminary MIBI analysis 
of human tonsil samples for a multi-parametric reconstruction of 
germinal centers at a lower resolution (~500nm X-Y). This allows 
for the rapid identification of cellular interactions between cog-
nate mature T follicular helper (Tfh) cells and naïve B cells. We 
then utilize srIBI to probe in detail these specific T cell and B cell 
synapses at an unprecedented scale. A deeper understanding of 
this critical adaptive immune axis will be important for under-
standing the full potential of adaptive cell immunotherapies.

Keywords : Super-resolution imaging, Neighborhood analysis, Im-
mune synapses.
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B067 / Molecular dissection of the lung cancer tumor 
microenvironment using spatially resolved protein/RNA 
quantification

Joseph Benci (Bristol-Myers Squibb), Jianhao Peng (Bristol-Myers 
Squibb), Aiqing He (Bristol-Myers Squibb), Katharine Barrientos 
(Bristol-Myers Squibb), Xi-Tao Wang (Bristol-Myers Squibb), Mi-
guel Sanjuan (Bristol-Myers Squibb), Susan Wee (Bristol-Myers 
Squibb), Omar Jabado (Bristol-Myers Squibb).

Understanding immune and stromal biology in the tumor micro-
environment (TME) is critical to improving therapies and identi-
fying new targets. Immunohistochemistry (IHC) is widely used to 
analyze protein abundance in biopsies with single cell resolution, 
but is limited in multiplex capacity. RNA-Seq Methods provide 
high multiplexing, but eliminate spatial resolution. Technologies 
to bridge the spatial resolution of IHC to the high multiplexing of 
transcriptomics are needed to elucidate complex tumor biology. 
To address this, we employed an emerging technology, Nanos-
tring Digital Spatial Profiling (DSP) on formalin-fixed paraffin-em-
bedded (FFPE) human lung cancer samples (4 squamous cell car-
cinoma, 4 adenocarcinoma [Tristar]) to profile the TME by both 
RNA and protein expression in two-dimensional space. Samples 
were sectioned and stained with a 3-color IHC for pan-cytokeratin 
(tumor marker), CD8 (T-cell marker), PD-L1, and a nuclear stain to 
guide region selection. Samples were also stained with a cocktail 
of 43 primary antibodies or 93 RNA probes. Tissue sections were 
imaged and 200-um diameter regions of interest (ROIs) were 
profiled using the DSP instrument. ROIs were selected using im-
munofluorescence (IF) as a guide for molecular dissection of the 
TME, according to one of the following strategies based on CD8 
levels : within the tumor, on the tumor margin in healthy lung, and 
in tumor sections without CD8. RNA, protein counts, and digitized 
IF data from 456 ROIs were integrated and analyzed using linear 
modeling (CellProfiler [Broad Institute] and LIMMA package in R). 
ROIs taken from serial sections had a high degree of correlation 
in both RNA and protein panels, demonstrating the precision of 
the DSP sampling platform. Additionally, the DSP protein quanti-
fication correlated well with IF and chromogenic staining values 
for 5 antibody markers. Unbiased high-dimensional clustering on 
the protein and RNA panel showed ROIs grouped primarily by 
patient ; ROIs in tumors were strongly differentiated from infiltrate 
or normal lung tissue regions. The small sample size limited the 
statistical power to identify differences in ROIs across patients. 
Nonetheless, several targets where wide expression differences 
were expected were readily identifiable, including beta-catenin 

and cytokeratin being enriched in tumor cells compared with tu-
mor-infiltrating CD8 T cells that had elevated CD8, VISTA, and 
OX40L protein. Elevated levels of CD14 and HLA-DR protein were 
found in normal lung compared with tumor, consistent with an 
expected high number of alveolar macrophages in healthy lung vs 
tumor samples. ComParison of RNA between ROIs identified stro-
ma enriched for ICAM1 and keratin, while infiltrate on the margin 
had elevated CD45 and HLA-DR. The DSP platform has high in-
ter-section reproducibility and a good correlation between stain-
ing intensity by traditional Methods and protein quantification in 
the multiplexed assay. Variation between patients was the major 
driver of both protein and RNA expression differences, suggest-
ing the need for a large number of patient samples to support 
meaningful results in human tumors. Mouse tumor models may 
be more homogeneous, thus requiring fewer samples. Despite 
this heterogeneity, strong differentials between ROIs were still 
detectable, suggesting the value of this platform for de novo tar-
get identification or enhanced mechanistic understanding of the 
spatial proteomic and transcriptomic relationships between cells 
within the tumor.

Keywords : Digital Spatial Profiling, Spatial Transcriptomics, Spa-
tial Proteomics.

B068 / Codex : A novel platform for spatially-resolved 
deep antigen profiling of single cells in tissue samples

Ivan Masetto (Akoya Biosciences).

Spatially resolved, deep biomarker profiling of tissue samples 
is crucial for investigating the architecture and cell diversity of 
complex matrices, such as secondary lymphoid tissues. The cor-
relation of these parameters with the progression of different 
pathologies, ranging from autoimmune diseases to cancer, is still 
unknown due to the lack of techniques enabling detection of both 
high content and spatial resolution. Current methodologies for 
analyzing the spatial dimension of tissues, as traditional immuno-
histochemistry, are limited to measuring a few parameters, there-
by restricting the number of identifiable phenotypes. Conversely, 
single-cell technologies like mass cytometry and Next Generation 
Sequencing tools provide multiplexing capabilities but lack any 
spatial information. 

Akoya Biosciences is commercializing CODEX® (CO-Detection 
by indEXing), a multi-parameteric imaging platform that detects 
tens of biomarkers with single-cell resolution in a tissue specimen. 
CODEX uses a DNA-based barcode library to label antibodies and 
iterative cycles of adding and removing cognate dye-labeled oli-
gonucleotides to reveal the staining of three markers per cycle. 
Data acquisition is fully automated by the CODEX instrument, 
which integrates with existing microscopes. The analysis pipeline 
includes drift compensation, deconvolution and segmentation 
to measure integrated fluorescence intensity for each cell across 
tens of parameters. Highly dimensional data can then be analyzed 
by an unsupervised clustering algorithm and visualized by the 
CODE Viewer. 

For high-multiplexing capabilities, more than 80 CODEX antibod-
ies were validated for analysis of fresh-frozen and FFPE tissues. 
Preliminary studies demonstrate CODEX unprecedented capabil-
ity for revealing the spatial correlation among different popula-
tions of immune cells within the tissue microenvironment.

Keywords : High-Multiplexing, New technology.
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B069 / Characterization of a 582-protein panel in deple-
ted plasma from subjects with NSCLC using data inde-
pendent acquisition mass spectrometry

Nicholas Dupuis (Biognosys AG), Linda Sensbach (Biognosys 
AG), Sebastian Müller (Biognosys AG), Lukas Reiter (Biognosys 
AG).
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Measurement of circulating biomarkers in cancer has proven 
utility for early detection, differential diagnosis, and predicting 
pre-treatment response to therapy. More recently, circulating pro-
teomic biomarkers for pre-treatment prediction of therapeutic 
response or surrogate endpoints of response have received addi-
tional attention due to the heterogeneous responses to immuno-
therapies. To develop a greater understanding of the circulating 
plasma proteome in subjects with cancer we have optimized a 
depleted plasma proteomic workflow, based on data independent 
acquisition (DIA) mass spectrometry, combined with a panel of 
stable isotope labeled (SIS) peptides and applied it to plasma 
from subjects with late stage NSCLC. This approach provides a 
deep and accurate quantification of plasma proteins associated 
with lung cancer. 

Plasma samples from subjects with Stage III-IV non-small cell lung 
cancer (NSCLC, n = 15) and age matched healthy donors (n = 15) 
were depleted of 14 high abundance proteins using MARS Hu-14 
spin columns (Agilent). The resulting flow through was prepared 
for mass spectrometry using a filter aided sample preparation 
method (FASP) and just prior to analysis SIS peptides covering 
582 proteins were spiked into all samples. All samples were an-
alyzed using two-hour gradients on a nano-flow LC-MS/MS set-
up operated in data independent acquisition mode. Data was 
extracted using Spectronaut (Biognosys) with a panel specific 
spectral library and statistical analysis was conducted to identify 
disease associated biomarker candidates. 

Across all samples 468 proteins were quantified with an average 
of 406 proteins quantified per sample. Univariate statistical test-
ing identified 41 dysregulated proteins (28 up-regulated and 13 
down-regulated ; q-value > 0.05 and log2 fold change > 0.58). 
The protein candidates associated with NSCLC include both pos-
itive and negative acute phase reactants (e.g. Positive : CRP, HP, 
ORM1/2 and SERPIN, Negative : TF), complement system proteins 
(C1QC, C4BPa/b) and the S100 family of proteins (S100A8, A9, 
A12 and S100P). Additionally, LDHA, a protein with potential di-
agnostic and prognostic significance was found to be enriched in 
the NSCLC plasma. Consistent with expectation, there is an over-
all activation of the acute phase response, indicative of the host 
immune response to the tumor. 

The SIS peptide panel covering a broad range of proteins, com-
bined with the depleted plasma workflow, enables accurate quan-
tification of many plasma proteins that are hallmarks of activated 
host immune responses via acute phase response signaling, in-
nate immune response (complement system), and other proin-
flammatory stimuli, which have been linked to poor patient prog-
nosis and outcomes with immunotherapies.

Keywords : Biomarkers, proteomics, blood, NSCLC.
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B070 / Vasculature and T cell co-culture in a high-
throughput microfluidic platform

S Spelier (Mimetas), L de Haan (Mimetas), J Suijkers (Mimetas), E 
Walinga (Mimetas), L van den Broek (Mimetas), H Lanz (Mimetas), 
K Queiroz (Mimetas).

Recent clinical success of immune checkpoint inhibitors and chi-
meric antigen receptor T cells has highly increased the attention 
for the field of immunotherapy. However, identifying responders 
to these therapies is challenging underscoring the necessity for 
translational models that increase understanding of tumor-im-
mune responses. 

In the present study, a co-culture system containing immune cells 
and vasculature was established. Both are essential components 
of the tumor microenvironment and very often lacking in in vi-
tro tumor models, highlighting the added value of our co-culture 
platform. We focused on optimizing endothelial and CD8+ T cell 
co-cultures and subsequently assessing T cell migration from the 
endothelial tubes via endothelial sprouts towards various chemo-
attractants. In order to generate stratified 3D co-cultures, the Mi-
metas OrganoPlate Graft containing 64 microfluidic culture units 
was used. The microfluidic units in this platform are composed 

of two parallel microfluidics channels and a central chamber. The 
two parallel microfluidic channels were used for generating paral-
lel endothelial tubules, whilst angiogenic factors (S1P, VEGF, bFGF 
and PMA) were added to the central chamber of the culture unit 
resulting in a generation of a gradient and sprouting of the en-
dothelial tubes towards the central chamber. Generated sprouts 
were stable and perfusable. The central chamber is designed for 
culturing complex microtissues such as spheroids, organoids and 
explants. 

Angiogenic endothelial tubules formed vascular beds in pres-
ence of added factors within 3-5 days. Once vascular beds were 
formed, activated and fluorescently labeled CD8+ T cells were 
loaded in the endothelial tubules and followed in culture for 48 
hours. CD8+ T cell migration was observed both via the sprouts 
as well as by crossing the endothelial barrier, and increased in 
presence of gradients of CCL2, CCXl12 and CCL9. Highest CD8+ T 
cell numbers were observed in presence of a gradient generated 
with a mix of these three chemokines. 

Therefore, we present a high throughput co-culture system con-
taining angiogenic endothelial tubules and CD8+ T cells. These 
co-cultures are highly suitable for studying T cell migration, event 
which precedes the detection and recognition of antigens at the 
surface of antigen-presenting cells and for interactions with other 
cells involved in the immune response. In addition, these co-cul-
tures serve as a platform for understanding the interplay between 
T cell migration and angiogenesis in the tumor microenvironment. 
Furthermore, we envision that this model will evolve into an im-
munocompetent patient-derived tumor model that can be used 
to study immune responses to tumors.

Keywords : T Cell migration, Angiogenesis, 3D cell culture, Organ-
on-a-chip technology.
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B071 / Elucidation of feedback and other mechanisms of 
IgH allelic exclusion for production of therapeutic bispeci-
fic antibodies in mice

Hai-Qiang Dai (HHMI, Boston Children’s Hospital, Harvard Medi-
cal School), Ming Tian (HHMI, Boston Children’s Hospital, Harvard 
Medical School), Frederick W Alt (HHMI, Boston Children’s Hospi-
tal, Harvard Medical School).

Antibody genes are assembled in developing B lymphocytes from 
a set of gene segment cassettes known as Variable (V) diversity 
(D) and joining (J) segments by a process termed V(D)J recom-
bination. The ability to fight off almost any foreign pathogen re-
lies on the capacity of an individual to generate a nearly limitless 
number of different antibodies through the genetic diversification 
mechanisms built into the V(D)J recombination reaction. Howev-
er, ability to generate antibody repertoires large enough to rec-
ognize any given pathogens comes with the risk that many of 
these essentially randomly generated antibodies may recognize 
our own antigenic molecules and cause auto-immune reactions. 
To combat this potentially negative impact of antibody diversifi-
cation, we have evolved mechanisms to recognize and eliminate 
B lymphocytes that make antibodies against our own antigens. 
To ensure ability to accurately eliminate the “bad” auto-reactive B 
lymphocytes versus the “good” non-auto-reactive B lymphocytes 
that make antibodies against foreign pathogens, a process known 
as allelic exclusion restricts any given B lymphocyte to expression 
of just one species of antibody. Defects in allelic exclusion have 
been implicated in consequences ranging from auto-immunity 
to cancer. Despite decades of great interest and substantial in-
vestigation, the overall mechanisms that lead to allelic exclusion 
of antibody gene expression are still debated. My recent data 
implicates a potentially new component of the allelic exclusion 
mechanisms that functions to enforce this process even in the 
absence of mechanisms currently considered to serve that role. 
We did not observe allelic inclusion in bone marrow and splenic 
B cells in which feedback regulation of IgH V(D)J rearrangement 
was disrupted. In order to reduce the Background competition 
from mouse VHs, we are generating a rearranging mouse model 
with only the single human VH. Based on a conditional expression 
system, we also are developing mouse models that will produce 
human bi-specific antibodies in mice. This work could contribute 
to a fundamental understanding both of normal antibody reper-
toire development and mechanisms by which impairments in al-
lelic exclusion may contribute to autoimmunity and B cell cancers. 
My work also could provide insights and models that could ad-
vance new in vivo approaches to generate antibody therapeutics 
for cancer and other diseases.

Keywords : Allelic Exclusion, V(D)J rearrangement, Bispecific An-
tibodies.
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B072 / Molecular control of B cell division in Germinal 
Centers

Jonatan Ersching (The Rockefeller University), Juhee Pae (The 
Rockefeller University), Gabriel Victora (The Rockefeller Univer-
sity).

Germinal centers (GCs) emerge in secondary lymphoid organs 
during normal immune responses to enable proliferation, muta-
tion and selection of B cells. These processes are essential for 
the evolution of protective antibody responses, but may also lead 
to the development of lymphomas. To better understand these 
outcomes, we are currently investigating two alternate modes of 

B cell proliferation in GCs : one that is directly dependent on T cell 
help and antigen-related signals, and one that is resilient to inhi-
bition of several signaling pathways and takes place exclusively in 
the dark zone of GCs, in the absence of antigen or T cell help, and 
more closely related to lymphomas, thus named “inertial” cycles. 
Our current data supports the notion that “inertial” cycles require 
that B cells are previously “fueled” by T cell help through mTORC1 
activation, and are specifically controlled by cyclin D3, whereas 
the signal-dependent mode of division does not rely on cyclin D3.

Keywords : germinal center, lymphoma, B cell, cyclin.
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B073 / THERAPEUTIC IMPLICATIONS OF ALTERED EPI-
GENETICS AND DNA DAMAGE RESPONSES IN IDH2-MU-
TATED HEMATOLOGIC DISEASES

Julie Leca (The Campbell Family Institute for Breast Cancer Re-
search - University Health Network).

Acute myeloid leukemia (AML) and angioimmunoblastic T cell 
lymphoma (AITL), are hematologic diseases requiring novel ap-
proaches to patient selection and therapy. In AITL, neoplastic 
cells express many markers of T follicular helper (TFH) cells, while 
in AML, myeloid stem and progenitor cells are affected. Tumor 
cells of AML and AITL patients frequently bear mutations affect-
ing genes involved in epigenetic regulation, including isocitrate 
dehydrogenase (IDH) and ten-eleven translocation-2 (TET2). IDH 
mutations drive production of the rare metabolite D-2-hydrox-
yglutarate (2HG), which competitively inhibits α-ketoglutarate 
(α-KG)-dependent dioxygenases such as the TET proteins (af-
fecting DNA methylation) and Jumonji histone demethylases (al-
tering histone methylation). IDH mutations occur in 30% of AML 
and AITL cases but the spectrum of these mutations differs. In 
AML, IDH1R132 and IDH2R140 dominate, and IDH and TET2 muta-
tions are mutually exclusive. In AITL, IDH2R172 dominate (no IDH1 
mutations), with co-mutation of TET2 in 82.1% of cases. 

In AML, loss of these dioxygenase activities causes epigenetic al-
terations and leads to abnormal gene transcription that affects 
hematopoietic cell differentiation, and drives myeloid disease. 
However, in AITL disease, the impact of the IDH2 mutation is com-
pletely unknown. 

My goal is to dissect the effects of IDH2 and TET2 mutations in 
hematologic diseases to understand how collaborate IDH2 and 
TET2 mutations to drive malignancy in AITL, and why do they 
cooperate differently in myeloid and lymphoid diseases. I focus on 
DDR signaling and epigenetics analysis to found novel therapeu-
tic vulnerabilities arise from the altered epigenetic regulation and 
DDR linked to IDH2 and TET2 mutations. I used a CD4-Cre mouse 
model to drive the IDH2R172K and TET2 mutations in the T cell 
compartment. Mice bearing both IDH2 and TET2 mutations show 
decreased survival accompanied by splenomegaly and lymph-
adenopathy. This is significantly different than CD4+ control mice 
or single mutant mice. Double mutant mice (DM) present a dis-
ruption of spleen and lymph node architecture. To understand 
this phenotype, I performed flow cytometry staining and found 
that DM mice present a T cell phenotype including a decrease of 
CD4+ naïve cells and an increase of CD4+ effector memory cells. 
So, there is an imbalance in T cell homeostasis, but only when 
both the IDH2 and TET2 mutations are present, suggesting a co-
operative role for both mutations in T cell development. 

To further explore the requirement of TCR signaling for prolifer-
ation and activation of naives CD4 cells, I studied their response 
to treatment with increasing concentrations of anti-CD3 antibody 
plus CD28. In these in vitro experiments, I found that naïve CD4 
cells from DM mice proliferate slowly compare to others geno-
type and this is correlated with their activation statue which is 
also decrease. We know that others signaling can drive the T cell 
proliferation in AITL context, like ICOS signaling, as described by 
Cortes et al. in Tet2−/− RHOA G17V-expressing AITL-like tumor 
cells (Cortes, 2018, Cancer Cell). Most important for us, it’s to 
check the ability of TFH polarization by these cells. 
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Since both IDH2 and TET2 affect epigenetic regulation, I col-
lect TFH cells to conduct experiments to understand how these 
changes modulate T cells homeostasis. Moreover, emerging data 
support the hypothesis that connections exist between epigene-
tic regulators and DDR signaling in hematological diseases. 

My final aim will be to attempt to evaluate the efficacy of treat-
ment with IDH2 inhibitors, hypomethylating agents, or DDR-tar-
geting drugs, alone or in combination in AITL disease and identify 
factors involved in responses to these therapies or in the develop-
ment of resistance. Finally, I will compare results obtained in AML 
versus AITL mouse models and clinical samples to identify mech-
anisms that are shared, and those that are unique to each disease.

Keywords : IDH2, Lymphoma, T cells.
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B074 / Evaluation of T-cell assays performance between 
laboratories worldwide

Stephen Haley (Immudex ApS), Charlotte Halgreen (Immudex 
ApS), Liselotte Brix (Immudex ApS), Rikke Tingleff (Immudex 
ApS), Katrine Frederiksen (Immudex ApS).

Accurate and reproducible identification of antigen-specific T 
cell responses are essential in immunotherapeutic research and 
development. Harmonization efforts by the CIC and CIMT along 
with the development of improved reagents and protocols have 
enabled improved detection by MHC multimer and T-cell Elispot 
assays. 

Supported by CIC and CIMT, Immudex has conducted proficiency 
panels for MHC multimer and Elispot assays in 2019. Participation 
in the panels was open to any laboratory that routinely monitor 
antigen-specific T cell responses with either MHC multimer or 
Elispot assays. All participants received two pre-tested PBMC do-
nor samples and assay instructions. 

18 laboratories from 8 countries participated in the MHC multimer 
panel. The MHC multimer consisted of two CMV, one FLU, and 
one EBV epitope. The percentage of CMV-, FLU- and EBV-spe-
cific T cells for both donor samples were reported. All analyses 
were performed by flow cytometry. Approximately 90% of the 
participants’ results for all measurements were in the average or 
near the average range. 

39 laboratories from 13 countries participated in the T-cell Elis-
pot Panel. The Elispot consisted of two predefined peptide pools, 
human CMV and human mixed viruses. The number of spots for 
each peptide pool were reported for both donor samples. Ap-
proximately 65% of the Elispot participants’ results for all mea-
surements were in the average or near the average range. 

All participating laboratories showed good reproducibility be-
tween their replicates for the individual samples and every labo-
ratory was able to find positive events in the known positive sam-
ples. Overall, the proficiency panel is a valuable tool to evaluate 
performance between laboratories worldwide.

Keywords : MHC multimer, Elispot, Immune monitoring, Proficien-
cy Panel.

B076 / Deconvoluting global proinflammatory cytokine 
signaling networks in natural killer cells

Colleen M Lau (Memorial Sloan Kettering Cancer Center), Gabrie-
la M. Wiedemann (Memorial Sloan Kettering Cancer Center), Jo-
seph C. Sun (Memorial Sloan Kettering Cancer Center).

Signal transducer and activator of transcription (STAT) proteins 
are evolutionarily conserved mediators that play critical roles in 
developmental and host defense pathways in the immune sys-
tem. Within the natural killer (NK) cell compartment, early proin-
flammatory cytokine signaling mediated through STAT proteins 
plays a key role in promoting optimal antiviral responses. Previous 
and current work in the lab have described the non-redundant 

requirements of STAT1, STAT4, and STAT5 signaling in NK cell re-
sponses to mouse cytomegalovirus infection. Activation of these 
STATs are thought to be induced by distinct cytokines, i.e., STAT1 
by type I IFNa, STAT4 by IL-12, and STAT5 by IL-2 and IL-15. How-
ever, the pleiotropic effects of both cytokine and STAT signal-
ing preclude the ability to precisely attribute molecular changes 
to a respective cytokine and/or STAT protein. Furthermore, NK 
cells are exposed to all of these cytokines concurrently during 
infection, but we have yet to fully understand how these global 
proinflammatory signaling networks interact and contribute to 
the net effect of optimal survival, proliferation, and function. In 
this study, we aimed to characterize these interactions in NK cells 
by using a global multi-faceted approach, incorporating several 
high-throughput sequencing Methods (RNA-seq, ATAC-seq, and 
ChIP-seq) that broadly interrogate both the transcriptional and 
epigenetic landscapes. We uncover an IL-2/15 mediated axis that 
preferentially overlaps with an IL-12/18 network and overall en-
hances IL-12/18-induced changes. These changes are reflected on 
both the levels of mRNA as well as chromatin accessibility, and 
are distinct from the mode of regulation observed in IFNa-STAT1 
mediated changes. By incorporating the global transcription fac-
tor binding profiles of these STAT proteins in response to their 
respective proinflammatory cytokine, we have generated a net-
work of direct transcriptional targets that include both distinct 
and shared modules across all three signaling pathways. Overall, 
our study sheds light on the crosstalk between proinflammatory 
cytokine signaling pathways in NK cells and will serve as a valu-
able resource for improving NK cell immunotherapy.

Keywords : natural killer cells, proinflammatory cytokine, STAT.

B077 / Tissue determinants of human NK cell develop-
ment, function and residence

Pranay Dogra (Columbia University), Chiara Rancan (UCSF), Wen-
ji Ma (Columbia University), Marta Toth (University of Debrecen), 
Takashi Senda (Columbia University), Dustin Carpenter (Colum-
bia University), Puspa Thapa (Columbia University), Peter Szabo 
(Columbia University), Jacky Li (UCSF), Yufeng Shen (Columbia 
University), Lawrence Fong (UCSF), Lewis Lanier (UCSF), Donna 
Farber (Columbia University).

Immune responses in diverse tissue sites are critical for protective 
immunity and immune homeostasis. Natural killer (NK) cells are 
innate immune cells that are important for anti-viral and tumor 
immunity. They can express multiple activating and inhibitory re-
ceptors in addition to the low-affinity low-affinity immunoglobulin 
G receptor CD16 and can kill tumor cells without prior exposure. 
We now know that NK cells not only direct kill tumor cells but can 
also mediate cancer immunosurveillance and prevent metastasis. 
However, at present the distribution, diversity and tissue driven 
differences in NK cell function are not well characterized. Here, we 
investigated how tissue localization regulates the development 
and function of human NK cells by integrating high dimensional 
analysis of NK cells from blood, lymphoid organs and mucosal tis-
sue sites from 48 individuals. We identify tissue-specific patterns 
of NK cell subset distribution, maturation and function across age 
and genetic diversity. NK cells comprise a sizeable fraction of the 
lymphocyte compartment in blood, bone marrow, spleen and 
lung, where they are predominantly CD56dim, while significantly 
lower frequencies of NK cells in lymph nodes, tonsils and intes-
tines are mostly CD56bright. This tissue-intrinsic profile of NK cell 
frequency, subset distribution and differentiation is stable across 
all ages and genetic diversity. Notably, precursor and immature 
NK cells in the lymph nodes and intestines exhibit tissue-resident 
molecular signatures and site-specific properties, while mature 
and terminally differentiated NK cells have similar effector func-
tion and shared gene expression profiles between sites. Our find-
ings reveal tissue-mediated segregation of NK cell development 
and function and provide a blueprint for how NK cells are seeded, 
maintained and surveil tissue sites across the body. The unique 
phenotypic, functional and transcriptional features of tissue NK 
cells could be targeted in future generations of NK cell mediated 
immunotherapies.

Keywords : NK cells, Tissue-specific, Residence, Subsets.
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B078 / Deciphering the role of myeloid cells in inducing 
distinct T cell responses to gut microbes

Ranit Kedmi (New York University School of Medicine), Kai Mesa 
(New York University School of Medicine), Lina Kroehling (New 
York University School of Medicine), Marlon stoeckius (New York 
Genome Center), Dan Littman (New York University School of 
Medicine).

Gut microbial commensals and pathogens were shown to induce 
specific T cell programs that are mediated by antigen present-
ing cells (APC). APCs are separated by their ontogeny, residence 
and transcription factor dependency and it was suggested that 
the different subsets have distinct expertise in mediating immune 
programs and T cell polarization. Currently the exact contribution 
of APC subsets is still under debate and it is not clear if distinct 
T cell responses utilize specific APC subsets. To tackle this ques-
tion, we used two established microbial models in lab. Segmented 
filamentous bacteria (SFB) induces a specific Th17 response in 
the small intestine while Helicobacter hepaticus (Hh) promotes a 
specific Treg response in the large intestine. Both T cell responses 
initiate in the mesenteric lymph node (mLN) where master tran-
scription factors that dictate polarization are upregulated prior 
to T cell proliferation. Thus, we first aimed to identify the APC 
subset that mediates the T cell response to SFB and Hh in the 
mLN. Using single cell RNAseq, ex-vivo assays and photo-activa-
tion approaches, we found that migratory cDC2s present the SFB 
and Hh peptides as well as reside adjacent to primed T cells for 
both models. We are currently seeking to define different ‘states’ 
of migratory cDC2s and their potential distinct role in T cell po-
larization. Using genetic tools in which we prevent dendritic cells 
from migrating from resident tissue to lymph nodes, we found 
that migratory dendritic cells are crucial for Treg polarization and 
tolerance. Interestingly, unlike the SFB model, T cell priming to Hh 
was not abolished but rather enhanced and shifted toward Th17. 
Currently we are working to further elucidate the role of APCs 
that mediate this altered response. Overall, this study aims to ex-
pand our understanding of the role of APCs in balancing toler-
ance and inflammation in the gut.

Keywords : Antigen Presenting cells, mucosal immunology, micro-
biome, polarization.

B079 / Microwave ablation enhances tumor-specific im-
mune response in patients with hepatocellular carcinoma

Katharina Leuchte (Center for Molecular Medicine Cologne, Uni-
versity of Cologne, Cologne, Germany. Department I of Internal 
Medicine and Center for Integrated Oncology (CIO) Cologne, Uni-
versity Hospital Cologne, Cologne, Germany), Elena Staib (Center 
for Molecular Medicine Cologne, University of Cologne, Cologne, 
Germany.), Maria Alejandra Garcia-Marquez (Center for Molecu-
lar Medicine Cologne, University of Cologne, Cologne, Germany.), 
Martin Thelen (Center for Molecular Medicine Cologne, University 
of Cologne, Cologne, Germany.), Philipp Gödel (Center for Molec-
ular Medicine Cologne, University of Cologne, Cologne, Germa-
ny. Department I of Internal Medicine and Center for Integrated 
Oncology (CIO) Cologne, University Hospital Cologne, Cologne, 
Germany), Axel Lechner (Department of Otorhinolaryngology, 
Head and Neck Surgery, University Hospital, LMU Munich, Munich, 
Germany), Peter Zentis (Cluster of Excellence in Aging-Associat-
ed Disease, Core Facility Imaging, University of Cologne, Cologne, 
Germany), Dirk Thomas Waldschmidt (Department of Gastroen-
terology and Hepatology, University Hospital Cologne, Cologne, 
Germany), Rabi Raj Datta (Center for Molecular Medicine Co-
logne, University of Cologne, Cologne, Germany. Department of 
General, Visceral and Cancer Surgery, University Hospital Cologne, 
Cologne, Germany), Roger Wahba (Department of General, Vis-
ceral and Cancer Surgery, University Hospital Cologne, Cologne, 
Germany), Christian Wybranski (Department of Diagnostic and 
Interventional Radiology, University Hospital Cologne, Cologne, 
Germany), Alexander Quaas (Institute of Pathology, University 
Hospital Cologne, Cologne, Germany), Uta Drebber Drebber (In-
stitute of Pathology, University Hospital Cologne, Cologne, Ger-
many), Dirk Ludger Stippel (Department of General, Visceral and 
Cancer Surgery, University Hospital Cologne, Cologne, Germany), 
Christiane Bruns (Department of General, Visceral and Cancer 

Surgery, University Hospital Cologne, Cologne, Germany), Michael 
von Bergwelt-Baildon (Cluster of Excellence in Aging-Associated 
Disease, Core Facility Imaging, University of Cologne, Cologne, 
Germany. Department of Internal Medicine III, University Hospi-
tal, LMU Munich, Munich, Germany), Kerstin Wennhold (Center 
for Molecular Medicine Cologne, University of Cologne, Cologne, 
Germany), Hans Anton Schlößer (Center for Molecular Medicine 
Cologne, University of Cologne, Cologne, Germany. Department 
of General, Visceral and Cancer Surgery, University Hospital Co-
logne, Cologne, Germany).

Thermal ablative therapies are standard treatments for localized 
hepatocellular carcinoma (HCC). In addition to local tumor de-
struction, ablation leads to abscopal effects in distant lesions 
most likely mediated by an anti-tumor immune response. Al-
though microwave ablation (MWA) is increasingly substituting 
other ablative techniques, its systemic immunostimulatory effects 
are poorly studied. We analyzed tumor-specific immune respons-
es in peripheral blood of HCC patients after thermal ablation with 
regard to T cell responses and disease outcome. While com-
prehensive flow cytometric analyses in sequential samples of a 
prospective patient cohort (n=23) demonstrated only moderate 
effects of MWA on circulating immune cell subsets, fluorospot 
analyses of specific T cell responses against seven tumor-specific 
antigens revealed de-novo or enhanced tumor-specific immune 
responses in 30% of these patients. This anti-tumor immune re-
sponse was related to tumor control as Interferon-y and Interleu-
kin-5 T cell responses against cancer testis antigens (CTA) were 
more frequent in patients with a long-time remission (>one year) 
after MWA (7/16) compared to patients suffering from an ear-
ly relapse (0/13 patients) and presence of tumor-specific T cell 
response (IFN-y and/or IL-5) was associated to longer progres-
sion-free survival (15.0 vs.10.0 months). Digital image analysis of 
immunohistochemically stained archival HCC samples (n=18) of 
patients receiving combined ablation and resection revealed a 
superior disease-free survival of patients with a high T cell infil-
tration at the time of thermal ablation (37.4 vs.13.1 months). Our 
data demonstrates remarkable immune-related effects of MWA in 
HCC patients and provides additional evidence for a combination 
of local ablation and immunotherapy in this challenging disease.

Keywords : microwave ablation, hepatocellular carcinoma, im-
mune response, immune cell subsets.

B080 / Solubility of Folded Protein Domains Influences 
Formation of Biomolecular Condensates

Jonggul Kim (UT Southwestern Medical Center/HHMI), Jonathan 
Ditlev (UT Southwestern Medical Center/HHMI), Michael K Rosen 
(UT Southwestern Medical Center/HHMI).

Biomolecular condensates have recently emerged as a broad 
phenomenon to describe cellular organization in the absence of 
a bounding membrane1. Although progress has been made in 
describing these condensates, their role in cellular function and 
disease, independent of their underlying biochemistry, is large-
ly unknown. Devising ways to enable rational manipulation of 
condensates in a minimally perturbative manner would allow 
the possibility of manipulating cellular organization as a means 
of treating disease. I hypothesize that surface residues of folded 
protein domains can be altered to modulate their intrinsic solubil-
ity in solution without altering canonical biochemical functions. 
I have applied this approach to a laboratory system based on 
multivalent interactions between the small ubiquitin-like modifier 
(polySUMO) and the SUMO interaction motif (polySIM) to mimic 
a nuclear body that’s formed from the promyelocytic leukemia 
protein (PML-NB)2. The solubility of an individual SUMO domain 
is predictive of the phase separation propensity of polySUMO 
with polySIM. The solubility of each domain may be altered ei-
ther through solution pH or site-directed mutation on the pro-
tein surface. These perturbations do not alter the structure of 
biochemical interactions of SUMO. Preliminary images of PML-NB 
in cells show that there is a small dependence of the number of 
PML nuclear bodies to buffer pH, suggesting that the solubility of 
SUMO is a determinant of the formation of PML nuclear bodies. 
This work lays down the foundation for the manipulation of bio-
molecular condensates, especially those involved in endogenous 
and aberrant cellular signaling.
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Keywords : Phase Separation, Cellular Biophysics, Cellular Signal-
ing.
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B081 / Antiviral protein viperin inhibits translation to res-
trict viral replication

Jack Hsu (Yale University), Maudry Laurent-Rolle (Yale Universi-
ty), Peter Cresswell (Yale University).

The innate immune response induces hundreds of interfer-
on-stimulated genes (ISGs), many of which play an important 
role in antiviral immunity. Viperin is one such antiviral ISG, which 
restricts the replication of a broad spectrum of DNA and RNA 
viruses. However, a general mechanism for viperin action and its 
potential roles in innate immunity remains to be defined. Here, we 
report a novel antiviral mechanism for viperin, whereby viperin 
inhibits the translation of viral RNA. We show that viperin inter-
acts with the translation machinery. We demonstrate that viperin 
inhibits global translation in the type I interferon response and in 
a variety of mammalian cells primarily through its radical SAM en-
zymatic activity. We show that viperin inhibits global translation 
by activating the eIF2 signaling pathway through an eIF2α kinase 
GCN2. Given the dependence of viruses on the host cellular ma-
chinery for translation, consequently, viperin inhibits viral protein 
synthesis and viral replication of Zika virus and Kunjin virus. Our 
study illustrates translational regulation as a key step in the anti-
viral response and presents viperin as the “translational regulator” 
in innate immunity.

Keywords : Viperin, Translational regulation, Antiviral response, 
Zika virus.
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B082 / Membrane topology and patch-like receptor orga-
nization underlie T cell antigen detection

En Cai (University of California, San Francisco), Kyle Marchuk 
(University of California, San Francisco), John P Eichorst (Uni-
versity of California, San Francisco), Casey Beppler (University of 
California, San Francisco), Matthew F Krummel (University of Cal-
ifornia, San Francisco).

T cells are capable of quickly and precisely identifying rare cog-
nate antigen on target cells. T cells do this via fine membrane 
protrusions known as microvilli, which effectively probe opposing 
surfaces in search of cognate antigen. Upon ligand detection, T 
cell receptors (TCRs) form micro-clusters that occupy and move 
with microvilli in the immunological synapse (IS). It is yet unclear 
how TCRs, the key receptors for antigen discrimination and signal 
transduction, are distributed on resting T cells beyond that they 
do not appear to form aggregates at the molecular scale. It is also 
unclear how they come to occupy microvilli during activation and 
whether pre-assembly of co-stimulatory and co-inhibitory recep-
tors with TCRs prior to activation are required for signaling. In this 
study, we use Lattice Light Sheet Microscopy to simultaneously 
map membrane topology and receptor distribution on resting T 
cells in 3D with high precision. Our results confirm earlier stud-
ies suggesting that TCRs are non-homogenously distributed into 
high-density patches on the membranes of effector T cells prior 
to activation. These patch-like distributions are highly dynamic. 
Although at each time point, some of these TCR patches are on 
microvilli tips, the localization of TCR patches is not restricted to 
microvilli. We also observe some microvilli with no apparent TCR 
accumulation. TCR patches typically move independently of mi-
crovilli or transiently associate with microvilli with t1/2 of about 6 s. 

These results show that TCR patches dynamically circulate in and 
out of microvilli during surface scanning. TCR patches are “stabi-
lized” on microvilli only when they encounter activating peptide 
major histocompatibility complexes (pMHCs). Other membrane 
receptors, i.e. CD28, PD-1, CD8 and LFA-1, also form high-density 
patches. While CD8 patches show high level of colocalization with 
TCR patches, other receptor patches do not necessarily colocal-
ize with TCR patches, consistent with these receptors not being 
pre-packaged into “signaling” units on resting T cells. During T cell 
and antigen presenting cell (APC) interactions, we observe T cell 
microvilli projecting deep into 3D pockets formed by veil struc-
tures on the surface of dendritic cells (DC). DC membrane also 
conforms to accommodate T cell microvilli, which creates a tight 
fit between the T cell and DC, increasing the effective close-con-
tact area by as much as 100 times. Importantly, such membrane 
interactions between APC and T cell suggest that TCR patches 
do not necessarily need to be on microvilli tips to bind to pMHCs. 
This work demonstrates how T cell orchestrates its membrane to-
pology and receptors during the process of antigen detection and 
activation.

Keywords : T cell receptor, Microvilli, Lattice light sheet micros-
copy.
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B083 / Oncolytic adenovirus 3 coding for CD40L as a po-
tent facilitator of dendritic cell therapy

Sadia Zafar (University of Helsinki), Dafne Quixabeira (University 
of Helsinki, Helsinki, Finland), Otto Hemminki (University of Hel-
sinki, Helsinki, Finland), Riikka Havunen (TILT Biotherapeutics Ltd, 
Helsinki, Finland), João Manuel Santos (TILT Biotherapeutics Ltd, 
Helsinki, Finland), Victor Cervera-Carrascon (TILT Biotherapeutics 
Ltd, Helsinki, Finland), Anna Kanerva (University of Helsinki, Hel-
sinki, Finland), Akseli Hemminki (TILT Biotherapeutics Ltd, Helsin-
ki, Finland).

Dendritic Cell (DC) therapy is considered as a promising immuno-
therapeutic approach for treatment of advanced cancer. Howev-
er, the tumor microenvironment is highly immunosuppressive that 
leads to DCs dysfunction and thus, these tumor-associated DCs 
indirectly support tumor progression. Therefore, in clinical trials 
DC therapy has generally failed to fulfill its expectations. Oncolyt-
ic adenoviruses are well tolerated and have shown to preferential-
ly target and kill cancer cells. Importantly, they can convert immu-
nosuppression locally into a proinflammatory state. Therefore, to 
improve the therapeutic efficacy of DC therapy, we armed onco-
lytic adenovirus with CD40 ligand (CD40L). CD40L is well known 
to regulate immune responses through its capacity to stimulate 
dendritic cells that lead to the activation of cytotoxic T-cells. In 
this study, we generated a novel virus Ad3-hTERT-CMV-hCD40L, 
which is fully serotype 3 adenovirus (Ad3). It features a human 
telomerase reverse transcriptase (hTERT) promoter for tumor 
specificity and expresses human CD40L (hCD40L) under a cyto-
megalovirus (CMV) promoter for induction of antitumor immune 
responses. Of note, human [1] and animal data [2] have shown the 
ability of Ad3 to successfully reach tumors through the intrave-
nous route. In syngeneic studies in an immunocompetent model, 
DC therapy with our murine CD40L-armed adenovirus showed 
significant antitumor immune response. This enhanced thera-
peutic effect is associated with increased tumor specific T-cells 
and induction of T-helper type 1 immune response [2]. This was 
further evaluated in human peripheral blood mononuclear cells 
(PBMCs) humanized mice and treatment with hCD40L-armed 
adenovirus Ad3 and human DCs showed 100 percent survival in 
conjunction with tumor control [3]. To further deeply dissect if 
Ad3-hTERT-CMV-hCD40L can modulate tumor microenviron-
ment, we established tumor histocultures derived from prostate 
and ovarian patients and evaluated the tumor viability, changes 
in immune cells especially DCs and the cytokine content of the 
tumor microenvironment over time post-adenovirus infection. 
Treatment with hCD40L- armed adenovirus showed that virally 
expressed hCD40L in the tumor microenvironment leads to sig-
nificant activation of dendritic cells and induction of Th1 immune 
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responses. To conclude, CD40L armed oncolytic adenovirus 3 im-
proves DC therapy by favorable alteration of tumor microenviron-
ment. These findings support clinical trials where DC therapy is 
enhanced with oncolytic adenovirus.

Keywords : Dendritic cells, Oncolytic adenovirus 3, CD40L, T-cells.
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B084 / Nociceptors control functions of dendritic cells

Pavel Han² (Harvard Medical School), Ulrich von Andrian (Harvard 
Medical School).

Nociceptors – sensory neurons that respond to noxious stimuli 
by eliciting pain or itch – are increasingly beginning to be appre-
ciated as controllers of the immune response. Notably, dendritic 
cells (DCs) – myeloid cells of the immune system – were previ-
ously found to engage in a physical interaction with nociceptors 
in the skin and be impacted by the actions of the latter. Strikingly, 
while some functional outcomes of the interaction have been de-
scribed, our mechanistic understanding of the underlying molec-
ular communication network is rudimentary at best and a bigger 
picture pertaining the modalities and outcomes of the interaction 
is missing entirely. 

In order to address this gap in our understanding, we developed 
a novel in-vitro co-culture system for nociceptors and DCs, which 
allowed us to dissect the interaction under simplified settings. Im-
portantly, and in agreement with previous reports, we observed 
that nociceptors enhanced the ability of DCs to produce pro-in-
flammatory cytokines in response to a TLR7 agonist, Imiquimod 
(IMQ), and we were able to extend this observation to other de-
fined TLR agonists as well as whole pathogens. Strikingly, we no-
ticed that such effect was only apparent if DCs and nociceptors 
were allowed a direct physical contact and, using live cell imaging, 
we observed that DCs and nociceptors engaged in a tight and 
dynamic physical interaction. Functionally, activation of nocicep-
tors was sufficient to drive membrane depolarization and calcium 
influx into the cytoplasm of the interacting DCs. Lastly, in agree-
ment with a model in which activation of nociceptors helps DCs 
that received suboptimal stimulus reach the threshold of activa-
tion, we demonstrated that rather than increasing the cytokine 
output of single cells, nociceptors increase the proportion of DCs 
that produce cytokines within a population. 

In order to address more broadly how nociceptors impact on the 
function of DCs, we performed RNA sequencing experiments, in 
which we compared DCs cultured and stimulated in isolation or 
in the presence of nociceptors. In total, in excess of 1, 400 genes 
were differentially regulated by the presence of nociceptors and 
unsupervised hierarchical clustering analysis divided them into 2 
large gene-sets : A gene-set that was impacted by the presence 
and activation of nociceptors, and a gene-set that was mainly 
affected by the activation of DCs and then modulated by noci-
ceptors. Gene-set enrichment analysis (GSEA) of genes modulat-
ed by nociceptors during IMQ stimulation showed that the most 
upregulated pathways included glycolysis and hypoxia response 
pathways, consistent with a higher degree of activation of DCs in 
the presence of nociceptors. Additionally, a significant downreg-
ulation in the unfolded protein response and apoptotic signaling, 
in particular in the cDC1 subset was revealed. Next, analysis of 
the changes induced by the presence and activation of nocicep-
tors revealed that a number of genes involved in the inflammato-
ry responses were upregulated. Among them, notably, we found 
a shared gene signature between cDC1 and cDC2 subsets that 
contained genes involved in the sentinel function of DCs. In par-
ticular, we observed that IL1b was upregulated in the presence of 
nociceptors and, activation of nociceptors conferred even higher 
degree of upregulation. Crucially, we were able to confirm this 
induction of pro-IL1b protein in DCs both in vitro and in vivo, and 
we identified the CGRP family of neuropeptides as nociceptor-de-
rived signals mediating this effect. 

In summary, we have developed a novel in-vitro culture system for 
nociceptors and dendritic cells. We demonstrated its applicability 
by reproducing previous in-vivo observations for which we also, 
for the first time, provide a mechanistic explanation and, finally, 
we used our setup to describe previously unappreciated effects 
that nociceptors have on DCs, in particular their ability to enhance 
sentinel function of DCs.

Keywords : Neuroimmunology, Dendritic cells, Nociceptors, Innate 
Immunity.

B085 / Sorafenib initiates macrophage-natural killer cell 
crosstalk by macrophage pyroptosis

Carina Hage (Roche Diagnostics GmbH), Sabine Hoves (Roche 
Diagnostics GmbH), Léanne Strauss (Roche Diagnostics GmbH), 
Stefan Bissinger (Roche Diagnostics GmbH), Ylva Prinz (Roche 
Innovation Center Zurich), Thomas Pöschinger (Roche Diagnos-
tics GmbH), Fabian Kiessling (RWTH Aachen University), Carola 
Ries (Roche Diagnostics GmbH).

Sorafenib, a multi-tyrosine kinase inhibitor for the treatment of 
unresectable hepatocellular carcinoma (HCC), shows antiangio-
genic and cytotoxic effects. However, impact and mechanisms of 
sorafenib on the anti-tumor immune response are not yet fully 
understood. The small fraction of HCC patients who achieve com-
plete responses associated with dermatologic reactions imply an 
additional immunomodulatory mechanism for sorafenib. 

To investigate the mechanism of action of sorafenib in more de-
tail, the inducible albumin-specific SV40 T antigen (iAST) mouse 
model and the fragment-based Hep-55.1c mouse model were 
used [1]. In vivo cell depletion experiments in the iAST mice 
showed that the depletion of macrophages completely abrogates 
the antitumoral effects of sorafenib. Macrophages were identified 
as key mediators of the sorafenib-induced tumor growth inhibi-
tion. Furthermore, the concurrent depletion of macrophages and 
natural killer (NK) cells displayed an acceleration of HCC tumor 
growth and thereby indicates a crosstalk of macrophages and NK 
cells. In vitro caspase 1 analysis in sorafenib-treated macrophages 
revealed the induction of pyroptosis followed by IL1B and IL18 cy-
tokine release. As a result, cytotoxic NK cells become activated 
when co-cultured with sorafenib-treated macrophages. In vivo 
cytokine blocking demonstrated that sorafenib efficacy is abol-
ished after inhibition of IL1B and IL18. In addition, sorafenib was 
found to downregulate major histocompatibility complex class I 
expression of tumor cells, which may reduce the tumor respon-
siveness to immune checkpoint therapies and favor NK-cell re-
sponse. We further show that this mechanism acts independently 
of the inhibition of angiogenesis. In iAST mice, sorafenib therapy 
led to vascular regression and showed strong reduction of tumor 
growth. However, single antiangiogenic therapy with anti-VEGF 
antibody did not lead to decreased to tumor progression. 

Taken together, our findings unravel a novel immunomodulato-
ry mechanism of sorafenib involving macrophage pyroptosis and 
unleashing a NK cell response. This suggests sorafenib as a prom-
ising immunotherapy combination partner and maximizes its util-
ity for HCC treatment.

Keywords : Sorafenib, Pyroptosis, NK cells, Macrophages.
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B086 / Phagocytic clearance of microparticles with can-
cer cell-like physical properties by macrophages

Daan Vorselen (University of Washington), Yifan Wang (Stanford 
University), Roarke Alexander Kamber (Stanford University), Mat-
thew J Footer (University of Washington), Michael Cory Bassik 
(Stanford University), Wei Cai (Stanford University), Julie Anne 
Theriot (University of Washington).

The abundant presence of macrophages at tumoral sites com-
bined with their tumoricidal potential allows exploitation of 
macrophages to suppress tumors by cancer-cell phagocytosis. 
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However, our lack of understanding of the unique challenges as-
sociated with phagocytosis of cancer cells hinders us from fully 
exploiting this tumoricidal potential of macrophages. In particu-
lar, macrophage clearance of targets by phagocytosis seems to 
be target-rigidity dependent, and less efficient for clearing “soft” 
targets like cancer cells than bacteria, which are typically ~1000 
fold more rigid than human cells. It is currently poorly understood 
why low target rigidity leads to reduced uptake by macrophages, 
and if macrophages can adapt phagocytic mechanisms for more 
efficient uptake of soft targets. Here, we developed deformable 
hydrogel microparticles as a model system to study phagocytosis 
in unprecedented detail, and using targets that accurately mim-
ic cellular physical properties. [1] These hydrogel particles have 
cell-like sizes (~10 um) and rigidities (Young’s modulus 0.1 - 10 
kPa) and can readily be conjugated with a variety of ligands to 
mimic the cellular surface. We show that IgG-functionalized mi-
croparticles are taken up by J774.1 macrophage-like cells in a ri-
gidity dependent manner, being 6-fold less efficient for particles 
with similar rigidity to cancer cells than stiffer targets. Moreover, 
the particles are deformed during phagocytosis, which we can 
use as a direct readout of the molecular mechanisms and cyto-
skeletal organization that are required for phagocytosis. We ob-
served highly localized target deformations by the phagocytes 
and distinct steps in the phagocytic process. Initially, we observe 
outward directed pushing from the phagocytic cup base. During 
subsequent phagocytic cup growth, we see that the majority of 
the deformation is localized in a ring that is initially irregular but 
becomes more uniform during cup closure. Surprisingly, strong 
localized punches at the cup base occur in these stages. After cup 
closure, we observe the strongest macrophage-induced target 
deformations, seemingly pushing the engulfed target into the cell. 
Interestingly, when functionalizing particles with phosphatidylser-
ine, the dominant prophagocytic signal for removal of apoptotic 
cells which is also present in increased levels on cancer cells, we 
observe a clearly distinct uptake mechanism. Current work focus-
es on using magnetized particles in full-genome screening assays 
for identifying key regulators that affect phagocytic clearance of 
soft targets. Our novel approach gives us unprecedented detail of 
the mechanism of phagocytosis of soft targets by macrophages. 
Moreover, the presented methodology is can be applied broadly 
in immune cell biology.

Keywords : macrophages, biomechanics, phagocytosis.

References : 
[1] Superresolved microparticle traction force microscopy reveals subcellular force pat-
terns in immune cell-target interactions. Daan Vorselen, Yifan Wang, Miguel M de Jesus, 
Pavak K Shah, Matthew J Footer, Morgan Huse, Wei Cai, Julie A Theriot, bioRxiv 431221 
(2019)

B087 / Preclinical mouse models for immune-oncology 
R&D

Annika Wulf-Goldenberg (EPO Experimental Pharmacology & 
Oncology), Maria Stecklum (EPO Experimental Pharmacology & 
Oncology), Magdalena Paterka (EPO Experimental Pharmacolo-
gy & Oncology), Jens Hoffmann (EPO Experimental Pharmacol-
ogy & Oncology).

The recent clinical success of immune checkpoint modulators 
has stimulated immune-oncology research and the identification 
of new tumor immunology targets. Despite all progress, many 
preclinical development remain challenging as available models 
are of limited translational predictively. Preclinical models, which 
combine heterogeneous tumor and immune compartments, are 
not only needed for development of new therapies, but also 
for evaluation of immunotherapy combinations, elucidating the 
mechanisms of action of immunotherapies and identification of 
clinically relevant biomarkers beyond the approved PD-L1 predic-
tive biomarker. 

Syngeneic mouse models have been used in cancer research since 
decades and as they provide a functional immune cell/tumor cell 
system, we have re-evaluated them for IO. We screened their re-
sponse to PD-L1 inhibitor treatment in combination with radiation, 
to investigate whether irradiation could increase immunogenicity 
of the tumors and sensitivity to treatment with checkpoint inhib-
itors. Further to this, we developed two technologies to generate 
mice with a humanized immune system by either transplantation 
of human peripheral blood mononuclear cells (PBMC) or human 
hematopoietic stem cells (HSC). These mice with engrafted hu-

man immune cells were applied to study the efficacy and mode of 
action of new immunotherapeutic drug and combinations. 

From our syngeneic tumor models, 4 out of 9 did not respond 
to PD-L1 antibody treatment (= fully immune resistant). Some 
models showed a tumor growth delay by the checkpoint inhibitor 
treatment, however only the P388 leukaemia and the 4T1 breast 
cancer model were significantly inhibited (= partly immune re-
sponsive). Complete tumor regressions were not observed in the 
syngeneic models. Our panel of syngeneic tumor models was fur-
ther tested towards response to a combination of local tumor irra-
diation and PD-L1 antibody treatment. Synergistic efficacy of the 
combination was observed in the models P388 and MC38 (70% 
and 95% tumor growth inhibition). This activity was in correlation 
with the accumulation of tumor infiltrating immune cells. 

Mice humanized with PBMC provide an established and robust 
model for IO research. These mice can be co-inoculated with cell 
or patient derived tumor xenografts and have been used for the 
evaluation of bispecific antibodies or check point inhibitors (Ref-
erence Stecklum et al.). Recent studies have demonstrated im-
proved tumor growth in models with HLA-match between PBMC 
donor and xenograft tumor. Further we have demonstrated in-
creased efficacy due to immune-stimulatory effects for therapeu-
tic antibodies in our models. Treatment with trastuzumab was 
more effective in breast cancer models on humanized mice. We 
have further shown synergistic effects for a combination of che-
motherapy with PD-1 inhibition in breast cancer PDX on human-
ized mice. The most sophisticated humanized model for IO can be 
generated by a reconstitution of a human immune system in bone 
marrow depleted immunodeficient mice by engrafting human he-
matopoietic stem cells. At the time when the human immune sys-
tem is developed, patient-derived tumors were transplanted on 
these reconstituted humanized mice. We have demonstrated effi-
cacy of PD-1 or PD-L1 inhibitors in these humanized PDX models.

Keywords : mouse models, syngeneic, humanized.
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B088 / The increased regulator T cell by IP-10 mediated 
TGF-β in EGFR mutant NSCLC after EGFR TKI therapy

Nahyeon Kang (The Cancer Research Institute, College of Medi-
cine, The Catholic University of Korea), Ok Ran Kim (The Cancer 
Research Institute, College of Medicine, The Catholic University 
of Korea), Miya Jeon (The Cancer Research Institute, College of 
Medicine, The Catholic University of Korea), Myung-Ah Lee (Di-
vision of Oncology, Department of Internal Medicine, College of 
Medicine, The Catholic University of Korea), Sook-Hee Hong (Di-
vision of Oncology, Department of Internal Medicine, College of 
Medicine, The Catholic University of Korea).

Background. Studies on the immune microenvironment of EGFR 
mutant lung cancer have been limited. We analyzed the effect 
of immune microenvironments on the development of EGFR-TKI 
resistance in EGFR-mutated lung cancer. Methods. The EGFR mu-
tant lung cancer cell lines (HCC827 and HCC4006) were co-cul-
tured with activated PBMC for 72 hours with EGFR-TKI. Changes 
of cytokines/chemokines in the media, PD-1 expression of CD8+ 
T cells, regulatory T cells fraction and transcriptome analysis of 
tumor cells were analyzed. We also performed immune profile 
analysis of fresh tissues of 21 surgically resected NSCLC (7 EGFR 
mutant and 14 EGFR wild) by multicolor FACS. 

results. IFN-γ, IL-6, VEGF, TGF-β1 and IP-10 were significantly in-
creased after co-culture but did not decrease after EGFR-TKI. PD-
L1 expression on tumor cells increased after co-culture (p=0.08 
in HCC827 and p=0.09 in HCC4006) but did not decrease after 
co-culture with activated PBMC and EGFR-TKI treatment (p=0.36 
in HCC827 and p=0.45 in HCC4006). PD-1 expression of CD8+ T 
cell co-cultured with HCC827 or HCC4006 did not change, how-
ever proportion of regulatory T cell increased after co-culture 
with HCC827 or HCC4006 (p=0.05 and p=0.08, respectively) and 
did not decrease during EGFR-TKI treatment. Proportion of regu-
latory T cell in co-cultures with A549 or H1975 (erlotinib resistant 
cell line) did not change during co-culture or EGFR-TKI treatment. 
The inhibition of IP-10 by siRNA significantly decreased TGF-β1 
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expression and proportion of regulatory T cells in co-cultured 
mutant EGFR lung cancer cell with EGFR-TKI treatment. Tran-
scriptome analysis by RNA sequencing showed 1747 gene sets 
were differentially expressed in EGFR-TKI treated EGFR mutant 
cell line co-cultured with activated PBMC compared to EGFR-TKI 
treatment alone. Interferon gamma response pathway (NES 2.65, 
FDR q<0.1) was most significantly changed. Immune profile anal-
ysis of human EGFR mutant lung cancer showed that markedly 
heterogeneity in total lymphocyte infiltration, as low as 8.03% or 
as high as 44.7% of live cells. Among immune cells, proportion of 
CD4+/CD3+T cells in EGFR mutant groups was increased com-
pared to EGFR wild group(62.7 ± 2.96 vs 55.14 ± 5.1% among CD3+ 
T cells) and proportion of FOXP3+CD25+CD4+ Treg in EGFR mu-
tant group tended to increase compared to EGFR wild group 
(1.352±0.4 vs 0.74 ± 0.16%, p=0.256). 

Conclusion. The increased regulator T cell by IP-10 mediated 
TGF-β is considered to be important in EGFR mutant NSCLC in 
immune suppressive microenvironments and EGFR-TKI resis-
tance. 

This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) fund-
ed by the 2016 Ministry of Education (2016R1D1A1A02937400).
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B089 / Identification of a synergistic multi-drug combi-
nation active in cancer cells via the prevention of spindle 
pole clustering

Morgan Le Roux-Bourdieu (Department of Cell Physiology and 
Metabolism, University of Geneva Medical School), Andrea Weiss 
(School of Pharmaceutical Sciences, Faculty of Sciences, Univer-
sity of Lausanne and University of Geneva), Marloes Zoetemelk 
(School of Pharmaceutical Sciences, Faculty of Sciences, Univer-
sity of Lausanne and University of Geneva), Magdalena Rausch 
(School of Pharmaceutical Sciences, Faculty of Sciences, Univer-
sity of Lausanne and University of Geneva), Daniela Harry (De-
partment of Cell Physiology and Metabolism, University of Geneva 
Medical School), Patrick Meraldi (Department of Cell Physiology 
and Metabolism, University of Geneva Medical School), Patrycja 
Nowak-Sliwinska (School of Pharmaceutical Sciences, Faculty of 
Sciences, University of Lausanne and University of Geneva).

Clear cell renal cell carcinoma (ccRCC) represents about 70% of 
kidney tumors and is the most aggressive type, with around 30% 
of patients presenting metastases at diagnosis. ccRCC has been 
reported to rapidly acquire resistance to conventional treatments. 
Drug combinations can improve cancer treatment efficacy, while 
reducing side effects and the emergence of drug resistance. Nev-
ertheless, finding optimal drug combinations is challenging due 
to the high number of combinatorial possibilities. Using the vali-
dated streamlined-Feedback System Control technique, we per-
formed a search in ccRCC cells (786-O) and non-malignant renal 
cells and identified a synergistic low-dose four-drug combination 
(C2) with high efficacy and negligible toxicity. Cell-cycle analysis 
showed that C2 perturbs cell divison and arrests the cells in G2/M. 
Performing live-cell imaging, we discovered that C2 inhibits mul-
tipolar spindle pole clustering, a survival mechanism employed by 
cancer cells with spindle abnormalities. This phenotype was also 
observed in 786-O cells resistant to sunitinib, the first-line ccRCC 
treatment, and validated in melanoma cells with distinct per-
centages of supernumerary centrosomes. We conclude that the 
C2-treatment efficacy is linked to spindle abnormalities in cancer 
cells. Compounds that prevent pole clustering have emerged as 
a promising therapeutic agent, since they specifically target can-
cer cells that form multi-polar spindles, e.g. abnormal centrosome 
numbers, but do not affect mitotic progression in non-malignant 

cells with normal centrosome numbers.

Keywords : drug combinations, drug synergy, multipolar spindle 
pole clustering, clear cell renal cell carcinoma.
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B090 / Permissivity and mode of action of oncolytic 
viruses in human tumors ex vivo

Monika Petersson (ViraTherapeutics), Melissa Mayr (ViraThera-
peutics), Monika petersson (ViraTherapeutics), Knut Elbers (Vi-
raTherapeutics), Herbert Riechelmann (Department of Otolar-
yngology, Medical University Innsbruck, Austria), Annette Runge 
(Department of Otolaryngology, Medical University Innsbruck, 
Austria), Dorothee von Laer (Division of Virology, Medical Univer-
sity Innsbruck, Austria).

Oncolytic virotherapy represents a promising therapeutic area 
especially with regard to combination treatment with cancer im-
munotherapeutics. Oncolytic viruses (OVs) are biologically active 
and exert different mode of actions to eradicate the tumor bulk : 
OVs not only directly infect and kill tumor cells (oncolysis), but 
could also boost immune-stimulatory responses and activated 
immune cells that could recognize, infiltrate and attack the tu-
mor. To this end, efficacy and mode of action of the OV VSV-GP 
were demonstrated in a variety of human tumor cells lines and 
murine tumor models, but a functional relevance for the human 
tumor ecosystem including the tumor microenvironment remains 
elusive2. Thus, there is the urgent need to set up pre-clinical mod-
el systems resembling this complex human tumor contexture, 
which could complement the pre-clinical tool box. Here, we have 
established human tumor ex vivo cultures derived from head and 
neck squamous cell carcinoma (HNSCC)-patients, preserving the 
polyclonal tumor tissue as well as the stromal and the immune 
compartment. From our initial experiments we have learned that 
the OV VSV-GP can infect and eradicate human HNSCCs ex vivo. 
Currently, we aim to understand the mode of action of the OV, 
particularly with regard to the complex interplay of the OV and 
the tumor microenvironment. Unveiling differences between sus-
ceptible and non-susceptible tumors could help to improve OV 
therapy and identify potential combination partners.

Keywords : oncolytic virus, cancer immunotherapy.
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T cell exhaustion – mechanisms of 
resistance

B091 / Tumor-infiltrating CD4+TIM-3+ T cells have sup-
pressive, exhausted and metastatic gene profile in co-
lorectal cancer patients

Salman M Toor (Qatar Biomedical Research Institute), Var-
un Sasidharan Nair (Qatar Biomedical Research Insitute), Eyad 
Elkord (Qatar Biomedical Research Institute).

T cell immunoglobulin mucin-3 (TIM-3) is an immune checkpoint 
identified as one of the key players in regulating tumor immune 
biology. Studies have shown that TIM-3 is upregulated in the tu-
mor microenvironment (TME) of colorectal cancer (CRC). Howev-
er, the precise role of TIM-3 in the CRC TME is yet to be elucidated. 
Here, we performed phenotypic and molecular characterization 
of TIM-3+ T cells in the TME and circulation of CRC patients by 
prospective analyses of tumor tissues (TT, TILs), normal tissues 
(NT, NILs) and peripheral blood mononuclear cells (PBMC). Phe-
notypic characterization of PBMC from 34 and NILs and TILs 
from 27 CRC patients was assessed by flow cytometric analyses. 
RNA-Sequencing of sorted, pure CD4+TIM-3+/- and CD4+CD25+ 
TILs was performed from 3 and 2 patients, respectively. TIM-3 was 
upregulated on both CD4+ and CD8+ TILs. CD4+TIM-3+ TILs ex-
press higher levels of T regulatory cell (Tregs)-signature genes, 
including FoxP3 and Helios, compared with their TIM-3- coun-
terparts. Transcriptomic and ingenuity pathway analyses showed 
that TIM-3 expression activates inflammatory and metastatic 
pathways. Moreover, NF-κB-mediated transcription factors were 
upregulated in CD4+TIM-3+ TILs, which could favor proliferation/
invasion and induce inflammatory and T-cell exhaustion path-
ways. Additionally, we found that TIM-3+ TILs have more inva-
sive and metastatic characteristics, compared with conventional 
CD4+CD25+ Tregs in the CRC TME. Our data suggest that TIM-3 
expression in T cells in the TME can mediate T-cell exhaustion and 
promote metastasis. TIM-3 may therefore be utilized as a prog-
nostic biomarker or therapeutic target in CRC patients.

Keywords : TIM-3, Colorectal Cancer, Tumor microevironment.

B092 / Barking up the wrong tree : Anti-CD137 immuno-
therapy induces T cell exhaustion in CD8+ T cells

Andrea C Pichler (Centre de Recherche en Cancerologie de Tou-
louse).

CD8+ T lymphocytes represent actually the most promising ther-
apeutic target against cancer. Although CD8+ T cell activation is 
mainly triggered by TCR signaling, many activating and inhibito-
ry receptors tune the functions of these cells. Promising results 
obtained by monoclonal antibodies (mAbs) targeting CTLA-4 
and PD-1 inhibitory receptors in metastatic cancer demonstrate 
the importance of defining key receptors that control cytotoxic 
lymphocyte anti-tumor reactivity. The surface glycoprotein CD137 
(TNFRSF9, 4-1BB) is a costimulatory member of the tumor necro-
sis factor receptor superfamily expressed by activated T cells. We 
recently demonstrated using the most relevant mouse model for 
multiple myeloma (MM) that anti-CD137 monoclonal antibodies 
(mAbs) have potent anti-myeloma effects (Guillerey, Ferrari de 
Andrade et al. 2015). Indeed, anti-CD137 mAbs rapidly led to the 
accumulation of activated effector memory CD8+ T cells in the 
tumor microenvironment that accounted for CD137 anti-tumor 
effects (Guillerey, Nakamura et al. 2019). Surprisingly, global tran-
scriptomic analysis also revealed that CD137 stimulation progres-
sively induced the expression genes related to T cell exhaustion 
in the tumor microenvironment. Consistent with these results, we 
found that anti-CD137 mAb treatment led to the accumulation of 
effector CD8+ T cells with reduced effector functions that were 
characterized by the expression of multiple immune checkpoints 
(IC) including PD-1, Tim3 and Lag-3. Single-cell RNA sequencing 
analysis confirmed that CD137 engagement gradually alters CD8+ 
T cells transcriptional landscape ultimately expanding CD8+ T 
cell clusters overexpressing archetypal “T cell exhaustion” genes. 
While blocking immune checkpoints upon anti-CD137 mAb treat-

ment didn’t reinvigorate CD8+ T cells nor improved anti-CD137 
anti-tumor efficacy, we found that CD137 stimulation induced 
important metabolic changes that may account for anti-CD137 
driven T cell dysfunctions. Finally, we found that T cell specific 
deletion of Eomes prevented anti-CD137 driven T cell exhaustion 
suggesting a key role for this transcription factor in anti-CD137 
mAbs induced dysfunctional program. Altogether these results 
uncover an unsuspected role for CD137 activation receptor in driv-
ing a profound T cell exhaustion state that might not be reversed 
by immune checkpoint blockade. Further investigations are re-
quired to dissect at the molecular level the mechanisms and the 
signaling underlying CD137 activation versus exhaustion program.

Keywords : cytotoxic CD8+ T cell, T cell exhaustion, immunother-
apy, CD137 (4-1BB).
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B093 / MDR1 expression identifies a Th1.17 effector po-
pulation resistant to chemotherapy treatments that could 
play a pivotal role in anti-cancer immunity

Christine Ménétrier-Caux (Centre Léon Bérard, Cancer Research 
of Lyon (CRCL) Inserm UMR1052 CNRS5286), Anthony Di Roio 
(Centre Léon Bérard, Cancer Research of Lyon (CRCL) Inserm 
UMR1052 CNRS5286), Marion Bossennec (Centre Léon Bérard, 
Cancer Research of Lyon (CRCL) Inserm UMR1052 CNRS5286), 
Céline Rodriguez (Centre Léon Bérard, Cancer Research of Lyon 
(CRCL) Inserm UMR1052 CNRS5286), Nicolas Gourdin (Innate 
Pharma), Christophe CAUX (Centre Léon Bérard, Cancer Re-
search of Lyon (CRCL) Inserm UMR1052 CNRS5286).

The Multi-Drug Resistance transporter 1 (MDR1) is an ABC trans-
porter able to exclude a wide set of xenobiotics and anti-cancer 
drugs from cells through an ATP-dependent process. Widely stud-
ied on multiple tumor cell types, MDR1 is involved in chemo-re-
sistance because it limits intracellular drug accumulation such as 
Paclitaxel and Doxorubicin used in treatment of breast (BC) and 
ovarian (OC) cancers. In the T cell compartment, MDR1 is largely 
expressed on CD8+ T cells whereas on CD4+ T cells, its expression 
is enriched on a specific effector population (Teff) displaying a 
Th1.17 profile and expressing the ectonucleotidase CD73 (Gourdin 
et al Cancer Res 2018). We demonstrate that MDR1 is functional 
on this population and delineates a potent polyfunctional subset 
co-producing IL-17A and IFNγ. In vitro treatments with increasing 
doses of Paclitaxel in presence of a TCR signal show that MDR1+ 
Teff resist better to chemotherapy and proliferate more than their 
MDR1neg counterpart, resulting in an enrichment in polyfunction-
al Th1.17 subset. In addition, analyses of BC patients’ blood treated 
in neo-adjuvant setting with Paclitaxel and/or Doxorubicin reveal 
an increased proportion of MDR1+ Teff as well as an increase in 
Th1.17 cells compared to untreated patients. An increased poly-
functionality of this population is also observed on treated patient 
blood compared to untreated ones. To complete these ex vivo 
data, we are analyzing a retrospective cohort of breast cancer 
patients treated with neoadjuvant chemotherapy. Modulation of 
MDR1+ Teff in blood and their localization in tumor tissue before 
and after treatment are under evaluation. Altogether, these data 
indicate the existence of a MDR1+ Th1.17 population which resists 
to chemotherapy treatments and represents a potent actor in an-
ti-cancer immunity. However, due to its expression of CD73 that 
generates immunosuppressive adenosine from extracellular AMP, 
the antitumor function of this MDR1+ Teff population might be 
abolished in tumor microenvironment. These observations argue 
for the development of clinical trial combining MDR1-sensitive 
chemotherapy with neutralizing anti-CD73 antibodies.

Keywords : MDR1, chemotherapy resistance, Th1.17, CD73.
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B094 / Alternative splicing of the receptor SLAMF6 re-
veals a novel regulatory mechanism of T cell activation 
and can be used for cancer immunotherapy

Emma Hajaj (Hadassah Medical Organization), Galit Eisenberg 
(Hadassah Medical Organization), Shiri Klein (Hadassah Medical 
Organization), Sharon Merims (Hadassah Medical Organization), 
Jonathan Cohen (Hadassah Medical Organization), Shoshana 
Frankenburg (Hadassah Medical Organization), Tamar Peretz 
(Hadassah Medical Organization), Michal Lotem (Hadassah Med-
ical Organization).

SLAM (signaling lymphocytic activation molecule) is a family of 
receptors widely expressed on hematopoietic cells. SLAMF6 is a 
homotypic receptor abundantly expressed on CD8+ T lympho-
cytes and thus of interest for its role in anti-tumor response. Re-
cently we evaluated two splice isoforms of the SLAMF6 gene : The 
‘canonical’ sequence, and SLAMF6Δ17-65 missing part of exon-2. 
In this work we set to evaluate the immune modulatory role of the 
long and the short isoforms of SLAMF6 and test their effect on 
anti-tumor immunity. 

SLAMF6 splice isoforms were identified by RT-PCR and in RNA-
seq databases from human donors and lymphoid cell lines, in 
different activation states. Melanoma lines aberrantly expressing 
each isoform were produced to generate a model of trans-acti-
vation of T cells via SLAMF6. In parallel, selective expression of 
SLAMF6Δ17-65 in lymphocytes was achieved in Jurkat cells using 
CRISPR-Cas9 genome editing. 

To identify transcript levels of SLAMF6 isoforms in both healthy 
individuals and in cancer patients receiving PD1-inhibitors, sam-
ples were collected from patients before and during anti-PD1 ther-
apy, cells were sorted to CD8+ subsets and qPCR was performed. 
Finally, to shift the splicing, antisense-oligonucleotides (ASO) 
were transfected into Jurkat cells using electroporation. 

Melanoma cells aberrantly expressing canonical SALMF6 had 
distinct inhibitory effect on cognate TILs. However, to our sur-
prise the opposite was observed with SLAMF6Δ17-65. Melanoma 
expressing this isoform enhanced IFN-γ production by cognate 
TILs significantly and reproducibly. In line with this, the exclusive 
expression of the short isoform in Jurkat cells was associated 
with a three-fold increase in IL-2 secretion. Therefore – the canon-
ical SLAMF6 is an inhibitor for T cell activation, while the shorter 
splice isoform - SLAMF6Δ17-65 is a strong activator. 

Using existing databases and our-own human-derived T cell sam-
ples, we showed that all SLAMF6 isoforms are constitutively ap-
parent on T-cells. However, different isoform ratios were found 
in CD8+ subsets, determined by their differentiation states. In 
melanoma patients receiving PD-1 inhibitory antibody, a transition 
was noted in isoforms ratio, favoring a rise in the shorter isoform, 
which was most emphasized in patients with auto-immune side 
effects (n=7). Lastly, using ASO designed to target SLAMF6 splice 
junctions, we managed to shift the splicing in Jurkat cells, increas-
ing the short isoform on the account of the canonical isoform. As 
an outcome, cells expressing higher levels of SLAMF6Δ17-6 had a 
significantly improved function. 

In this work we showed that SLAMF6Δ17-65 isoform has a strong 
agonistic effect on T cell activation while its canonical isoform 
is an inhibitor. The change in isoform ratio observed during an-
ti-PD-1 therapy may suggest a new regulatory mechanism that T 
cells adopt along their activation. The agonistic effect achieved 
by splice-diverting ASO may be exploited in the future for cancer 
immunotherapy, as part of adoptive cell therapy for example.

Keywords : Exhaustion, Alternative splicing, Immunotherapy, An-
tisense-oligo.

B095 / Harnessing CD8+ T cell antitumor responses by 
manipulating extracellular ATP signaling

Henrique BORGES DA SILVA (University of Minnesota - Center for 
Immunology), Kelsey Wanhainen (University of Minnesota - Cen-
ter for Immunology), Stephen Jameson (University of Minnesota 

- Center for Immunology).

Extracellular adenosine triphosphate (eATP) is a well-described 
tissue-damage associated signal and is recognized by purinergic 
receptors in mammals. Among those receptors, P2RX7 is pref-
erentially expressed in immune cells, activating both innate and 
adaptive immune responses. We recently discovered that P2RX7 
is crucial for the generation and maintenance of long-lived circu-
lating and resident memory CD8 T cells, through control of the 
mitochondrial function and viability of CD8 T cells (1). CD8 T cells 
are pivotal for tumor control, and therapies that aim to harness 
CD8 T cell function and overcome exhaustion are featured anti-
cancer strategies. However, the success rate of such therapies is 
still not optimal, partially due to our lack of knowledge about the 
role of the tumor microenvironment in shaping CD8 T cell biolo-
gy. Interestingly, using a chronic viral infection system, we found 
that P2RX7 is required for control of viral titers and expansion of 
PD1-blockade reactive CD8 T cells (1). Consequently, P2RX7-de-
ficient CD8 T cells do not respond to checkpoint blockade. Con-
sidering these results, and the aforementioned role of CD8 T cells 
in tumor control, we next sought to investigate if eATP sensing 
through P2RX7 could influence CD8 T cell-mediated antitumor 
responses. By using adoptive transfer therapy into a mouse mela-
noma model, we observed that cell-intrinsic P2RX7 is required for 
CD8 T cells to optimally control tumors in the presence of IL-12 
priming. Mechanistically, P2RX7 signaling was crucial for CD8 T 
cells to initially infiltrate tumors, as well as to survive and acquire 
resistance to cell exhaustion – a hallmark feature of IL-12-stimu-
lated CD8 T cells (2). P2RX7-deficient CD8 T cells activate and re-
spond to IL-12 in vitro normally, as measured by proliferation and 
up-regulation of in vitro cytokine production. The mitochondrial 
respiration rates of these cells are decreased, however. Correlating 
with this, P2RX7-deficient CD8 T cells had decreased mitochon-
drial mass and membrane potential in vivo, after tumor infiltration. 
This suggests P2RX7 signaling is important for CD8 T cells to ac-
quire a tumor microenvironment-resistant phenotype, which cor-
relates with sustained mitochondrial function. Finally, we assessed 
whether P2RX7 agonism could be used to boost CD8 T cell-me-
diated tumor control. In vitro activation in the presence of BzATP 
(a P2RX7 agonist) mediated increased ability of CD8 T cells to 
infiltrate and control tumors, in comParison to Vehicle-treated 
CD8 T cells. Overall, these results show P2RX7 is crucial for CD8 
T cells to respond to distinct situations where chronic antigen is 
present, including tumors. Moreover, they offer exciting prospects 
for CD8-targeted P2RX7 agonism to be a strategy for boosting 
antitumor immunity in future translational studies.

Keywords : P2RX7, CD8 T cell, Exhaustion, Melanoma.
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B096 / TOX and TOX2 transcription factors cooperate 
with NR4A transcription factors to impose CD8+ T cell 
exhaustion

Hyungseok Seo (La Jolla Institute for Immunology), Joyce Chen 
(La Jolla Institute for Immunology), Edahí González-Avalos, (La 
Jolla Institute for Immunology), Daniela Samaniego-Castruita (La 
Jolla Institute for Immunology), Arundhoti Das (NCI), Yueqiang 
Wang (NCI), Isaac López-Moyado (La Jolla Institute for Immunol-
ogy), Romain Georges (La Jolla Institute for Immunology), Wade 
Zhang (La Jolla Institute for Immunology), Atsushi Onodera (La 
Jolla Institute for Immunology), Cheng-Jang Wu (UCSD), Patrick 
Hogan (La Jolla Institute), Li-Fan Lu (UCSD), Avinash Bhandoola 
(NIH), Anjana Rao (La Jolla Institute for Immunology).

T cells expressing chimeric antigen receptors (CAR T cells) 
have shown impressive therapeutic efficacy against leukemias 
and lymphomas1, 2, 3 ; however, they have not been as effective 
against solid tumors because chronic stimulation with tumor an-
tigens causes them to enter a hyporesponsive (“exhausted” or 
“dysfunctional”) state. Here we show that the high-mobility group 
(HMG)-box transcription factors TOX and TOX24, 5 are high-
ly expressed in CAR-expressing exhausted (PD-1highTim3high) 
CD8+ tumor-infiltrating lymphocytes (TILs). CAR TILs deficient 
in both TOX and TOX2 (TOX DKO) suppressed tumor growth and 
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prolonged survival of tumor-bearing mice, compared to wild-
type (WT), TOX-deficient or TOX2-deficient CAR TILs ; they also 
showed increased effector function with decreased TCF1 expres-
sion and decreased expression of the inhibitory receptors PD-1, 
LAG3 and CD160. Like NR4A transcription factors6, TOX and 
TOX2 are critical for the transcriptional program of hyporespon-
siveness downstream of NFAT7, 8. Disruption of TOX expression 
or activity could be a promising strategy for cancer immunother-
apy.
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B097 / CD4 help is required for the generation of a trans-
criptionally distinct cytolytic CD8 T cell subset that pro-
tects against chronic viral infection and cancer

Ryan Zander (Blood Research Institute), David Schauder (Medical 
College of Wisconsin), Gang Xin (Blood Research Institute), Weig-
uo Cui (Blood Research Institute).

“CD4 help” is crucial to sustain the function of exhausted CD8 
T cells, yet the detailed mechanisms by which CD4 help regu-
lates CD8 T cell differentiation and function during chronic viral 
infection remain elusive. Here, using single cell RNA-sequencing 
(scRNA-seq) we show that CD8 T cells responding to persistent 
LCMV Cl13 infection are more heterogeneous than previously ap-
preciated, with three transcriptionally distinct subsets dominat-
ing the late phase of the antiviral response : Slamf6+ progenitor, 
Pdcd1+ exhausted, and Cx3cr1+ cytotoxic T cell subsets. Notably, 
although exhausted T cells and Slamf6+(TCF-1hi) progenitor cells 
have recently been described, our findings uncover the formation 
of a previously unrecognized CD8 T cell subset that exhibits po-
tent cytolytic function. This subset is characterized by high expres-
sion of killer cell lectin-like receptors Klre1 and Klra9, the chemo-
kine receptor CX3CR1, and the transcription factors T-bet and 
Zeb2. Importantly our sc-RNA-seq and flow cytometric analyses 
demonstrate that differential expression of cell surface receptors 
CX3CR1 and Ly108 (encoded by Slamf6) can distinguish these 3 
major CD8 T cells populations, with PD-1hi exhausted cells lacking 
expression of either Ly108 or CX3CR1. Ex vivo functional analyses 
of these 3 major subsets indicated that Ly108+ CD8 T cells ex-
hibit an enhanced capacity to co-produce IFN-g and TNF-a upon 
GP33-41 peptide stimulation, whereas the CX3CR1-Ly108- subset 
displayed the lowest potential to produce pro-inflammatory cy-
tokines, consistent with their exhausted phenotype. Notably, we 
further identified that CX3CR1+ CD8 T cells displayed increased 
expression levels of granzyme B, which correlated with their aug-
mented cytotoxicity against peptide-pulsed target cells. To deter-
mine whether CX3CR1+ CD8 T cells are required for control over 
chronic viral infection, we generated CX3CR1 DTR dLCK Cre mice, 
which allows for the selective depletion of CX3CR1+ T cells in vivo 
upon administration of diptheria toxin. Strikingly depletion of CX-
3CR1+ CD8 T cells resulted in over 5-fold increases in circulating 
viral copy numbers, thereby demonstrating a protective role for 
the CX3CR1+ T cell subset in limiting viral replication. To gain in-
sight into the lineage relationship between Slamf6+, Pdcd1+ and 
Cx3cr1+ CD8 T cells, we employed Sc trajectory modeling using 
the program Monocle. Our analyses predicted that Ly108+ CD8 T 
cells can give rise to both CX3CR1-Ly108- and CX3CR1+ subsets, 
a finding that was later confirmed via adoptive transfer experi-
ments. To determine how CD4 help impacts this intricate process 
of CD8 T cell differentiation, we employed use of either a transient 
CD4 T cell-depletion model, or co-adoptive transfer experiments 
with WT and Il21r-/- P14 cells (which express a transgenic TCR 
specific for GP33-41). Notably, depletion of CD4 T cells or dele-
tion of IL-21R signaling in P14 cells abrogated the development of 

the CX3CR1+ CD8 T cell subset, indicating a critical role for CD4 
help in facilitating the differentiation of cytotoxic CX3CR1+ T cells. 
Moreover, PD-L1 blockade, an immunotherapy known to partially 
reverse T cell exhaustion during persistent infection and cancer, 
failed to rescue this differentiation defect of “un-helped” CD8 T 
cells. Lastly, using a B16-F10 melanoma model, we found that the 
majority of TILs coordinately lacked expression of both CX3CR1 
and Ly108, consistent with a high level of T cell exhaustion oc-
curring in the tumor microenvironment. Remarkably, provision of 
IL-21+CD4 help in the form of ACT was sufficient to induce over a 
2-fold increase in the development of CX3CR1+ CD8 TILs, which 
was associated with enhanced control over tumor growth. Taken 
together, our findings demonstrate that CD4 help plays a critical 
role in the generation of protective CX3CR1+ CD8 T cells, and that 
this differentiation checkpoint may potentially be exploited for 
the purpose of ACT.

Keywords : CD4 help, single cell RNA-sequencing, CD8 T cell dif-
ferentiation, LCMV Cl13.
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B098 / CD226 absence affects TCR responsiveness and 
restrains tumor infiltrating T lymphocyte functions.

Ludovic Martinet (CRCT).

Although immune checkpoint blockade (ICB) such as using an-
ti-PD-1 has represented a turning point in cancer care, clinical re-
sponses are not observed in the majority of cancer patients. The 
mechanisms underlying this lack of responsiveness are still poorly 
understood and finding additional signals that regulate CD8+ T 
cell anti-tumor functions has become a major priority. 

While most of the experimental strategies actually focus on the 
identification of additional inhibitory receptors restraining anti-tu-
mor reactivity of CD8+ T cells, the importance of activating re-
ceptors with regards to anti-tumor CD8+ T cell functions and ICB 
efficacy remains to be better understood. CD226 (DNAM-1) is an 
adhesion molecule initially described for its ability to stimulate NK 
cell and CD8+ T cell-mediated cytotoxicity (1). Its ligands, the nec-
tin and nectin-like receptors CD112 and CD155, are often expressed 
on cancer cells and CD226 deficiency was shown to reduce tumor 
immunosurveillance in a wide number of tumor mouse models 
(2). TIGIT and CD96, two inhibitory receptors that compete with 
CD226 for the same ligands, were recently identified as promising 
immunotherapeutic targets to restore immune reactivity against 
tumors highlighting the importance of the CD226 axis in the reg-
ulation of anti-tumor immune responses (3-4). 

Interestingly, we recently found that loss of the activating recep-
tor CD226 (DNAM-1) is a critical mechanism that alters CD8+ T 
cell responsiveness to TCR stimulation. Pre-clinical tumor mouse 
model confirmed that tumor development drives the differen-
tiation of dysfunctional CD8+ T cell lacking CD226 expression 
through an Eomes-dependent mechanism. More importantly, our 
results demonstrated that CD8+ T cells fail to respond to ICB in 
the absence of CD226. Taken together our study suggests that 
CD226 loss represents an underappreciated determinant of CD8+ 
T cell dysfunction in the tumor microenvironment that may im-
pact cancer patient response to immunotherapy.
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B099 / The Role of IL-27 signaling on Responses to Me-
lanoma

Anthony Phan (University of Pennsylvania), Chris Hunter (Univer-
sity of Pennsylvania).

Checkpoint blockade and adoptive cell therapies harness the abil-
ity of T cells, critical mediators of the body’s immune response 
to infection, to eliminate tumors. Entry of T cells into the tumor 
microenvironment exposes them to an array of regulatory signals 
that impact T cell differentiation and function. The immunomod-
ulatory cytokine, interleukin 27 (IL-27), produced by tumor cells 
and immune cells, has been shown to exhibit pro- and anti-tumor 
functions via conflicting cellular mechanisms (1-4). Here we find 
that IL-27 receptor alpha (WSX1)-deficient mice exhibited reduced 
tumor burdens, by number of nodules and tumor area, following 
intravenous administration of B16 melanoma in comParison to 
wildtype mice. Furthermore, we find that tumor nodules in the 
lungs of WSX1-deficient mice have increased infiltration of CD3+ 
cells observed by histological analysis in comParison to tumor 
nodules in wildtype mice. The production of IL-27 in the lung by 
immune cells following tumor challenge and the improved resis-
tance to intravenous dissemination of B16 melanoma by WSX1-de-
ficient mice suggests that IL-27 signaling limits T cell infiltration 
and responses to melanoma within the lung. However, analysis 
of antigen-specific OT-I CD8+ T cells adoptively transferred into 
mice deficient for IL-27 cytokine followed by intravenous chal-
lenge with B16 melanoma expressing ovalbumin revealed a crucial 
role for IL-27 signaling in the expansion and differentiation of the 
tumor-specific T cell response. OT-I T cells in IL-27 deficient mice 
showed impaired proliferation and expansion that was accom-
panied by a reduced capacity to produce IFNg and expression 
of markers of tissue residency. These data were accompanied by 
impaired clearance of tumor in comParison to wildtype hosts that 
also received OT-I T cells. These data support a model where IL-27 
plays two distinct roles, both inhibiting local immune responses to 
lung tumors and supporting the proliferation and differentiation 
of tumor specific CD8+ T cells. These findings highlight that im-
proving our understanding of when and where pleiotropic cyto-
kines such as IL-27 impact immune responses will be essential for 
the continued development of immunotherapies.
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B100 / Characterizing the immune response in melanoma 
patients treated with neo-adjuvant Pembrolizumab

Josephine R Giles (University of Pennsylvania), Alexander C. 
Huang (University of Pennsylvania), E. John Wherry (University 
of Pennsylvania).

Immune checkpoint blockade, including anti-PD-1 therapies, have 
had unprecedented success in treating various forms of cancer, 
including melanoma. Unfortunately, most patients still do not 
achieve durable clinical remission. The limited understanding of 
how these therapies work at the cellular and molecular level pre-
vents the optimization required to improve patient outcomes. 

We performed RNA-seq and ATAC-seq on four sorted PBMC sub-
populations (naïve CD8 T cells, non-naïve CD8, non-naïve CD4 T 

cells, T regulatory cells) from patients with metastatic melano-
ma before and after Pembrolizumab treatment (1). We identified 
changes after treatment that were consistent with enhanced T 
cell activation and exhaustion. We also observed a distinct mo-
lecular signature in patients that experienced a tumor recurrence 
within one year of surgical resection. Interestingly, this signature 
was also present in the blood pre-treatment. These results indi-
cate that it might be possible to predict clinical response to Pem-
brolizumab before treatment begins.
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B101 / Neoantigen-driven remodelling of the T cell lands-
cape in NSCLC

James L Reading (UCL Cancer Institute).

T cell responses to pathogen-derived epitopes provide indis-
pensable host protection. In contrast, chronic antigen exposure 
drives accumulation of dysfunctional T cell pools at the expense 
of canonical memory and effector subsets, leading to a loss of T 
cell homeostasis, pathogen escape and fatal defects in immune 
control. In cancer, mutation-encoded neoantigens elicit T cell re-
sponses that sensitise patients to immune checkpoint blockade 
(ICB), yet the extent to which neoepitopes also skew local T cell 
differentiation and induce T cell dysfunction is unclear. Here, we 
integrate WES and RNAseq from surgically resected, untreated, 
early stage NSCLC specimens with paired high dimensional flow 
cytometry, MHC multimer screening and bulk- or sc-RNAseq of 
TILs to study neoantigen-driven T cell differentiation in the con-
text of NSCLC evolution. Tumour mutational burden (TMB) cor-
related with intra-tumoural T cell activation (e.g. 4-1BB, HLA-DR 
expression on CD8+ T cells) and improved disease-free survival, 
supporting the prevailing hypothesis that neoantigens augment 
tumour immunogenicity. However, in tumours under high T cell 
selection pressure, characterised by evolution of immune escape 
mechanisms (e.g. HLA LOH, deleterious mutations or copy num-
ber loss in antigen processing/presentation machinery including 
B2M) TMB was linked to diminished tissue resident memory pop-
ulations and expansion of dysfunctional T cells ; highlighting a 
program of neoantigen-associated T cell dysfunction (Neo-Dys) 
that imbalances local T cell homeostasis. Neo-Dys was associated 
with worse outcome in multivariate models, independent of TMB, 
and occurred via a conserved molecular circuit that was validated 
in neoantigen-specific T cells and independent NSCLC cohorts. 
The Neo-Dys transcriptional network involved established inhibi-
tory loci (ENTPD1, PDCD1, HAVCR2, LAG3) and several novel im-
munoregulatory genes under investigation as potential actionable 
IO targets. Taken together, these data are consistent with a dual 
role for neoantigens in treatment-naïve cancer in which augmen-
tation of tumour immunogenicity may be progressively counter-
balanced by the onset of Neo-Dys and evolution of immune es-
cape mechanisms.

Keywords : T cell dysfunction, Neoantigen, Lung cancer, Immune 
profiling.

B102 / Exhausted Tissue Resident Memory CD8 T Cells 
Encompassing Tumor-Specific Cytotoxic T Lymphocytes 
are Predictive of Clinical Response to PD-1 Blockade in 
Epithelial Malignancies

Camille-Charlotte Balanca (CRCT Inserm), Clara-Maria Scarlata 
(CRCT Inserm), Marie MICHELAS (CRCT Inserm), Christel Devaud 
(CRCT Inserm), Carlos Gomez Roca (CRCT Inserm), Camille Fran-
chet (IUCT oncopole Toulouse), Carlos Martinez Gomez (CRCT 
Inserm), Victor Sarradin (CRCT Inserm), Marie Tosolini (CRCT In-
serm), Diana Heaugwane (CRCT Inserm), Francoise Lauzeral-Viz-
caino (CRCT Inserm), Lucile Mir-Mesnier (CRCT Inserm), Virginie 
Feliu (CRCT Inserm), Carine Valle (CRCT Inserm), Frédéric Pont 
(CRCT Inserm), Gwénaël Ferron (IUCT oncopole Toulouse), Jean-
Pierre Delord (IUCT oncopole Toulouse), Philippe Rochaix (IUCT 
oncopole Toulouse), Alejandra Martinez (IUCT oncopole Tou-
louse), Maha Ayyoub (CRCT Inserm).



SESSION B

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
138

While our understanding of T cell exhaustion is widely based on 
mouse models, in depth analysis of T cell exhaustion in cancer pa-
tients will provide cues of tumors sensitivity to immune checkpoint 
blockade (ICB) (1). Here, in ovarian, cervical and head and neck 
cancers, 3 epithelial malignancies exhibiting resistance to ICB, we 
combined phenotypic, single-cell RNA sequencing (scRNA-seq) 
and functional approaches to characterize exhaustion of tumor 
antigen-specific CD8 T cells at the tumor site. We show that along 
chronic stimulation of tumor-specific T cells, but not bystander 
cells, immune checkpoints (IC) expression is sequentially acquired 
leading to a population expressing the 4 IC under investigation, 
i.e. programmed cell death 1 (PD-1), T cell immunoreceptor with 
Ig and ITIM domains (TIGIT), cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) and T-cell immunoglobulin and mucin-domain 
containing-3 (TIM-3), that we named quadruple positive (QP) 
cells. Checkpoints incremental acquisition was accompanied by a 
sequential increase in the expression of tissue-resident memory T 
cell (Trm) markers (2, 3), of the ectonucleotidase CD39 (4), and of 
the transcription factor TOX associated to a T-cell exhaustion pro-
gram in chronic infection models (5). Remarkably, QP cells exhib-
ited significant loss of CD28, which could be reproduced by T-cell 
stimulation in the presence of transforming growth factor-beta 
(TGF-beta), a central cytokine of immune evasion. Despite their 
exhausted phenotype, QP cells were endowed with high cytotox-
ic potential and expressed the C-X-C motif chemokine receptor 
6 (CXCR6), which could contribute, together with Trm markers, 
to their tumor residency and co-localization with tumor cells. Ex 
vivo phenotyping of circulating and tumor-infiltrating cancer anti-
gen-specific T cells argued in favor of the in situ acquisition of the 
exhausted Trm-like phenotype by memory tumor-specific CD8 T 
cells once they infiltrate tumors. In addition, we show that cir-
culating specific PD-1intCD28+ T cells respond to anti-PD-1 mAb 
by enhancing their proliferation in response to antigen stimula-
tion. Instead, the same cells within tumor-infiltrating lymphocytes 
(TIL), which were PD-1hiCD28+/-, exhibited a reversal of their 
functional exhaustion. Finally and in agreement with their tumor 
specificity and responsiveness to PD-1 inhibition, QP cells, quan-
tified by multiplex immunohistochemistry (6), were predictive of 
response to therapy and of overall survival in a cohort of 30 head 
and neck cancer patients treated by PD-1/ programmed death-li-
gand 1 (PD-L1) blockade therapy. Predictors of response to ICB 
will be instrumental for an optimized clinical output of current and 
future immunotherapies.

Keywords : T cell exhaustion, immune checkpoint blockade, CD8 
T cells, tumor antigens.
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B104 / Functionally specialized subsets of exhausted 
CD8+ T cells mediate tumor control and differentially res-
pond to checkpoint blockade

Debattama Sen (Dana Farber Cancer Institute/Harvard Medical 
School), Brian C Miller (Dana Farber Cancer Institute/Harvard 
Medical School), W. Nicholas Haining (Merck).

T cell dysfunction is a hallmark of many cancers, but the basis for T 
cell dysfunction and the mechanisms by which antibody blockade 
of the inhibitory receptor PD-1 (anti-PD-1) reinvigorates T cells are 
not fully understood. By comparing T cell exhaustion in chronic 
viral infection and cancer, we show that dysfunctional CD8+ TILs 
possess canonical epigenetic and transcriptional features of ex-
haustion that mirror those seen in chronic viral infection. Further-
more, we define the fundamental epigenetic landscape adopted 
by exhausted T cells in response to chronic exposure to antigen 
and inflammation, regardless of the disease state. Important-
ly, treatment with anti-PD-1 does not alter this core program in 
CD8+ TILs, suggesting novel therapeutic strategies will be need-
ed to reverse exhaustion. Instead we show that the efficacy of an-
ti-PD-1 therapy depends on a specific subpopulation of exhaust-

ed CD8+ tumor-infiltrating lymphocytes (TILs). Exhausted CD8+ 
TILs include a subpopulation of ‘progenitor exhausted’ cells that 
retain polyfunctionality, persist long term and differentiate into 
‘terminally exhausted’ TILs. Consequently, progenitor exhausted 
CD8+ TILs are better able to control tumor growth than are ter-
minally exhausted T cells. Progenitor exhausted TILs can respond 
to anti-PD-1 therapy, but terminally exhausted TILs cannot. Pa-
tients with melanoma who have a higher percentage of progen-
itor exhausted cells experience a longer duration of response to 
checkpoint-blockade therapy. Thus, approaches to expand the 
population of progenitor exhausted CD8+ T cells might be an 
important component of improving the response to checkpoint 
blockade. Moreover, given the intense interest in understanding 
the biomarkers that predict response to checkpoint blockade, our 
findings suggest that evaluating the specific state of exhaustion in 
CD8+ TILs, not just their numbers, may be an important predictor 
of immunotherapy response.

Keywords : Epigenetics, T cell exhaustion, Immunotherapy, Sys-
tems immunology.
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B105 / Customizable T Cell Suppression/Dysfunction In 
Vitro Assay to Screen Candidate Small Molecule Drugs

Pirouz M Daftarian (JSR Life Sciences LLC), Eden Eden Kleiman 
(ekleiman@jsrlifesciences.com).

T cell exhaustion (TEX) is a phenomenon that describes a T cell 
differentiation continuum of hierarchical progressive diminution 
of effector function. Many factors have been attributed to this in-
cluding multiple co-inhibitory receptor surface expression, altered 
transcription factor expression, epigenetic rewiring and dysreg-
ulated metabolism. Antigen persistence is necessary for driving 
TEX maintenance in both the chronic viral infection setting and 
cancer. Although TEX cells share many similarities within the two 
aforementioned settings, there are differences. These differenc-
es include qualitative and quantitative variation in co-inhibitory 
receptor expression as well as differences in transcription factor 
expression. In addition to persistent antigen exposure in cancer, 
tumor-infiltrating lymphocytes (TILs) within the tumor microen-
vironment (TME) encounter numerous tumor-mediated immuno-
suppressive metabolic byproducts, suppressive cytokines, hypox-
ia and cellular debris which converge to suppress T cell function 
and uniquely alter is transcription factor profile. These suppressed 
or dysfunctional T cells are incapable of mounting an optimal an-
ti-tumor response in part due to lack of fitness in competing for 
glucose and oxygen. Our team has utilized the recall antigen po-
tency assay as a means to screen immune checkpoint inhibitor 
(ICI) drug candidates. In this assay healthy human PBMCs are 
stimulated with peptide(s) and grown in culture for one week. 
Day 4 supernatants are functionally assayed by ELISA for IFNg 
secretion and cells are assayed on day 7 by flow cytometry for 
CD8+ or CD4+ T cell expansion by using a single or cocktail of 
pMHC tetramers. We have shown that in roughly 30% of donor 
PBMCs, ICI drugs such as pembrolizumab are able to boost both 
IFNg secretion and antigen-specific recall. One potential expla-
nation for this effect is that the observed increase in T cell co-in-
hibitory receptor expression and presumed co-inhibitory receptor 
downstream signaling is reduced with ICI drugs releasing these T 
cells from the repressive effects of these co-inhibitory receptors. 
Further, this assay has the potential to screen for donors who are 
in vitro “responders” and “non-responders” to ICI drugs and is 
also being used to screen co-stimulatory agonists, peptide bio-
logics and other drug classes. 

We reasoned that we could adapt the antigen recall assay to more 
directly study TME-mediated suppression on T cells. For this we 
expand donor PBMC T cells with appropriate antigen(s) in the 
presence or absence of a TME inducer of T cell suppression (IoTS). 
So far, we have tested several TME tumor metabolites/soluble fac-
tors that have been shown in the literature to depress T cell an-
ti-tumor activity and/or proliferation. We have shown that donor 
T cells stimulated with peptide(s) or even anti-CD3/CD28 beads 
are suppressed in their recall and IFNg secretion in the presence 
of these IoTS. Many dimensions of this assay have been optimized 
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including IoTS concentration and dosing regimen. In one example 
we show a donor whose antigen-specific T cell expansion is sup-
pressed by high dosage IoTS. Screening of small molecule drugs 
capable of counteracting the IoTS effect revealed two of the three 
drugs tested were able to partially or almost fully restore anti-
gen-specific T cell expansion depending on drug type or drug 
concentration. Drug candidates did not affect cell viability or sig-
nificantly alter expression of co-inhibitory receptors beyond that 
induced by peptide alone, consistent with recent work describing 
an uncoupling between co-inhibitory receptor expression and T 
cell dysfunction. Establishment of this assay enables screening of 
ICI drugs as well as small molecule drug candidates that may be 
able to reverse TME-mediated T cell suppression.

Keywords : Cancer Immunology, T cell Exhaustion, CD8 T cell, 
co-inhibitory.
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B106 / Accumulation of Long-chain fatty acids drives dys-
function in intra-pancreatic CD8+ T cells

Teresa Manzo (European Institute of Oncology), Boone Prentice 
(Department of Pharmacology and Medicine, Vanderbilt Uni-
versity), Ayush Raman (Department of Genomic Medicine, MD 
Anderson Cancer Center), Aislyn Schalck (Department of Bioin-
formatics and Computational Biology, MD Anderson Cancer Cen-
ter), Kristin Anderson (Departments of Medicine/Oncology and 
Immunology, Fred Hutchinson Cancer Research Center), Andrea 
Raimondi (Experimental Imaging Center, IRCSS San Raffaele Sci-
entific Institute), Carlo Tacchetti (Experimental Imaging Center, 
IRCSS San Raffaele Scientific Institute), Sara Tucci (Center for Pe-
diatrics and Adolescent Medicine , University of Freiburg), Stacy 
D. Sherrod (Department of Genomic Medicine, MD Anderson Can-
cer Center), Michael P. Kim (Department of Surgical Oncology, 
MD Anderson Cancer Center), Nicholas E. Navin (Department of 
Bioinformatics and Computational Biology, MD Anderson Cancer 
Center), Richard M. Caprioli (Department of Pharmacology and 
Medicine, Vanderbilt University), Jennifer A. Wargo (Department 
of Genomic Medicine, MD Anderson Cancer Center), Phil D. Green-
berg (Departments of Medicine/Oncology and Immunology, Fred 
Hutchinson Cancer Research Center), Giulio Draetta (Department 
of Genomic Medicine, MD Anderson Cancer Center), Luigi Nezi 
(European Institute of Oncology).

CD8+ T cells are master effectors of anti-tumor immunity and 
their presence at tumor sites has been correlated with favorable 
outcomes. Tumor-infiltrating CD8+ T cells often acquire an al-
tered state of differentiation referred to as “exhaustion”, failing 
to control tumor outgrowth. The metabolic state and nutrient 
availability in the tumor microenvironment are among the main 
determinants of the functional fate of CD8+ T cells . However, how 
metabolic constraints imposed by the tumor microenvironment 
can dampen their ability to control tumor progression is still un-
known. Here, we describe how accumulation of specific lipids in 
areas of the tumor microenvironment populated by CD8+ T cells 
drives their exhaustion in pancreatic ductal adenocarcinoma. We 
found that intra-pancreatic CD8+ T cells progressively accumu-
late specific long-chain fatty acids, which impair their mitochon-
drial function and trigger major transcriptional reprogramming of 
pathways involved in lipid metabolism. In particular, intra-pancre-
atic CD8+ T cells specifically down-regulate the very long-chain 
acyl-CoA dehydrogenase (VLCAD) enzyme, which exacerbates 
accumulation of long- and very long-chain fatty acids leading to 
lipotoxicity. Our results demonstrate that, during cancer progres-
sion, compositional changes of the microenvironment influence 
the anti-tumor response and this is due, at least in part, to the lack 
of metabolic flexibility of tumor infiltrating CD8+ 18 T cells. Poor 
persistence and progressive loss of function of T cells limit the 

efficacy of adoptive T cell therapy for the treatment of pancreatic 
cancer. Our study paves the way for improving the efficacy of 
immunotherapy based on the metabolic characterization of the 
tumor microenvironment and on the metabolic reprogramming 
of tumor-specific T cells, which may overcome one of the major 
hurdles to immunotherapy for pancreatic cancer

Keywords : Tumor microenvironment, CD8+ T cells, Long-chain 
fatty acids, ACADVL.

References : 
- Wherry, E. J. & Kurachi, M. Molecular and cellular insights into T cell exhaustion. 3 Nat 
Rev Immunol 15, 486-499, doi :10.1038/nri3862 (2015) - Wei, J., Raynor, J., Nguyen, T. 
L. & Chi, H. Nutrient and Metabolic Sensing in T Cell 5 Responses. Front Immunol 8, 
247, doi :10.3389/fimmu.2017.00247 (2017) - Mellman, I., Coukos, G. & Dranoff, G. Cancer 
immunotherapy comes of age. Nature 7 480, 480-489, doi :10.1038/nature10673 (2011)

B107 / Analysis of bone marrow CD8 T cells from pediatric 
leukemia patients reveals targets for T cell engineering : 
Cancer immunotherapy tailored to the leukemic micromi-
lieu

Semjon Willier (Dr. von Hauner Children’s Hospital, Medical Center 
of the University of Munich), Paula Rothaemel (Dr. von Hauner 
Children’s Hospital, Medical Center of the University of Munich), 
Jonas Wilhelm (Dr. von Hauner Children’s Hospital, Medical Center 
of the University of Munich), Franziska Blaeschke (Dr. von Hauner 
Children’s Hospital, Medical Center of the University of Munich), 
Theresa Kaeuferle (Dr. von Hauner Children’s Hospital, Medical 
Center of the University of Munich), Vera Binder (Dr. von Hauner 
Children’s Hospital, Medical Center of the University of Munich), 
Meino Rohlfs (Dr. von Hauner Children’s Hospital, Medical Center 
of the University of Munich), Christoph Klein (Dr. von Hauner Chil-
dren’s Hospital, Medical Center of the University of Munich), Lukas 
Friedrich (Institute of Computational Biology, Helmholtz Center 
Munich), Thomas Waltzthoeni (Institute of Computational Biolo-
gy, Helmholtz Center Munich), Fabian Theis (Institute of Compu-
tational Biology, Helmholtz Center Munich), Matthias Heinig (Insti-
tute of Computational Biology, Helmholtz Center Munich), Tobias 
Feuchtinger (Dr. von Hauner Children’s Hospital, Medical Center 
of the University of Munich).

Introduction : Acute leukemia is the most common malignancy in 
children. Despite recent therapeutic advances, patients with re-
lapsed or refractory disease have a dismal prognosis and require 
new treatment strategies. T-cell immunotherapy and especially 
chimeric antigen receptor (CAR) T cells against CD19+ acute leu-
kemia have revolutionized treatment of those high-risk patients. 
Recent data, however, suggests that despite initial complete re-
sponse rates of about 90% in patients treated with CD19 directed 
CAR T cells, relapse rates of more than 50% occur over 24 months 
(1). Those relapses do often result from leukemia CD19 antigen 
loss or insufficient CAR T cell persistence (2). We hypothesize 
that leukemia itself negatively affects T cell function as immune 
escape mechanism. Thus, we set out to analyze T cells from pe-
diatric acute leukemia bone marrow samples and age-matched 
healthy controls by flow cytometry, RNA-Seq and ATAC-Seq. The 
overall aim of this study is to identify relevant genes for T cell 
engineering in order to render them fit for serial leukemia killing 
within the micromilieu of leukemic bone marrow. 

Methods : We analyzed bone marrow samples from pediatric pa-
tients with B-precursor ALL (BCP-ALL), T-precursor ALL (TCP-
ALL) and acute myeloid leukemia (AML) in comParison to healthy 
bone marrow donors (HD). Cryopreserved bone marrow samples 
(BCP-ALL : 18, TCP-ALL : 23, AML : 36, HD : 23) were identified in 
our local biobank. We performed flow cytometry and next gen-
eration sequencing (RNA-Seq and ATAC-Seq) of sorted CD8 T 
cells. We assayed T cell maturation by CD62L, CD95 and CD45RO 
surface expression and T cell exhaustion by TIM-3, CTLA-4 and 
LAG3 expression. Results : First, we performed unsupervised clus-
tering of RNA-Seq and ATAC-Seq data of sorted CD8 T cells ask-
ing whether CD8 T cells from leukemia patients differ in their tran-
scriptome and chromatin structure from healthy counterparts. 
Strikingly, principal component analysis (PCA) of RNA-Seq data 
documented segregation of CD8 T cells from healthy donors, 
AML patients and BCP-ALL patients. PCA of ATAC-Seq data did 
document segregation of BCP-ALL CD8 T cells from HD counter-
parts, while AML CD8 T cells did not cluster separately from HD. 
Finally, integration of RNA-Seq and ATAC-Seq yielded improved 
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segregation of three populations : AML, BCP-ALL and HD. Next, 
we observed increased T cell maturation in patients with acute 
leukemia by flow cytometry. In particular, frequency of naïve T 
cells decreased while effector memory T cells increased in leuke-
mic bone marrow compared to HD. T cells from acute leukemia 
patients expressed higher levels of TIM-3, CTLA-4 and LAG3 by 
flow cytometry and RNA-Seq. Moreover, significantly increased 
expression of many elements of the cytotoxic granule machinery 
by RNA-Seq (among others : GZMB, GZMH, PRF1, CTSD) mirrored 
the shift towards effector T cells. Finally, we observed lower ex-
pression of central genes regulating CD8 T cell proliferation, lon-
gevity and memory formation in leukemia patient CD8 T cells, 
e.g. key CD8 T cell transcription factors and interleukin receptors. 

Conclusion : We demonstrate a profound shift towards mature ef-
fector T cells in leukemic bone marrow by flow cytometry and 
RNA-Seq compared to healthy controls. Moreover, we identify 
multiple key genes of CD8 T cell function differentially expressed 
in acute leukemia and healthy donors. We hypothesize that engi-
neering those genes will enable us to improve T cell engineering 
for leukemia immunotherapy by modulating e.g. T cell prolifera-
tion and sustained cytotoxicity. In summary, we want to develop 
adoptive T cell therapies resistant to exhaustion induced by leu-
kemic micromilieu.

Keywords : pediatric oncology, T cell exhaustion, cancer immuno-
therapy, T cell engineering.
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TME analysis

B108 / Plasma-derived exosomes in head and neck squa-
mous cell carcinoma patients as potential biomarkers of 
response to immune therapies

Marie-Nicole Theodoraki (Department of Otorhinolaryngology, 
Head and Neck Surgery, University of Ulm, Germany), Saigopal-
akrishna Yerneni (CMU Pittsburgh), Thomas K. Hoffmann (Depart-
ment of Otorhinolaryngology, Head and Neck Surgery, University 
of Ulm, Germany), Robert L. Ferris (Department of Otolaryngol-
ogy-Head and Neck Surgery, University of Pittsburgh Medical 
Center, Pittsburgh, PA, USA), Theresa L. Whiteside (Department 
of Pathology, University of Pittsburgh School of Medicine, Pitts-
burgh, PA, USA).

Background : Circulating exosomes play a key role in immune sup-
pression and disease progression. To evaluate their role as bio-
markers of response to immunotherapy, we monitored changes 
in the cargo of exosomes isolated from plasma of patients with 
head and neck squamous cell carcinoma (HNSCC) treated with 
Cetuximab, Ipilimumab and IMRT. 

Methods : Patients (n=18) with advanced HNSCC enrolled in the 
phase I clinical trial (NCT01935921) donated plasma at baseline 
and during immunotherapy (weeks 5, 14). Exosomes were sepa-
rated into T cell-derived and non-T cell-derived exosomes by im-
munoaffinity capture. On-bead flow cytometry was used for de-
tection of CTLA-4, PD-L1 and CD15s (Treg marker) on exosomes. 
To immunocapture tumor-derived exosomes (TEX), a microarray 
containing 4 antibodies specific for antigens overexpressed on 
HNSCC was used. results were correlated to patients’ outcome. 

Results : All patients had high TEX levels at baseline with a de-
crease at week 5. However, in patients who recurred (n=4), TEX 
levels increased at week 14 ; in contrast, TEX levels in 14 patients 
responding to therapy remained low. PD-L1 levels in CD3(-) exo-
somes (TEX enriched) were elevated at week 5 in patients with 
recurrence but significantly decreased in responders. The re-
sponders had significantly higher levels of CTLA-4 in exosomes 
at baseline than non-responders. However, a drastic decrease of 
CTLA-4 occurred during therapy. Levels of CD15s were elevated 
at week 5 in all patients, with normalization at week 14 in dis-
ease-free patients only. 

Conclusion : Exosomes in plasma of cancer patients treated with 
immune therapies may serve as biomarkers of early response to 
treatment.

Keywords : Head and Neck Cancer, Biomarker, Exosomes, Immune 
therapy.

B109 / Identification of a DC1 immuno-regulatory module 
that is associated with tumor antigen uptake and partially 
driven by TAM receptor AXL

Barbara Maier (Icahn School of Medicine at Mount Sinai Hospital), 
Andrew Leader (Icahn School of Medicine at Mount Sinai Hos-
pital), Steven T. Chen (Icahn School of Medicine at Mount Sinai 
Hospital), Navpreet Tung (Icahn School of Medicine at Mount Si-
nai Hospital), Christie Chang (Icahn School of Medicine at Mount 
Sinai Hospital), Aleksey Chudnovskiy (The Rockefeller University), 
Shrisha Maskey (Icahn School of Medicine at Mount Sinai Hospi-
tal), Laura Walker (Icahn School of Medicine at Mount Sinai Hospi-
tal), Margaret E Kirkling (New York University), Boris Reizis (New 
York University), Sourav Ghosh (Yale University), Carla V Rothlin 
(Yale University), Adeeb Rahman (Icahn School of Medicine at 
Mount Sinai Hospital), Brian D Brown (Icahn School of Medicine 
at Mount Sinai Hospital), Ephraim Kenigsberg (Icahn School of 
Medicine at Mount Sinai Hospital), Miriam Merad (Icahn School of 
Medicine at Mount Sinai Hospital).

Checkpoint blockade therapies have dramatically improved can-
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cer care, but a large subset of cancer patients fails immunother-
apy regimens. While conventional dendritic cells (DC)1 and DC2 
are found in tumors, DC1 were shown to control tumor response 
to checkpoint blockade in preclinical models and are associated 
with better overall survival in cancer patients, reflecting their spe-
cialized ability to prime CD8+ T cell responses (1, 2). Paradoxically, 
DC1 can also be found in tumors that resist checkpoint blockade, 
suggesting that, like many tumor infiltrating T cells, DC1 function-
ality may be altered in tumors. 

To address this question, we performed scRNAseq analyses to 
characterize DC gene architecture in human and mouse non-small 
cell lung cancer (NSCLC) lesions. We identified three intratumoral 
DC clusters ; the canonical DC1 and DC2 populations, as well as a 
third DC cluster that expressed many immuno-regulatory genes 
(Cd274, Pdcd1lg2, Cd200, Aldh1a2 and Fas), maturation and acti-
vation genes (Cd40, Ccr7, Cd83 and Il12b) and almost no Toll-like 
receptor genes. We named this cluster “mature DC enriched in 
immuno-regulatory molecules” (mregDC). The use of Cellular In-
dexing of Transcriptomes and Epitopes by sequencing (CITEseq) 
analyses revealed that many mregDC genes were expressed by 
DC1 and DC2 upon capture of tumor antigens, while some were 
specific to tumor-charged mregDC1 such as Il12b. Ex vivo, mreg-
DC1 had the capacity to induce both regulatory T cells as well as 
interferon gamma producing antigen-specific CD8+ T cells, un-
derlining DC1 capacity to process and cross-present tumor anti-
gens and induce antigen-specific CD8+ effector T cell responses, 
but at the same time the capacity to induce regulatory T cell re-
sponses. These results emphasize the dual regulatory and immu-
nogenic program of DC1 and further highlight the need to exam-
ine whether modulation of the regulatory program could enhance 
DC1 functionality in situ. 

To identify drivers of the mregDC program that could lead to DC1 
immuno-regulation upon tumor antigen uptake, we probed the 
contribution of the pathways known to regulate PD-L1 and IL-12 
induction. Further analysis revealed that PD-L1 upregulation upon 
tumor antigen uptake in mregDC1 occurred even in the absence 
of type I and type II interferon, MyD88/TRIF and inflammasome 
signaling, while IL-12 production by DC1 was critically dependent 
on interferon gamma signaling in vivo. 

Phagocytic receptors are known to contribute to immuno-mod-
ulation in both macrophages and DC (3), prompting us to assess 
their effect on DC1 undergoing antigen uptake. We found that 
TAM receptor AXL was upregulated in DC1 upon tumor antigen 
uptake and that PD-L1 upregulation was partially dependent on 
AXL, as mice transplanted with bone marrow deficient in AXL 
show reduced upregulation of PD-L1 on mregDC. 

Here we uncovered a regulatory module associated with tumor 
antigen uptake that reduced DC1 functionality in tumor lesions 
and suggest that targeting the mregDC module can significant-
ly enhance therapeutic anti-tumor immunity. These results also 
suggest that therapies that increase tumor cell death and tumor 
antigen release could benefit from the modulation of the DC1 reg-
ulatory program.
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B110 / Single-cell RNA sequencing identifies variations 
in immune cell phenotype within pediatric ependymoma 
subtypes

Andrea M Griesinger (Children’s Hospital Colorado ; University of 
Colorado Anschutz), Eric W Prince (Children’s Hospital Colorado ; 
University of Colorado Anschutz), Andrew M Donson (Children’s 
Hospital Colorado ; University of Colorado Anschutz), Austin E 
Gillen (University of Colorado), Timothy Ritzman (University of 
Nottingham), Anandani Nellan (Children’s Hospital Colorado ; 
University of Colorado Anschutz), Faith A Harris (Children’s Hos-

pital Colorado ; University of Colorado Anschutz), Nithyashri M 
Eswaran (Children’s Hospital Colorado ; University of Colorado 
Anschutz), Vladimir Amani (Children’s Hospital Colorado ; Univer-
sity of Colorado Anschutz), Michael H Handler (Children’s Hospi-
tal Colorado ; University of Colorado Anschutz), Todd Hankinson 
(Children’s Hospital Colorado ; University of Colorado Anschutz), 
Richard G Grundy (University of Notthingham), Andrew M Jack-
son (University of Nottingham), Nicholas K Foreman (Children’s 
Hospital Colorado ; University of Colorado Anschutz).

Ependymoma (EPN) is an aggressive childhood brain tumor with 
poor survival. Most pediatric EPN occur in the posterior fossa (PF) 
and are classified as PFA1 or PFA2. We have previously shown 
these subgroups have distinct immune phenotypes. PFA1 tumors, 
which do poorly, have chronic IL-6 secretion that we have shown 
pushes the immune microenvironment to an immune suppressive 
phenotype. In contrast, PFA2 tumors have a more immune ac-
tivated phenotype and have better outcome. The objectives of 
this study were to 1. use single-cell(sc) RNAseq to identify and 
more descriptively characterize the infiltrating immune cells and 
2. use the database generated to determine the genomic effects 
of immunotherapy trials in pediatric PF EPN. Using the 10x Chro-
mium Drop-seq platform, we analyzed approximately 8500 cells 
from 21 posterior fossa EPN patient samples. We used advanced 
machine learning techniques to identify distinct myeloid (den-
dritic and monocytes) and lymphoid (T-, NK-, and B-cells) sub 
populations within both PF EPN subgroups. The monocyte cells 
were difficult to interrupt as the data suggested a continuum of 
phenotypes exist within PFA1 and PFA2. Through lineage tracing 
of the monocytes we were able to tease out that consistent with 
our prior hypothesis, PFA2 monocytes expressed more genes as-
sociated with an anti-viral response, while PFA1 monocytes had 
genes associated with an immune suppressive phenotype. These 
distinct phenotypes also correlated with significantly more T-cell 
infiltration in PFA2 than PFA1. Recently we found in samples from 
a large clinical trial for pediatric EPN, T-cell infiltration was cor-
related significantly with outcome. We have recently begun trials 
using combination GM-CSF and trastuzumab in relapsed PF EPN. 
Patients were treated with GM-CSF and intrathecal administration 
of trastuzumab prior to resection. RNAseq analysis on bulk tumor 
showed direct evidence of immunophenotype reprogramming in 
response to GM-CSF, with many of the genes upregulated con-
sistent with those found in the PFA2 scRNAseq dataset, ie MHC 
class II genes and genes associated with T-cell activation. We also 
observed downregulation of genes associated with immune sup-
pression, like CD163 and CTLA4. These studies articulate the need 
to understand the biology of EPN in terms of its subtypes in order 
to move forward with immunotherapies. EPN subtypes are differ-
ent enough that it is a distinct possibility that different immuno-
therapy strategies will be needed for each subtype.
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B111 / Single-cell RNA sequencing reveals immune dys-
function in the gastric cancer tumor microenvironment 
and reprogramming from normal tissue

Anuja Sathe (Stanford University), Sue Grimes (Stanford Univer-
sity), Billy Lau (Stanford University), Jiamin Chen (Stanford Uni-
versity), Carlos Suarez (Stanford University), Robert Huang (Stan-
ford University), George Poultsides (Stanford University), Hanlee 
Ji (Stanford University).

The tumor microenvironment (TME) consists of heterogenous cell 
types. These features are masked by bulk Methods of analysis but 
can be revealed with single-cell RNA sequencing (scRNA-seq). 
We hypothesized that scRNA-seq analysis of gastric cancer to-
gether with paired normal tissue and PBMCs could reveal the dys-
function in its TME. 
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Surgical resections or biopsies were dissociated into single cell 
suspensions from seven patients with gastric cancer and one 
patient with intestinal metaplasia, together with their paired nor-
mal tissue. PBMCs were isolated from two patients. Cell suspen-
sions were subjected to scRNA-seq (10X Genomics). Cell-gene 
count matrices (10X Cellranger) were normalized and subjected 
to principal component analysis, graph-based clustering and di-
mensionality reduction (Seurat). Cell lineages were assigned us-
ing literature-based markers. Gene regulatory networks per cell 
were constructed to identify ‘regulons’ (SCENIC) together with 
pseudotime trajectories (Monocle). Receptor-ligand interactions 
were determined between cell lineages (CellphoneDB). ComPar-
ison to published gene sets was performed using Gene Set Vari-
ation Analysis (GSVA) for each cell. Multiplex immunohistochem-
istry (IHC) (Ultivue Inc.) was performed on formalin fixed tissue. 

We sequenced 32407 single cells from tumors or metaplasia, 
18657 single cells from paired normal tissue and 5103 PBMCs with 
an average sequencing depth of 59880 reads/cell. We identified 
various lineages including epithelium, fibroblasts, endothelium, T 
and B lymphocytes, macrophages, mast cells and neuroendocrine 
cells. Tumors were significantly enriched for fibroblasts, endothe-
lial cells, pericytes and macrophages compared to paired normal 
mucosa. TME-exclusive stromal cells had differences in the gene 
expression program encoding ECM constituents and secreted fac-
tors with differential enrichment of regulons. Macrophages in the 
TME had six distinct cell states that did not conform to the M1/M2 
differentiation paradigm, with a diverging trajectory compared to 
PBMC monocytes. TME contained activated dendritic cells, which 
were absent in normal tissue or PBMCs, with expression of CD83, 
CCL22, CCL19 and IDO1. Cytotoxic T cells in the TME consisted 
of one naïve cell subset with low cytotoxicity and two effector 
subsets with low cytotoxicity and high exhaustion, together with 
upregulation of multiple immune checkpoint molecules. We de-
tected a small subset of proliferating effector CD8 cells in the TME 
suggestive of an active immune response that had significantly 
higher expression of TNFRSF18 (GITR). CXCL13 expressing CD4 
and CD8 T cells, associated with neoantigen recognition, were 
exclusive to the TME. We confirmed presence of CD3, CD45RO 
and PD1 expressing cells using multiplex IHC in a subset of tu-
mors. TME specific CD8 T cells had overlapping trajectories with 
those in normal tissue but were distinct from PBMCs. Regulatory 
T cells were significantly enriched in the TME compared to normal 
tissue with upregulation of several checkpoint and costimulato-
ry molecules. Each of the TME exclusive T cell subsets revealed 
enrichment of distinct regulons, indicative of a specific epigen-
etic profile. NK cells expressed cytotoxic molecules indicative 
of an anti-tumor immune response but also expressed multiple 
checkpoints. Plasma cells in tumors expressed IgGs unlike IgAs in 
normal tissue. Receptor-ligand analysis identified a TME-specific 
interactome with numerous autocrine and paracrine interactions 
between all cell types. This included 19 cytokines and their corre-
sponding receptors that can influence immune cell fates. 

Our results indicate that gastric cancer is accompanied by remod-
eling of the normal mucosal microenvironment. This occurs by 
differences in cell numbers, cell states and inter-cellular interac-
tions. The characterization of the TME landscape in gastric cancer 
facilitates the understanding of tumor biology and enables the 
identification of novel immunotherapy targets.
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B112 / Individual immune activation of local and systemic 
immune responses determines different pathological 
and therapeutic effects of neoadjuvant chemotherapy in 
breast cancer

Ryungsa Kim (Breast Surgery, Hiroshima Mark Clinic), Ami Kawai 
(Breast Surgery, Hiroshima Mark Clinic), Megumi Wakisaka (Breast 

Surgery, Hiroshima Mark Clinic), Sayaka Sawada (Breast Surgery, 
Hiroshima Mark Clinic), Mika Shimoyama (Breast Surgery, Hiroshi-
ma Mark Clinic), Naomi Yasuda (Breast Surgery, Hiroshima Mark 
Clinic), Masayuki Hidaka (Genetic Testing Gene Research), Yuki-
taka Morita (Genetic Testing Gene Research), Shoichiro Ohtani 
(Department of Breast Surgery, Hiroshima City Hospital), Koji Ar-
ihiro (Department of Anatomical Pathology, Hiroshima University 
Hospital).

Purpose : Activation of the immune response, including T lym-
phocytes, natural killer (NK) cells, and tumor microenvironmen-
tal factors (TMEFs), plays an important role in inducing a ther-
apeutic effect after neoadjuvant chemotherapy (NAC) in breast 
cancer. However, how an individual patient´s immune response is 
involved in different pathological and therapeutic effects in breast 
cancer after NAC, as well as the role of TMEFs in the pathological 
response, is still unclear. We examined immune activation of sys-
temic and local immune responses to different pathological and 
therapeutic effects of NAC in breast cancer. 

Patients and Methods : From January 2013 to June 2018, 38 pa-
tients with stage II–III breast cancer received NAC with anthra-
cyclines and taxanes followed by surgery. Pathological and ther-
apeutic effects were evaluated according to histopathological 
criteria for the assessment of therapeutic effects outlined by the 
Japanese Breast Cancer Society. A systemic immune response 
was evaluated by measuring peripheral (p)NK cell activity, and pe-
ripheral CD4 to CD8 (pCD4/8), neutrophil to lymphocyte (NLR), 
and lymphocyte to monocyte (LMR) ratios, before and after NAC. 
Peripheral NK cell activity was measured by chromium release as-
say. The local immune response was evaluated by assessing levels 
of 14 TMEFs : CD4, CD8, NK, forkhead box protein P3 (FOXP3), cy-
totoxic T lymphocyte antigen 4 (CTLA-4), programmed cell death 
1 (PD-1), programmed cell death ligand 1 (PD-L1), interleukin (IL)-
2, IL-6, IL-12, interferon (IFN)-γ, IL-10, transforming growth factor 
(TGF)-β, and vascular endothelial growth factor (VEGF); using 
next-generation sequencing in formalin-fixed paraffin-embedded 
sections collected from preoperative vacuum-assisted biopsy 
samples and surgical specimens. Results : Therapeutic outcomes 
were as follows : G1a (N = 8), G1b (N = 13), G2a (N = 7), G2b (N = 
4), G3 (i.e. complete ; N = 6). In univariate analysis, a G2 or bet-
ter therapeutic effect was significantly associated with higher NK 
levels, increased IL-6 and decreased VEGF levels, and potentially 
associated with higher CD4 and CD8 after NAC. Multivariate anal-
ysis revealed a G2 or better therapeutic effect was significantly 
associated with higher NK levels after NAC (odds ratio [OR] = 
1.07 ; 95% confidence interval [CI], 1.00–1.14 ; P = 0.0255). In univar-
iate analysis, the disappearance of axillary lymph node metastasis 
(Ax+) was significantly associated with increased pNK cell activ-
ity and higher NK levels, as well as a decreased VEGF level after 
NAC, and potentially associated with higher CTLA-4 in regulatory 
T cells (Tregs) before NAC. A decreased NLR was significantly as-
sociated with the disappearance of Ax+, increased NK, decreased 
VEGF, and potentially associated with increased CD8 after NAC. 
Multivariate analysis showed a decreased NLR was significantly 
associated with the disappearance of Ax+ (OR = 0.1084 ; 95% CI, 
0.0168–0.6984 ; P = 0.0194). An increased LMR was significantly 
associated with higher pNK cell activity after NAC, and higher IL-2 
and IL-10 levels before NAC. With subset analysis of 16 patients, an 
increased reduction rate in pCD4/8 was significantly associated 
with increased pNK cell activity and a decreased NLR in univariate 
analysis. 

Conclusion : Post-NAC increases in NK cells are critical for the 
clinical benefit of NAC in collaboration with increased CD4 and 
CD8, and decreased CTLA-4 and VEGF transcript levels, by co-
ordinating with the release of an immunosuppressive network in 
response to VEGF, and CTLA-4 in Tregs in the tumor microenvi-
ronment. A decreased NLR and pCD4/8, and increased LMR as 
well as increased pNK cell activity after NAC, may improve the 
elimination of metastatic tumor cells in axillary lymph nodes in 
patients with breast cancer. Immune activation, including local 
and systemic immune responses, as well as a release from immu-
nosuppression, is necessary for the eradication of breast cancer 
cells after NAC regardless of tumor subtype.

Keywords : Breast Cancer, Neoadjuvant chemotherapy, Immune 
respoonse, Tumor microenvironment.
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B113 / Tumor endothelial up-regulation of IDO1 limits the 
response to CD40-stimulating immunotherapy

Maria Georganaki (Uppsala University), Mohanraj Ramachan-
dran (Uppsala University), Tuit Sander (Leiden University Med-
ical Center), Nicolás Núñez (University of Zurich), Alexandros 
Karampatzakis (Uppsala University), Grammatiki Fotaki (Uppsala 
University), Luuk van Hooren (Uppsala University), Hua Huang 
(Uppsala University), Roberta Lugano (Uppsala University), 
Thomas Ulas (University of Bonn), Aura Kaunisto (Novo Nordisk), 
Eric C Holland (Fred Hutch and UW Medicine), Peter Ellmark (Alli-
gator Bioscience), Sara M Mangsbo (Uppsala University), Joachim 
Schultze (University of Bonn), Magnus Essand (Uppsala Universi-
ty), Sonia Tugues (University of Zurich), Anna Dimberg (Uppsala 
University).

CD40-stimulating immunotherapy elicits potent anti-tumor re-
sponses by activating dendritic cells and enhancing T-cell prim-
ing, but it can also affect other cell types in the tumor microenvi-
ronment. Here, we have investigated how tumor endothelial cells 
respond to CD40-stimulating immunotherapy in B16.F10 melano-
ma by isolating endothelial cells from agonistic CD40-antibody- 
or isotype-treated mice followed by RNA-sequencing. Gene set 
enrichment analysis revealed an increase in interferon (IFN)-re-
lated responses in tumor endothelial cells following CD40-stim-
ulating therapy. The immunosuppressive enzyme indoleamine 2, 
3-dioxygenase 1 (IDO1) was predominantly expressed in endothe-
lial cells, and it was up-regulated upon CD40-stimulating therapy. 
IDO1 expression in tumor endothelium was positively correlated 
to T-cell infiltration and to an increased intratumoral expression 
of IFNγ. In vitro, endothelial cells up-regulated IDO1 in response 
to T-cell-derived IFNγ, but not in response to CD40-stimulation. 
Combining agonistic anti-CD40 therapy with the IDO1 inhibitor 
epacadostat delayed tumor growth in B16.F10 melanoma, associ-
ated with increased activation of tumor-infiltrating T-cells. Hereby, 
we have uncovered an immunosuppressive feedback mechanism, 
in which tumor vessels limit the efficacy of cancer immunothera-
py by up-regulating IDO1 in response to T-cell activation.
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B114 / Targeting SMAD4 mutant SCC microenvironment

Alexander Strait (University of Colorado Anschutz Medical Cam-
pus), David Raben (University of Colorado Anschutz Medical 
Campus), Xiao-Jing Wang (University of Colorado Anschutz Med-
ical Campus).

SMAD4 chromosomal loss is frequently in tobacco-associated 
head and neck cancer, mostly squamous cell carcinomas (SCCs). 
Development of therapeutic interventions effectively targeting 
these tumor microenvironment (TME) characteristics is hindered 
by limited SCC models with metastatic potential in an immune 
competent Background. To this end, we have created a mouse 
model in which Smad4 is deleted (Smad4-/-) in stratified epithe-
lia. Smad4 loss causes SCC and metastasis, and compensatory 
TGFβ1 overproduction. Our findings are validated by The Cancer 
Genome Atlas (TCGA) analysis showing genetic SMAD4 loss in-
versely correlated with TGFβ1 levels. Using CytoF, we profiled tu-
mor associated leukocytes Smad4-/- SCCs, and found that differ-

ent from other tumor types in which TGFβ1 induces “immune cell 
exclusion” (cold tumors), Smad4-/- SCCs had numerous infiltrat-
ed leukocytes including T cells (hot tumors). Among CD45+ cells, 
myeloid cells, including macrophages and putative myeloid-de-
rived suppressor cells (MDSC), are the highest subpopulations. 
To dissect the contributions of tumor-associated macrophages 
(TAMs), we depleted TAMs with liposome clodronate. TAM de-
pletion reduced tumor growth but not metástasis. Because TAMs 
and MDSCs are the major source of TGFβ1 in tumor microenvi-
ronment, we treated Smad4-/- SCCs with a TGFβ-receptor small 
molecule inhibitor. TGFβ inhibition modestly reduced tumor 
growth in immune-competent mice but not in immune-com-
promised mice, suggesting that the therapeutic effect of TGFβ 
inhibition on tumor growth is T-cell dependent. However, TGFβ 
inhibition reduced SCC lung metastasis in athymic recipients, sug-
gesting it also targets non-T cells. Further, we found that reduced 
metastasis correlated with reductions in CD11b+Ly6G+ cells but 
not F4/80+ cells, suggesting that MDSCs, but not TAMs, con-
tribute to metastasis. We also found that PD-L1 positive cells in 
Smad4-/- SCCs are mainly myeloid cells, not tumor epitelial cells. 
A short-term TGFβ inhibition was sufficient to sensitize SCCs to 
anti-PD-L1-mediated tumor eradication. Taken together, our stud-
ies suggest that attenuating a TGFβ-induced immune suppressive 
and inflammatory TME in Smad4 mutant HNSCCs makes immu-
notherapy more effective.
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B115 / Using ablative radiation to enhance the delivery of 
antibody for immune checkpoint blockade therapy

Chi-Shiun Chiang (National Tsing Hua University), Yu-Hong Li 
(National Tsing Hua University).

Studies have shown that radiation can augment the efficacy of 
immunotherapy through different mechanisms. The mechanism 
is likely protocol dependent. Using murine orthotopic pancreat-
ic ductal adenocarcinoma (PDAC) model, UN-KC-6141, and flow 
cytometry and immunohistochemical staining (IHC) assays, we 
demonstated that the protocol of single high dose of radiation 
treatment (25 Gy) (SHD-RT) could cause more CD8+ T cell in-
filtration than hypofractionated radiation treatment protocol (5 
x 10Gy/fraction) (HF-RT). In addition to the difference on cell in-
filtrating profiles, the examination of tumor microenvironments 
(TME) revealed a significantly increase of vessel permeability, as 
evidenced by the increase of Hoechst33342 dye and dextran dis-
tribution, in a time and dose dependent process. Choosing the 
best combination window, 5 days in this tumor model, results 
clearly illustrate that more anti-PD-L1 antibody could be delivered 
to SHD-RT-irradiated tumor than HF-RT-irradiated tumor. The 
combination of anti-PD-L1 immune checkpoint blockade therapy 
(ICBT) with SHD-RT has more significant effect on tumor growth 
delay than the combination with HF-RT protocol. Splenocytes 
isolated from surviving mice show specific cytotoxicity against 
UN-KC-6141 cells, but not other unrelated tumor cells. This study 
demonstrates that a critical time for administrating ICBT agent 
following SHD-RT is essential to achieve best therapeutic effect.

Keywords : immune checkpoint blockade, tumor microenviron-
ment, radiation therapy.
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B116 / CD86+ antigen-presenting B cells are increased 
in solid cancers and induce tumor antigen-specific T cell 
responses

Kerstin Wennhold (Center for Molecular Medicine), Martin Thelen 
(Center for Molecular Medicine Cologne), Hans Anton Schlößer 
(University Hospital Cologne), Michael von Bergwelt-Baildon 
(LMU Munich).

B cell effector functions do not only include secretion of antibod-
ies, but also presentation of antigen to T cells. Recently, a phys-
iological B cell subset with strong immunostimulatory proper-
ties was described in humans. These antigen-presenting B cells 
(BAPCs) are characterized by a high expression of CD86 and 
downregulation of CD21. BAPCs are expanded following vaccina-
tion or under inflammatory conditions. We analyzed seven differ-
ent tumor entities for the presence of BAPCs by flow cytometry 
and found increased percentages in lung adenocarcinomas, head 
and neck squamous cell carcinomas, hepatocellular carcinoma, 
breast adenocarcinoma, urethral carcinoma, colorectal cancer 
and esophageal-gastric cancers. These increased percentages 
of BAPCs were correlated with increased numbers of tertiary 
lymphoid structures in the tumor microenvironment. Tumor an-
tigen-specific B cells isolated from tumor-draining lymph nodes 
of cancer patients showed increased percentages of BAPCs. Fur-
thermore, we demonstrated a strong induction of tumor-specific 
T cell responses by autologous BAPCs using an antigen-specific 
fluorospot assay. Our results highlight the relevance of BAPCs as 
professional antigen-presenting cells in cancer.

Keywords : B cells, Antigen presentation.

B117 / Patterns of immune checkpoint expression by 
primary tumor cells and tumor infiltrating lymphocytes 
across different tumor entities

Martin Thelen (Center for Molecular Medicine Cologne), Jonas 
Lehmann (Cologne Center for Molecular Medicine, University 
of Cologne), Michael von Bergwelt-Baildon (Cologne Center for 
Molecular Medicine, University of Cologne, German Cancer Con-
sortium (DKTK); Department of Internal Medicine III, University 
Hospital, Ludwig Maximilians University Munich), Kerstin Wenn-
hold (Cologne Center for Molecular Medicine, University of Co-
logne), Axel Lechner (Cologne Center for Molecular Medicine, 
University of Cologne, Department of Head and Neck Surgery, 
Ludwig Maximilians University Munich), Maria A Garcia-Marquez 
(Cologne Center for Molecular Medicine, University of Cologne), 
Svenja Wagener-Ryczek (Department of Pathology, University 
of Cologne), Sabine Merkelbach-Bruse (Department of Patholo-
gy, University of Cologne), David Pfister (Department of Urology, 
University of Cologne), Fabian Dörr (Department of Cardiac and 
Thoracic Surgery), Matthias Heldewein (Department of Cardiac 
and Thoracic Surgery), Khosro Hekmat (Department of Cardiac 
and Thoracic Surgery), Dirk Beutner (Department of Head and 
Neck Surgery, University of Göttingen), Fabinshy Thangarajah 
(Department of Gynecology Surgery, University of Cologne), 
Wolfram Malter (Department of Gynecology Surgery, University 
of Cologne), Dominik Ratiu (Department of Gynecology Surgery, 
University of Cologne), Christiane Bruns (Department of General, 
Visceral and Cancer Surgery, University of Cologne), Alexander 
Quaas (Department of Pathology, University of Cologne), Philipp 
Lohneis (Department of Pathology, University of Cologne), Hans 
A. Schlößer (Cologne Center for Molecular Medicine, University 
of Cologne ; Department of General, Visceral and Cancer Surgery, 
University of Cologne).

Immune-checkpoint inhibition (CKI) demonstrated breakthrough 
therapeutic efficacy in several kinds of cancer. These therapies are 
unique, as the primary target is not the tumor cell itself, but the 
crosstalk between immune system and cancer cells within the tu-
mor microenvironment. Hence, analysis of the respective protein 
in the tumor microenvironment only partially predicts response 
to the treatment. For example, recent publications demonstrated 
that efficacy of anti-PD(L)-1 treatment is not limited to patients 
with expression of the respective ligand on tumor cells but ex-
pression of PD-L1 on tumor-infiltrating lymphocytes (TILs) can be 
of similar importance. 

In this study, expression patterns of 30 described immune regu-
latory molecules were analyzed on T, B and NK cells in peripheral 
blood and single cell suspensions of 135 primary tumor samples 
of 10 different tumor entities using flow cytometry. Expression of 
the respective ligands and 10 key genes associated with antigen 
processing was assessed by NanoString technology. Finally, ex-
pression of selected ligands on primary tumor cells was assessed 
by immunohistochemistry (IHC) analysis of tissue microarrays. 

Our analyses revealed distinct patterns of TILs in the tumor mi-
croenvironment of different origins. While a fraction of lympho-
cytic subsets showed a large variety across the 10 entities (e.g. 
B cells), others were similarly increased across all included types 
of cancer (e.g. regulatory T cells). The majority of the analyzed 
immune regulatory molecules were overexpressed on at least one 
TIL subset. For some molecules we also detected overexpression 
in PBMCs of cancer patients compared to PBMCs of healthy con-
trols. In addition to their expression on TILs, we analyzed expres-
sion of immunoinhibitory ligands on tumor cells. Interestingly, the 
number of expressed immunoinhibitory ligands showed a large 
variety between the different tumor types. For example, the ma-
jority of colorectal cancer patients expressed more than 5 ligands 
simultaneously, while such co-expressions were rare in renal cell 
carcinoma samples. As an additional mechanism of immune es-
cape, altered expression of genes associated with antigen pro-
cessing and presentation was observed in many tumor samples. 

Taken together our data provides a comprehensive picture of 
immune escape across different tumor types. Our data clearly 
demonstrates that immune escape is a common feature of cancer, 
but shows remarkable differences between tumors from different 
primary locations. The expression patterns described in this study 
are of immediate translational relevance for ongoing and future 
immunotherapeutic trials.

Keywords : Immune checkpoints, Immune escape, Tumor-infiltrat-
ing lymphocytes, Tumor microenvironment.

B118 / Clonally expanded T cells reveal immunogenicity of 
rhabdoid tumors

Eliane Piaggio (Institut Curie), Amaury Leruste (Institut Curie), 
Jimena Tosello (Institut Curie), Rodrigo Ramos (Institut Curie), 
Arnault Tauziède-Espariat (Institut Curie), Celio Pouponnot (In-
stitut Curie), Joshua Waterfall, (Institut Curie), Franck Bourdeaut 
(Institut Curie).

Rhabdoid tumors (RT) are genomically simple pediatric cancers 
driven by the biallelic inactivation of SMARCB1, leading to SWI/
SNF chromatin remodeler complex deficiency. Comprehensive 
evaluation of the immune infiltrates of human and mice RTs, in-
cluding immunohistochemistry, bulk RNA sequencing and DNA 
methylation profiling studies showed a high rate of tumors infil-
trated by T and myeloid cells. scRNA and TCR sequencing high-
lighted the heterogeneity of these cells and reveled therapeuti-
cally targetable exhausted effector and clonally expanded tissue 
resident memory CD8+ T subpopulations, likely representing tu-
mor-specific cells. Checkpoint blockade therapy in an experimen-
tal RT model induced the regression of established tumors and 
durable immune responses. Finally, we show that one mechanism 
mediating RTs immunogenicity involves SMARCB1-dependent 
re-expression of ERVs and interferon-signaling activation.

Keywords : Rhabdoid tumor, Immunotherapy, Single cell RNA se-

quencing, Endogenous retrovirus.

B119 / The function and regulatory balance of CXCR5+ tu-
mor infiltrating lymphocytes in human breast cancer-as-
sociated tertiary lymphoid structures

Mireille diane Langouo Fontsa (Molecular Immunology Unit, Insti-
tut Jules Bordet, Université Libre de Bruxelles, Brussels, Belgium), 
Gregory Noël (Molecular Immunology Unit, Institut Jules Bordet, 
Université Libre de Bruxelles, Brussels, Belgium), Soizic Garaud 
(Molecular Immunology Unit, Institut Jules Bordet, Universi-
té Libre de Bruxelles, Brussels, Belgium), Roland De Wind (De-
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partment of Pathology, Institut Jules Bordet, Université Libre de 
Bruxelles, Brussels, Belgium), Gert Van den Eynden (Department 
of Pathology, Institut Jules Bordet, Université Libre de Bruxelles, 
Brussels, Belgium ; Department of Pathology, GZA Ziekenhuizen, 
Sint-Augustinus campus, Wilrijk, Belgium), Roberto Salgado (De-
partment of Pathology, GZA Ziekenhuizen, Sint-Augustinus cam-
pus, Wilrijk, Belgium), Anaïs Boisson (Department of Pathology, 
Institut Jules Bordet, Université Libre de Bruxelles, Brussels, Bel-
gium), Celine Naveaux (Department of Pathology, Institut Jules 
Bordet, Université Libre de Bruxelles, Brussels, Belgium), Hugues 
Duvillier (Flow cytometry facility, Institut Jules Bordet, Université 
Libre de Bruxelles, Brussels, Belgium), Ligia Craciun (Department 
of Pathology, Institut Jules Bordet, Université Libre de Bruxelles, 
Brussels, Belgium), Martine Piccart-Gebhart (Department of Med-
icine, Institut Jules Bordet, Université Libre de Bruxelles, Brussels, 
Belgium), Denis Larsimont (Department of Pathology, Institut 
Jules Bordet, Université Libre de Bruxelles, Brussels, Belgium), 
Karen Willard-Gallo (Molecular Immunology Unit, Institut Jules 
Bordet, Université Libre de Bruxelles, Brussels, Belgium).

Background : The association between tumor infiltrating lympho-
cytes (TIL) and positive clinical outcomes in breast cancer (BC) 
is now sufficiently robust that recommendations were recently 
made to include this information in the routine pathology reports 
(St. Gallen breast cancer guidelines 2019)[1]. Previous work from 
our laboratory demonstrated that TIL can organize in tertiary 
lymphoid structures (TLS) in BC-associated stroma[2]. We fur-
ther showed that CXCL13, produced by specialized CD4+ T fol-
licular helper (Tfh) cell, is an important TLS chemoattractant and 
associated with positive clinical outcomes[3]. The current study 
investigated how TLS functionally and regulation contributes to 
immune responses in BC. 

Methodology : We prospectively collected fresh primary BC tis-
sues and prepared enzyme-free homogenates to produce TIL 
suspensions and tumor supernatants for flow cytometry and 
cytokine/chemokine/immunoglobulin (Ig) analysis, respectively. 
Matching formalin-fixed paraffin-embedded tumor tissues were 
analyzed using dual immunohistochemistry and immunofluores-
cence confocal microscopy. 

Results : We show that the CXCL13 receptor, CXCR5, is expressed 
on subpopulations of CD4+ (Tfh) and CD8+ T cell TIL as well as 
the majority of TIL-B, with all CXCR5+ TIL co-localizing in TLS. 
The functional activities of Tfh TIL, assessed using an in vitro as-
say with allogeneic human splenic B cells, reveals that PD-1hiI-
COS+ Tfh TIL (in some triple negative and HER2+ but not luminal 
BC) can provide help to TIL-B for Ig production, also producing 
high levels of IFNg in the culture. This observation is strength-
ened by our data showing : 1) a correlation between functional 
(PD-1hiICOS+) Tfh TIL densities and IgG concentrations in primary 
BC supernatants ; 2) a strong correlation between PD-1+ Tfh TIL 
and Ki67+ TIL-B in BC-associated TLS ; and 3) cell-to-cell contact 
between Tfh TIL and TIL-B in TLS with active germinal centers. 
PD-1hiICOS+ (functional) and PD-1lo/intICOS- (non-functional) 
Tfh TIL were sorted for mRNA analysis with functional Tfh TIL 
expressing higher levels of IL-21, IFNg and CXCL13. Higher IFNγ 
expression by PD-1hiICOS+ Tfh TIL suggests they are Th1 and cy-
totoxic oriented functionally. CXCR5+ T follicular regulatory (Tfr) 
TIL were also detected in TLS and shown to express, CD25, de-
methylated FOXP3 and GARP, a marker of active TGFβ. The ratio 
between Tfh and GARP+ Tfr TIL found that when the balance fa-
vors Tfh TIL IgG production is higher. Multiplex IHC was used to 
identify the positioning of CXCR5+ TIL subpopulations and iden-
tified important cell-to-cell contacts associated with active TLS. 

Conclusion : Our data show that Tfh TIL subpopulations play ma-
jor roles in the functionality of BC-associated TLS. The balance 
between functionally active and

Keywords : CXCR5+ Tumor infiltrating lymphocytes, Tertiary lym-
phoid structure, Human breast cancer, Function and regulatory 
balance.
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B120 / Deciphering the tumor immune microenvironment 
of HPV-negative and -positive oropharyngeal tumors

Saskia J Santegoets (Leiden University Medical Center, depart-
ment of Medical Oncology, Oncode institute), Chantal L Duurland 
(Leiden University Medical Center, department of Medical On-
cology, Oncode institute), Vanessa J van Ham (Leiden University 
Medical Center, department of Medical Oncology, Oncode insti-
tute), Ilina Ehsan (Leiden University Medical Center, department 
of Medical Oncology, Oncode institute), Marij J Welters (Leiden 
University Medical Center, department of Medical Oncology, On-
code institute), Sjoerd H van der Burg (Leiden University Medical 
Center, department of Medical Oncology, Oncode institute).

Strong causal etiology has been described between infection 
with high-risk human papilloma virus (HPV) and cancer of the 
cervix, penis, vulva, vagina and the oropharynx. We recently 
demonstrated that HPV-associated oropharyngeal squamous cell 
cancer (OPSCC) is a distinct clinical entity with a much better 
prognosis after (chemo)radiotherapy than HPV-negative OPSCC, 
especially in patients with a concomitant intratumoral HPV16-spe-
cific and type-1 cytokine oriented T cell response. To study wheth-
er HPV16+ OPSCC patients display a different immune contexture 
that contributes to a better response of these tumors to stan-
dard-of-care therapy, we performed extensive in-depth analysis 
of immune infiltrates in the tumor microenvironment (TME) of 
HPV-negative and HPV16+ OPSCC tumors using mass cytome-
try (CyTOF) and flow cytometry (FACS) analysis, multispectral 
immunofluorescence analysis, as well as single cell RNA and TCR 
sequencing analysis. 

HPV16 status determination by GP5+/6+ PCR and p16ink4a im-
munohistochemistry staining, and multispectral three and six 
color immunofluorescence staining was done on archived for-
malin-fixed paraffin-embedded tumor tissue. FACS, CyTOF and 
paired single cell RNA and TCR sequencing analyses of the tumor 
immune microenvironment were performed on cryopreserved 
freshly isolated tumor tissues. HPV16 E6/E7-specific T cell reac-
tivity within HPV16+ tumors was determined by proliferation of 
IL-2-expanded tumor infiltrating lymphocyte (TIL) batches. 

Analysis of the TME revealed clear differences in immune cell 
composition of HPV16-positive and immune response-positive 
(HPV16+IR+), HPV16+ and immune response-negative (HPV16+IR-) 
and HPV-negative OPSCC tumors. Whereas HPV16+IR- tumors 
were strongly infiltrated with B cells, HPV16+IR+ tumors displayed 
infiltration with CD4+CD161+ and CD8+CD103+CD161+/- T cells 
with a highly activated CD38+, HLA-DR+ and/or PD-1+ effector 
(memory) phenotype. To gain insight into the function of these 
T cells we are currently applying paired single cell RNA and TCR 
sequencing analysis on CD3-isolated cells, the results of which 
will be presented. Interestingly, inflamed HPV16+ OPSCC tumors 
with ongoing HPV16-specific T cell responses were co-infiltrated 
with activated, Tbet-expressing CD4+Foxp3+ immune suppres-
sive regulatory T cells (Tregs) as determined by quantitative DNA 
methylation status analysis of the Foxp3 gene locus and function-
al analysis. Moreover, strong T cell infiltration was accompanied 
by a fairly unknown population of CD14-CD33-CD163+ myeloid 
cells, which appeared to be genuine DCs, as demonstrated by 
FACS and six color immunofluorescence VECTRA staining. These 
CD14-CD33-CD163+ DC produce high levels of IL-12 and IL-18 and 
stimulate allogeneic CD4+ and CD8+ T cell proliferation with a 
similar capacity as the recently defined inflammatory type CD1c+ 
DC, and were associated with improved survival. Interestingly, in 
HPV-driven cervical cancer these Foxp3+Tbet+ Tregs and CD14-
CD33-CD163+ DCs were also present and positively correlated 
with HPV16-specific T cell infiltration.

Keywords : tumor immune microenvironment, human papilloma 
virus, oropharyngeal cancer, intratumoral.
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B121 / B cells and breast cancer : heterogeneity of the 
plasma cell infiltrate and evolution during tumor progres-
sion

Coline Couillault (Cancer Research Center of Lyon), Yasmine 
Lounici (Cancer Research Center of Lyon), Justine Berthet (Can-
cer Research Center of Lyon), Priscillia Rebus (Cancer Research 
Center of Lyon), Pauline Wajda (Cancer Research Center of Lyon), 
Gaëlle Quiniou (Cancer Research Center of Lyon), Julie Mazet 
(Cancer Research Center of Lyon), Isabelle Treilleux (Centre Léon 
Bérard), Christophe Caux (Cancer Research Center of Lyon), Ber-
trand Dubois (Cancer Research Center of Lyon).

B cells appear to have an important but still controversial role 
in breast cancer and understanding the cellular and molecular 
bases of their pro- or anti-tumor roles remains necessary. These 
opposite functions may be due to the identity of the subsets that 
infiltrate tumors and their functional properties that are largely 
dictated by the nature of the cytokines they produce and/or the 
class of antibody they release. In this respect, anti-tumor antigen 
antibodies, mostly of the IgG class, are often detected in the se-
rum of cancer patients. By analyzing different cohorts of breast 
cancer patients using flow cytometry, in situ tissue imaging and 
analysis of antibodies produced in the tumor microenvironment, 
we demonstrated that multiple B cell differentiation stages infil-
trate invasive breast tumors, with a dominance of memory B cells, 
naïve B cells and antibody-producing plasma cells, whether or not 
tertiary lymphoid structures were present. Importantly, plasma 
cells not only consisted of IgG-, but also of IgA-, and to a lesser 
extent IgM-, producing cells and localized in both the stromal and 
tumor areas. Locally produced IgA consisted of both monomeric 
and dimeric entities and of IgA1 and IgA2 subclasses. Moreover, 
in situ breast carcinomas, considered as early tumors, had a plas-
ma cell contingent over-dominated by IgA PC while invasive car-
cinomas presented a significant shift of local humoral immunity 
toward IgG production, except for a minor fraction of patients, 
suggesting a differential role of IgG and IgA during tumor pro-
gression. These data demonstrate a high diversity of the B cell 
infiltrate and humoral response in breast tumors and highlight a 
potential differential role of IgA and IgG plasma cells on tumor 
progression and patient survival.

Keywords : B cells, antibody-producing plasma cells, breast can-
cer, ductal carcinoma in situ.

B122 / Identification and characterization of a natural 
killer-dendritic cell axis defining checkpoint therapy-res-
ponsive tumor microenvironments

Kevin C Barry (University of California, San Francisco), Peter Yan 
(University of California, San Francisco), Joy Hsu (University of 
California, San Francisco), Adil Daud (University of California, 
San Francisco), Matthew F Krummel (University of California, San 
Francisco).

Immunotherapies have been effective in treating cancer patients 
by boosting T cell responses to tumors, yet 56% of melanoma pa-
tients have no objective responses following anti-PD-1 treatment. 
Here we present work aimed at understanding the role innate im-
mune cells in the tumor microenvironment (TME) play in regulat-
ing responses to anti-PD-1 immunotherapy. Type 1 conventional 
dendritic cells (cDC1s) are a rare subset of DCs found in the TME 
and are required for T cell-mediated tumor responses in mice. We 
show that the frequency of cDC1s in the TME of human melanoma 
patients predicts better overall patient survival and responsive-
ness to anti-PD-1 immunotherapy. Given the protective effect of 
cDC1s in the TME we explore the cellular and molecular mecha-
nisms regulating cDC1 abundance in the TME and find that cDC1 
numbers in the TME of human melanoma samples correlate with 
intratumoral expression of the gene encoding the cytokine FLT-
3LG. Utilizing human samples and a novel Flt3l-reporter mouse 
we show that natural killer (NK) cells in the TME are the integral 
cell type that produces FLT3LG and regulates cDC1 abundance 
in the TME. Our work defines an innate immune axis, consisting 
of NK cells and cDC1s, that is required for productive anti-tumor 
immune responses, patient survival, and is the strongest immune 
correlate with responsiveness to anti-PD-1 immunotherapy. Thus, 

we further explore the molecular and cellular mechanisms that 
regulate NK cell abundance and Flt3l production in the tumor and 
at steady state. Utilizing single cell RNA sequencing, live-imag-
ing, and functional studies of the interactions that lead to delivery 
of Flt3L to cDC1s, we show that NK cells likely play a broad role 
in regulating cDC1 levels in animals and uncover an exciting new 
function of NK cells in cancer. These studies reveal that innate 
immune cDC1s and FLT3LG producing NK cells in the TME cluster 
together as the best prognostic tool for patient responsiveness to 
T cell directed immunotherapy and that these cells are necessary 
for enhanced T cell tumor responses ; suggesting that novel ther-
apies targeting NK cell abundance or activity in the TME may hold 
promise in increasing the efficacy of anti-PD-1 immunotherapy.

Keywords : dendritic cells, natural killer cells, tumor microenviron-
ment, checkpoint therapy.
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B123 / Tissue-specific differences in the tumor microenvi-
ronment influence responses to immunotherapy

Amanda J Oliver (Peter MacCallum Cancer Centre), Ashleigh S 
Davey (Peter MacCallum Cancer Centre), Simon P Keam (Peter 
MacCallum Cancer Centre), Sherly Mardiana (Peter MacCallum 
Cancer Centre), Jack Chan (Peter MacCallum Cancer Centre), Bi-
anca von Scheidt (Peter MacCallum Cancer Centre), Paul A Beavis 
(Peter MacCallum Cancer Centre), Imran G House (Peter MacCal-
lum Cancer Centre), Jonas Van Audernaerde (Peter MacCallum 
Cancer Centre), Phillip K Darcy (Peter MacCallum Cancer Cen-
tre), Michael H Kershaw (Peter MacCallum Cancer Centre), Clare 
Y Slaney (Peter MacCallum Cancer Centre).

Investigation into variable response rates to cancer immuno-
therapies has exposed the immunosuppressive tumor micro-
environment (TME) as a limiting factor for therapeutic efficacy. 
An emerging determinant of TME composition is the anatomical 
location of tumor growth as clinical data has revealed associa-
tions between certain metastatic sites and reduced therapeutic 
responses, particularly to checkpoint blockade. Preclinical mod-
els to study tissue-specific TMEs have eliminated the influence of 
genetic heterogeneity, but have limited comParisons to subcu-
taneous and orthotopic models of tumor growth. Therefore, we 
sought to investigate the TMEs of tumors at common metastatic 
sites and the tissue-specific impact on αPD-1/αCTLA4 and trimAb 
(αDR5, α4-1BB, αCD40) immunotherapy responses in the 67NR 
mouse breast cancer and Renca mouse kidney cancer models. 
When growing in the lungs, tumors were resistant to both ther-
apies whereas the same tumor line growing in the mammary fat 
pad (MFP), subcutaneously (SC) or liver were responsive and 
could be completely eradicated, even though disease burden was 
greater. Assessment of tumor cells, vasculature and drug deliv-
ery in 67NR lung or MFP tumors revealed no major differences 
and prompted investigation into the immune TME. Resistant lung 
tumours had a more immunosuppressive TME with increased in-
filtration of myeloid derived suppressor cells (MDSCs), decreased 
T-cell infiltration and activation, and decreased NK cell activation. 
Furthermore, depletion of various immune cell subsets indicated 
an increased dependence of NK cells in tumor control of lung tu-
mors compared to MFP tumors. Thus, targeting T-cell responses 
in the lung tumor setting was not sufficient to elicit an anti-tu-
mor response and could explain resistance to trimAb and αPD-1/
αCTLA4 immunotherapies. Together, our research demonstrates 
that tissue-specific TMEs influence responses to immunothera-
pies and highlights the importance in further defining tissue-spe-
cific response patterns in human cancers to optimize current and 
future immunotherapies.

Keywords : tumor microenvironment, tissue-specific tumor micro-
environment, immunotherapy, checkpoint blockade.
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B124 / Interfering with the tumor immune microenviron-
ment of KRAS mutant lung cancers.

Febe van Maldegem (The Francis Crick Institute).

With the advancement of immunotherapies for lung cancer, it has 
become apparent how insufficient our knowledge is surrounding 
the interactions between the tumor and the immune system. In 
particular in the context of combining immunotherapy with con-
ventional chemotherapy or novel targeted therapies, it is of the 
utmost importance that we understand the effects that those 
therapies have on the tumor immune infiltrate and how that would 
counteract or synergize with immunotherapy. We have used mul-
tiplex flow cytometry to characterize the basal tumor immune in-
filtrate of various spontaneous and orthologous syngeneic mouse 
models for lung cancer, with different levels of immunogenicity. In 
addition, using Imaging Mass Cytometry, visualizing and quantify-
ing >35 markers simultaneously in mouse tumor tissue sections, 
we studied the localization and interactions of the immune cells 
within and surrounding the tumors. This has highlighted the level 
to which tumors are regulating their micro-environment, actively 
excluding all potential effector cells while attracting various my-
eloid cells. We have further characterized the Tumor Associated 
Macrophages (TAMs) and interfered with their recruitment, to 
study their relevance in tumor immune evasion. In addition we are 
looking into the role of oncogene signaling in the orchestration 
of the tumor immune microenvironment, by targeting the KRAS 
signaling pathway in vivo and measuring the changes in tumor 
immune composition.

Keywords : Lung cancer, Imaging Mass Cytometry, Tumour micro-
environment, KRAS.

B125 / Single cell analysis reveals the pivotal role of the 
innate immune compartment in aCTLA-4 anti-tumor res-
ponse.

Ido Yofe (Weizmann Institute of Science), Adam Jelinski 
(Weizmann Institute of Science), Isabelle Solomon (University 
College London Cancer Institute), Tomer Landsberger (Weizmann 
Institute of Science), Marc Robert de Massy (University College 
London Cancer Institute), Karl Peggs (University College London 
Cancer Institute), Sergio Quezada (University College London 
Cancer Institute), Ido Amit (Weizmann Institute of Science).

Immunotherapies have and continue to revolutionize cancer pa-
tient care, however much of our understanding of the mechanism 
of action of these therapies is currently limited. The accumulation 
of regulatory T cells (Tregs) in the tumor hampers anti-tumor ac-
tivity and correlates with bad prognosis in several human cancers. 
Anti-CTLA4 monoclonal antibodies (mAbs) have been extensive-
ly studied, and their activity depends both on the blockade of the 
CTLA4 co-inhibitory molecule, as well as the intra-tumoral deple-
tion of Tregs, increasing effector cell abundance, and favoring tu-
mor rejection. Fc-gamma receptor (FcgR) co-engagement have 
been proven to be important for the action of aCTLA4 in addi-
tion to its Treg-depleting activity via antibody-dependent cellular 
cytotoxicity (ADCC), however it is unclear what are the cellular 
changes involved. Therefore we wished to dissect the differenc-
es between aCTLA4 mIgG1, an antibody which only blocks the 
CTLA4 receptor, and aCTLA4 mIgG2a, which has a dual activity 
of both blocking the receptor and depleting Tregs. To address 
this, we performed single-cell RNA-seq of infiltrating leukocytes 
from tumors in mice treated with aCTLA4 mIgG1, mIgG2a or left 
untreated (UT). This high-resolution comParison revealed unique 
cellular profiles generated by each treatment. While the block-
ing-only mIgG1 was similar to UT, mIgG2a with ADCC effector 
function demonstrated major changes. Tumors in mIgG2a treat-
ed mice showed a rapid decline of immune suppressive macro-
phages, and the emergence of pro-inflammatory monocytes, as 
well as NK cells and naïve CD8 T cells. In addition, mIgG2a treated 
mice displayed a gradual increase of CD4 T cell subsets through-
out treatment. Finally, a vast tissue repair signature was observed 
in later time points of aCTLA4 mIgG2a treatment, comprised of 
MRC1+ macrophages, neutrophils, and myeloid-derived suppres-
sor cells (MDSCs), while CD8 T cell abundance declined. In sum-
mary, our findings provide an in-depth view of the differences in 

mechanisms of action between an aCTLA4 blocking mAb, and 
an optimized blocking-depleting mAb, emphasizing how FcgRs 
co-engagement leads to enhanced anti-tumor response via the 
innate immune compartment.

Keywords : Anti-CTLA-4, Fc-gamma receptors, Innate immunity, 
Antibody-dependent cellular cytotoxicity.
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B126 / Identification of two functionally distinct subsets 
of macrophages infiltrating human breast cancer.

Rodrigo Nalio Ramos (Institut Curie, 26 rue d’Ulm, 75005 Paris), 
Yoann Missolo Koussou Lionel (Institut Curie, 26 rue d’Ulm, 75005 
Paris), Nicola Nuñez (Institute of Experimental Immunology, Uni-
versity of Zurich, Zurich, Switzerland), Jimena Tosselo (Institut 
Curie, 26 rue d’Ulm, 75005 Paris), Wilfrid Richer (Institut Curie, 
26 rue d’Ulm, 75005 Paris), Yohan Gerber (Institut Curie, 26 rue 
d’Ulm, 75005 Paris), Charles-Antoine Dutertre (Singapore Immu-
nology Network, Agency for Science, Technology and Research, 
Singapore 138648, Singapore), Florent Ginhoux (Singapore Immu-
nology Network, Agency for Science, Technology and Research, 
Singapore 138648, Singapore), Kristine Vaivode (The Peter Gorer 
Department of Immmunobiology, School of Immunology & Micro-
bial Sciences, King’s College London, UK), Pierre Guermonprez 
(Université de Paris, Centre for Inflammation Research, CNRS 
ERL8252, Inserm1149, Paris Diderot Medical School, Université de 
Paris, France), Eliane Piaggio (Institut Curie, 26 rue d’Ulm, 75005 
Paris), Julie Helft (Institut Curie, 26 rue d’Ulm, 75005 Paris).

Tumor associated macrophages (TAMs) infiltration is a hallmark 
of solid tumors and generally correlates with poor prognosis. 
However, TAMs cellular diversity remains ill-defined in human tu-
mors. Here we perform an unbiased single cell RNA sequencing 
approach on breast cancer metastatic lymph nodes (LNs) and 
primary tumors to characterize TAMs diversity. We identify two 
major populations of tumor-associated CD14+ cells : S100A8+C-
CR2+APOE- monocytes and S100A8-CCR2-APOE+ macro-
phages. Using flow cytometry analysis and immunochemistry, 
we show that : 1) APOE+ macrophages are enriched at the tumor 
border within metastatic LNs, 2) S100A8+CCR2+ monocytes are 
associated to non-metastatic LNs and healthy breast tissues. 

APOE+ macrophages can be further subdivided in two popu-
lations : 1) APOE+TREM2+ TAMs expressing SPP1, CADM1 and 
FN1 and 2) APOE+FOLR2+ TAMs expressing SEPP1, MMP9 and 
SLC40A1. The transcriptional signature of APOE+TREM2+ TAMs 
negatively correlates with patient survival. By contrast, the tran-
scriptional signature of APOE+FOLR2+ TAMs is a predictor of 
survival. This suggests that the two TAM populations may have 
opposite effect on tumor progression. Collectively, our data reveal 
the diversity of CD14+ cells and TAMs within breast cancer tumors 
and provide the molecular basis to assess their unique functional 
properties.

Keywords : Macrophages, Breast cancer, Metastatic lymph nodes, 
Subsets.

B127 / Modulation of NK cells maturation and function in 
tumor microenvironment of Non-Small-Cell Lung Carcino-
ma
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bonne Universite, Universite Paris Descartes, Paris, France).

Natural killer (NK) cells are among the first line of defense against 
cancer cells. As such, they play a central role in Non-Small Cell 
Lung Carcinoma (NSCLC) initiation and metastatic transition. 
Previous works of the lab demonstrated that NK cells in NSCLC 
are excluded from tumor nest and enriched in the tumor stro-
ma where they display an exhausted profile, characterized by 
down-regulation of activating receptors (NKp30, NKp80, CD16, 
DNAM-1), reduced IFN gamma secretion and impaired capacities 
of degranulation (CD107a) (1)(2). These alterations are specifically 
induced by the Tumor MicroEnvironment (TME), since NK cells in 
non-tumoral paired lung tissue are comparable to blood NK cells. 
Transcriptomic analyses on highly purified CD3-CD56+ cells re-
vealed that intratumoral NK cells have a specific gene expression 
signature, with over expression of gene implicated in exhaustion, 
and strong modulation of gene involved in regulation of cytotoxic 
functions, and of migration. 

Our study now aims at deciphering the specific mechanisms by 
which TME modifies NK recruitment, activation and functions. In-
vestigations on pre-metastatic stages of NSCLC confirmed the 
exhausted and immune suppressive profile of intratumoral NK 
cells. In order to study the switch from active NK cells to exhaust-
ed ones at different tumor stages, we developed a novel mice 
model of orthotopic lung tumor, by intratracheal injection of LLC 
cells. 

We characterized the tumoral immune infiltrate of this model ac-
cording to lung tumor stages. Both in human and mice lung tu-
mors, NK cells number decreases in the tumor as compared to 
non-tumoral tissue. This decreased number of NK is coupled with 
a lower expression of chemokine receptors (such as fractalkine 
receptor), both at mRNA and protein level. Moreover, in the tumor, 
the maturation subsets are unequally distributed with a decrease 
of more mature NK cells (CD3-, NK1.1+, CD11b+) in favor of more 
immature ones (CD3-, NK1.1+, CD11b-) (3)(4). These data confirm 
the exclusion of mature NK cells from the tumor nest and sug-
gest a chemokine-dependant mechanism favoring the less ma-
ture ones into the tumor. In mice, the conversion between NK and 
Innate Lymphoid Cells 1 (ILC1) has also been studied, showing the 
plasticity of the immune cells in the TME. The global population 
of intratumoral NK cells express higher immune checkpoints such 
as TIGIT, suggesting lower cytotoxic capacities, strengthened by a 
lower expression of CD107a. Taken altogether, our data suggest a 
combined mechanism in which recruitment of immature NK cells 
seems to be favored by the TME and in parallel, mature NK cells 
are exhausted, with an increased expression of inhibitory recep-
tors and impaired cytotoxic capacities. 

In a near future, the precise expression profile of each subpopu-
lation of NK cells needs to be assessed, migratory and functional 
assays on these NK cells will be evaluated as well as the capacities 
of these NK cells to modulate the function of other immune cells 
in the TME. These experiments will confirm the selective mech-
anism set up by the TME in order to evade NK cell cytotoxicity, 
and may open the way to develop novel therapeutic strategies 
targeting the NK cell compartment.

Keywords : NK cells, TME, Exhaustion.
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B128 / hMENA regulates the TGF-β-mediated crosstalk 
between tumor cells and cancer associated fibroblasts
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dugno (regina elena national cancer institute), Anna Di Carlo (re-
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Dept of Pathology and Diagnostics, Univ. of Verona), Paola Nistico 
(regina elena national cancer institute).

Reciprocal interactions between cancer cells and cancer associ-
ate fibroblasts (CAFs) are crucial in tumor growth and aggres-
siveness. This communication includes the involvement of para-
crine signals mediated by growth factors and cytokines with a 
high impact on local tumor microenvironment (TME). 

The TGFβ signaling is a key regulator of cancer cell-CAF inter-
actions during the initiation and progression of human cancers. 
Recently the activation of TGFβ in fibroblasts has been associ-
ated with T cell exclusion and resistance to immune checkpoint 
blockade (1, 2), suggesting the relevance of identifying signaling 
pathways related to TGFβ activated CAF. 

CAFs, by producing extracellular matrix components (ECM) and 
an array of cytokines and growth factors among which TGFβ 
plays a critical role, regulate tumor growth and progression. Stro-
mal-derived TGFβ can activate resident fibroblast via autocrine 
signaling and induce the upregulation of paracrine factors which 
promote signaling pathway activation in adjacent cancer epithe-
lial cells. Reciprocally, TGFβ secreted by epithelial cancer cells ex-
erts a paracrine influence on stromal cells resulting in increased 
production of ECM key determinant of cancer progression and 
prognosis. hMENA, an actin-regulatory protein, has been report-
ed by our and other groups as a main player in supporting the 
malignant transformation and progression of diverse cancers. We 
have shown that the tissue specific splicing of the hMENA gen-
erates two isoforms, the epithelial hMENA11a and mesenchymal 
hMENAΔv6 (3). The expression of hMENAΔv6, along with the lack 
of hMENA11a, is crucial for TGFβ-mediated EMT (4), and hMENA 
isoforms are checkpoints of the β1 integrin-ECM signaling pathway 
(5), representing prognostic factors in PDAC and early stage NS-
CLC (4, 5, 6). The aim of this study is to identify a complementary 
role of hMENA/hMENAΔv6 in CAFs, focusing on TGFβ-mediated 
crosstalk between cancer cells and CAFs in NSCLC and PDAC. 
We found that hMENA/hMENAΔv6 overexpression identified a 
subset of CAFs with pro-tumoral functions in NSCLC and PDAC. 
The soluble factors produced by hMENA-over-expressing epithe-
lial cancer cells induce the expression of hMENA/hMENAΔv6 in 
CAFs. By exploring the factors involved in hMENA-mediated can-
cer cell-CAFs cross-talk we found that the silencing of hMENA/
hMENAΔv6 in CAFs significantly decreased the secretion of the 
three TGFβ ligands (TGFβ1, TGFβ2, and TGFβ3), downregulated 
the expression of TGFβR1 and 2 and inhibited the TGF-β signaling 
activation. This in turn, resulted in inhibition of CAF activation and 
functions, as evidenced by a reduced TGFβ-mediated collagen gel 
contraction ability and fibronectin- fibrillogenesis. Furthermore, 
the hMENA/hMENAΔv6 silencing regulates the TGFβ-mediated 
cytokine/chemokines secretion to affect the paracrine signaling 
pathway activation in epithelial tumor cells. 

Reciprocally, hMENA and its isoform expression in tumor cells 
specifically regulates the secretion of TGFβ2. hMENA silencing in 
NSCLC cells impairs the ability of tumor cell secretoma in acti-
vating TGFβ signaling in CAFs, as evidenced by the inhibition of 
pSMAD2 expression.

In conclusion this novel finding provides the evidence for a crucial 
role of hMENA and its tissue specific splicing program as regula-
tor of TGFβ paracrine signaling in the cross-talk between tumor 
cells and CAFs. We highlight the importance of inhibiting hME-
NA-mediated signaling pathways also in view of the new advance 
of combined immunotherapy and TGFβ inhibitors in the clinical 
practice. Supported by AIRC IG PN
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B129 / Analysis at single cell level of the heterogeneity of 
tumor associated macrophage in triple negative breast 
cancer.

Eleonora Timperi (Curie Institute), Jules Gilet (Curie Institute, Par-
is), Silvia Lopez-Lastra (Curie Institute, Paris), Philemon Sirven 
(Curie Institute, Paris), Olivier Lantz (Curie Institute, Paris), Vassili 
Soumelis (Curie Institute, Paris), Sebastian Amigorena (Curie In-
stitute, Paris), Emanuela Romano (Curie Institute, Paris).

Introduction Tumor associated macrophages (TAM) represent 
strong regulator of immune suppression, playing an essential role 
in diverse phases of tumor growth and dissemination. The role of 
inhibitory/co-stimulatory signals on TAM and their possible impli-
cation in the modulation of the outcome of human malignancies 
remain to be investigated. For these reasons, we aim to dissect 
the true composition of TAM in human breast cancer. 

Methods Here, we analysed at RNA-single cell level the myeloid 
compartment enriched in triple negative breast cancer (TNBC). 
After mechanic and enzymatic dissociation of non-tumor (NT) 
and tumor (T) samples we enriched, by sorting, HLA-DR+CD11c+ 
myeloid cells from each counterpart, and then performed, by 10X 
Chromium technology, the RNA analysis at single cell level. 

results-Conclusion The bioinformatic analysis of RNA, at single 
cell, demonstrated a peculiar distribution of different clusters be-
tween NT and T counterparts. 

First, we observed an accumulation of “activated monocytes” in 
the intermediate states of differentiation, showing a peculiar sig-
nature of classical inflammatory monocyte markers like FCGR3A, 
SOD2, IFITM2, IFITM3, ISG15, MAFB, S100A8, S100A9, CD14 ex-
pressing also different adhesion molecule-related genes, ICAM1, 
PECAM1, ICAM2, suggesting a preferential accumulation at the 
tumor site. 

We could also detect DC populations characterizing by the ex-
pression markers like CCR7, CXCR4, CD1A, CD207, AXL, CD80 and 
again a cluster representing DC2, showing CD1c, CLEC10A, with 
high expression of different HLA-DR-DQ molecules. 

Accumulated at different levels, in different patients, we could 
also find MRC1, MSR1, TREM2, APOE, FOLR2, identified recently 
as TAM genes, all shared in a specific subset. Supporting the no-
tions of pro-tumorigenic functions of these genes, the differential 
distribution among patients may impact the overall immune re-
sponses to cancer. 

Further evaluations will be focus on the functional study of di-
verse populations, potentially dissecting pro- or anti-tumor roles.

Keywords : Myeloid cells, triple negative breast Cancer, HLADR+C-
D11C+, single cell data.
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hedi (VIB - Vrije Universiteit Brussel).

Glioblastoma multiforme (GBM) is an invariably fatal primary ma-
lignant brain tumor. The GBM immune infiltrate is recognized as 
a key player in tumor progression, potentially exerting both pro- 
and anti-tumoral functions. A better understanding of these cells 
is imperative for the development of more efficient therapies. We 
have relied on single-cell RNA sequencing to unravel the com-
plexity of the glioblastoma immune landscape. This showed that 
GBM tumors contain a highly heterogeneous immune compart-
ment, which was strikingly similar in human and syngeneic mouse 
glioblastoma tumors. The largest fraction of tumor-infiltrating im-
mune cells were of myeloid origin, consisting of macrophages and 
conventional dendritic cells. Interestingly, we identified multiple 
distinct tumor associated macrophage (TAM) subsets, of which 
the transcriptional signatures were partly driven by their ontog-
eny. In addition, multi-parametric flow cytometry allowed for cell 
sorting of the various TAM and cDC subsets, which was followed 
by an extensive functional profiling. This showed clear differences 
in T-cell stimulatory and suppressive capacities, phagocytic ac-
tivity and pro-angiogenic potential, which was driven by TAM on-
togeny and differentiation state. Finally, we report a combination 
therapy that simultaneously targets multiple TAM populations, 
resulting in improved therapy responses. Together, our data help 
to unravel the complexities of the GBM immune compartment, 
paving the way for strategies to optimally “re-educate” specific 
TAM or cDC subsets to tilt the balance towards tumor eradication.

Keywords : Glioblastoma, Microglia, Tumor associated macro-
phages, Single cell RNA seq.

B131 / Quantitative and spatial analysis of single cells in 
the tumor microenvironment using immunofluorescence 
protein multiplexing

Alison M Cheung (Sunnybrook Research Institute), Dan Wang 
(Sunnybrook Research Institute), Kela Liu (Sunnybrook Research 
Institute), Tyna Hope (Sunnybrook Research Institute), Simone 
Stone (Princess Margaret Cancer Centre), Ben Wang (Princess 
Margaret Cancer Centre), Fiona Ginty (General Electric Research), 
Pam Ohashi (Princess Margaret Cancer Centre), Martin Yaffe 
(Sunnybrook Research Institute).

The presence and density of various functional immune cell sub-
sets within the tumor microenvironment strongly influence the 
patient’s response to immunotherapeutic treatment. However, the 
effectiveness of immunotherapy may be limited due to the het-
erogeneous spatial distributions of cancer cells and infiltrating tu-
mor lymphocytes (TILs). As such, development of a tool that can 
distinguish sub-populations of cancer cells and immune infiltrates, 
and that also enables visualization and measurement of their spa-
tial distributions, will be invaluable for assessing and monitoring 
patients’ immune and cancer profiles in the planning and delivery 
of immunotherapy. Here we report the use of an in situ immunoflu-
orescence protein marker multiplexing system (MxIF, Cell DIVE™ 
GE Healthcare, Issaquah WA)[1] to study cancer and immune 
markers at cell level and to quantify immune subsets in ovarian 
cancer using single 4 um sections of formalin-fixed, paraffin-em-
bedded (FFPE) tissue. A panel of immune cell markers including 
CD3, CD4, CD8, CD68, PD-1, PD-L1, together with proliferative and 
cancer-specific markers were studied on whole sections of ovar-
ian cancers with MxIF. Cell counts of different immune cell types 
were quantified by performing thresholding and co-expression 
analysis. These quantifications were compared to flow cytomet-
ric data from the same cases as validation. Moreover, dimension-
al reduction with t-sne [2] was applied to the high-dimensional 
MxIF datasets to visualize the presence (or absence) of different 
immune or cancer cell clusters and to compare these among a 
set of ovarian cancer cases. We observed significant variations in 
the densities of immune infiltrates as well as the expressions of 
the immune checkpoint molecules in these samples. These results 
are being correlated to clinical information to evaluate whether 
certain patterns of checkpoint marker expressions on immune 
subsets may predict response to checkpoint inhibition. In addi-
tion to the identification and quantification of various cell types, 
in situ protein multiplexing also provided spatial information with 
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respect to proximity and most common neighbor analysis using 
co-occurrence matrix analysis. We studied the likelihood that the 
immune checkpoint proteins are in close proximity to each other, 
to tumor cells or to TILs. We also compared the densities of TILs 
present in the stromal (sTIL) vs intraepithelial (iTIL) regions. Our 
work demonstrates the application of MxIF in phenotyping the 
immune repertoire and in assessing their heterogeneous spatial 
distributions in tumors.

Keywords : Protein Multiplexing, Tumor microenvironment, spatial 
analysis, quantitative image analysis.
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Therapeutic blockade of T cell inhibitory receptor, PD-1, often re-
ferred to as “checkpoint blockade”, is showing unprecedented 
results in the treatment of cancer patients. The next generation 
of targets for checkpoint inhibition includes cell surface receptor 
TIM-3, revealed as a novel mode of resistance to PD-1 blockade 
and also expressed on myeloid cells, suggesting a key function 
extending beyond T cell inhibition. TIM-3 biology in the tumor 
microenvironment (TME) with respect to spatial compartmental-
ization of immune cells is a key area of investigation. To deter-
mine the intrinsic role of TIM-3 in T cell/myeloid biology within the 
TME, we designed a Mixed Bone Marrow Chimera mouse model to 
compare TIM-3 wild-type (WT) and knockout (KO) immune cells 
in the same host. This model allowed us to assess differences in 
immune cell phenotype and function due to the intrinsic absence 
of TIM-3 rather than variation in the host TME. Whole transcrip-
tome profiling of tumor tissue provides transcriptional signatures 
of the TME and can be further utilized to understand the intrin-
sic biology behind immune-immune and immune-tumor interac-
tions which are imperative for better therapeutic design. Single 
cell RNA-sequencing (scRNA-seq) provides expression data for 
cell populations in the TME but lacks spatial information neces-
sary for cell-cell interaction analysis. The development of spatial-
ly resolved transcriptomic techniques enables the integration of 
both broad and high resolution transcriptome data. Utilizing the 
Spatial Transcriptomics® assay with integration of 10x Genom-
ics® scRNA-seq, we have assessed the function and expression 
of TIM-3 in the TME in a spatial context. We have identified dis-
tinct inhibitory immune cell signatures that correlate with TIM-
3 expression. Furthermore, TIM-3+, TIM-3-, and TIM-3 KO T cell 
populations displayed unique transcriptional profiles, suggesting 
that TIM-3 may play an intrinsic role in the development of these 
unique signatures. The spatial location of these transcriptionally 
unique populations in the TME provide insight into the cell-cell 
interactions of inhibitory immune cells. These findings further elu-
cidate the role of TIM-3 in immune cell function within the TME 
and identify inhibitory immune cell targets for immunotherapy.
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Human papilloma virus (HPV) is recognized as a causative agent 
of oropharyngeal cancer (OPC) including tonsil cancer. Approx-
imately 70% of tonsil cancers are associated with HPV, and pa-
tients with HPV+ tumors have better prognosis, which is linked 
to immune cell infiltration and activity. The objective of this study 
was to characterize the infiltrating cell types and immune profiles 
of tonsillar cancer in order to identify immunological mechanisms 
linked to HPV. 

Biopsies from 17 patients with tonsillar cancer were collected. 
Paired contralateral healthy tonsil biopsies were collected from 
the same patients. The tumors were staged according to TNM 
classification and all biopsies were stained for p16 by immunohis-
tochemistry, HPV typed, and quantified in terms of viral DNA load, 
transcriptional activity, and integration into the host’s genome by 
qPCR. All biopsies were immunoprofiled using 13-plex flow cy-
tometry analysis of dissociated tissue and Nanostring nCounter®-
based RNA analysis with the PanCancer Immune Profiling Panel 
encompassing 770 genes from 24 different immune cell types. 

Of the 17 patients, HPV was found in 88% of the tonsillar cancer 
lesions and in 71% of the paired healthy tonsils with 93% being 
of HPV subtype 16 and 7% of HPV subtype 35. Flow cytometric 
analysis revealed a statistically significant increase in the frequen-
cies of CD8+ T cells, CD13+ myeloid cells, and dendritic cells (DC), 
out of total CD45+ leukocytes, in tumor tissue compared to both 
healthy control tissue. In contrast, the frequencies of CD4+ T cells 
were decreased in tumor tissue as compared to healthy tissue, 
and CD11c+ conventional DCs were significantly less abundant in 
the myeloid population of the tumor, given their differential fold 
increase (6 fold and 10 fold respectively). 

Differential expression profiles identified using Nanostring Pan-
Cancer Immune Profiling analysis of HPV+ and HPV- tonsillar 
cancer and healthy tonsillar tissue reveals patterns of ongoing or 
suppressed immune responses in these patient samples, which 
may serve as a foundation for selecting patient groups suited for 
immunotherapy.
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B134 / Spatial heterogeneity of the T cell receptor reper-
toire reflects the mutational landscape in lung cancer

Marc Robert de Massy (UCL Cancer Institute).

Somatic mutations together with immunoediting drive extensive 
heterogeneity within primary lung tumors. Here, we examine tu-
mor heterogeneity through the lens of the T cell receptor rep-
ertoire, which is fundamental in understanding the intricate rela-
tionship between the tumor and intratumoral T cell response. We 
evaluate TCR expansion and diversity across multi-region non-
small cell lung cancer (NSCLC) samples, non-tumor adjacent lung 
tissue and peripheral blood, identifying a set of TCR sequences 
selectively expanded in tumor tissue. The number of expanded 
TCRs varies both within and between tumors, and correlates 
with the number of non-synonymous mutations within each tu-
mor region. The expanded TCRs can be sub-divided into ubiqui-
tous TCRs, found in every tumor region and regional TCRs, found 
in some regions but not others. The number of ubiquitous and 
regional TCRs correlates with the number of ubiquitous and re-
gional non-synonymous mutations respectively. Expanded TCRs 
form part of clusters of TCRs of similar sequence, and with similar 
spatial distributions, suggestive of a spatially constrained antigen 
driven process. Expanded ubiquitous TCRs are a major fraction 
of PD1+CD57- CD8+ T cells bearing a classical tissue-resident 
and dysfunctional phenotype. Longitudinal analysis demonstrat-
ed that these ubiquitous TCRs are preferentially detected in the 
blood at the time of tumor resection, but not at subsequent fol-
low-up. These findings highlight a non-invasive method to identify 
and track relevant tumor reactive TCRs for use in adoptive T cell 
immunotherapy.

Keywords : T cell receptor, Neoantigen, Lung Cancer, TRACERx.

B135 / Recapitulating the orthotopic tumour microen-
vironment using bioluminescent syngeneic models in 
immune competent mice for checkpoint inhibitor interro-
gation

Ludovic Bourre (Crown Bioscience), Joyce Obeng (Crown Bio-
science), Maya Jetha (Crown Bioscience), Jane Wrigley (Crown 
Bioscience), Simon Jiang (Crown Bioscience), Jason King (Crown 
Bioscience), Bryan Miller (Crown Bioscience), Rajendra Kumari 
(Crown Bioscience), Yinfei Yin (Crown Bioscience).

Checkpoint inhibitors have shown promising therapeutic benefit 
in various cancer types, but more advanced preclinical models 
are required to combat resistance and evaluate opportunities for 
combination treatments. Subcutaneous syngeneic models are 
routinely used to evaluate the impact of immunotherapies on tu-
mour growth as well as tumour invading leucocytes (TILs). How-
ever, the tumour microenvironment of orthotopic models is more 
comparable to the patient due to the organ-specific location of 
the tumour which facilitates metastatic spread and also recapit-
ulates the immune and stromal component interactions with the 
tumour. Bioluminescent imaging (BLI) enables non-invasive lon-
gitudinal monitoring of orthotopic tumour burden and end stage 
quantification of tumour spread. Here we report the generation of 
a panel of bioluminescent syngeneic cell lines for orthotopic and 
metastatic modelling with an aim to assess the impact of stan-
dard of care agents, immune checkpoint therapies and combina-
tions in a more clinically relevant environment. 

Bioluminescent variants of syngeneic cell lines were established 
by lentiviral transduction. Orthotopic models were established via 
direct implantation into various organs e.g. liver, breast, pancreas 
and bladder and tumour growth assessed by BLI in-life as well 
as end stage (Spectrum CT ; PerkinElmer). Response to standard 
of care agents such as sorafenib, gemcitabine, docetaxel and im-
mune checkpoint therapy (anti-CTLA-4, anti-PD-1) was also eval-
uated and TIL infiltration was assessed by flow cytometry analysis 
and IHC. The success rate of tumour transplantation into different 
organs ranged from 60-100% as confirmed by both in-life imag-
ing and ex vivo imaging at termination. For example, Hepa 1-6 
appeared to grow within the parenchyma of the liver whereas 4T1 
metastasized to the lungs and bone from the mammary fat pad, 
which was easily quantified by BLI. Real-time quantification of tu-

mour size could be correlated with biomarkers and end stage as-
sessment, for example, treatment with Sorafenib and check point 
inhibitors was correlated with alpha-fetoprotein (AFP) and end 
stage tumour burden, showing significant response in the orthot-
opic setting (p<0.001, Two way ANOVA). Different responses to 
check point inhibitors were observed between tumours inoculat-
ed at subcutaneous sites and orthotopic sites. 

Bioluminescent syngeneic models enables clinically relevant in-
terrogation of standard of care agents, immunotherapies and 
combination which is distinct from the subcutaneous setting. The 
orthotopic microenvironment influences the tumour growth and 
response to immuno therapy. These models also enable the as-
sessment of disease progression and modelling the metastatic 
environment.

Keywords : Tumour microenvironment, Orthotopic, Biolumines-
cent, Checkpoint inhibitor.

B136 / Expression profiles and function of IL6 and IL10 in 
tumor and myeloid cells

Mohammed Ibrahim (Augusta University), Chunwan Lu (Augusta 
University), John D Klement (Augusta University), Priscilla S Redd 
(Augusta University), Dafeng Yang (Augusta University), Alyssa 
Smith (Augusta University), Kebin Liu (Augusta University).

Inflammation is a hallmark of tumor establishment, growth and 
progression. Cytokines are key mediators in the initiation and reg-
ulation of inflammation and can be broadly classified into ‘pro’ 
and ‘anti’ inflammatory roles. Key roles for the pro-inflammato-
ry cytokine IL6, and the anti-inflammatory cytokine IL10 have 
been identified in colitis-associated colorectal cancer. However, 
the molecular mechanisms underlying their contribution to car-
cinogenesis remain unclear. Both IL6 and IL10 levels were found 
to be elevated at the transcriptional level in a mouse model of 
colitis-associated cancer, as well as in human colorectal cancer 
patients. Analysis of CD45- and CD45+ cells from the tumor mi-
croenvironment showed that while IL6 was expressed by both 
populations, IL10 expression was limited to the hematopoietic 
compartment. Intracellular staining and flow cytometry analysis 
of splenic and colonic lamina propria tissues revealed the cellular 
source of both IL6 and IL10 to be CD11b+Ly6CloLy6G+ immature 
myeloid cells. Addition of cultured supernatant from these cells 
to mouse colorectal cancer cell lines induced STAT3 phosphor-
ylation, which mediated epigenetic remodeling of tumor cells 
through upregulating DNMT1 and DMNT3b expression, resulting 
in the silencing of the tumor suppressor IRF8. Blockade of IL6 sig-
naling abrogated the STAT3-DMNT1/3b pathway. Similarly, treat-
ment of colorectal cancer lines in vitro with recombinant IL6 or 
IL10 alone or in combination upregulated DNMT1/3b expression in 
a STAT3-dependent manner. However, dual treatment evidenced 
no additive or synergistic effect, suggesting that either IL6 or IL10 
alone is sufficient to activate epigenetic remodeling. Deletion of 
IL6 in colorectal cancer cells, or use of an IL6-deficient host, failed 
to affect tumor growth kinetics in vivo. However, overexpression 
of IL6 significantly increased in vivo tumor growth, implying that 
a high threshold of tumor produced locally elevated IL6 exists 
for its previously reported growth-promoting effects. Our results 
suggest that targeting of inflammation-induced or tumor-associ-
ated CD11b+Ly6CloLy6G+ immature myeloid cells could abrogate 
both IL6 and IL10 production, inhibiting pro-tumorigenic epigen-
etic remodeling of colon epithelial cells.

Keywords : Colorectal Cancer, IL6, IL10, MDSC.

B137 / Emergence and Behavior of Tumor-Resident Den-
dritic Cell Subsets during Anti-Tumor Immunity

Tim B Fessenden (MIT), Stefani Spranger (MIT).

Checkpoint blockade therapies attain optimal responses in tu-
mors infiltrated by T cells, limiting the number of patients who can 
benefit from this therapeutic approach. Because dendritic cells 
(DC) bridge the innate and adaptive immune responses, a bet-
ter understanding of their roles in anti-tumor immunity can orient 
the development of novel immunotherapies. Recently, clinical and 



SESSION B

FIFTH CRI-CIMT-EATI-AACR INTERNATIONAL CANCER IMMUNOTHERAPY CONFERENCESEPT. 25 - 28, 2019 - PARIS, FRANCE
152

preclinical studies have refocused attention to DC functions in the 
tumor microenvironment that follow initial priming, identifying 
CD103+ cross-presenting cDC1 as especially potent mediators of 
anti-tumor immunity. However, the emergence of tumor-resident 
DC subsets and their specific behaviors that contribute to anti-tu-
mor immunity are poorly defined. These non-classical roles for 
conventional DC, and how they change over time, remain difficult 
to assess by bulk approaches that rely on surface markers to un-
derstand cell phenotypes in situ. Here we dissect the expansion 
and behaviors of tumor-resident vs migratory cDC using lineage 
tracing and intravital imaging. We asked whether conventional 
DC1 and DC2 are generated within the tumor microenvironment 
or are recruited from the periphery. Over several days, we tracked 
lineage-marked tumor-resident or migratory DC1 and DC2 within 
tumors and draining lymph nodes. Distinct populations emerged 
at both sites that were not mirrored by newly infiltrating DCs, 
suggesting the tumor microenvironment may profoundly dictate 
differentiation of DC subtypes in situ. We correlated these trends 
observed in bulk with behaviors of tumor-resident DC using intra-
vital imaging over consecutive days. Quantitative image analysis 
of DC revealed cell morphological and cell motility shifts that cor-
responded with the generation of tumor-resident cDC1 and cDC2 
subsets. Finally, we monitored DC trafficking out of tumors into 
the periphery in real time and over consecutive days by coupling 
an in vivo cytometry platform with photolabeling to mark tu-
mor-resident DC. We quantified and captured tumor-experienced 
cDC shed into the periphery on consecutive days from the same 
mouse, demonstrating the feasibility of this approach for future 
studies. Our transplantation and imaging approaches reveal the 
origins and behaviors of DC residing in tumors and prompt novel 
avenues to perturb DC subsets, and thereby improve immuno-
therapies for cancer.

Keywords : Dendritic Cell, Migration, Microscopy, Lineage Tracing.

B138 / Tumor-associated neutrophil subtypes in non-
small cell lung cancer

Sofia Raftopoulou (Otto Leowi Research Center, Division of Phar-
macology, Medical University of Graz), Paulina Valadez-Cosmes 
(Otto Leowi Research Center, Division of Pharmacology, Medical 
University of Graz), Xiaodong Zhu (Human Biology Division, Fred 
Hutchinson Cancer Research Center, Seattle, Washington, USA), 
Kathrin Maitz (Otto Leowi Research Center, Division of Pharma-
cology, Medical University of Graz), Patrick Gschanes-Schweiger 
(Otto Leowi Research Center, Division of Pharmacology, Medical 
University of Graz), Melanie Kienzl (Otto Leowi Research Center, 
Division of Pharmacology, Medical University of Graz), McGarry 
Houghton (Division of Pulmonary and Critical Care, Fred Hutchin-
son Cancer Research Center, Seattle, Washington, USA), Akos 
Heinemann (Otto Leowi Research Center, Division of Pharmacol-
ogy, Medical University of Graz), Julia Kargl (Otto Leowi Research 
Center, Division of Pharmacology, Medical University of Graz).

The aim of this study is to identify novel immune suppressive 
neutrophil subpopulations in the non-small cell lung cancer mi-
croenvironment (TME) and elucidate the mechanism of i) their 
recruitment and ii) the execution of their immune suppressive 
properties. Non-small cell lung cancer (NSCLC) represents ~85% 
of all lung cancer cases and although, surgical intervention can 
be curative for early stage patients, traditional chemo- and ra-
diotherapy show limited effectiveness. Recent studies have 
demonstrated that negative regulators to T cell responses, such 
as immune checkpoint molecules (e.g. PD-1/PD-L1) and immune 
suppressive cell populations in the TME are likely to explain the 
failure of immune protection in many patients. Identifying the 
suppressive factors, cell entities and functions in the TME as well 
as the presence of an antigen-driven immune response is essen-
tial for the identification of a suitable immunotherapy. Agents tar-
geting immune checkpoints (ICI therapy) seem to be remarkably 
effective in a wide range of tumors. Nevertheless, in NSCLC the 
overall response rates are ≤ 20%, making combinatorial protocols 
for patient subgroups highly needed. Several studies have point-
ed the potential importance of neutrophils in cancer. The neutro-
phil gene signature was found to predict mortality better than any 
other immune cell signature across 25 different cancers. More-
over, neutrophils were found to be the most prevalent immune cell 
type present in NSCLC and to inversely correlate with CD8+ and 

CD4+ content within tumor. These data suggest that neutrophils 
may act as immunosuppressive entity in the TME of NSCLC. In 
this study the following approaches have been followed : a) Fun-
damental immune response subtypes in NSCLC were identified 
by multi-parametric flow cytometry. Next, cellular drivers of these 
subtypes were determined by multiplexed immunohistochemis-
try and the CD8 / PMN ratio was used to predict ICI treatment 
outcome in NSCLC. b) Blood neutrophils from healthy individuals 
were incubated with human lung cancer cell line supernatants for 
functional assays such as shape change and chemotaxis, indicat-
ing the capability of cancer supernatants to induce an activated 
neutrophil phenotype. c) In order to identify novel tumor-asso-
ciated neutrophil (TANs) subsets, we performed the profiling of 
over 300 human cell surface markers. So far, our analysis has indi-
cated more than 30 markers with a significant differential expres-
sion between TANs and lung neutrophils. d) Finally, experiments 
in neutrophil – T-cell co-culture systems, revealed that neutrophils 
can bear lymphocyte suppressing properties. Overall, the goal of 
this study is to dissect neutrophil heterogeneity in the TME of 
NSCLC. Our data underlines the importance of the identification 
of TAN subpopulations with pro and anti-tumor properties which 
can offer a more specific target against immunosuppression and 
help the improvement of the overall response rates of NSCLC pa-
tients towards immune checkpoint inhibitor therapies.

Keywords : non-small cell lung cancer, tumor-associated neutro-
phils, TME analysis, tumor immunology.
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B139 / The role of neutrophil-derived myeloperoxidase in 
non-small-cell lung cancer

Paulina Valadez-Cosmes (Medical University of Graz), Janine 
Rupp (Medical University of Graz), Sofia Raftopoulou (Medical 
University of Graz), Akos Heinemann (Medical University of Graz), 
Julia Kargl (Medical University of Graz).

The aim of this study is to investigate whether myeloperoxidase 
(MPO), a neutrophil-derived molecule in the tumor microenvi-
ronment (TME), can influence tumor growth and T-cell function 
and thereby limit immune checkpoint inhibitor (ICI) therapies in 
non-small cell lung cancer (NSCLC). Understanding the role of 
neutrophils and MPO in ICI therapy may be a crucial step to-
wards the potential clinical use of MPO inhibitors in lung can-
cer patients. Lung cancer, the leading cause of cancer-related 
deaths worldwide, is a heterogeneous disease comprising mul-
tiple histologic subtypes of which NSCLC accounts for ~ 80 %. 
Although immune-based therapies have shown initial promise in 
the treatment of lung cancer, just ~20% of NSCLC patients ben-
efit from single agent ICI therapies and underlying mechanisms 
for treatment failure are mostly unknown. This highlight the need 
to identify additional molecules in the TME that limit ICI therapy. 
Our lab recently reported that neutrophils are the most preva-
lent immune cell type present in NSCLC and they constrain anti-
gen-driven immune responses in tumor but not in non-adjacent 
lung tissue. Further, it has been shown that neutrophils in the TME 
can suppress lymphocyte proliferation and function and mouse 
studies revealed that neutrophils present in the TME limit ICI ther-
apy however few is known about the mechanisms involved. In this 
context, some of the neutrophil cytoplasmic granule components 
have been proposed to contribute to tumor proliferation, angio-
genesis and metastasis and moreover that they could regulate 
immune cell functions in the TME. One of these molecules is MPO, 
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a peroxidase enzyme that generates reactive oxygen/nitrogen 
species and is most abundantly expressed in neutrophils. Upon 
neutrophil activation, during acute inflammation or in the TME, 
MPO is secreted into the extracellular milieu during degranulation 
and utilizes H2O2 to hypochlorous acid that reacts with surround-
ing proteins and cell surface molecules and thereby can alter sig-
naling pathways and cell functions. Using a genetic engineered 
mouse model, we found that MPO knockout mice exhibited pro-
longed survival when compared to the wildtype littermates and 
in the same model, CD8+ T-cells from the MPO knockout mice re-
vealed altered activation/exhaustion markers expression. Further-
more, using a heterotopic syngeneic tumor model, we discovered 
that the MPO inhibitor 4-aminobenzoic acid hydrazide (ABAH) 
suppresses lung cancer promotion in mice since the ABAH-treat-
ed mice developed tumors later when compared with the vehi-
cle group. Moreover, tumor growth rate and tumor volume were 
significantly reduced in the ABAH-received group. The compre-
hensively profile of the immune cell content on the primary flank 
tumors by flow cytometry revealed a shift in the percentage of 
lymphoid populations including T-cells as well as a shift in the 
composition and activation of CD4+ and CD8+ subsets when 
compared ABAH-treated mice vs controls. In vitro experiments 
using western blot and flow cytometry showed that MPO is able 
to bind and internalize in A549 lung adenocarcinoma cells. Finally, 
we observed that MPO treatment induces the phosphorylation of 
Akt and Erk in A549 cells which could be related with the regula-
tion of cell proliferation and apoptosis. Our findings suggest that 
MPO may play a role in the development of lung cancer either by 
regulating cancer cells function or by influencing immune cells 
behavior and therefore immune-based therapies.

Keywords : Myeloperoxidase, Neutrophils, Non-small-cell lung 
cancer, Checkpoint inhibitors.
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B140 / Site specific regulation of programmed death re-
ceptor 1 ligand in metastatic breast cancer reveals impact 
of lung tumor immune microenvironment

Carlo Fremd (National Center for Tumor Diseases, Department 
of Medical Oncology, University of Heidelberg, Heidelberg, Ger-
many), Ralph Wirtz (Stratifyer Molecular Pathology GmbH, Co-
logne, Germany), Inka Zörnig (National Center for Tumor Diseas-
es, Department of Medical Oncology, University of Heidelberg, 
Heidelberg, Germany), Hans-Peter Sinn (Institute of Pathology, 
University of Heidelberg, Heidelberg, Germany), Zsuzsanna Varga 
(Institute of Pathology, University of Zürich, Switzerland), Andreas 
Schneeweiss (National Center for Tumor Diseases, Department of 
Medical Oncology, University of Heidelberg, Heidelberg, Germa-
ny), Dirk Jäger (National Center for Tumor Diseases, Department 
of Medical Oncology, University of Heidelberg, Heidelberg, Ger-
many), Niels Halama (Translational Immunotherapy, German Can-
cer Research Center, Heidelberg, Germany).

For the first time in breast cancer, targeting programmed cell 
death receptor 1 pathway (PD-1/PD-L1) demonstrated substantial 
benefit on overall survival in a minority of immune cell PD-L1 pos-
itive, metastatic triple-negative breast cancer patients (TNBC). 
Nevertheless, the vast majority of patients is not responding to 
immune checkpoint blockade due to primary resistance and in-
sufficient pre-existing T-cell immunity. 

We believe that immune evasion is orchestrated by various, coin-
cident mechanisms depending on time as well as site specificity. 
Consequently, our objective was to identify patterns of immune 
responses during the transition of primary to metastatic breast 
cancer and to explore the tumor immune microenvironment com-
paring different organ sites. Two independent, matched cohorts 
of 67 (various organ sites) and 58 (lung) breast cancer patients 
were analyzed by in depth immunohistochemistry and mRNA 
expression levels (RT-qPCR) of key regulatory immune related 
genes and clinical as well as histopathologic parameters. 

First, we observed a less immune related activity by temporal 
downregulation of stromal tumor infiltrating lymphocytes (TILs, 
p < 0, 0001), CD8 mRNA (p < 0, 0001) and PD-L1 mRNA (p < 0, 
0059). Other important targets such as CD68, TIM-3 and LAG-3 
were preserved in metastatic disease. On the patient level, using 
4 categories of immune response types applying CD8 and PD-
L1 (Ignorance/Resistance/Tolerance/Induction) immunological 
ignorance was most frequent (48/67). Nevertheless, a temporal 
switch of immune response types in all directions became ap-
parent. Moreover, unsupervised hierarchical clustering identified 
prognostic relevant signatures depending on CD8, PD-L1 and in-
terferon-γ signalling (IFNG) with an impaired distant disease free 
(DFS) and overall survival (OS) for CD8+PD-L1+IFNGlow patients. 
However, significant differences depending on the metastatic or-
gan site has been found for protein and mRNA levels of PD-L1 
on tumor and immune cells in the lung, compared to other tis-
sues (bone, liver, soft tissue, brain ; p=0, 0033). In contrast, only 
patients with pulmonary metastasis (n=58) revealed a Th1 driven 
microenvironment in a majority of samples associated with pre-
served immune cell PD-L1 in pulmonary metastasis compared to 
primary tissue. This was corroborated by numerically increased 
infiltration of stromal TILs. 

In conclusion, our findings indicate a switch to a less immunore-
active environment in metastatic compared to matched, primary 
samples of breast cancer patients. Further, we demonstrate in-
duction of T-cell mediated immunity across all biologic subtypes, 
more frequent associated with pulmonary tumor microenviron-
ment including considerably high expression of immune cell PD-
L1 which may be predictive in the clinic.

Keywords : lung metastasis, breast cancer, PD-1, PD-L1.

References : 
1. Schmid P, Adams S, Rugo HS et al. Atezolizumab and Nab-Paclitaxel in Advanced 
Triple-Negative Breast Cancer. N Engl J Med, (2018). 2. Ayers M, Lunceford J, Nebozhyn 
M et al. IFN-gamma-related mRNA profile predicts clinical response to PD-1 blockade. J 
Clin Invest, (2017). 3. Fremd C, Jaeger D, Schneeweiss A. Targeted and immuno-biology 
driven treatment strategies for triple-negative breast cancer : current knowledge and 
future perspectives. Expert Rev Anticancer Ther, 1-14 (2018). 4. Szekely B, Bossuyt V, Li 
X et al. Immunological differences between primary and metastatic breast cancer. Ann 
Oncol, (2018).

B141 / Immune regulatory effects of tumor associated 
natural killer cells in glioma

Michael Kilian (German Cancer Research Center (DKFZ)), Kev-
in Hai-Ning Lu (German Cancer Research Center (DKFZ)), Mir-
co Friedrich (German Cancer Research Center (DKFZ)), Michael 
Platten (German Cancer Research Center (DKFZ)).

NK cells are commonly seen as the first line of innate anti-tumor 
immune response and as such strongly shape the tumor environ-
ment. However, in analogy to T cells, tumor associated NK cells 
(TANKs) can adopt a dysfunctional and exhausted phenotype in 
late stage tumors. Recent studies have shown a prominent im-
mune-regulatory role of NK cells especially in chronic viral infec-
tions. Furthermore, NK cells have already been shown to develop 
a regulatory phenotype in experimental auto-immune disease 
by direct killing of activated antigen-specific T cells. Few studies 
have found indications that suggest a similar role for NK cells in a 
tumor setting. Nonetheless, the phenotypical shift and underlying 
mechanisms remain unclear. 

We found a substantial number of infiltrating NK cells in human 
low- and high-grade gliomas as well as experimental mouse glio-
mas. Using single-sample GSEA of the glioblastoma TCGA data-
set we found that the abundance of cells matching the NK cell 
signature correlated with poorer survival. Analysis of a compre-
hensive preclinical dataset generated in our lab revealed that NK 
cells are enriched in late stage tumors of mice non-responsive to 
immune checkpoint blockade. In co-culture experiments, NK cells 
sorted from intracranial tumors suppressed T cell proliferation 
whereas circulating NK cells had the opposite effect. Depletion of 
NK cells also led to decreased tumor growth and inhibited infiltra-
tion of immunosuppressive peripheral macrophages in a murine 
glioma model. Further investigations will aim to phenotypically 
characterize NK cells and their shift towards a regulatory phe-
notype using single cell transcriptomics. Collectively, these data 
suggest that glioma-infiltrating NK cells represent a previously 
unrecognized important component of the immunosuppressive 
glioma microenvironment and a potential therapeutic target.
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B142 / Alterations of the bidirectional cross-talk between 
pDCs and γδT cells in circulation and within the tumor 
microenvironnement of melanoma patients

Pauline Girard (Etablissement Français du Sang Auvergne Rhone-
Alpes, R&D-Laboratory, Grenoble, F-38701 France ; Institute for 
Advanced Biosciences, team “Immunobiology and Immunother-
apy in Chronic Diseases”, Inserm U 1209, CNRS UMR 5309, Uni-
versité Grenoble Alpes, Grenob), Julie Charles (Institute for Ad-
vanced Biosciences, team “Immunobiology and Immunotherapy 
in Chronic Diseases”, Inserm U 1209, CNRS UMR 5309, Université 
Grenoble Alpes, Grenoble, F-38706 France ; Dermatology clinic, 
Grenoble University Hospital, Grenoble, F-38043 France), Ben-
edicte Ponsard (Institute for Advanced Biosciences, team “Im-
munobiology and Immunotherapy in Chronic Diseases”, Inserm 
U 1209, CNRS UMR 5309, Université Grenoble Alpes, Grenoble, 
F-38706 France), Florence DE FRAIPONT (Department of Bio-
chemistry of Cancers and Biotherapies, Grenoble University Hos-
pital, Grenoble, F-38043 France), Stephane MOURET (Derma-
tology clinic, Grenoble University Hospital, Grenoble, F-38043 
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Melanoma escape from anti-tumor immune control is not yet ful-
ly elucidated. Understanding the mechanisms of this subversion 
is crucial to optimize ongoing immunotherapies and design new 
therapeutic strategies to achieve better clinical success. Den-
dritic cells (DCs) and anti-tumor effectors are crucial in cancer 
immunity. We previously demonstrated that melanoma hijacked 
both plasmacytoid DCs (pDCs) and γδT cells to escape from 
immune control. Indeed, tumor-infiltrating pDCs are associated 
with a poor clinical prognosis and their modulation within the 
tumor micro-environment leads to the subversion of T cells to-
ward regulatory T and TH2 responses. Besides, circulating and 
tumor-infiltrating γδT cells from melanoma patients display an al-
tered expression of Natural cytotoxic receptors (NCR), Killer-cell 
immunoglobulin-like receptors (KIR) and immune checkpoints, 
and, in response to stimulation with phosphoantigens, had an im-
paired ability to express activation molecules, secrete cytokines 
and display cytotoxicity toward tumor cells. We investigated here 
the impact of pDCs and γδT cells deregulations on their cross-
talk in the context of melanoma. pDCs and γδT cells were purified 
from healthy donor (HD) (blood) and melanoma patients (blood 
and tumor) and cocultured together. We studied the modifica-
tions of γδT-cell features induced by pDCs in presence or not 
of TLR7/9-L or zoledronate, and looked for modulations of pDC 
features triggered by γδT cells in presence or not of phospho-
antigens. We show that circulating and tumor-infiltrating pDCs 
from patients were defective in activating healthy γδT cells and 
eliciting their cytotoxic activities, and triggered an increase in IL-
4/10/13/17 cytokines associated with a lower production of IFNγ 
and TNFα compared to pDCs from HD. Furthermore, circulating 
and tumor-infiltrating γδT cells from patients were defective in 
triggering pDC activation, and failed to induce IFNα/IP10 produc-
tion and TRAIL expression compared to γδT cells from HD. We 
also identified the molecular mechanisms governing pDC/γδT-
cell cross-talks, which involve both soluble factors and membrane 
contacts. Thus, we demonstrate here that pDCs and γδT cells 
cross-regulate each other, these interactions being altered in a 
melanoma context. Such understanding of the physiopathology 
of pDCs and γδT cells may help designing new therapeutic ap-
proaches exploiting their antitumor potential while counteracting 
their skewing by tumors to improve patient outcomes.

Keywords : immunosubversion, gamma delta T cells, plasmacytoid 
dendritic cells, Melanoma.
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B143 / Role of endothelial CCL2 and CXCL10 for tumor 
immunity in the central nervous system

Katrin Huck (Department of Neurology, Mannheim Medical Cen-
ter, University of Heidelberg/ DKTK Clinical Cooperation Unit 
Neuroimmunology and Brain Tumor Immunology, German Can-
cer Research Center Heidelberg), Xin-Wen Zhang (Department of 
Neurology, Mannheim Medical Center, University of Heidelberg/ 
DKTK Clinical Cooperation Unit Neuroimmunology and Brain Tu-
mor Immunology, German Cancer Research Center Heidelberg), 
Jana Sonner (DKTK Clinical Cooperation Unit Neuroimmunology 
and Brain Tumor Immunology, German Cancer Research Center 
Heidelberg), Kristine Jähne (DKTK Clinical Cooperation Unit Neu-
roimmunology and Brain Tumor Immunology, German Cancer 
Research Center Heidelberg), Michael Breckwoldt (DKTK Clinical 
Cooperation Unit Neuroimmunology and Brain Tumor Immunolo-
gy, German Cancer Research Center Heidelberg/ Department of 
Neuroradiology, University of Heidelberg Medical Center), Manuel 
Piechutta (Department of Neurology, Heidelberg Medical Center 
and National Center for Tumor Diseases, University of Heidelberg/ 
DKTK Clinical Cooperation Unit Neurooncology, German Cancer 
Research Center Heidelberg), Peter Häring (Department of Med-
ical Physics, German Cancer Research Center Heidelberg), Frank 
Winkler (Department of Neurology, Heidelberg Medical Center 
and National Center for Tumor Diseases, University of Heidelberg/ 
DKTK Clinical Cooperation Unit Neurooncology, German Cancer 
Research Center Heidelberg), Wolfgang Wick (Department of 
Neurology, Heidelberg Medical Center and National Center for 
Tumor Diseases, University of Heidelberg/ DKTK Clinical Cooper-
ation Unit Neurooncology, German Cancer Research Center Hei-
delberg), Katharina Sahm (Department of Neurology, Mannheim 
Medical Center, University of Heidelberg/ DKTK Clinical Cooper-
ation Unit Neuroimmunology and Brain Tumor Immunology, Ger-
man Cancer Research Center Heidelberg), Michael Platten (De-
partment of Neurology, Mannheim Medical Center, University of 
Heidelberg/ DKTK Clinical Cooperation Unit Neuroimmunology 
and Brain Tumor Immunology, German Cancer Research Center 
Heidelberg).

A major challenge in glioma immunotherapy is to ensure hom-
ing of peripherally activated adaptive immune cells to the tu-
mor while retaining their effector function. Preliminary work has 
shown synergistic effects of T cell-based immunotherapy and 
low-dose tumor irradiation in a syngeneic murine glioma model 
and suggests a major role of vasculature-mediated mechanisms 
for T cell transmigration and activity. This project aims to identify 
and prove evidence of specific endothelial factors mediating im-
mune response within the glioma vasculature after local irradia-
tion, thus delineating their role in controlling homing and activity 
of glioma-infiltrating T cells. 

Using a syngeneic murine GL261 glioma model expressing the ma-
jor histocompatibility complex (MHC) class I-restricted model an-
tigen glycoprotein-100 (gp100), we could show that local glioma 
irradiation enhances the efficacy of T-cell based immunotherapy. 
In vivo two-photon microscopy and correlative ultramicroscopy 
of ex vivo cleared whole brains demonstrated co-localization of 
fluorescently labeled tumor blood vessels with adoptively trans-
ferred T cells and an increased T cell transmigration after irradia-
tion, which points to the vascular compartment as key mediator 
of radiation-induced anti-tumor immune response. 

Gene expression profiles of tumor blood vessels of primary and 
recurrent human glioblastoma samples provide a first evidence of 
an angiocrine effect on tumor immune microenvironment. In vi-
tro, human brain endothelial cells showed increased expression of 
CCL2 and CXCL10 after irradiation. Furthermore, immunofluores-
cent co-staining on murine glioma tissue indicated co-localization 
of CXCL10 and CD31 after adoptive T cell transfer and irradiation. 
These results suggest an important role of chemokines like CCL2 
and CXCL10 for irradiation-mediated recruitment of macrophages 
and antigen-specific T cells to gliomas. 

The precise mechanisms behind the spatiotemporal angiocrine 
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regulation of tumor immunity and the immune-vascular cross-
talk within the central nervous system need to be validated for a 
deeper understanding of the vascular control and could provide a 
key therapeutic target to enhance anti-tumor immune response.

Keywords : glioma irradiation therapy, T cell transmigration, im-
mune-vascular cross talk, tumor microenvironment.
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B144 / Mutational burden is associated with compart-
ment-wide features of intratumor CD4 T cell dysregula-
tion in lung cancer

Ehsan Ghorani (UCL Cancer Institute), James Reading (UCL Can-
cer Institute), Jake Henry (UCL Cancer Institute), Marc Robert 
de Massy (UCL Cancer Institute), Rachel Rosenthal (UCL Cancer 
Institute), Andrew Furness (UCL Cancer Institute), Assma Ben 
Aissa (UCL Cancer Institute), Andrew Georgiou (UCL Cancer In-
stitute), Yien Ning Sophia Wong (UCL Cancer Institute), Felipe 
Galvez (UCL Cancer Institute), Roberto Salgado (Peter MacCal-
lum Cancer Centre), Tom Lund (UCL Cancer Institute), Gareth 
Wilson (UCL Cancer Institute), Sherene Loi (Peter MacCallum 
Cancer Centre), Allan Hackshaw (UCL Cancer Institute), Nicholas 
McGranahan (UCL Cancer Institute), Benny Chain (UCL Division 
of Infection and Immunity), Karl Peggs (UCL Cancer Institute), 
Charles Swanton (The Francis Crick Institute), Sergio Quezada 
(UCL Cancer Institute).

Background : Persistent antigen exposure has a detrimental effect 
on immune function, associated with CD4 T cell differentiation 
skewing (CD4ds) resulting from decline of an early differentiated 
population in favour of later differentiated, dysfunctional subsets. 
Whilst this has been described in chronic viral infections and au-
toimmunity, it is unknown whether CD4ds occurs within the tu-
mour microenvironment contributing to immune failure to control 
tumour growth. 

Methods : We combined tumour infiltrating lymphocyte (TIL) high 
dimensional flow cytometry, bulk exome and RNA sequencing 
data from multiregional samples obtained from surgically resect-
ed tumours of treatment naive patients with non-small cell lung 
cancer (NSCLC) amongst the first 100 recruited to the prospec-
tive, UK-wide lung TRACERx study. We additionally analysed pub-
lically available single T cell RNA sequencing data and bulk RNA 
sequencing data within TCGA. 

Results : We found CD4ds to occur amongst TILs in association 
with tumour mutational burden (TMB). Loss of PD1-CCR7+ T 
central memory enriched early differentiated cells was accom-
panied by gain in abundance of PD1+ populations with exhaust-
ed (CD57-ICOShiCTLA4hi) and terminally differentiated effector 
(CD57+Eomes+) features. Identification of these subsets within 
single T cell RNA sequencing data revealed shared and distinct 
functional regulators. We validated a transcriptional signature of 
CD4ds using TRACERx samples with paired flow cytometry and 
RNA sequencing data. This signature was found to predict worse 
survival within TRACERx and multiple TCGA cohorts including 
lung adenocarcinoma (LUAD). As TMB was found to be an in-
dependent predictor of good outcome in multivariable survival 
analysis, we reasoned factors other than mutational burden could 
promote CD4ds. Regulatory T cell (Treg) abundance was found 
to inversely correlate with infiltrating early differentiated cells, in-
dependent of mutational burden. Analysis of bulk and single cell 
RNA sequencing revealed Treg expression of CCR3 and CCR8 as 
potentially key factors regulating the intratumoural abundance of 
this subset. 

Conclusion : Remodelling of the CD4 differentiation landscape 
occurs in association with tumour mutational burden, suggesting 
that chronic stimulation by tumour antigens may lead to loss of 
immune fitness through depletion of early progenitors and gain in 
abundance of dysfunctional subsets. Tregs may additionally exert 
an influence in this process. Our analysis of transcriptomic data 
elucidates potential regulatory mechanisms and therapeutic tar-
gets within the CD4 subsets identified.

Keywords : Lung cancer, CD4 differentiation, Mutational land-

scape.

B145 / TIM-3 dictates functional orientation of the im-
mune infiltrate in ovarian cancer

Jitka Fucikova (Sotio).

Purpose : In multiple oncological settings, expression of the co-in-
hibitory ligand PD-L1 by malignant cells and tumor infiltration by 
immune cells expressing co-inhibitory receptors such as PD-1, 
CTLA4, LAG-3 or TIM-3 conveys prognostic or predictive infor-
mation. Conversely, the impact of these features of the tumor mi-
croenvironment on disease outcome amongst high-grade serous 
carcinoma (HGSC) patients remains controversial. 

Experimental Design : We harnessed a retrospective cohort of 80 
chemotherapy-naïve HGSC patients to investigate PD-L1 expres-
sion and tumor infiltration by CD8+ T cells, CD20+ B cells, DC-
LAMP+ dendritic cells as well as by PD-1+, CTLA4+, LAG-3+ and 
TIM-3+ cells in relation with prognosis and function orientation 
of the tumor microenvironment. Immunohistochemical data were 
complemented with transcriptomic and functional studies on a 
second prospective cohort of freshly resected HGSC samples. In 
silico analysis of publicly available RNA expression data from 308 
HGSC samples was used as a confirmatory approach. 

Results : High levels of PD-L1 and high densities of PD-1+ cells in 
the microenvironment of HGSCs were strongly associated with 
an immune contexture characterized by a robust TH1 polariza-
tion and cytotoxic orientation that enabled superior clinical bene-
fits. Moreover, PD-1+TIM-3+CD8+ T cells presented all features of 
functional exhaustion and correlated with poor disease outcome. 
However, while PD-L1 levels and tumor infiltration by TIM-3+ cells 
improved patient stratification based on the intratumoral abun-
dance of CD8+ T cells, the amount of PD-1+ cells failed to do so. 

Conclusion : Our data indicate that PD-L1 and TIM-3 constitute 
prognostically relevant biomarkers of active and suppressed im-
mune responses against HGSC, respectively.

Keywords : TIM-3, immune check-points, tumor microenviron-
ment, ovarian cancer.
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B146 / Canonical and non canonical functions of C1q in 
cancer progression

Marie V Daugan (Inserm).

The complement system plays an important role on tumor pro-
gression by acting on the different key features of the tumor ; fun-
damental functions of tumor cells, angiogenesis and modulation 
of the immune infiltrate. However, this effect seems to be cancer 
type dependent and this has to be taken into account in the es-
tablishment of potential biomarkers and development of thera-
peutic strategies. 

By bioinformatic studies, we have characterized the intratumoral 
complement landscape in more than 10, 000 tumors comprising 
33 tumor types by utilizing data compiled by TCGA. This pan-can-
cer analyse of complement reveals a high heterogeneity of com-
plement gene expression and prognostic value of complement 
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genes between cancer types. Across cancer types, we identified 2 
major subtypes according to prognostic significance of classical/
alternative pathway genes– Agressive complement tumors and 
protective complement tumors. 

Clear cell renal cell carcinoma (ccRCC) highly expressed comple-
ment genes and belongs to the agressive complement tumors. In 
vitro, we have shown that the classical pathway of complement 
system can be activated locally through on dynamic interaction 
between macrophages that produce C1q and tumor cells which 
produce the others proteins of the complement cascade (C1r, C1s, 
C2, C4, C3). The initiation of the classical pathway takes place 
after the fixation of the C1 complex to IgG deposits on tumor cell 
membrane. In 3 independent cohorts of ccRCC patients we found 
that the presence of C1q producing cells is associated with bad 
prognosis. 

In under to better understand if the pro-tumoral effect of C1q is 
linked to the activation of the cascade (canonical functions) or 
not (non canonical functions), we have setted up different mouse 
models deficient for C1q or C4 in which we have injected different 
cancer cell lines (TC1, MC38, MCA205). The analyses of the differ-
ent key features of the tumors – immune infiltrate, angiogenesis 
and proliferation – reveal that some effects are linked to the ca-
nonical functions of C1q (modulation of the immune environment) 
but others are independent of the cascade (angiogenesis). The 
modulation of the immune system by C1q towards an exhaustive 
phenotype, lead us to investigate new therapeutic strategies by 
combining anti PD1 treatment and C1q deficit in mice.

Keywords : complement, classical pathway, clear cell renal cell car-
cinoma.
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B147 / Investigating the status of the tumor microenviron-
ment in Li-Fraumeni Syndrome

Frank Telfer (The Hospital for Sick Children), Vallijah Subasri (The 
Hospital for Sick Children), Matthew Zatzman (The Hospital for 
Sick Children), Adam Shlien (The Hospital for Sick Children), Da-
vid Malkin (The Hospital for Sick Children).

Li-Fraumeni Syndrome (LFS) is a highly penetrant cancer pre-
disposition syndrome associated with germline mutations of the 
TP53 tumor suppressor. LFS patients face a significantly elevated 
lifetime risk of developing a broad spectrum of early-onset malig-
nancies including sarcomas, breast and brain cancers. Emerging 
evidence has implicated p53 as a mediator of immune respons-
es. Of particular relevance for anti-tumor immunity are proposed 
roles for p53 in the regulation of immune checkpoints and natural 
killer (NK) cell activation. However, the immunological status of 
LFS patients, in whom p53 function is reduced or altered, is un-
clear. Given the prognostic significance of intra-tumoral immune 
infiltration and interest in cancer immunotherapy, including im-
mune checkpoint inhibition, as a treatment modality for clinical-
ly challenging malignancies such as those characteristic of LFS, 
study of the immunological status of these patients is imperative. 
The objective of our study was to to clarify how p53-dependent 
processes in immune cells might regulate the composition of the 
tumor microenvironment in LFS-associated cancers. We analyzed 
51 unique tumors of various histological types procured from 
pediatric LFS and non-LFS cancer patients. These tumors were 
subjected to bulk RNA-sequencing and various immunogenom-
ic analyses - namely, immune contexture deconvolution with the 
quanTIseq and EPIC modules and single sample gene-set enrich-
ment analysis with the xCell and MCPcounter modules, to qualify 
and quantify the tumoral immune cell composition. Additionally, 
blood-derived DNA methylation analysis was performed on 134 
samples procured from LFS patients either affected or not af-
fected with various LFS spectrum cancers. Differential expression 
of key immune-related gene promoter regions was observed in 
LFS patients affected versus unaffected with cancer. Specifically, 
FOXP3, CTLA4, and ICOS, were hypomethylated in LFS patients 
affected with cancer, and ULBP1 was hypermethylated in these 
patients. Additionally, analysis of methylation-based immune 
contexture deconvolution revealed NK cells to be associated with 
cancer status in LFS patients – LFS patients affected with cancer 

had a lower normalized fraction of NK cells versus those who were 
unaffected. Preliminary transcriptomics-based immunogenomic 
analyses have suggested that certain LFS-associated tumors may 
have impaired anti-tumor immunity, possibly associating with the 
prognosis of the tumor type in question. NK cells, CD8+ T cells, 
and endothelial cells were significantly depleted in LFS patient tu-
mors relative to their quantified proportions in sporadic pediatric 
tumors of related histological types. Further characterization of 
p53-dependent processes in immune cells and their relevance in 
LFS could help to inform future study and use of immunothera-
peutic agents in this clinical context with the ultimate goal of im-
proving the clinical management and survival of LFS patients with 
cancer. This project is the first comprehensive analysis of the im-
munological status of LFS and utilizes the largest LFS cohort to-
date. Our findings illustrate the contribution of genetic changes in 
LFS to the composition of the tumour immune microenvironment 
and highlight how these may be associated with cancer status.

Keywords : Li-Fraumeni Syndrome, Immunogenomics, Tumour Mi-
croenvironment, Computational Immunology.
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B148 / All-in-one flow cytometry staining panel for im-
mune-cell profiling in syngeneic tumor models

Anja Baumgart (ProQinase GmbH), Holger Weber (ProQinase 
GmbH), Sebastian Dempe (ProQinase GmbH), Cynthia Obodozie 
(ProQinase GmbH).

Checkpoint inhibitor treatment has become a common therapy 
of various cancer types ; however, clinical data indicate that only 
few patients respond to this regiment due to attenuated anti-tu-
mor immune response. Thus, it has been recognized as important 
to consider the immune response already during preclinical drug 
development to anticipate such clinical drawbacks and investi-
gate the changes of immune cell populations after treatment. 
Flow cytometry is widely used for this kind of analysis. However, 
a comprehensive analysis of numerousness immune cell popula-
tions in one tumor is a major challenge when only limited material 
is available due to small tumor size of e.g. a tumor responding to 
the treatment or analysis at an early tumor developmental stage. 
Having a staining panel that allows the analysis of all major im-
mune cell populations in a single staining would be a major ad-
vantage. 

On Day 0, syngeneic CT26wt colon tumor cells were implanted 
subcutaneously (s.c.), into the mammary fat pad (i.ma.) and or-
thotopically (ortho), respectively. On Day 4 after implantation, 
the tumor bearing mice were randomized in two groups and 
treatment started. Group 1 was treated with vehicle only, where-
as Group 2 received anti-mCTLA-4 antibodies every 3rd day. All 
CT26wt models responded well to immune-checkpoint inhibitor 
therapy. On the day of randomization (Day 4), Day 7, Day 10 and 
Day 13 after implantation five animals were euthanized and the 
tumor harvested for flow cytometry analysis. The single cells were 
stained for live/dead and the antigens CD3, CD4, CD8a, CD45, 
CD25, CD11b, Ly6C, Ly6G, F4/80, CD11c, MHC class II, CD206, 
CD335, CD49b, B220 and FoxP3 and analyzed by flow cytome-
try. With a superior gating strategy, the all-in-one staining panel 
yielded more accurate results than previously obtained with less 
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markers. By this single staining also little tumor material was an-
alyzed for all major immune cell populations. The selected early 
time points during tumor development revealed strong dynamic 
changes in the immune populations throughout all models. These 
changes in the vehicle and the effect by the anti-mCTLA-4 treat-
ment are presented.

Keywords : flow cytometry, CT26wt, immune cell populations, 
comprehensive analysis.

B149 / Exome-capture RNA sequencing of laser-capture 
microdissected cancer cells and immune cells from forma-
lin-fixed paraffin embedded breast cancers

Lou Romanens (University of Geneva).

Tumors are conserved in clinical pathology as formalin-fixed par-
affin-embedded (FFPE) blocs. Formalin fixation results in chem-
ical alteration of nucleic acids rendering transcriptomic analysis 
challenging. Moreover, RNA sequencing is usually performed on 
tumor bulk, without distinction of diverse cell types. Here we de-
scribe the development of a robust method of RNA extraction 
and RNA sequencing of laser-capture microdissected tumor cells 
and immune cells from aged (1-10 years) FFPE blocks (tumor 
specimens and microbiopsies) of 7 samples of triple negative 
breast cancers (TNBC). Cancer cells and immune cells were mi-
crodissected separately based on their morphology. Exome-cap-
ture RNA sequencing was performed to characterize cell types 
separately. Unsupervised clustering and principal component 
analysis showed a clear separation between the transcriptome of 
microdissected tumor cells and immune cells. Immune cells were 
enriched in markers of B cells (PAX5, CD19, CD79A, FCMR and 
CD22) and strongly express adenosine receptor ADORA2A, a 
checkpoint that inhibits innate and adaptive immune response. 
Together, this study showed the feasibility of laser-capture micro-
dissection and exome-capture RNA sequencing from FFPE breast 
cancers to better characterize tumor microenvironment and iden-
tify new targets for immunotherapy.

Keywords : RNA sequencing, Laser-capter microdissection, Tumor 
microenvironment, Triple negative breast cancer.
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B150 / Quantifying tumor heterogeneity and mapping 
complex immune cell interactions with high-throughput, 
7-color multispectral slide scans

Virginie goubert (Akoya).

Background We describe two advances in multispectral fluores-
cence immunohistochemistry, a powerful tool for quantifying in-
teractions within the tumor microenvironment. First, a fully-au-
tomated 8-plex assay plus DAPI counterstain on the same tissue 
section. Second, a novel scanning method that produces a multi-
spectral whole slide scan of 6 markers plus DAPI counterstain in 
~6 minutes (1x1.5 cm tissue section). 

Methods FFPE primary tumors were immunostained using Opal™ 
reagents manually or on a Leica BOND RX™. Imagery was ac-
quired on a Vectra Polaris® automated imaging system and ana-
lyzed with inForm® and MATLAB® software. 

results A combination of 8 Opal™ dye reagents, from Akoya Bio-
sciences Opal 9-color kits, were used to stain and distinguish 8 
markers plus DAPI when imaged on the Vectra Polaris®. Figure 
1 shows a 9-color panel on lung cancer : CD20 (Opal 480), PD-L1 
(Opal 520), CD8 (Opal 540), FoxP3 (Opal 570), CD68 (Opal 620), 
PD-1 (Opal 650), Ki67 (Opal 690), and PanCK (Opal 780). Colors 
assigned to each marker, and associated component planes, are 
shown in Figure 1B. 

These 8 markers combine to generate more than 20 phenotypes 
relevant to immuno-oncology that can be studied in relation to 
local PD-L1 expression and proliferation state (Ki67+/-). For ex-

ample, while the density of CD8+ cells was 8-fold lower in tumor 
than stroma (150 vs 1200 cells/mm^2), those CD8+ cells were >4x 
more likely to be proliferating in tumor vs stroma (28% vs. 6%). 

To interrogate interactions across a whole section, we additionally 
developed a multispectral whole-slide scanning method, demon-
strated on lung cancer using a subset of 7 stains from the 9-color 
panel above. Phenotype and expression-level assessments of the 
unmixed whole slide scan describe distribution patterns of im-
mune cells across the entire section. 

In measurements of crosstalk and dynamic range, whole-slide 
multispectral scanning performed comparably to established 
field-based multispectral imaging, and outperformed convention-
al fluorescence scanning by reducing crosstalk from up to 8% to 
under 2% (typically <0.5%) and extending the dynamic range of 
some channels by more than 50-fold. 

Conclusion We introduce a 9-color fIHC assay that distinguish-
es 8 markers plus DAPI counterstain on the same tissue section, 
increasing the depth of cellular interactions that can be studied 
within the tumor microenvironment. Additionally, we introduce 
a whole slide multispectral imaging method that provides rich 
quantitation of interactions among 6 markers at length scales 
spanning from cell biology to tumor physiology.

Keywords : Multiplexed Immunostaining in situ, Tumor infiltrating 
lymphocytes (TILs), Spatial distribution, biomarkers.
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Actual cancer therapies are facing numerous challenges towards 
tumor cell destruction : hypoxia is a limit to optimal efficacy of ex-
ternal irradiation, and poor tumor vascularisation restrains access 
to tumor cells for treatment like Immunotherapies. Furthermore, 
tumor microenvironment involves immunoregulatory cells and 
cytokines, which prevent anti-tumoral immune response. Thera-
peutic combination could be the key to turn these « cold » tumor 
microenvironment into « hot » ones : more vascularised and infil-
trated with immune cells. To this end, this project focus on com-
bining alpha-Radioimmunotherapy (a-RIT) and adoptive transfer 
of T-cells (ACT). 

This therapeutic combination was conducted in a Multiple Myelo-
ma (MM) murine model using a 5T33-OVA MM cell line express-
ing the CD138 antigen and H2Kb/OVA257-264 complexes graft-
ed subcutaneously to C57BL6/KalwRij mice.a-RIT was delivered 
through i.v. injection of a radiolabelled antibody targeting CD138 
allowing local irradiation of the tumor. To further reinforce its ef-
ficiency, a-RIT was combined with an ACT of tumor specific OT-1 

T-cells. This therapeutic combination resulted in a significant tu-
mor growth delay and improved survival, compared to ACT or 
a-RIT alone (Ménager and al, 2015). Based on these results, the 
aim of this project was then to understand the impact of a-RIT 
on the “cold” tumor microenvironment and on ACT efficacy. Tu-
mor infiltrated cells were analysed by flow cytometry to identify in 
situ immune populations and their role in tumor growth inhibition. 
A significant decrease of CD8 and regulatory CD4 T cells was 
induced in the tumor microenvironment after a-RIT. After ACT, 
infiltration of OT-1 T-cells was observed in the tumor, to a larg-
er extend when tumor had been previously treated with a-RIT. 
The motility of these OT-1 T-cells, studied by video-microscopy ex 
vivo, was also increased in tumors treated with a-RIT. 

Combining a-RIT and ACT appears to turn this “cold” tumor mod-
el into a “hot” one by depleting tumor cells and regulatory T cells 
on the one hand and by increasing the proportion and motility of 
tumor-specific CD8 T cells on the other hand. Next, we aim to in-
vestigate impact of this combination on metabolism, hypoxia and 
secretion of chemokines in tumor microenvironment.

Keywords : radioimmunotherapy, adoptive cell transfer.
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Background Immunotherapies targeting the PD-1/PD-L1 axis have 
been shown to be effective in only ~20% of cancer patients and the 
mechanism of action (MOA) underlying the differences between 
responders and non-responders remains poorly understood. Im-
munophenotyping of baseline samples (without treatment) play 
important roles in understanding MOAs, however a clear under-
standing of the heterogenous responses remains elusive due to 
the intrinsic complexity of tumor immunity. It is therefore critical 
to understand the roles of different lineages of immune cells in 
mediating PD-1 response, while gaining an overall understanding 
of the interplay between tumor microenvironment (TME) and im-
mune cell populations. To address this, tumor-bearing syngene-
ic mice were treated with an anti-PD-1 antibody in combination 
with targeted CD4+ or CD8+ T cell depletion with the purpose 
of understanding how these lineages impacted anti-PD-1 efficacy. 
Tumor tissues were subsequently investigated with an unbiased 
proteomics workflow based on data-independent acquisition 
(DIA/SWATH) mass spectrometry to provide insights into TME in 
different treatment contexts. 

Methods T cell subpopulations were depleted in two subcutane-
ous murine syngeneic models (MC38, and Hepa 1-6) followed by 
anti-PD-1 treatment (10mg/kg). The depletion of CD4+ and CD8+ 
T cells were accomplished with anti-CD4 (GK1.5) and anti-CD8 
(2.43) antibodies. The effectiveness of each depletion was as-
sessed by tumor growth, followed by flow cytometry analysis of 
tumor infiltrating lymphocytes. FFPE tumor tissue samples, taken 
at the end of study (17-20 days), were prepared for mass spec-
trometry using standard procedures. All samples were analyzed 
using 4h gradients on a C18 column coupled to a Thermo Scien-
tific Q Exactive HF-X mass spectrometer. Data was extracted us-
ing Spectronaut™ (Biognosys) with sample specific and resource 
spectral libraries. Statistical analysis was conducted to identify 
candidate proteins that differentially expressed across treatment 
groups. 

results Consistent with expectation, depletion of CD8+ T cells sig-
nificantly attenuated the antitumor effects of anti-PD-1 treatment 
in both tumor models, confirming the crucial roles of CD8+ T cells 
in tumor cell killing and inhibition of growth. However, depletion 
of CD4+ T cells showed opposing effects in the two models test-
ed with a significant enhancement of anti-PD-1 efficacy in MC38 
tumors and a reduction of anti-PD-1 efficacy in Hepa1-6 tumors. 
In our proteomics analysis, a protein inventory was created and 
combined with resource assays to cover over 10’000 unique pro-
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teins (peptide and protein false discovery rate <1%). DIA quanti-
fication runs will be performed and univariate statistical testing 
(q-value > 0.05 and log2 fold change > 0.58) will identify proteins 
dysregulated in the tumor tissue. Multivariate (PLS-DA) analysis 
will also identify candidates that are most strongly dysregulat-
ed between treatment subgroups of MC38 and Hepa1-6. Pathway 
analysis highlights differentially regulated biological functions 
and predicts upstream regulatory pathways. 

Conclusion This study shows an unequivocal role of CD8+ T cells 
in anti-PD-1 induced tumor growth inhibition. However, the role 
of CD4+ T cells is different depending on the specific tumor type 
and TME. Here we apply proteomic profiling of FFPE tissues using 
DIA-MS enables to attempt to understand the interdependency of 
immune cells and the TME.

Keywords : Immuno-Oncology, Proteomics, T cells, Tumour micro-
environment.
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Objectives : Experimental mouse syngeneic models are common-
ly used to explore mechanisms of action for immunotherapies, 
as well identification of potential immune biomarkers correlating 
with tumor response or resistance. Syngeneic models also differ 
from one another, in their susceptibility to immunotherapy treat-
ment and baseline immune conditions. The objectives of this work : 
(1) to develop a quantitative systems pharmacology (QSP) model, 
which describes the dynamics of tumor growth during immune 
checkpoint inhibition (ICI, anti PD-1, anti CTLA-4 or their combina-
tion) across various syngeneic models ; (2) to link parameters of 
the model with baseline immune biomarkers ; and (3) to validate 
the model via prediction of independent experimental data. 

Methods : The mechanistic, population QSP model is based on our 
previous work [Mosely, S. et al., 2017]. It was used to incorpo-
rate data from six syngeneic tumors (4T1, LLC, CT-26, MC-38, B16, 
RENCA) into one quantitative framework, by capturing corre-
sponding differences in tumor microenvironment (TME) baseline 
conditions as well as immune cell – tumor cell interactions [Kos-
insky Y. et al, 2018] under anti PD-L1 and CTLA-4 mAb therapies 
in these six syngeneic tumors. Variability in individual tumor size 
dynamics was taken into account using a mixed-effects feature in 
the model, at the level of tumor-infiltrating T cell influx. 

Results : The model adequately described individual- and co-
hort-level tumor size dynamics patterns, for all treatment reg-
imens across all six syngeneic tumors. Anti PD-L1 therapy was 
incorporated into the model via a direct increase in an immune 
activation rate (IAR) function within the TME, thereby confirm-
ing the validity of our previous results [Kosinsky Y. et al, 2018]. 
Also, the QSP model adequately described observed differences 
in treatment responses, depending on the start of treatment time 
(i.e., tumor age). In the frame work of external cross validation, 
the developed QSP model accurately predicted the absence of 
treatment response in Pan-02, based solely on TME baseline con-
ditions and pre-wired immune cell – tumor cell kinetic interactions 
in the model. Using the model, we hypothesised that the main 
immunosuppressive factor in Pan-02 could be traced to the high 
density of immunosuppressive myeloid cells in the TME, which 
can explain intrinsic resistance of this syngeneic model to ICIs 
[Kaneda M. et al, 2016]; (2) In A20 tumors, on the contrary, the 

QSP model predicted a 40% to 80% of animals with complete 
tumour rejection during ICI treatment, in excellent agreement 
with published data. Using the model further, we inferred that re-
sponse to anti CTLA-4 therapy was associated with relatively high 
Treg numbers at baseline, in A20 TME [Pachter A. et al, 2017]. 

Conclusion : The mechanistic QSP model demonstrated its suit-
ability for predicting tumor size dynamics in response to various 
ICI treatments in several syngeneic models. In particular, it was 
shown that one of the key factors influencing the treatment ef-
ficacy (or resistance) under PD-L1, CTLA-4, or combination ICI in 
syngeneic models, is the relative abundance of regulatory T cells 
and immunosuppressive myeloid cells.

Keywords : systems pharmacology, immune profiling, syngeneic 
models, dug combinations.
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Melanoma is the deadliest skin cancer and the American Cancer 
Society estimates that it will cause 7230 deaths in 2019. Up to 
50% of these deaths will be due to brain metastasis. Recently im-
munotherapy with checkpoint inhibitors has emerged as a prom-
ising new avenue of treatment. Clinical trials of CTLA4 and PD1 
blockade have resulted in increased survival of stage IV melano-
ma patients, with some patients experiencing shrinkage of brain 
metastases. However, responses are highly variable, and it is not 
completely understood why some patients respond better than 
others. In order to develop more effective immunotherapy strat-
egies, a thorough understanding of how the immune system in-
teracts with melanoma in the brain is needed. Our laboratory has 
established a model of immune-mediated tumor regression using 
YUMMER1.7, an immunogenic murine melanoma cell line driven 
by mutations central to human melanoma formation. When YUM-
MER1.7 is injected subcutaneously into immunocompetent mice, 
tumors are rejected spontaneously. However, upon intracardiac 
injection, YUMMER1.7 forms progressive brain metastases, even 
when injected at doses as low as 5000 cells per mouse. Surpris-
ingly, YUMMER1.7 brain metastases exhibit microscopic fragmen-
tation and cell death, reminiscent of the rejection response in the 
skin. This suggests that although it is not robust enough to cause 
rejection, the brain can mount an immune response. Furthermore, 
this immune response is dependent on adaptive immunity, as 
Rag-/- mice lacking functional T and B cells exhibit significantly 
decreased survival compared to WT mice. Preliminary character-
ization of the local microenvironment reveals colonization of the 
tumor site by local stroma, as well as the presence of CD45+ cells, 
indicating that immune infiltrate can penetrate into brain metas-
tases. Finally, treatment of YUMMER1.7 brain metastases with 
anti-CTLA4 and anti-PD1 antibodies results in robust tumor re-
gression and sustained survival, consistent with the survival rates 
observed in clinical trials. In summary, we have developed a model 
of melanoma brain metastasis that results in tractable, progres-
sive tumors in an immunocompetent context and that respond 
to immunotherapy. Future work will focus on further character-
ization of the immune pathways modulating YUMMER1.7 growth 
in the brain, as well as determination of the specific mechanisms 
of immune response after checkpoint inhibitor treatment. Overall, 
this study will elucidate how the tumor immune microenviron-
ment affects metastatic melanoma growth in the brain, allowing 
for the development of more effective, rationally designed immu-
notherapies.
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B156 / Highly multiplexed single cell spatial analysis of 
the tumor microenvironment in lymphoma

Akil Merchant (Cedars Sinai Medical Center), Monirath Have (Ce-
dars Sinai Medical Center), Anthony Colombo (Cedars Sinai Med-
ical Center), Erik Gerdtsson (Cedars Sinai Medical Center), Mohan 
Singh (University of Southern California), James Hicks (University 
of Southern California), Peter Kuhn (University of Southern Cali-
fornia), Imran Siddiqi (University of Southern California).

Cancer immunotherapy, and checkpoint inhibition in particular, 
is poised to radically transform our approach to treating cancer. 
Recent clinical successes with checkpoint inhibitors and immu-
no-oncology agents have demonstrated the importance of the 
immune system in controlling and treating cancers. Early indi-
cations that tumor cells can generate an antitumor immune re-
sponse were evidenced by the varying degrees of immune cell 
infiltration found in the tumor immune microenvironment (TME). 
Despite the presence of this immune infiltrate, is has long been 
suspected that immune function is defective or inhibited by the 
TME. Lymphomas are divided into Hodgkin and non-Hodgkin 
lymphoma, with diffuse large B cell lymphoma (DLBCL) being the 
most subtype of non-Hodgkin lymphoma. Both types of lympho-
ma demonstrate expression of PDL-1 on tumor cells but they have 
very different responses to treatment with PD1/PD-L1 targeting 
agents. For example, two recent clinical trials with nivolumab 
demonstrated response rates in Hodgkin lymphoma of 87%, while 
responses in DLBCL were less than 10%. 

We hypothesize that a better characterization of spatial archi-
tecture of the tumour microenvironment (TME) in lymphoma will 
help explain differences in responses to PD1/PDL-1 inhibitors and 
guide future targeted immunotherapies for these patients. Simi-
lar studies in this area have been limited by technical challenges. 
Single cell techniques such as CyTOF or single cell RNA-seq, rely 
on tissue disruptions and all spatial information is lost. Current 
multiplex tissue techniques such as multiplex IHC/IF are limited 
to 6-8 markers, while spatial transcriptomics lack single cell res-
olution. In the present study, we characterized TME components, 
including immunopheno-types, frequency and spatial interaction, 
in DLBCL using imaging mass cytometry (IMC), which allows 
high-dimensional, single-cell and spatial analysis of FFPE tissues 
at sub-cellular resolution. Using a panel of 32 antibodies, IMC was 
performed 41 tissue microarray cores from 33 DLBCL cases. Using 
both supervised gating and unsupervised clustering approaches, 
IMC data were analyzed for relevant immunophenotypes and 
compared across clinical outcome groups. The TME was primarily 
composed of CD4+ T-helper cells (13.1% ± 1.9%), CD8+ cytotoxic 
T cells (10.8% ± 1.1%), CD68+ macrophages (6.3% ± 0.9%), FoxP3+ 
regulatory T cells (2.7% ± 0.5%), while the bulk of samples were 
tumor cells 58.1% ± 3.4%. We identify a population of CD8 T cell 
phenotype co-expressing PD-L1/TIM-3/CCR4 to be enriched in 
refractory DLBCL. More importantly, we demonstrated a nega-
tive association between OS and CCR4/TIM-3-expressing TREG, 
THELPER and tumour cells, suggesting that DLBCL patients 
could potentially benefit from TIM-3 and CCR4 inhibitors present-
ly under clinical investigation. To describe the spatial architecture 
of the tumor microenvironment, we developed a novel cluster-
ing approach to group CD8 cells by their distance to tumor and 
other components of the microenvironment. Using this approach 
we identified 3 dominant CD8 clusters characterized by their dis-
tance to tumor, TREG or macrophages. We were able to demon-
strate phenotypic differences in activation (ki-67, granzyme B) or 
exhaustion (PD-1, TIM3, LAG3) in these different spatial clusters 
and associate these with response to chemotherapy. Finally, we 
show that sub-setting our analysis of CD8 phenotypes based on 
their spatial location to other cells improved our ability to predict 
overall survival in the cohort. Together, these results show that 
deep profiling of the immune architecture of the tumor microen-
vironment is associated with clinical outcomes in DLBCL, and that 
spatial analysis of immune cells should be explored as a potential 
biomarker for patients treated with immunotherapies.
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B157 / Chronic inflammation induced by malnutrition and 
alcohol consumption regulates fibrosis and the response 
to immunotherapy in HCC

Shabnam Shalapour (University of California, San Diego-School of 
Medicine), Ingmar Niels Bastian (University of California, San Di-
ego-School of Medicine), Jian Yu Huang (University of California, 
San Diego-School of Medicine), Michelle Dow (Division of Medical 
Genetics, Health Science, Department of Biomedical Informat-
ics, Department of Medicine, University of California, San Diego), 
Charles Robert Lichtenstern (Laboratory of Gene Regulation and 
Signal Transduction ; Department of Pharmacology, School of 
Medicine, University of California San Diego), Xue-Jia Lin (Uni-
versity of California, San Diego-School of Medicine), Hannah Car-
ter (Division of Medical Genetics, Health Science, Department of 
Biomedical Informatics, Department of Medicine, University of 
California, San Diego), Michael Karin (University of California, San 
Diego-School of Medicine).

Hepatocellular carcinoma (HCC) is one of the most prevalent 
malignancies worldwide and a leading cause of cancer-related 
deaths. HCC is initiated by chronic liver inflammation, driven by 
hepatitis B or C viral (HBV, HCV) infection, alcohol consumption 
or non-alcoholic fatty liver disease (NAFLD). Despite major gains 
against HBV and HCV, the epidemic of liver disease continues to 
grow due to obesity and alcohol abuse. We recently found that 
high-fat diet (HFD)-induced dysbiosis and inflammation support 
the development and recruitment of IgA+IL10+PD-L1+ plasmo-
cytes in NASH-afflicted human and mouse livers (1). These plas-
mocytes cause localized immunosuppression that fosters HCC 
development by attenuating activation of a protective, tumor-di-
rected, cytotoxic T cell (CTL) response. Liver fibrosis is another 
outcome of chronic hepatitis, but its exact pro-tumorigenic func-
tion remains obscure. The contribution of adaptive immunity to 
fibrosis and further HCC development has also been elusive. Here 
we show, that CD8+ T cell ablation enhanced liver fibrosis in MUP-
uPA and STAM NASH-induced HCC models, which is consistent 
with the anti-fibrogenic effect of IFNγ. Similar results were found 
in the MCD-fed NASH mouse model but not in CCl4-treated ani-
mals, whose collagen deposition pattern was different, suggest-
ing that stromal cell types differ in their response to IFNγ (2). 
Although HFD supports CD8+ T cell infiltration in the liver, alcohol 
suppresses it. Analysis of the small fraction of HCC-bearing mice 
that did not respond to anti-PD-L1 treatment revealed immune ex-
cluded tumors encapsulated by stromal cells. Moreover, detailed 
analysis of stromal cells confirmed that they express distinct 
hepatic stellate cell (HSC) markers. Combination therapy with 
compounds that inhibit the induction of fibrosis restored the re-
sponse to immune checkpoint blockade. Our results indicate that 
the non-responsiveness to anti-PD-L1 treatment correlates with 
a fibrotic tumor stroma due to CTL exclusion in HCC. Our work 
provides new insights on how HFD and alcohol regulate adaptive 
immune cells and thereby affect fibrosis and the response to im-
munotherapy. Specifically, consumption of alcohol or HFD had a 
differing effect on the response to anti-PD(L)1 therapy, namely 
due to their distinct ability to regulate CTL function and induce 
dysbiosis. Combination therapy with compounds that inhibit the 
induction of fibrosis can be considered with anti-PD(L)1 therapy 
in HCC.

Keywords : Immunotherapy, Inflammation, Tumor Microenviron-
ment, Hepatocellular Carcinoma.
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B159 / Extracellular matrix gene expression and cytotoxic 
T lymphocyte infiltration in the tumor microenvironment 
in non-small cell lung cancer

Sergio Afonso (Advanced Cell Diagnostics), Na Li (Advanced 
Cell Diagnostics), Hongzhe Sun (Advanced Cell Diagnostics), Xin 
Wang (Advanced Cell Diagnostics), Zhifu Zhang (Advanced Cell 
Diagnostics), Courtney Anderson (Advanced Cell Diagnostics), 
Xiao-Jun Ma (Advanced Cell Diagnostics).

Immunotherapy has proven to be a powerful anti-tumor therapy, 
harnessing the body’s own immune system to target and kill tu-
mor cells. However, immunotherapy is not successful in all cancer 
patients due to both intrinsic non-responsiveness and adaptive 
resistance. Developing predictive biomarkers and understanding 
mechanisms of resistance are major goals of the immuno-oncolo-
gy community. The extracellular matrix (ECM), an important fac-
tor for promoting tumor growth, survival, and migration of tumor 
cells, can also act as a physical barrier to prevent immune cell 
infiltration and promote tumor immune escape. Components of 
the ECM such as COL11A1, COL4A1, and LOXL2 have been shown 
to be associated with cancer progression. Furthermore, new data 
suggests that TGFβ activation leads to up-regulation of ECM 
genes in cancer-associated fibroblasts and immune suppression. 
However, it remains poorly understood which cells in the tumor 
microenvironment (TME) are the sources of ECM gene expression 
and how they are related to tumor infiltrating cytotoxic T lympho-
cytes (CTLs). In this study, we employed a highly sensitive and 
specific RNAscope in situ hybridization (ISH) duplex assay to di-
rectly visualize the tissue distribution of cells expressing COL4A1 
, COL11A1, LOXL2, and TGFB1 in relation to tumor infiltrating CTLs 
in non-small cell lung carcinoma (NSCLC). NSCLC tissue microar-
rays (TMAs) consisting of 63 independent patient FFPE tumor 
samples were analyzed using this ISH assay with the following 
probe combinations : Hs-CD8/Hs-IFNG, Hs-CD4/Hs-FOXP3, Hs-
LOXL2/Hs-COL4A1, and Hs-TGFB1/Hs-COL11A1. We observed 
COL4A1 expression in both tumor and tumor-associated stromal 
cells in different samples. In contrast, COL11A1 was only expressed 
in tumor-associated stromal cells. Interestingly, high COL4A1 ex-
pression was associated with high CD8+ T cell infiltration, where-
as high COL11A1 expression was associated with poor CD8+ T cell 
infiltration. In addition, tumor expression of TGFB1 was positively 
correlated with COL11A1 expression. These data depict a complex 
landscape of ECM gene expression and their relationship to T cell  
infiltration in the tumor and TME. Taken together, these results 
demonstrate that the RNAscope assay provides a powerful ap-
proach to directly examine the interactions between tumor, ECM, 
and T cell immune infiltration, and offers advantages over immu-
nohistochemistry (IHC) for identifying the cellular sources of se-
creted proteins such as ECM components in the TME.

Keywords : extracellular matrix, tumor microenvironment, T cell 
infiltration, RNAscope.
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Tumor antigens

B160 / Implication of chemo-resistant memory T cells for 
immune surveillance in patients with sarcoma receiving 
chemotherapy

Tomohide Tsukahara (Sapporo Medical University), Yuji Shibaya-
ma (Sapporo Medical University), Kenji Murata (University of 
Toronto), Emi Mizushima (Sapporo Medical University), Shuto 
Hamada (Sapporo Medical University), Toshihiko Torigoe (Sappo-
ro Medical University).

Chemotherapy has improved the prognosis of patients with sar-
comas. However, it may suppress anti-tumor immunity. Recent-
ly, we reported a novel CD8+ memory T cell population with a 
chemo-resistance property, “young memory” T (TYM) cells with 
the high activity of aldehyde dehydrogenase 1 (ALDH). TYM cells 
were defined by the expression of CD73+CD45RA+CD62L+C-
CR7+CXCR3+ and CD95- (1). TYM cells memorized virus antigens 
and some tumor-associated antigens in healthy donors and can-
cer patients, respectively. In this study, we investigated the pro-
portion and function of TYM cells in peripheral blood of healthy 
donors and sarcoma patients who received chemotherapy and 
those who did not. The proportion of TYM cells was significantly 
decreased in patients compared with that in healthy donors. In 
healthy donors, anti-EBV CTLs were induced using mixed lym-
phocyte peptide culture, from not only TYM cells but also TCM 
and TEM cells. No CTLs directed to tumor-associated antigens 
were induced. In sarcoma patients who did not receive chemo-
therapy, in addition to anti-EBV CTLs, CTLs directed to the tu-
mor-associated antigen PBF were induced from TYM, TCM and 
TEM cells. In sarcoma patients who received chemotherapy, 
EBV-specific CTLs were induced from TYM cells but were hardly 
induced from TEM cells. Interestingly, CTLs directed to the anti- 
tumor-associated antigen PBF were induced from TYM cells but 
not from the TCM and TEM cells in sarcoma patients who received 
chemotherapy. The findings suggest that TYM cells are resistant 
to chemotherapy and can firstly recover from the nadir. TYM cells 
might be important for immunological memory, especially in sar-
coma patients receiving chemotherapy.

Keywords : Memory stem T cell, Chemotherapy, sarcoma.

References : 
1. Murata K et al. Identification of a novel human memory T cell population with the char-
acteristics of stem-like chemo-resistance. OncoImmunology. 2016 ; 5 :e1165376.

B161 / Novel microfluidic-based immobilization strategy 
to implement immunopetidomic platforms

Sara Feola (University o Helsinki), Markus Haappala (University of 
Helsinki), Karita Peltonen (University of Helsinki), Erkko Ylösmäki 
(University of Helsinki), Manlio Fusciello (University of Helsinki), 
Beatriz Martins (University of Helsinki), Mikaela Grönholm (Uni-
versity of Helsinki), Jacopo Chiaro (University of Helsinki), Firas 
Hamdan (University of Helsinki), Tiina Sikanen (University of Hel-
sinki), Vincenzo Cerullo (University of Helsinki).

The knowledge of naturally presented HLA class I ligands from 
the tumor surface (ligandome or immune-peptidome) is essen-
tial for designing T-cell mediated cancer therapeutic approaches. 
Indeed, the generation of specific anti-tumor CD8 T cells relies 
on recognition of tumor associated antigens (TAA) in the HLA-I 
complex (1). However, the methodologies for their isolation for the 
mass spectrometry analysis have been the major bottleneck for 
a reliable HLA-I peptides characterization (2). To overcame this 
problem, we set up a new nanotechnology-based immobilization 
strategy for anti-pan-HLA antibody, to apply for the immuno-af-
finity purification (IP) of HLA-I complex. The developed technol-
ogy relies on immobilization of capturing pan HLA-I antibody via 
the biotin-streptavidin chemistry. Here, biotinylated anti-pan-HLA 
is immobilized on streptavidin-functionalized surfaces, so that the 
immune-affinity purification is carried out on customized micro-
fluidic pillars. Our methodology drastically reduces the handling 
and the timing required for the peptide isolation compared to the 
reported standard Methods in the field. 

In this work, we carefully examined the specificity and robustness 
of our customized technology for immunopeptidomic workflow. 
We challenged our novel platform by immunopurifying HLA-I 
complexes from as low as 107 cells. After the final mild acid elu-
tion, HLA-I presented peptides were identified by tandem mass 
spectrometry and analyzed by in vitro Methods. These results 
directly imply the opportunity of exploiting microfluidic-based 
strategy in immunopeptidomic platform and in last analysis in 
personalized immunopeptidome analysis from individual tumor 
biopsy to design personalized cancer therapeutic vaccines.

Keywords : Microfluidic, Ligandome, Cancer immunotherapy, tu-
mor antigens.
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B162 / Correcting neoantigens by accounting for proximal 
variants using pVACtools

Jasreet Hundal (The McDonnell Genome Institute, Washington 
University School of Medicine), Susanna Kiwala (The McDonnell 
Genome Institute, Washington University School of Medicine, St. 
Louis, Missouri, USA), Yang-Yang Feng (The McDonnell Genome 
Institute, Washington University School of Medicine, St. Louis, 
Missouri, USA), Connor J Liu (The McDonnell Genome Institute, 
Washington University School of Medicine, St. Louis, Missou-
ri, USA), Joshua McMichael (The McDonnell Genome Institute, 
Washington University School of Medicine, St. Louis, Missouri, 
USA), Christopher A Miller (Division of Oncology, Department 
of Internal Medicine, Washington University School of Medicine, 
St. Louis, Missouri, USA), Jason Walker (The McDonnell Genome 
Institute, Washington University School of Medicine, St. Louis, 
Missouri, USA), Obi L Griffith (Division of Oncology, Department 
of Internal Medicine, Washington University School of Medicine, 
St. Louis, Missouri, USA), Elaine R Mardis (Institute for Genomic 
Medicine, Nationwide Children’s Hospital, Columbus, Ohio, USA), 
Malachi Griffith (Division of Oncology, Department of Internal 
Medicine, Washington University School of Medicine, St. Louis, 
Missouri, USA).

Recent efforts to design personalized cancer immunotherapies 
use predicted neoantigens. Typically, to evaluate strong-binding 
neoantigens from genomic sequencing data, the raw sequencing 
reads from tumor and normal DNA libraries are aligned to the 
Human Reference Genome, and somatic variants are identified 
by comParison of tumor to normal read alignments. The resulting 
somatic variants of interest are then annotated to predict protein 
sequence changes and to infer possible neoantigenic peptides. 
Individual neoantigenic peptides are selected by sliding an ami-
no acid window (usually 8–11-mers) across the variant position 
to consider each possible register. These peptides are assessed 
using various algorithms to predict binding affinity to MHC and 
determine the strongest-binding epitopes. The cancer vaccine 
design process, from read alignment to variant calling and neo-
antigen prediction, typically assumes that the genotype of the 
Human Reference Genome sequence surrounding each somatic 
variant is representative of the patient’s genome sequence, and 
does not account for the effect of nearby variants (somatic or 
germline) in the neoantigenic peptide sequence. Because the ac-
curacy of neoantigen identification has important implications for 
many clinical trials and studies of basic cancer immunology, there 
is a need for patient-specific inclusion of proximal variants to ad-
dress this previously oversimplified assumption in the identifica-
tion of neoantigens. 

We evaluated somatic variants from 430 tumors to understand 
how proximal somatic and germline alterations change the neo-
antigenic peptide sequence and also affect neoantigen binding 
predictions. On average, 241 missense somatic variants were 
analyzed per sample. Of these somatic variants, 5% had one or 
more in-phase missense proximal variants. Without incorporating 
proximal variant correction (PVC) for major histocompatibility 
complex class I neoantigen peptides, the overall false discovery 
rate (incorrect neoantigens predicted) and the false negative rate 
(strong-binding neoantigens missed) across peptides of lengths 
8–11 were estimated as 0.069 (6.9%) and 0.026 (2.6%), respec-
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tively. Thus, for neoantigen identification without PVC in 100 in-
dividuals, we can expect that approximately 51 individuals would 
receive a suboptimal vaccine specifically due to receiving a neo-
antigen with an incorrect peptide sequence, 23 would receive a 
suboptimal vaccine specifically due to missing a strong-binding 
neoantigen, and 62 would receive a suboptimal vaccine due to at 
least one of these causes. 

We also added this improvement as part of a computational tool-
kit - pVACtools to select and visualize cancer neoantigens. This 
in silico sequence analysis method aids in each component es-
sential to the vaccine design process. The modular workflow con-
sists of tools for neoantigen prediction from somatic alterations 
(pVACseq and pVACfuse), prioritization and selection using a 
graphical web-based interface (pVACviz), and determining the 
optimal order of neoantigen candidates in a DNA vector-based 
vaccine (pVACvector). 

The results from pVACtools analyses are already being used in 
cancer immunology studies, including studying the relationship 
between tumor mutation burden and neoantigen load to predict 
response in checkpoint blockade therapy trials and the design 
of cancer vaccines in ongoing clinical trials. We anticipate that 
pVACtools will make such analyses more robust, reproducible, 
and facile as these efforts continue.

Keywords : immunogenomics, neoantigens, personalized cancer 
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B163 / Primary human epithelial cells as a model system 
for the study of inflammation-induced expression of 
known tumor-associated antigens (TAAs)

Camille Jacqueline (Univeristy of Pittsburgh), Amanda Lee (Car-
nergie Mellon Univeristy), Nolan Frey (Carnegie Mellon Univer-
sity), Jonathan S Minden (Carnegie Mellon University), Olivera J 
Finn (University of Pittsburgh).

Epidemiological studies have found that acute febrile infections 
are associated with a greatly reduced life-time risk of many types 
of cancer (1, 2). Simultaneously, tumor immunologists have shown 
that immune responses to some of the best-known tumor-asso-
ciated antigens (TAA) could be found not only in patients with 
cancer but also in healthy individuals who have never experienced 
cancer (3, 4). These findings generated a new immunosurveil-
lance hypothesis stipulating that observed cancer-risk reduction 
relies on the existence of immune memory against self-antigens 
that were transiently abnormally expressed on infected tissues as 
disease-associated antigens (DAA) and then later re-expressed 
on malignantly transformed tissues as tumor-associated antigens 
(5). We investigated the role of inflammation, that accompanies 
both infections and carcinogenesis, as the underlying mechanism 
of generation of DAAs and TAAs. After exposure of normal pri-
mary breast epithelial cells to pro-inflammatory cytokines IL-6, IL-
1β and TNFα, we used flow cytometry to evaluate expression of 
well-known TAAs such as carcinoembryonic antigen, HER-2/neu 
and MUC1. Cells grown in the presence of these three cytokines 

for 72h showed increased expression of all three antigens plus an 
increase in the hypoglycosylated, tumor form of MUC1 not usually 
seen on normal cells. These modifications in the levels of antigen 
expression were transient and did not last more than two weeks 
after the removal of the cytokines. We also looked at changes 
in the global proteome in response to these inflammatory treat-
ments by 2D Difference Gel Electrophoresis (2D-DIGE) combined 
with mass spectrometry. We identified and confirmed by qRT 
PCR the over-expression of a dozen of other DAAs that represent 
potential new TAAs expressed in breast cancer and other tumors. 
To conclude, inflammatory cytokines known to be present at sites 
of inflammation are sufficient to induce abnormal expression of 
self-antigens some of which are known as TAAs. Our findings 
highlight the need of exploring further the potential of generating 
immune responses against DAAs, with vaccines that incorporate 
these antigens, as a strategy for cancer prevention and therapy.

Keywords : inflammation, tumor-associated antigens, MUC1, 2D 
DIGE.

References : 
1. Abel U, Becker N, Angerer R, Frentzel-beyme R, Kaufmann M, Wysoeki S, Schulz G. 
1991. Common infections in the history of cancer patients and controls. J Cancer Res 
Clin Oncol 117 :339–344. 2. Parodi S, Crosignani P, Miligi L, Nanni O, Ramazzotti V, Rodella 
S, Costantini AS, Tumino R, Vindigni C, Vineis P, Stagnaro E. 2013. Childhood infec-
tious diseases and risk of leukaemia in an adult population. Int J cancer 133 :1892–9. 
doi :10.1002/ijc.28205. 3. Cramer DW, Titus-Ernstoff L, McKolanis JR, Welch WR, Vito-
nis AF, Berkowitz RS, Finn OJ. 2005. Conditions Associated with Antibodies Against 
the Tumor-Associated Antigen MUC1 and Their Relationship to Risk for Ovarian Cancer. 
Cancer Epidemiol Biomarkers Prev 14 :1125–1131. doi :10.1158/1055-9965.EPI-05-0035. 4. 
Vella L a, Yu M, Fuhrmann SR, El-Amine M, Epperson DE, Finn OJ. 2009. Healthy indi-
viduals have T-cell and antibody responses to the tumor antigen cyclin B1 that when 
elicited in mice protect from cancer. Proc Natl Acad Sci U S A 106 :14010–5. doi :10.1073/
pnas.0903225106. 5.Cramer DW, Vitonis AF, Pinheiro SP, McKolanis JR, Fichorova RN, 
Brown KE, Hatchette TF, Finn OJ. 2011. Mumps and ovarian cancer : moder interpretation 
of an historic association. Cancer Causes Control 21 :1193–1201. doi :10.1007/s10552-010-
9546-1.Mumps.

B164 / Identification of breast cancer neoantigens ex-
posed by radiation therapy

Claire Lhuillier (Weill Cornell Medicine), Nils Rudqvist (Weill Cor-
nell Medicine), Takahiro Yamazaki (Weill Cornell Medicine), Loren-
zo Galluzzi (Weill Cornell Medicine), Sandra Demaria (Weill Cor-
nell Medicine).

Recent studies have highlighted the key role of neoantigens gen-
erated by somatic non-synonymous mutations in tumor response 
to immunotherapy [1]. In the BALB/c-derived 4T1 mouse model of 
immune-checkpoint blockade (ICB)-resistant metastatic breast 
cancer, we have previously shown that tumor-targeted radiation 
therapy (RT) combined with CTLA4 blockade induces CD8+ T 
cell-mediated regression of irradiated tumors and inhibits lung 
metastases [2]. Analysis of the T-cell receptor (TCR) repertoire 
indicated that unique clonotypes expand in treated tumors, sug-
gesting that tumor rejection involves T cells reactive to a set of 
tumor-associated antigens that are made available to the immune 
system by RT [3]. Therefore, we hypothesize that RT increases the 
expression of genes containing potentially immunogenic muta-
tions and hence promotes priming of neoantigen-specific T cells. 

We performed whole-exome sequencing and RNA sequencing 
of untreated and irradiated (8GyX3) 4T1 cells in vitro to identify 
tumor-specific neoantigens and determine which ones are upreg-
ulated by RT. In addition, these mutations were documented in 
vivo, in 4T1 tumors harvested before and after treatment (8GyX3 
+ anti-CTLA4). Dedicated algorithms were used to predict MHC-I 
and MHC-II-binding epitopes from these mutated genes. Peptides 
with a predicted affinity <500 nM were synthesized and tested in 
vitro for binding to H2-Ld or H2-Kd in a MHC stabilization assay 
using RMA-S cells. Peptides showing stable binding in this assay 
were used to vaccinate BALB/c mice, followed by challenge with 
4T1 cells to test for the induction of protective anti-tumor immu-
nity. 

Out of 309 total mutations initially identified in 4T1 cancer cells, 
22 predicted MHC-I-binding epitopes were tested in vitro and 6 
of them were confirmed to bind to H2Ld or H2Kd. For MHC-II, we 
identified two I-Ad-predicted binders, which were tested in vacci-
nation experiments. Two MHC-I and one MHC-II neoepitopes were 
immunogenic, as assessed by IFNγ/TNFα response after T cell 
re-stimulation. These three neoepitopes were encoded by genes 
upregulated by RT. Although a vaccine based on these three neo-
epitopes was not sufficient to inhibit tumor growth, a significant 
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growth delay was seen when vaccination was combined with 
tumor-targeted RT. TCR repertoire analysis of these tumors re-
vealed significant vaccination-related differences in the frequency 
of T cell clones, independent of clones specific for the dominant 
AH1 epitope (derived from the gp70 shared tumor antigen). In ad-
dition, in vivo killing experiments demonstrated a potent cytolytic 
activity of T cells from vaccinated mice towards one of the MHC-I 
restricted neoepitopes. Further analyses are ongoing to under-
stand the contribution of these neoantigens to T cell-mediated 
tumor rejection in the context of targeted RT. 

In conclusion, these data provide initial proof-of-principle evi-
dence that RT can expose existing neoantigens to the immune 
system.

Keywords : neoantigens, radiation, breast cancer.
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B165 / Splicing patterns in SF3B1 mutated uveal melano-
ma generate public immunogenic epitopes

Jeremy Bigot (Institut Curie), Ana Lalanne (Institut Curie), Alex-
andre Houy (Institut Curie), Jules Gilet (Institut Curie), Stephane 
Dayot (Institut Curie), Jimena Tosello (Institut Curie), Fariba Nem-
ati (Institut Curie), Raymond Barnhill (Institut Curie), sophie Gar-
drat (Institut Curie), Sophie Piperno-Neumann (Institut Curie), 
Pascale Mariani (Institut Curie), Nathalie Cassoux (Institut Curie), 
Manuel Rodrigues (Institut Curie), Samar Alsafadi (Institut Curie), 
Marc-Henri Stern (Institut Curie), Olivier Lantz (Institut Curie).

To directly or indirectly induce an immune response towards tu-
mor-specific neo-epitopes is a promising therapeutic strategy in 
oncology. Differentiation or oncotestis antigens are shared be-
tween patients and have been targeted in many clinical trials with 
mixed successes. Indeed, the high avidity T cell repertoire that 
recognize these antigens may not be available after central and 
peripheral tolerance. In addition, generating an efficient immune 
response toward this class of antigens may lead to auto-immunity. 
In contrast, passenger mutations produce tumor-specific neo-epi-
topes, which are, however, specific for each patient making vac-
cine strategies targeting them logistically very cumbersome. To 
identify neo-epitopes that would be both specific of the tumor 
and shared between patients is therefore an important goal. 

Mutations in splicing factors change the splicing pattern of many 
transcripts, and by consequences of many protein products, gen-
erating neo-epitopes through the inclusion of intron sequences 
associated or not with frameshift in the following exon. The re-
sulting neo-peptides are germinally encoded leading to neo-epi-
topes shared between patients with common HLA haplotypes. 
Although proposed for several years, this has not been demon-
strated. 

Here, we show that mutations in the splicing factor, SF3B1, which 
is mutated in 20% of uveal melanoma (UM), generate public 
neo-epitopes that induce a memory response in the metastatic 
UM patients whose tumor harbors this mutation. SF3B1 muta-
tions modify the mRNA splicing pattern in about 1060 junctions 
in UM tumors. From these junctions, in silico analysis predicted 46 
neo-epitopes with high avidity for HLA-A2. The 46 corresponding 
tetramers identified variable frequency of specific CD8 T cells in 4 
healthy donors and 4 patients with SF3B1 wild-type UM. These T 
cells displayed a naive (CD45RA+CCR7+) phenotype. In contrast, 
in 8 patients with mutated SF3B1 UM, the frequency of specif-
ic T cells for 8 epitopes was increased (up to 0.4 % of CD8 T 
cells) as compared to the controls and these cells were memory 
(CD45RA-CCR7+/-). For one neo-epitope studied in the blood of 
one patient, single cell repertoire analysis of the tetramer-posi-
tive T cells identified recurrent TCRs that were also found in the 
tumor. T cells clones specific for several SF3B1mut related epi-
topes specifically recognized SF3B1-mutated but not wild type 
tumors. Thus, SF3B1 mutations lead to many public neo-epitopes 
expressed by UM tumors in a way recognizable by CD8 T cells. 
This proof of concept opens the possibility of tumor-specific ther-
apeutic vaccines targeting these public epitopes or of bi-specific 
reagents recognizing both the specific HLA-A2 :peptide complex-
es and T cells. Since SF3B1 mutations are observed in other tumor 

types, these therapeutic strategies could be generalized to other 
cancers harboring low number of passenger mutations but mu-
tated splicing factors.

Keywords : Splicing factors, Uveal melanoma.

B166 / The antigenic landscape of glioblastoma : Refining 
the targets for immunotherapy

Konstantina Kapolou (Laboratory of Molecular Neuro-Oncology, 
Department of Neurology, University Hospital and University of 
Zürich, Zürich, Switzerland), Lena Katharina Freudenmann (De-
partment of Immunology, Institute for Cell Biology, University 
of Tübingen, Tübingen, Germany ; DKFZ Partner Site Tübingen, 
German Cancer Consortium (DKTK), Tübingen, Germany), Ekat-
erina Friebel (Institute of Experimental Immunology, University of 
Zürich, Zürich, Switzerland), Leon Bichmann (Department of Im-
munology, Institute for Cell Biology, University of Tübingen, Tübin-
gen, Germany ; Applied Bioinformatics, Center for Bioinformatics 
and Department of Computer Science, University of Tübingen, 
Tübingen, Germany), Burkhard Becher (Institute of Experimen-
tal Immunology, University of Zürich, Zürich, Switzerland), Stefan 
Stevanovi² (Department of Immunology, Institute for Cell Biology, 
University of Tübingen, Tübingen, Germany ; DKFZ Partner Site 
Tübingen, German Cancer Consortium (DKTK), Tübingen, Germa-
ny), Hans-Georg Rammensee (Department of Immunology, Insti-
tute for Cell Biology, University of Tübingen, Tübingen, Germany ; 
DKFZ Partner Site Tübingen, German Cancer Consortium (DKTK), 
Tübingen, Germany), Michael Weller (Laboratory of Molecular 
Neuro-Oncology, Department of Neurology, University Hospital 
and University of Zürich, Zürich, Switzerland), Marian Christoph 
Neidert (Department of Neurosurgery, University Hospital Zürich, 
Zürich, Switzerland).

Glioblastoma is the most common and most malignant prima-
ry brain tumor with a poor prognosis despite surgery and che-
mo-radiotherapy. A major challenge is the fact that tumor cells 
infiltrate the healthy brain tissue, precluding complete surgical 
resection. Thus, innovative treatment approaches for glioblasto-
ma are urgently needed. Among these, immunotherapy receives 
increasing attention, also because glioblastoma is paradigmatic 
for cancer-associated immunosuppression. We provide a com-
prehensive analysis of the antigenic landscape of glioblastoma 
using a multi-omics approach including ligandome mapping of 
the human leukocyte antigen (HLA) ligandome, next generation 
sequencing and characterization of tumor-infiltrating lympho-
cytes (TIL) using mass cytometry and ultra-deep sequencing of 
the T-cell receptor (TCR). HLA class I and class II ligands of 24 
isocitrate dehydrogenase 1 wildtype glioblastoma samples and 
10 autologous primary glioblastoma cell lines were mapped us-
ing immunoaffinity purification followed by sequencing using 
liquid chromatography coupled with tandem mass spectrometry. 
To identify tumor-exclusive ligands, an HLA ligandome database 
containing normal tissues (n > 418) was used as reference. We 
found 11, 496 glioblastoma exclusive HLA class I ligands. Interest-
ingly, 2, 064 ligands were shared with cell lines and 3, 754 were 
presented on at least 2 glioblastoma samples. On the source 
protein level 239 glioblastoma exclusive proteins were identi-
fied ; among them 54 were also present in cell lines and 178 were 
presented on at least 2 glioblastoma samples. For HLA class II 
ligands the analysis revealed 11, 870 glioblastoma exclusive pep-
tides with 444 being in common with cell lines. Interestingly, 3, 
420 glioblastoma-exclusive peptides were presented on at least 2 
glioblastoma samples. On the source protein level 278 glioblasto-
ma exclusive proteins were found ; among which 18 were present 
also in cell lines and 82 were presented on at least 2 glioblas-
toma samples. Moreover, whole-exome sequencing and RNA se-
quencing from 13 tumor samples was performed with the aim to 
predict neoantigens. On average 5, 662 somatic missense effects 
were identified per patient (min : 4, 258 ; max : 7, 479). Candidate 
peptides are grouped into (i) in silico predicted neoepitopes, (ii) 
tumor-exclusivity on HLA, (iii) gene expression (e.g. cancer testis 
antigens). Top-ranking candidates from each group will be test-
ed with regards to their immunogenicity in an autologous setting 
(TIL, peripheral blood mononuclear cells, patient derived tumor 
cells). Finally, the peptide and immunogenicity data is correlated 
with the immune phenotype of the TIL compartment as well as 
the TCR repertoire of the sample.
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B167 / Integration of In Vivo and In Silico Models for Pre-
dicting Neoantigens Driving Responses in Melanoma Im-
munotherapy

Michelle Dow (Department of Medicine, Division of Medical Ge-
netics, University of California San Diego), Chi-Ping Day (Labo-
ratory of Cancer Biology and Genetics, National Cancer Institute, 
NIH, Bethesda, MD 20892, USA), Eva Perez Guijarro (Laboratory 
of Cancer Biology and Genetics, National Cancer Institute, NIH, 
Bethesda, MD 20892, USA), Howard Yang (Laboratory of Cancer 
Biology and Genetics, National Cancer Institute, NIH, Bethesda, 
MD 20892, USA), Sung Chin (Laboratory Animal Science Program, 
Frederick National Laboratory for Cancer Research, Frederick, 
MD 21702, USA), Cari Graff-Cherry (Laboratory Animal Science 
Program, Frederick National Laboratory for Cancer Research, 
Frederick, MD 21702, USA), Maxwell Lee (Laboratory of Cancer 
Biology and Genetics, National Cancer Institute, NIH, Bethesda, 
MD 20892, USA), Hannah Carter (Department of Medicine, Divi-
sion of Medical Genetics, University of California San Diego, La 
Jolla, CA 92093, USA), Glenn Merlino (Laboratory of Cancer Bi-
ology and Genetics, National Cancer Institute, NIH, Bethesda, MD 
20892, USA).

Immune checkpoint blockade (ICB) can induce response in malig-
nant melanoma. However, recurrent disease still occurs in the ma-
jority of cases. It is urgent to identify the determinants of respons-
es to ICB and explore how they may serve as therapeutic targets. 
We hypothesize that immunogenic neoantigens drive melanoma 
response to ICB. To address this, we incorporated preclinical and 
computational modeling to identify response-driving neoanti-
gens. We have developed four syngeneic mouse models that rep-
resent the pathological and immunological diversity of BRAF-mu-
tated, RAS-mutated, and triple wildtype human melanomas. In 
preclinical studies, two of the models are resistant to anti-CTLA-4 
while the other two are sensitive. By comparative analysis of the 
exome and RNA sequencing results of the four models, we found 
that the sensitivity of tumors to anti-CTLA-4 is associated with 
the following features of neoantigens : (1) number ; (2) expression 
level ; and (3) MHC binding measured by Mouse Harmonic-mean 
Best Rank (MHBR) [1, 2]. We generated a model to give each neo-
antigen an immunogenic score (IGS) based on these three param-
eters, and the aggregated IGS of all the neoantigens is used to 
predict response of individual melanoma to immune checkpoint 
inhibitors. We validated the aggregated IGS in data from mela-
noma patients receiving ipilimumab and nivolumab and revised 
the model accordingly. For functional validation, we generated a 
library of neo-epitopes from the predicted immunogenic neoan-
tigens. An ICB-resistant mouse melanoma expressing the library 
was subjected to anti-CTLA-4 treatment, and the neo-epitopes 
responding to anti-CTLA-4 were identified by sequencing. Inter-
estingly, we found the validated high-IGS neoantigens were de-
rived from mutations involved in important functions, including 
cell cycle checkpoint and apoptosis. Our results imply that high-
IGS neoantigens derived from functional driver mutations may 
induce immune response, driving response to ICBs. *MD and CPD 
contribute equally to this study. **Correspondence addressed to 
HC and GM.

Keywords : Melanoma, Immune checkpoint blockade, Neoanti-
gens, Machine learning.
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B168 / Ribosome profiling predicts novel unannotated 
open reading frames that contribute peptides to the MHC 
class I immunopeptidome in healthy and cancer cells and 
can be a source of neoantigens

Tamara Ouspenskaia (Broad Institute of MIT and Harvard), Travis 
Law (Broad Institute of MIT and Harvard), Karl R. Clauser (Broad 
Institute of MIT and Harvard), Susan Klaeger (Broad Institute of 
MIT and Harvard), Derin B. Keskin (Dana Farber Cancer Institute, 
Boston, MA), Bo Li (Broad Institute of MIT and Harvard), Elena 

Christian (Broad Institute of MIT and Harvard), Phuong M. Le 
(Dana Farber Cancer Institute, Boston, MA), Zhe Ji (Northwest-
ern University, Chicago, IL), Wandi Zhang (Dana Farber Cancer 
Institute, Boston, MA), Pavan Bachireddy (Dana Farber Cancer 
Institute, Boston, MA), Siranush Sarkizova (Harvard University, 
Cambridge, MA), Nir Hacohen (Massachusetts General Hospital, 
Boston, MA), Steven A. Carr (Broad Institute of MIT and Harvard), 
Catherine J. Wu (Dana Farber Cancer Institute, Boston, MA), Aviv 
Regev (Broad Institute of MIT and Harvard).

Cancer-specific neoantigens, derived from somatic mutations, 
presented on the MHC class I, and recognized by the immune sys-
tem, have emerged as an important target to drive immunother-
apy. Currently, neoantigen predictions are based on mutations 
detected by whole exome sequencing, which covers a pre-deter-
mined set of annotated protein-coding genomic regions, and of-
ten falls short for patients with few somatic mutations. 

Ribosome profiling (Ribo-seq) has suggested a plethora of trans-
lated novel unannotated open reading frames (nuORFs). They 
can be derived from alternative out-of-frame ORFs overlapping 
annotated protein-coding ORFs, untranslated regions (UTRs) of 
annotated protein-coding transcripts (5’ uORFs, 3’ dORFs), long 
non-coding RNAs (lncRNAs) and pseudogenes. We hypothe-
sized that nuORFs can provide another source of neoantigens in 
cancer. In particular, we focused on nuORFs in two categories : 
1) expressed in healthy and cancer cells, and have acquired can-
cer-specific somatic mutations ; 2) upregulated in or specific to 
cancer cells. 

To explore this hypothesis, we performed Ribo-seq on primary 
healthy and cancer cells and cell lines from melanoma, glioblas-
toma, colon carcinoma and chronic lymphocytic leukemia. Using 
this expansive dataset, we performed hierarchical ORF predic-
tion analysis to build a database of highest confidence predicted 
translated nuORFs across healthy and cancer cell types. 

To determine if peptides from nuORFs can be a source of anti-
gens, we performed MHC class I immunoprecipitation and liquid 
chromatography with tandem mass spectrometry (LC-MS/MS) on 
the same samples. We also searched our collection of mono-al-
lelic MHC class I immunopeptidome MS spectra from 92 common 
HLA alleles against our pan-sample nuORF database. Using a 
combination of these approaches, we found HLA-presented pep-
tides derived from thousands of nuORFs : out-of-frame, within 5’ 
and 3’ UTRs, lncRNAs, pseudogenes, and other RNA species. The 
HLA-binding motifs of peptides from nuORFs correspond to the 
expected motifs for given HLA types. 

Previous analyses of the whole proteome have been able to iden-
tify only a handful of unannotated short ORFs. Thus, we analyzed 
whole proteomes from the same cells as used for Ribo-seq and 
MHC class I immunopeptidome analyses to compare them di-
rectly. Strikingly, peptides from short nuORFs are dramatically 
over-represented in the MHC class I immunopeptidome as com-
pared to the whole proteome. 

To identify tumor-specific mutations in nuORFs, we performed 
whole genome sequencing on patient-matched healthy and can-
cer cells and mapped somatic mutations to nuORFs. We identified 
somatic mutations supported by Ribo-seq and RNA-seq reads in 
translated nuORFs, suggesting that they can be additional sourc-
es of neoantigens in cancer. Finally, to identify nuORFs upregulat-
ed in or specific to cancer cells, we compared translation levels of 
nuORFs between healthy and cancer cells of the same origin. We 
found sets of nuORFs of various categories highly upregulated in, 
or specific to cancer cells, suggesting that they can also give rise 
to neoantigens. 

In conclusion, we identify hundreds of nuORFs of different types 
that are unequivocally translated and contribute peptides to the 
MHC class I immunopeptidome in healthy and cancer cells. We 
show that somatic mutations in nuORFs have the potential to 
expand the neoantigen repertoire. Finally, we identify nuORFs 
that are differentially translated or uniquely expressed in specific 
cancer types, suggesting that they can further contribute to the 
neoantigen pool. Thus, an expanded search strategy for neoanti-
gens that combines Ribo-seq and proteomic analyses significant-
ly broadens potential targets for therapy, particularly for cancers 
with low somatic mutation load.
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B169 / Neoantigen prediction for cancer vaccine across 
entities

Zhiqin HUANG (German Cancer Research Center), Iris Kaiser (Na-
tional Center for Tumor Diseases (NCT) Heidelberg and Heidel-
berg University Hospital Germany), Jutta Funk (National Center 
for Tumor Diseases (NCT) Heidelberg and Heidelberg University 
Hospital Germany), Evgeniya Denisova (German Cancer Research 
Center (DKFZ), Heidelberg, Germany), Benedikt Brors (German 
Cancer Research Center (DKFZ), Heidelberg, Germany), Niels 
Halama (National Center for Tumor Diseases (NCT) Heidelberg, 
Heidelberg University Hospital , German Cancer Research Center 
(DKFZ), Heidelberg, Germany), Stefan Fröhling (National Center 
for Tumor Diseases (NCT) Heidelberg, German Cancer Research 
Center (DKFZ), Heidelberg, Germany), Inka Zörnig (National Cen-
ter for Tumor Diseases (NCT) Heidelberg and Heidelberg Univer-
sity Hospital Germany), Dirk Jäger (National Center for Tumor 
Diseases (NCT) Heidelberg, Heidelberg University Hospital , Ger-
man Cancer Research Center (DKFZ), Heidelberg, Germany).

Different strategies of cancer immunotherapy have shown out-
standing success in a number of patients across various tumor 
types. Cancer genome-based identification of patient-specific 
neoantigens plays an important role in cancer immunotherapy, 
e.g. vaccine strategies. The expression of neoantigens by tumor 
cells allows the immune system to distinguish cancer cells from 
normal cells and, potentially leads to activation of the patient’s 
own immune effector cells to specifically eradicate tumor cells. 
However, only a small fraction of genomic mutations may lead 
to immunogenic neoantigens and thus a reliable prediction of 
immunogenic neoantigens is required. We developed a pipeline 
to determine the patient´s HLA type and to predict MHC class 
I and II neoantigens based on the analysis of the next-genera-
tion sequencing data. Our pipeline is able to predict neoantigens 
from nonsynonymous mutations, small insertions/deletions and 
gene fusions, and has already been successfully applied to predict 
neoepitopes in various cancer patients. Among 24 vaccinated ne-
opeptides, more than 80% can either expand pre-existing T-cell 
responses or induce new T-cell specificities after vaccination 
in cancer patients (n=4) across tumor entities. Importantly, we 
demonstrate that neopeptides arising from fusion genes can also 
induce T-cell responses. Currently, this pipeline is being optimized 
and further experimental validation is conducted to identify which 
fusion-derived neoepitopes among the vaccinated neopeptides 
can stimulate T cell responses. Perceptively, we aim to efficient-
ly translate the neoantigen-based strategy to clinical application, 
e.g. TCR-specific engineered T-cell therapy.
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B170 / HLA ligandome analysis reveals an antigen proces-
sing signature required for HLA class I presentation and 
CD8+ T cell responses

Takayuki Kanaseki (Sapporo Medical University), Ayumi Hongo 
(Sapporo Medical University), Serina Tokita (Sapporo Dohto Hos-
pital), Toshihiko Torigoe (Sapporo Medical University).

CD8+ T cells recognize peptides displayed by HLA class I mol-
ecules, discriminating cancer cells. Difficulty in predicting HLA 
class I ligands is attributed to the complexity of the antigen pro-
cessing pathway across the cytosol and the endoplasmic reticu-
lum (ER). Here, we captured natural HLA class I ligands displayed 
by multiple types of cancer cell lines using HLA ligandome anal-
ysis that employs mass spectrometry, and analyzed the imprints 
of antigen processing. The comprehensive analysis of source-pro-

tein sequences flanking the ligands revealed that the frequency 
of proline at amino acid positions 1-3 upstream of the ligands 
was selectively decreased. The depleted proline signature was 
the strongest among all the upstream and downstream profiles. 
Experiments using live cells demonstrated that the presence of 
proline at upstream positions 1-3 attenuated CD8+ T cell respons-
es against a model cancer antigen. Other experiments in which 
N-terminally flanking antigen precursors were confined in the ER 
demonstrated an inability to remove upstream prolines regard-
less of their positions, suggesting a need for synergistic action 
across cellular compartments for making the proline signature. 
Our results highlight an antigen processing signature that could 
affect HLA class I peptide repertoire formation and CD8+ T cell 
responses.
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B171 / Immunogenicity of HLA class II-restricted neoan-
tigens derived from driver mutations

Tetsuro Sasada (Kanagawa Cancer Center), Susumu Iiizumi 
(Kanagawa Cancer Center), Taku Kouro (Kanagawa Cancer Cen-
ter), Mamoru Kawahara (Kanagawa Cancer Center), Norihiro Na-
kamura (BrightPath Biotherapeutics Co., Ltd.).

Recently, increasing attention has been paid to neoantigens that 
are derived from somatic genetic mutations specifically present 
in cancer cells. Since they can be recognized as non-self by the 
immune system, they are expected to induce stronger immune re-
sponses than non-mutated self-antigens. In particular, since “driv-
er mutations” that are directly involved in malignant processes are 
frequently shared by patients with various types of cancers and 
do not disappear easily by immune escape, they could represent 
appropriate off-the-shelf targets for cancer immunotherapy. 

In the current study, we evaluated the immunogenicity of 10 
well-known driver mutations, including KRAS-G12D, KRAS-G12V, 
KRAS-G12C, KRAS-G12R, KRAS-G13D, NRAS-Q61K, NRAS-Q61R, 
PIK3CA-E545K, PIK3CA-H1047R, and C-Kit-D816V, which are 
frequently expressed in various cancers using peripheral blood 
mononuclear cells from healthy donors (n = 25). Of the 10 syn-
thetic peptides (27 mer) derived from these mutations, the six 
peptides from KRAS-G12D, KRAS-G12R, KRAS-G13D, NRAS-Q61R, 
PIK3CA-H1047R, and C-Kit-D816V induced T cell responses. In 
particular, more than 10% of the donors showed immune respons-
es to PIK3CA-H1047R, C-Kit-D816V, KRAS-G13D, and NRAS-Q61R. 
All six peptides induced HLA class II-restricted CD4+ T cell re-
sponses ; notably, PIK3CA-H1047R contained at least two different 
CD4+ T cell epitopes restricted to different HLA class II alleles. In 
addition, PIK3CA-H1047R and C-Kit-D816V induced antigen-spe-
cific CD8+ T cells as well, indicating that they might contain both 
HLA class I- and class II-restricted epitopes. 

Our findings suggested that frequent driver mutations are not 
always less immunogenic, since six of 10 well-known driver mu-
tations induced specific T cell responses. Since the identified neo-
antigens might be shared by patients with various types of can-
cers, they have the potential to be promising off-the-shelf cancer 
immunotherapy targets in patients with the corresponding mu-
tations.
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B172 / T cell recognition of novel shared breast cancer 
antigens is frequently observed in peripheral blood of 
breast cancer patients

Nadia Viborg (Technical University of Denmark).

Purpose : Advances within cancer immunotherapy have fueled a 
paradigm shift in cancer treatment, resulting in increased cancer 
types benefitting from novel treatment options. Despite original-
ly being considered an immunologically silent malignancy, recent 
studies encourage the research of breast cancer immunogenicity 
to evaluate immunotherapy as a treatment strategy. However, lim-
iting options for antigen-specific, targeted strategies. Aromatase, 
never in mitosis A-related kinase 3 (NEK3), protein inhibitor of 
activated STAT3 (PIAS3), and prolactin are known as upregulated 
proteins in breast cancer. In the present study, these four proteins 
are identified as novel T cell targets in breast cancer. 

Experimental Design : From the four proteins, 147 peptides were 
determined to bind HLA-A*0201 and -B*0702 using a combined 
in silico/in vitro affinity screening. T cell recognition of all 147 pep-
tide-HLA-A*0201/-B*0702 combinations was assessed through 
the use of a novel high-throughput method utilizing DNA barcode 
labeled multimers. 

Results : T cell recognition of sequences within all four proteins 
was demonstrated in peripheral blood of patients, and signifi-
cantly more T cell responses were detected in patients compared 
to healthy donors for both HLA-A*0201 and -B*0702. Notably, 
several of the identified responses were directed towards pep-
tides, with a predicted low or intermediate binding affinity. This 
demonstrates the importance of including low-affinity binders 
in the search for epitopes within shared tumor associated anti-
gens (TAAs), as these might be less subject to immune tolerance 
mechanisms. 

Conclusion : The study presents four novel TAAs containing multi-
ple possible targets for immunotherapy of breast cancer.
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B173 / Inter-myeloid cell synaptic tumor antigen dispersal 
impacts anti-tumor T cell priming

Megan K Ruhland (University of California, San Francisco), Ed-
ward W Roberts (The Beatson Institute), En Cai (University of 
California, San Francisco), Adriana M Mujal (Memorial Sloan Ket-
tering Cancer Center), Kyle Marchuk (University of California, San 
Francisco), Casey Beppler (University of California, San Francis-
co), Matthew F Krummel (University of California, San Francisco).

Immune responses to cancer require the movement of tumor-de-
rived antigens into the tumor draining lymph node (tdLN) where 
T cells can then be primed by a diverse set of dendritic cell (DC) 
populations. Previous work has shown that migratory DC popula-
tions are required to carry tumor antigens to the tdLN and more 
broadly to disseminate tumor antigens to tdLN resident DC popu-
lations, but the biological mechanism for this has been unclear (1). 
Peptides injected in the context of vaccination can directly drain 
to the LN for sampling by resident myeloid cells (2, 3) whereas 
migratory cells are required to carry antigen to the LN in other 
physiological challenges such as infection or tolerance, and the 
antigens are then subsequently acquired by resident DC (4–10). 
In the context of an actively growing tumor, much less is known, 
competing hypotheses from other systems suggest migratory DC 
may : 1. Undergo apoptosis and are taken up by resident cells (7); 
2. Secrete exosomes containing antigen for subsequent stochastic 
re-uptake (11); 3. Secrete soluble antigens into the LN interstitium 
(12) or 4. Transfer entire peptide-MHC complexes, in a process 
termed cross-dressing (13). By tracking tumor antigen dispersal 
to and within the tdLN we visualize the contact-dependent mech-

anism by which antigen is propagated, namely : migratory DC 
bring antigen to the tdLN contained within a distinct collection 
of vesicles, and these are discretely transferred to other myeloid 
cells through a synaptic interface. In vitro transfer assays and in 
vitro and in vivo imaging all demonstrate that this handoff pro-
cess occurs via direct vesicular transfer from one myeloid cell to 
another at transient synaptic contacts formed between myeloid 
cells. Pulse-chase experiments reveal a sequential dissemination 
of antigen to the cells of the tdLN and that cells to which these 
vesicles were transferred account for the majority of LN priming. 
By honing in on the DC that actually bear antigen, we demon-
strate that this transfer ultimately allows diversification of T cell 
differentiation. These findings are fundamental to understand-
ing how T cell recognition of presented tumor antigens (‘signal 
one’) is regulated and can be targeted. It further provides an un-
derstanding of when and where existing ‘signal two’ checkpoint 
drugs may be engaged for cancer immunotherapies.

Keywords : dendritic cells, lymph nodes, live-imaging.
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B174 / A determinant leading to CD8+ T-cell induction in 
neoantigens with a single amino acid substitution

Tomoyo Shinkawa (Sapporo medical university), Takayuki Kanase-
ki (Sapporo medical university), Munehide Nakatsugawa (Sappo-
ro medical university), Serina Tokita (Sapporo medical university), 
Toshihiko Torigoe (Sapporo medical university).

Factors that define immunogenicity of neoantigens consist of 
multiple factors and yet remain elusive. We previously analyzed 
the peptide landscape of a colon cancer line (HCT15/b2m) by 
means of HLA-A24 ligandome analysis, and detected a 9-mer 
neoantigen (AKF9) as well as its wild-type counterpart (ANF9). 
The AKF9 was encoded by the ubiquitously expressed AP2S1 
gene carrying a missense mutation that gives rise to a single ami-
no-acid substitution (Asn>Lys) at P8. In contrast to the wild-type 
ANF9, the neoantigen AKF9 proved its capacity to induce specif-
ic T-cell responses across healthy donor PBMCs, which induced 
CD8+ T cells exhibiting specific and considerably high cytotoxici-
ty. Because ANF9 was repeatedly detected across healthy donor 
cells, we hypothesized that the non-selfness inducing the T-cell 
responses of AKF9 is attributed to an amount of the structural 
change between Asn and Lys. In order to investigate the hypoth-
esis, we prepared AKF9 variants (AIF9、ADF9、AHF9、ASF9
、ATF9、AYF9) that can be generated by random missense 
mutations. After peptide stimulation to 5 healthy donor PBMCs, 
we found that the effector T-cell induction rates determined by 
IFN-gamma production were not homogeneous : AKF9 and AHF9 
scored higher induction rates. Interestingly, the variants with high-
er induction rates also showed higher epitope volume change 
(EVC) scores, which were the volume differences between the 
variants and wild-type peptides predicted using 3D modeling of 
peptide-HLA-A24 complexes. Prediction of pHLA structures is yet 
challenging ; nevertheless, our finding may suggest its role upon 
T cell induction efficiency and contribute to prediction of quality 
neoantigens.

Keywords : Tumor antigens.
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B175 / Identification of a new type of neoantigen derived 
from splice peptides

Koji Kato (Sapporo medical university), Munehide Nakatsugawa 
(Sapporo medical university), Kanaseki Takayuki (Sapporo medi-
cal university), Serina Tokita (Sapporo medical university), Toshi-
hiko Torigoe (Sapporo medical university).

When a gene mutation occurs in a cancer cell, the antigen derived 
from the mutant protein encoded by that gene is presented. The 
antigen generated by this genetic mutation is called a neoanti-
gen. It is not found in normal cells and is unique to cancer cells. 
Therefore, it serves as a target of the immune system, which elim-
inates non-self cells, and its expression plays an imperative role 
in determining the success or failure of cancer immunotherapies, 
including immune checkpoint inhibitor therapy. The proteasome 
can cut and paste peptide sequences, thereby releasing peptide 
antigens that do not correspond to the original protein sequence. 
This proteasome-catalyzed peptide splicing (PCPS) has long 
been considered to occur only rarely. It has recently been report-
ed that the PCPS is presented on the surface of many cells (Liepe 
J, et al. Science. 2016.). 

Although little specific example of a proteasome-generated 
spliced epitope carrying a mutated amino acid has reported till 
date, we considered that a mutation-derived spliced epitope 
could be utilized as a therapeutic target as a neoantigen and 
probed into it. We independently created a database for genet-
ic mutation-derived spliced epitope detection. As a result of ex-
haustive exploration of antigenic epitopes presented on cancer 
cells by proteogenomic HLA ligandome analysis, we succeeded 
in identifying a candidate spliced epitope derived from gene mu-
tations. Furthermore, we confirmed the induction of cytotoxic T 
cells response to the mutation-derived spliced peptide in periph-
eral T cells, and demonstrated the immunogenicity of itdem. This 
genetic mutation-derived spliced epitope is a novel type of neo-
antigen and is anticipated to be a novel target antigen for cancer 
immunotherapy.

Keywords : Tumor antigens.
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B176 / Comparing the predictive power of proposed 
neoantigen descriptors on a standardized analysis platt-
form

Franziska Lang (TRON - Translational Oncology at the University 
Medical Center of the Johannes Gutenberg University, gGmbH), 
Martin Löwer (TRON - Translational Oncology at the University 
Medical Center of the Johannes Gutenberg University, gGmbH, 
Mainz), Barbara Schrörs (TRON - Translational Oncology at the 
University Medical Center of the Johannes Gutenberg University, 
gGmbH, Mainz), Patrick Sorn (TRON - Translational Oncology at 
the University Medical Center of the Johannes Gutenberg Univer-
sity, gGmbH, Mainz), Christoph Ritzel (University Cancer Center 
(UCT), University Medical Center of the Johannes Gutenberg Uni-
versity, Mainz), Thomas Bukur (TRON - Translational Oncology at 
the University Medical Center of the Johannes Gutenberg Univer-
sity, gGmbH, Mainz), Mathias Vormehr (BioNTech AG, Mainz, Ger-
many), Ugur Sahin (BioNTech AG, Mainz, Germany).

Neoepitopes are mutated peptide sequences that are specific to 
a patient’s tumor. Neoantigen-specific T cells recognize these se-
quences while eliciting an anti-tumoral response. With the suc-
cess of checkpoint inhibition-based therapies, neoantigens be-
came a focus of attention, as their existence has been shown to 
be predictive for therapy benefit [1]. Besides other factors, the 
response to checkpoint inhibitor treatment is crucially dependent 
on recognition of neoepitopes. Furthermore, their tumor speci-
ficity makes neoantigens a promising target for individualized 
cancer immunotherapy and we could already demonstrate that 
patient-specific neoepitope vaccination can even induce antigen-
ic de novo responses [2]. Hence, the detection and prediction of 
neoantigens is of great importance for the field of cancer immu-
notherapy. 

Next-Generation Sequencing (NGS)-based exome sequencing of 
tumor and matched normal tissue is the state-of-the-art strategy 
to detect mutation profiles in tumor samples. However, it is still 
challenging to predict which mutation might give rise to an immu-
nogenic neoepitope. Although several potential neoantigen fea-
tures for immunogenicity prediction and target prioritization have 
been published within the last years, these features have been 
established employing diverse strategies, with respect to data 
types, data sets and data analysis tools (e.g. [3], [4]). A standard-
ized and comparative performance evaluation of these proposed 
descriptors is still missing. 

Therefore, we collected public sequencing and outcome data 
from checkpoint inhibitor studies and processed these data in a 
best practice way with our in-house developed iCaM (individual-
ized cancer mutation) pipeline to detect patient-specific mutat-
ed peptide sequences (e.g. [1], [5]). We annotated the identified 
candidates with proposed neoantigen features and benchmarked 
their predictive power. Here, we present a comparative evaluation 
of published neoepitope properties by correlating each neoanti-
gen feature with patient outcome after immunotherapy as a mea-
sure for anti-tumoral immune response. With our standardized 
processing and analysis approach, we observe a particularly het-
erogeneous nature of neoantigen descriptors across investigated 
patient cohorts.
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B177 / Integrated proteogenomic deep sequencing and 
analytics accurately identify the tumor non-canonical im-
munopeptidome

Chloe Chong (Ludwig Cancer Research Center, University of Lau-
sanne, Switzerland), Markus Müller (Vital IT, Swiss Institute of Bio-
informatics, 1015 Lausanne, Switzerland), HuiSong Pak (Ludwig 
Cancer Research Center, University of Lausanne, Switzerland), 
Dermot Harnett (Max Delbruck Centre for Molecular Medicine in 
the Helmholtz Association, Institute for Medical Systems Biology, 
Berlin, Germany), Florian Huber (Ludwig Cancer Research Cen-
ter, University of Lausanne, Switzerland), Delphine Grun (École 
Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzer-
land), Marion Leleu (School of Life Sciences, École Polytechnique 
Fédérale de Lausanne (EPFL), Lausanne, Switzerland), Aymeric 
Auger (Department of Oncology, Centre hospitalier universitaire 
vaudois (CHUV), Lausanne, Switzerland), Marion Arnaud (Ludwig 
Cancer Research Center, University of Lausanne, Switzerland), 
Brian J. Stevenson (Vital IT, Swiss Institute of Bioinformatics, Lau-
sanne, Switzerland), Justine Michaux (Ludwig Cancer Research 
Center, University of Lausanne, Switzerland), Ilija Bilic (Max Del-
bruck Centre for Molecular Medicine in the Helmholtz Associa-
tion, Institute for Medical Systems Biology, Berlin, Germany), Lo-
renzo Calviello (Max Delbruck Centre for Molecular Medicine in 
the Helmholtz Association, Institute for Medical Systems Biolo-
gy, Berlin, Germany), Laia Simó-Riudalbas (École Polytechnique 
Fédérale de Lausanne (EPFL), Route Cantonale, Lausanne, Swit-
zerland), Lin Zhang (Center for Research on Reproduction and 
Women’s Health, University of Pennsylvania, USA), Didier Trono 
(EPFL, Switzerland), Alexandre Harari (Ludwig Cancer Research 
Center), Uwe Ohler (Max Delbruck Centre for Molecular Medicine 
in the Helmholtz Association, Institute for Medical Systems Biolo-
gy, Germany), George Coukos (Ludwig Cancer Research Center, 
University of Lausanne, Switzerland), Michal Bassani-Sternberg 
(Ludwig Cancer Research Center, University of Lausanne, Swit-
zerland).

Efforts to precisely identify human leukocyte antigen presented 
peptides (HLAp) capable of mediating T cell based tumor rejec-
tion still face important challenges. Recent reports suggest that 
cancer non-canonical (nonc) HLAp derived from aberrant trans-
lation and the presentation of presumably non-protein-coding re-
gions could serve as immunogenic targets. However, their identi-
fication is limited by the reliance on highly sensitive and accurate 
mass-spectrometry (MS)-based proteogenomics approaches. 

Here, we present a MS-based analytical pipeline that character-
izes the noncHLAp repertoire, which was validated on seven pa-
tient-derived melanoma cell lines and two lung cancer samples 
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with matched normal tissues. The workflow incorporates whole 
exome sequencing, both bulk and single cell transcriptomics, ri-
bosome profiling, and a combination of two MS/MS search tools 
with group-specific false discovery rate calculations for accurate 
HLAp identification. 

Overall, this led to an in-depth repertoire of 60, 320 unique pro-
tein-coding HLAIp and 11, 256 HLAIIp. Importantly, for the nonc 
space, the combination of two MS/MS search tools enabled the 
confident identification of more than 400 shared and tumor-spe-
cific noncHLAp derived from the expressed lncRNAs, transpos-
able elements and alternative open reading frames (ORFs). These 
noncHLAIp were highly enriched with HLA-binders (median : 
90%). Furthermore, the presented dataset provides a compre-
hensive insight into the relationship between expression, trans-
lation and HLA presentation from canonical and nonc sources. 
We observed that the immunopeptidome is better captured by 
the translatome than the transcriptome (two sided p-value < 
10e-16), and that de novo Ribo-Seq assembled protein sequence 
databases led to the discovery of additional noncHLAIp. While 
source nonc genes were often expressed at low levels, 42 (out of 
85 tested) noncHLAIp were confirmed by targeted MS, by which 
synthetic heavy isotope-labelled peptides were spiked into the 
peptidomic sample. We further validated through ribosome pro-
filing the translation of the correct ORF in around 20% of the nonc 
genes that gave rise to the noncHLAIp. Moreover, a handful of 
noncHLAIp were experimentally confirmed through targeted MS 
to be shared across tumors, highlighting their potential relevance 
in the rapid treatment of a large number of patients when com-
pared to private neoantigens. Lastly, we show CD8+ T cell specif-
ic recognition of a novel noncHLAIp derived from a downstream 
ORF of the ABCB5 gene, demonstrating its potential immunoge-
nicity. In sum, this comprehensive analytical platform holds great 
promise for the discovery of novel cancer antigens for cancer im-
munotherapy.

Keywords : Immunopeptidomics, non-canonical HLA peptides, 
Proteogenomics, Mass Spectrometry.

B178 / Immunopeptidomics of colorectal cancer or-
ganoids reveals a sparse HLA class I neoantigen lands-
cape and no improvement with interferon or MEK-inhibi-
tor treatment

Alice Newey (Institute of Cancer Research), Beatrice Griffiths 
(The Institute of Cancer Research), Justine Michaux (Ludwig Can-
cer Research Center), HuiSong Pak (Ludwig Cancer Research 
Center), Brian Stevenson (Vital IT, Swiss Institute of Bioinformat-
ics), Andrew Woolston (The Institute of Cancer Research), Maria 
Semiannikova (The Institute of Cancer Research), Georgia Spain 
(The Institute of Cancer Research), Louise Barber (The Institute 
of Cancer Research), Nik Matthews (The Institute of Cancer Re-
search), Sheela Rao (GI Cancer Unit, The Royal Marsden Hospi-
tal), David Watkins (GI Cancer Unit, The Royal Marsden Hospital), 
Ian Chau (GI Cancer Unit, The Royal Marsden Hospital), George 
Coukos (Ludwig Cancer Research Center), Naureen Starling (GI 
Cancer Unit, The Royal Marsden Hospital), David Cunningham (GI 
Cancer Unit, The Royal Marsden Hospital), Michal Bassani (Lud-
wig Cancer Research Center), Marco Gerlinger (The Institute of 
Cancer Research).

Microsatellite stable (MSS) colorectal cancers (CRCs) are largely 
refractory to immune-checkpoint inhibiting therapies (1, 2). We 
aimed to assess potential reasons for the poor immunotherapy 
sensitivity by applying mass spectrometry (MS) immunopepti-
domics to investigate the number of neoantigens presented on 
MSS CRC cells. Patient Derived Organoids (PDOs) are thought 
to better represent CRCs in patients than traditional cell line 
models ; therefore, our approach used PDOs to map the CRC 
immunopeptidome. MSS PDOs from four chemotherapy refrac-
tory CRCs and one treatment-naïve CRC were expanded with a 
novel culture technique utilising low-concentration (2%) matri-
gel (3). This allowed for expansion to 100 million cells per rep-
licate, facilitating high-sensitivity MS analysis of HLA class I and 
II peptide ligands (4). Exome sequencing was used to ascertain 
the mutational profile of each PDO. MS immunopeptidomics and 
RNA sequencing were performed on untreated, interferon gam-
ma (IFNγ)- and MEK-inhibitor (trametinib) treated PDOs to cor-

relate gene expression changes with immunopeptidome chang-
es. An average of 9, 936 unique HLA class I-bound ligands per 
PDO were identified by MS, comparing favourably against similar 
studies and hence confirming high sensitivity of the technique. 
Low peptide diversity in one PDO was likely explained by loss of 
heterozygosity of the HLA locus. Importantly, only 3 of the 612 
non-silent mutations across the 5 PDOs generated an HLA class 
I-binding neoantigen that was detectable by MS. No neoantigens 
were detected on HLA class II. IFNγ treatment did not increase 
HLA class I peptide presentation significantly, with an average of 
1.07-fold increase, however it did qualitatively change the immu-
nopeptidome. IFNγ treatment did increase HLA class II peptide 
presentation, at an average of 10.05-fold. However, no addition-
al neoantigens became detectable upon IFNγ treatment despite 
the increases in HLA class I and II, immunoproteasome subunits 
and antigen processing machinery detected by RNA sequencing. 
Trametinib had no consistent effect on HLA expression, or the 
immunopeptidome. Computational neoantigen prediction with 
NetMHCpan4.0 predicted 304 of the 612 mutations across the 
five PDOs to encode for neoantigens that strongly bind HLA class 
I (5). 196 of these neoantigens were derived from genes that were 
expressed in our PDOs based on RNA-sequencing. The discrep-
ancy between 196 predicted neoantigens in expressed genes vs. 
3 neoantigens that were actually detected by MS immunopepti-
domics suggests a major overestimation by computational pre-
diction. Presentation of cancer/testis antigens (CT) on HLA mole-
cules was detected in only two of five PDOs, each presenting one 
peptide derived from one CT antigen. Neither IFNγ nor trametinib 
enhanced the presentation of CT peptides. We showed that CRC 
PDOs can be expanded to large cell numbers for high sensitivity 
neoantigen landscape interrogation by MS. Although MS immu-
nopeptidomics has sensitivity limits and biases, making it likely 
to have underestimated the true neoantigen load, the detection 
of so few neoantigens suggests a sparse neoantigen landscape 
in MSS CRC. This may explain the lack of immune checkpoint-in-
hibitor activity in most MSS CRCs. MEK-inhibitors recently failed 
to improve checkpoint-inhibitor efficacy in CRC and the observed 
lack of HLA upregulation and of improved peptide presentation 
may explain this. The ability to perturb PDO cells with drugs or 
genetic manipulation should lead to novel approaches for im-
proving neoantigen presentation. PDO immunopeptidomics will 
furthermore be useful to train and improve computational neoan-
tigen prediction algorithms which is important for personalized 
immunotherapy approaches and particular for neoantigen vacci-
nation technologies.

Keywords : Mass Spectrometry (MS), Neoantigens, Immunopepti-
domics, Patient-derived organoids (PDOs).
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B179 / Improving indirect maleimide based ELISA for the 
detection of antibodies against tumour-specific antigens

Chloe B Rodgers (University of the Highlands & Islands), Antonia 
L Pritchard (University of the Highlands & Islands).

Indirect ELISAs are a commonly used assay, which involve a two-
step process for detection, designed to detect the presence of a 
protein, an antigen or antibody of interest. It does, however, come 
with limitations and results are often misinterpreted due to lack 
of appropriate controls and a poor understanding of what is be-
ing detected [1]. In particular, the detection of specific circulating 
antibodies present in serum/plasma to defined antigen bound 
to a plate has been an assay fraught with methodological mis-
construction [1, 2, 3]. With a focus on the common issue of non-
specific binding by the antibodies being detected to the plastic 
ELISA plate, we set out to optimise the indirect ELISA technique 
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using maleimide-activated plates. These plates bind target pep-
tide antigens by a cysteine residue. We have shown that human 
plasma contains IgG capable of binding to a non-coated plate 
to produce a high signal, which is sometimes higher than that of 
a coated well. Here, we demonstrate that in order to ensure an 
indirect ELISA using maleimide plates on human plasma/serum 
are as precise as possible, it is important to : a) include positive 
controls, negative controls and plate loading controls ; b) per-
form titration experiments to define the concentrations of each 
component (e.g. the linear peptide antigen, the dilution of plasma 
used or the concentration of primary and secondary antibodies, 
dependent on the design of the indirect ELISA); and c) carefully 
select the choice of blocking agents. Together, these findings es-
tablish these steps as vital to improve this type of ELISA so that 
researchers can ensure the specificity of their signal and prevent 
misinterpretation of results. The intention of optimisation of this 
assay is for the detection of tumour-specific humoral immunity. 
This indirect ELISA method will be a good tool to identify novel 
tumour-specific candidate targets for immunotherapy and evalu-
ate patient diagnosis or prognosis in clinical applications.

Keywords : ELISA, B cells, IgG, tumour antigens.
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B180 / Benchmarking the foreign antigen space of human 
malignancies

Maarten Slagter (Netherlands Cancer Institute), Lorenzo Fanchi 
(Netherlands Cancer Institute), Marit M van Buuren (Netherlands 
Cancer Institute), Arno Velds (Netherlands Cancer Institute), Jorg 
J.A. Calis (Netherlands Cancer Institute), Philip C Schouten (Neth-
erlands Cancer Institute), Gergana Bounova (Netherlands Cancer 
Institute), Ludmil B Alexandrov (University of California, San Di-
ego), Sabine C Linn (Netherlands Cancer Institute), Hendrik Veelk-
en (Leiden University Medical Center), Roel G.W. Verhaak (Jack-
son Laboratory for Genomic Medicine), Lodewyk F.A. Wessels 
(Netherlands Cancer Institute), Ton N Schumacher (Netherlands 
Cancer Institute).

Mutational load varies widely between malignancies and has been 
used as a proxy for the immunological foreignness of human can-
cers. However, without well-defined reference points it is difficult 
to determine which human tumors can be considered sufficient-
ly foreign to the T-cell-based immune system. We established 
a neo-antigen prediction pipeline that processes single nucleo-
tide variants, indels and gene fusion events and established its 
precision in identifying T-cell-recognized antigens. We used this 
pipeline to benchmark the immunological foreignness of human 
cancers against pathogens for which T-cell control has been well 
documented. We demonstrate that up to 50% of tumors, span-
ning 25 sites of origin, are more foreign than these pathogen 
benchmarks. We also demonstrate that the neo-antigen reper-
toire of treatment-naïve tumors is not detectably influenced by 
immune editing. Finally, we report varying potential in neo-anti-
gen generating capacity between mutational processes. These 
data suggest that immunotherapeutic strategies that enhance 
activity of the endogenous T-cell compartment may be of value 
for a large fraction of human cancers.

Keywords : neo-antigens, neo-epitope prediction, immune editing.

B181 / Targeting prostate-specific membrane antigen : 
from phage display to nanomolar conformation-selective 
antibody mimetic

Kristýna Blažková (IOCB CAS), Jana Beranová (IOCB CAS, 
Prague).
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partment of Cell Biology, Faculty of Science, Charles University, 
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Discovery of novel ligands of pharmacologically relevant targets 
is an essential part of drug development. A number of selection 
Methods can be utilized in the search for binders of pertinent 
macromolecules such are e.g. cancer antigens. In this article, 
we describe a development of fully synthetic antibody mimetic 
selectively targeting specific conformation of Prostate-specific 
Membrane Antigen (PSMA), which this transmembrane metallo-
protease adopts in its free uninhibited state [1]. PSMA, also known 
as Glutamate carboxypeptidase II, is overexpressed in prostatic 
malignancies and serves as a validated diagnostic and a potential 
therapeutic marker. 

The design of our mimetic is based on a discovery of new bicy-
clic peptide binder selected via phage display. An fd phage li-
brary displaying bicyclic peptides with variable loop lengths, es-
tablished and kindly provided by Dr. Heinis (EPFL Lausanne) [2], 
was screened for a phage-binder of the uninhibited conformation 
of the extracellular domain of PSMA. The lead hit was identified 
using a repeated three-round selection followed by a next gener-
ation sequencing (lead hit composed approximately 75% of the 
pool). The candidate peptide was synthesized and an antibody 
mimetic, so-called iBody [3], was created by conjugation of the 
peptide to a biocompatible, water soluble polymer carrier. The 
iBody was additionally accessorized with fluorophore and affinity 
anchor molecules for easy detection and immobilization respec-
tively. The peptides function as targeting ligands for delivery of 
the whole polymer conjugate to its intended destination. 

Within the scope of our work, we assess and compare the binding 
properties of the bicyclic peptide binders and the peptide-func-
tionalized iBodies. We test the iBodies as antibody substitutes in 
various Methods (e.g. confocal microscopy, flow cytometry, ELI-
SA, SPR) and demonstrate that both, the affinity and the specific-
ity of the binding, are significantly improved by the conjugation 
of the peptides to the hydrophilic carriers. Most importantly, by 
studying the binding of iBodies to both, the inhibited and the un-
inhibited form of PSMA, we show the possibility to develop iBod-
ies, which are able to recognize different conformations of the 
protein. The product is thus a highly soluble, conformation-spe-
cific antibody mimetic with nanomolar affinities, which are several 
orders of magnitude higher than in the case of the unconjugated 
peptide binders. 

This method represents a proof-of-concept that can theoretically 
be applied to any target of interest. The possibility to create a sta-
ble, fully synthetic antibody mimetic with conformation-selective 
properties, could potentially contribute to more effective drug 
discovery and design.

Keywords : PSMA, antibody mimetic, phage display, conforma-
tion-selective binders.
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B182 / Trogocytosis of Qa-1–restricted T cell receptors 
into tumor cells validates tumor recognition

Hidetoshi Nakagawa (Dana-Farber Cancer Institute/Harvard 
Medical School), Hye-Jung Kim (Dana-Farber Cancer Institute/
Harvard Medical School), Harvey Cantor (Dana-Farber Cancer In-
stitute/Harvard Medical School).

The prognosis of cancer patients has recently been improved by 
utilizing novel immunotherapies that inhibit the regulatory im-
mune system. We have shown that down-regulation of the He-
lios transcription factor induces CD4+ regulatory T cell (Treg) 
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conversion into effector cells leading to enhanced anti-tumor 
immune responses(1). Helios is also the canonical transcription 
factor in CD8+ (CD44+CD122+Ly49+) regulatory T cells that 
have Qa-1 restriction for their antigen recognition. We have iden-
tified a series of T cell receptors that are specific for self-anti-
gen FAM49B(p190-198)/Qa-1 within the CD8+ Treg subset and 
have utilized FAM49B(p190-198)-specific CD8+ Treg to provoke 
anti-tumor immune responses. Although FAM49B(p190-198) is a 
self-peptide that is normally degenerated in endoplasmic reticu-
lum, it is stably presented in EL4 lymphoma cells. We found that 
EL4 subcutaneous tumor growth was delayed following transfer 
of FAM49B(p190-198)-specific T cells in the context of Qa-1 re-
striction. 

To further understand this phenomenon, we have recently em-
ployed a trogocytosis assay. Trogocytosis in T cells and target 
cells is a biological phenomenon that allows cells to exchange 
membrane and molecules during immune synapse formation. Tro-
gocytosis of FAM49B(p190-198)-specific T cells and EL4 revealed 
direct evidence of this interaction which has opened a new direc-
tion to explore surrogate peptides. 

FAM49B(p190-198)/Qa-1 specific CD8 Treg were detected by 
FAM49B(p190-198)/Qa-1 tetramers after immunization with 
FAM49B(p190-198) peptide–loaded dendritic cells in CD8 Treg. 
T cell receptor cDNAs were amplified from sorted single cells 
and inserted into retroviral expression vectors for transduction in 
58α–β– hybridoma cells. EL4-Qa-1 KO cells were generated using 
CRISPR/Cas9 technology. First, we cocultured TCR+ 58α–β– with 
EL4-WT or -Qa-1 KO loaded with cognate peptide for 2 hours and 
observed transferred TCR on EL4 cells. Next, to detect endoge-
nous FAM49B(p190-198) presentation, TCR+ 58α–β– was cocul-
tured with EL4-WT or -Qa-1 KO without peptide-loading followed 
by analysis of target cells. To identify more effective peptides than 
native FAM49B(p190-198) to induce potent immune responses, 
we synthesized various peptides substituting amino acids of the 
native peptide and tested them in the trogocytosis assay. 

In this peptide loading system, we detected TCR transfer into 
EL4 WT cells both from OTI-TCR hybridoma and FAM49B-TCR 
hybridoma in the presence of cognate peptides, whereas we 
found TCR on EL4-Qa-1 KO cells only from OTI hybridoma but 
not FAM49B-TCR hybridoma with cognate peptides. Opposite 
transfer of some molecules (Qa-1 and TCR Vβ12) from EL4 WT 
into FAM49B-TCR hybridomas was also observed. Without pep-
tide loading, TCR transfer became apparent after 12 hours and 
showed an increase of up to 8% of EL4-WT as positive for TCR 
after 20 hours while TCR+ EL4-Qa-1 KO were less than 1%. We also 
tested the variant peptides with different Qa-1 binding capacity 
in peptide-loading system and detected the same level of TCR 
transfer. Our data show that FAM49B-TCR recognizes endoge-
nous FAM49B(p190-198) expressed by tumor cells in the context 
of Qa-1. Trogocytosis assay can also be utilized to identify potent 
surrogate peptides that expand this novel Qa-1–restricted subset.

Keywords : Trogocytosis, Qa-1, T cell receptor, Treg.
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B183 / Combination of chemotherapy and DNA vaccina-
tion against tumor associated antigens effectively induces 
anti-tumor immunity in pancreatic cancer

Sara Bulfamante (Department of Molecular Biotechnology and 
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for Experimental Research and Medical Studies (CERMS), Univer-
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nology and Healthy Sciences, Center for Experimental Research 
and Medical Studies (CERMS), University of Turin), Laura Follia 
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(Centro Oncologico Ematologico Subalpino, Azienda Ospedaliera 
Universitaria Città della Salute e della Scienza di Torino), Paola 
Cappello (Department of Molecular Biotechnology and Healthy 
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Molecular Biotechnology and Healthy Sciences, Center for Ex-
perimental Research and Medical Studies (CERMS), University of 
Turin).

Pancreatic Ductal Adenocarcinoma (PDA) is one of the most le-
thal cancer, both for lack of effective screening method and re-
sistance to chemotherapy (CT). Immunotherapy (IT) trials with 
immune check-point inhibitors did not achieve significant gain 
of survival yet. However, some CT agents, such as Gemcitabine 
(GEM), have several immune modulating effects and starting from 
the hypothesis that more immunogenic antigens can be induced 
by CT treatment, its ability to increase the susceptibility of PDA 
to IT was evaluated. 

To discover tumor associated antigens (TAAs) suitable for IT, 
the serum of 28 PDA patients before and after 1 and 2 cycles of 
CT was profiled by serological proteome analysis (SERPA); the 
recognized antigens were identified by mass spectrometry and 
confirmed by ELISA. The proliferation, phenotype and cytokine 
production of T cells were evaluated on patients’ PBMCs from the 
same cohort after in vitro stimulation with the recombinant pro-
teins of the four most recognized TAAs (ENO1, G3P, K2C8 and 
FUBP1). 

The number of TAAs recognized by circulating IgG in PDA pa-
tients’ sera, as well as their ability to induce a complement depen-
dent cytotoxicity against PDA cells, showed an increase after CT 
treatments. Moreover, for some of identified TAAs was observed 
a positive correlation between the increase of antibody titer after 
CT and a longer patients’ survival. 

Following stimulation of PBMCs with selected TAAs, was detect-
ed an increased T cell TAAs-specific proliferative response after 
CT. The evaluation of IFNγ/IL10 ratio, revealed that CT treatment 
shifted T cell TAAs-specific responses from regulatory to effector. 

The role of CT to enhance the TAAs-specific adaptive response 
prompt us to exploit its effect in combination with the DNA vac-
cination. Genetically engineered mice that spontaneously devel-
op PDA (KC) were treated with suboptimal dose of GEM prior 
of DNA vaccination against one of the selected TAAs, ENO1. 
Tumor lesions, immune infiltration and the titer of TAAs-specif-
ic antibody were evaluated. Splenocytes from KC mice were in 
vitro stimulated with selected TAAs and the production of IFNγ 
was analyzed. Of clinical relevance, KC mice treated with GEM 
prior of ENO1 DNA vaccination displayed smaller tumor lesions 
together with an increase of tumor-infiltrating CD4 and CD8 T 
cells, in comParison to mice vaccinated or GEM-treated only. Fur-
thermore, CT increased specific antibodies and producing IFNγ T 
cells in vaccinated mice not only against ENO1, the TAA target of 
vaccination, but also against G3P, suggesting an antigen spread-
ing effect of the combinatory treatment. 

Overall these data indicate that in PDA CT strategy might be re-
considered, also with less toxic dosages, to enhance immune re-
sponse against TAAs and renders them suitable targets for IT.

Keywords : Pancreatic cancer, DNA vaccination, Chemotherapy.
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B184 / Splicing inhibition enhances the antitumor immune 
response through remodeling of the MHC I immunopepti-
dome

Romain Darrigrand (Gustave Roussy, Université Paris Sud, Uni-
versité Paris Saclay, Inserm U1015), Alison Pierson (Gustave Rous-
sy, Université Paris Sud, Université Paris Saclay, Inserm U1015), 
Sébastien Apcher (Gustave Roussy, Université Paris Sud, Univer-
sité Paris Saclay, Inserm U1015).

Cancer immunoediting takes place in response to the cellular 
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immune response against tumor antigens. This dynamic process 
leads to the downregulation of the molecules associated with an-
tigen production, processing and presentation and may explain 
the failure of many epitope-based immunotherapies in clinics. 
To counter the immunoselection of tumor antigens we highlight 
a new function for splicing inhibitors. They have been tested so 
far in clinics for their cytotoxicity directed toward cancer cells 
with defective splicing machinery. However, S. Apcher suggested 
a new mechanism of action for the splicing inhibitor isoginkge-
tin (Apcher et al. 2013). At subtoxic doses, the compound was 
able to increase the presentation of the non-conventional Pio-
neer Translation Products (PTPs). Those PTPs are polypeptides 
produced during a pioneer round of translation taking place in 
the nuclear compartment on pre-mRNAs, before the introns are 
spliced out. PTP-derived antigens can thus derive from coding 
sequences but also allegedly non coding sequences such as in-
trons, 5’ and 3’ UTR regions or intron-exon junctions (Apcher et 
al. 2011). We showed in-vitro that isoginkgetin and its water-solu-
ble and safe derivative IP2 increase the presentation of intron-de-
rived epitopes at the surface of a variety of murine and human 
cancer cells. We further assessed IP2 activity in-vivo on MCA205 
sarcoma and B16F10 melanoma tumors. We observed that IP2 
slows down the growth of both models and that mice which ex-
perience complete tumor regression gain a long-term protection 
against further challenge with cancer cells. Nude mice and CD8+ 
T cell-depleted mice do not benefit from the treatment with IP2 
suggesting that its action is mediated by the immune system. We 
confirmed that the compound is safe and does not exert a cy-
totoxic activity against cancer cells or healthy tissues. We then 
highlighted the alterations induced by IP2 in the MHC I immuno-
peptidome of cancer cells. We eluted and sequenced the pep-
tides presented in H-2Kb and H-2Db molecules at the surface of 
mouse MCA205 sarcoma cells and mouse B16F10 melanoma cells. 
The proteomic analysis revealed that cancer cells display at their 
surface peptides from coding sequences but also from retained 
introns. We confirmed a result recently published by Smart, Mar-
golis and colleagues : retained introns are a source of peptides for 
the MHC I presentation pathway (Smart et al. 2018). We identified 
peptides enriched at the surface of cancer cells upon treatment 
with IP2 and a new repertoire of peptides, missing from untreat-
ed cells. Among those IP2-specific peptides we found peptides 
already described in the Immune Epitope Database but also pep-
tides derived from both coding sequences and retained introns 
that have never been identified before. Promising peptides were 
selected for further study in-vivo. We identified by ELISPOT IFNϒ 
reactive CD8+ T cells against IP2-induced peptides. The combi-
nation of IP2 treatment with peptide vaccination was effective 
in impairing the growth of MCA205 cells and improving survival. 
To sum up, we propose to use splicing inhibitors as immunomod-
ulatory agents to reshape the repertoire of peptides presented 
at the surface of cancer cells. MS analyses allow the detection 
of newly presented antigens and the selection of immunogenic 
ones for further use in peptide-drug combinations. Splicing in-
hibition enhances the presentation of non-conventional antigens 
from allegedly non-coding sequences that proved to be relevant 
to induce an effective antitumor immune response.

Keywords : Tumor antigens, Introns, Spliceosome, MHC I immuno-
peptidome.
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B185 / Discovery of tumor-associated antigens for 
triple-negative cancer immunotherapy

Karita Peltonen (University of Helsinki), Sara Feola (University of 
Helsinki), Husen M Umer (Karolinska Institutet), Jacopo Chiaro 
(University of Helsinki), Georgios Mermelekas (Karolinska Institu-
tet), Erkko Ylösmäki (University of Helsinki), Riu M M Branca (Kar-
olinska Institutet), Janne Lehtiö (Karolinska Institutet), Vincenzo 
Cerullo (University of Helsinki).

The antigenic landscape of tumors is different from that of 
healthy tissue. The immune system is trained to probe these de-
viations from ‘normal’ and launch a robust cytotoxic response to 

eradicate malignant growth. Tumor rejection as the result of im-
mune system activation greatly relies on the recognition of tu-
mor-associated antigens and mutated antigens, known as neoan-
tigens, presented as MHC-associated peptides on the cell surface. 
Despite the general realization of the neoepitopes role as major 
determinant for successful immunotherapy the most potent tu-
mor antigens amenable for therapeutic application are currently 
unknown for many tumor types. This limits the rational design of 
effective and safe immunotherapies, especially for tumors with 
‘lower’ mutational burden. 

To discover novel tumor antigens for a tumor with relatively low 
mutational load we used triple-negative breast cancer as our tu-
mor model. Triple negative breast cancer (TNBC) remains a chal-
lenging breast tumor subtype to treat with its aggressive nature 
and lack of therapy targets contributing to poor clinical outcome. 
Currently, TNBC consists of 10-20% of breast cancer cases and 
more likely affects younger persons. TNBC is considered an im-
munogenic subtype of breast cancer. PD-L1 expression levels are 
high and coincided with high rates of tumor infiltrating CD8+ 
T-cells suggesting tumor infiltrating lymphocytes contribute to 
tumor immunosurveillance (1, 2, 3). A recent clinical study further 
showed clinical benefit of anti-PD-L1 therapy in combination with 
paclitaxel in patients with metastatic TNBC (4). These data sug-
gest immunotherapy, such as immune checkpoint inhibitors, are a 
promising treatment strategy for TNBC. 

To further develop immunotherapy for TNBC, knowledge on the 
tumor infiltrating lymphocyte targets, and in particular on the 
MHC-I presented CD8+ T-cell epitopes, is required for both tu-
mor associated antigens and neoantigens. Here we analysed 
the immunopeptidome, the collection of peptides associated to 
MHC-I, of triple-negative breast cancer. We employd direct de-
tection of MHC-I presented peptides using MHC-I immunoaffin-
ity purification combined with mass spectrometric identification 
of the MHC-I associated peptides. Bioinformatics analyses were 
employed to rank the tumor-associatead antigens for further in 
vivo analyses. We studied the anti-tumorigenic potential of se-
lected tumor-associated antigens using a mouse model of TNBC 
and immunization by peptide vaccination. Immunogenicity of the 
peptides was tested in vivo following peptide vaccination and de-
tection of interferon-gamma responses. Finally, we investigated 
the in vivo tumor control potential of 21 tumor antigens and their 
elicited T-cell responses in a mouse model. Our results show the 
potential of utilizing therapeutic cancer vaccination in the man-
agement of breast cancer and warrants further studies for iden-
tification of both shared and personalized tumor antigens for the 
cancer type.

Keywords : tumor antigen, triple-negative breast cancer, thera-
peutic cancer vaccination.
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Cadranel (Department of Pneumology, Tenon Hospital, Public As-
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Health, Paris France), Karim Labreche (Sorbonne University, In-
serm, Pierre Louis Institute of Epidemiology and Public Health, 
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The recent emergence of precision therapies targeting tumor mu-
tations or immune molecules requires defining or better charac-
terizing mutational patterns and the tumors immune environment 
that are none or insufficiently explored so far. The main research 
efforts focused on the genotyping of the most frequent tumors 
and allowed understanding mechanisms of oncogenicity and tu-
mor evasion, or even lead to major progress in the targeting and 
development of new drugs. Current precision therapies either 
use immune checkpoint inhibitors which are highly effective in 
cancers with high tumor mutational burden in immunologically 
competent individuals, or target cancer molecular biomarkers 
defined either on tumors or on liquid biopsies from circulating 
tumor DNA and circulating tumor cells. In contrast, mutational 
profiling of tumors occurring in immune-suppressed individuals 
or environments for which the number continues to grow, have 
been poorly or not analyzed until now with these new molec-
ular Methods. Indeed, relative to the general population, tumor 
frequencies, particularly lymphomas and lung cancers, increase 
significantly in transplant patients with immunosuppressive treat-
ments or in people living with HIV (PLWHIV) even when they are 
under effective antiretroviral therapy. On the other hand, the lack 
of immune cells and immuno-surveillance observed in immune 
sanctuaries, such as the brain, could favor the emergence of a tu-
mor, particularly lymphomas or gliomas. In these cases, the muta-
tional tumor profile should differ from those observed in immune 
competent individuals, since the lack or alteration of immune 
functions should limit the control of tumor variants, or because 
other oncogenic events could be involved in these contexts. The 
number and immunogenicity of variants detected in a tumor may 
therefore differ for a given tumor between immune-competent 
and immune-suppressed individuals or in immune sanctuaries. 

In this context the IDeATIon project from Pitié-Salpêtrière Hos-
pital, Sorbonne-University Foundation, Sorbonne University and 
Inserm aims at discovering novel invasive and noninvasive immu-
nomolecular biomarkers in rare but severe tumors occurring in 
immune-suppressed patients or immunological sanctuaries, com-
pared to similar tumors in immune-competent patients. The high-
ly innovative translational research IDeATIon program includes 
200 patients with non-Hodgkin lymphomas or lung adenocar-
cinomas from the INCa national reference centers for PLWHIV 
(CancerVIH), transplant recipients (k-virogref), or primary brain 
tumors from the LOC and POLA reference centers. The program 
is testing the hypothesis that lack of immune environment and/
or responses should lead to different tumor mutational profiles 
from similar tumors observed in immuno-competent individuals 
or tissues expressing immunity by analyzing the tumoral exomes 
and scores of neo-epitopes as well as analyzing circulating tumor 
DNA and cells in liquid biopsies. Analyses are in progress and re-
sults expected for 2020-21 will lead to : 

-Identify novel invasive and non-invasive biomarkers for pre-
dicting and evaluating efficacy of future personalized and im-
mune-based therapies, 

-Compare tumor mutational profiles from immune-suppressed 
and immune-competent hosts, 

-Discover hot spots of tumoral mutations, as mechanisms of tu-
mor resistance and new molecular targets for future molecular 

therapeutic strategies, 

-Define the tumor ImmunoMutanome as a score of neo-epitopes 
and detect neo-epitope (or mutation)-specific circulating T lym-
phocytes predicting tumor immunogenicity, disease outcome and 
potential response to immune-based therapies, 

-Detect non-invasive tumoral biomarkers from liquid biopsies fa-
cilitate future diagnosis and monitoring of such tumors, -Identify 
biomarkers of tumor escape or resistance to treatments. 

The expected results will be key to define more efficient future 
therapeutic strategies in these severe tumors occurring in im-
mune-suppressed individuals or enviro

Keywords : Tumor environments, Immune-suppressed, Biomark-
ers, ImmunoMutanome.
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B187 / HPV-dependent cancer-testis antigen methylation 
and expression patterns in HNSCC

Jasmin Ezi² (University Clinic Ulm), Adrian Fehn (Ulm University), 
Cornelia Brunner (University Clinic Ulm), Thomas Hoffmann (Uni-
versity Clinic Ulm), Simon Laban (University Clinic Ulm).

Because of the restricted pattern of expression in normal tissues 
and expression in tumors cells, cancer-testis antigens (CTA) can 
be used as therapeutic targets or biomarkers. Their expression 
is almost exclusive for testis in healthy tissues, but they are ex-
pressed in different types of cancer. CTA expression is epigeneti-
cally regulated, most often through DNA methylation (Scanlan et 
al. 2004). Demethylating agents such as Decitabine (DAC) have 
been shown to increase CTA expression, which has been implied 
to improve CTA-specific immunotherapy (Siebenkas et al. 2017). 
HPV+ head and neck squamous cell carcinoma (HNSCC) displays 
a significantly different phenotype then it’s HPV- counterpart. Be-
cause of that, we aimed to investigate the different CTA methyla-
tion and expression patterns in HPV+ compared to HPV- HNSCC 
tumors, as well as the effect of DAC treatment on the methylation 
and expression patterns. 

DNA and RNA were isolated from HNSCC cell lines (3 HPV+ and 
3 HPV- cell lines), and from fresh frozen tumor tissue samples 
of 25 oropharyngeal squamous cell carcinoma patients and sub-
sequently used for Illumina EPIC Methylation assay and Illumina 
TruSeq stranded mRNA sequencing. HPV positivity was con-
firmed through HPV PCR and p16 immunohistochemical expres-
sion. HNSCC cell lines were treated with 2 µM DAC for 5 consec-
utive days. Statistical data analysis was preformed using Qlucore 
Omics Explorer. Principal component analysis and hierarchical 
clustering revealed specific patterns of cancer-testis antigen gene 
expression of HPV+ versus HPV- HNSCC tumors, where we iden-
tified a list of HPV-specific CTA candidate genes. HPV-specific 
patterns were also found in DNA methylation data, although not 
overlapping with gene expression patterns. The same clustering 
was confirmed in HNSCC cell lines. DAC treatment of the cell lines 
changed the methylation and expression patterns of CTA dramat-
ically, resulting in strong demethylation and an increase in gene 
expression. 

Expression and methylation of CTA genes differ between HPV+ 
and HPV- HNSCC. We showed the mirroring of tumor methyla-
tion and expression patterns in the cell lines in an HPV-dependent 
manner which justifies the usage of HNSCC cell lines as models. 
A specific correlation of gene methylation and expression could 
hardly be established. DAC treatment of cell lines influenced the 
methylation and expression patterns strongly, reducing the dif-
ference between the HPV-specific patterns of most of the CTA. 
HPV-specific CTA expression could result in different immunoge-
nicity, whereas the DAC treatment possibly leads to an increased 
immunogenicity of HNSCC in general.

Keywords : Cancer-testis antigens, HPV, Methylation, Decitabine.
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tion machinery in colon and ovarian cancer cells. PLoS ONE. 2017 ; 12(6).

B188 / Identification of mutant EGFR derived peptides 
that can bind stably to HLA-A*11 :01

Amit Jain (NCCS), Jackwee Lim (Singapore Immunology Net-
work, A*STAR).

Incurable EGFR mutant lung cancer is treated with tyrosine kinase 
inhibitors and chemotherapy drugs with dramatic improvements 
seen in survival outcomes over the past decade. While respons-
es with immune checkpoint inhibitors have been dismal thus far, 
there is emerging data that immune responses directed towards 
mutant EGFR proteins exist and can be augmented with pep-
tide vaccines. However, current tools to bioinformatically inform 
suitable peptides have inherent limitations in the context of HLA 
classes more prevalent in Asia including HLA-A*11 :01. Hence, we 
sought to ascertain more direct unbiased biophysical evidence of 
MHC-peptide binding in order to be able to identify suitable EGFR 
peptides for use as vaccines. As a pilot study, the binding of two 
peptides derived from wildtype EGFR (HVKITDFGL) and L858R 
mutant EGFR (HVKITDFGR) was evaluated with the ProImmune 
REVEAL Rate Assay. HVKITDFGR was noted to form a stable 
complex with HLA-A*11 :01 while the wild type peptide did not. 
We then embarked on assessing 160 peptides that included all 
possible 8- to 12-mers across 4 clinically relevant EGFR mutations, 
L858R, T790M, C797S, and one specific Exon 19 deletion, with 
two independent assays that directly measure peptide-MHC-I 
complex stability using HLA-A*11 :01. Peptides that were predict-
ed with NetMHCpan4.0 to be strong binders (top 2%) including 
KITDFGRAK (L858R) were generally highly ranked in both assays. 
However, several peptides predicted to be only moderate bind-
ers had high peptide-MHC-I complex stability. For example, SLL-
DYVREH (C797S) is predicted to have only moderate binding to 
HLA-A*11 :01 but on our assay was noted to form peptide-MHC 
complex that had stability comparable to KITDFGRAK as well as 
an EBV control peptide known to be a strong binder. Of note, 
strong binding predicted for several peptides on NetMHCpan4.0 
was found to be inconsistent with their respective peptide MHC-I 
complex stability in our assays. Hence, we discovered that first-
ly, most peptides had a good correlation between their NetMH-
Cpan4.0 predicted peptide-MHC binding and peptide-MHC com-
plex stability ; secondly, some peptides predicted to be moderate 
binders were nevertheless able to form stable peptide-MHC com-
plexes ; and thirdly some predicted strong binders did not form 
stable MHC-peptide complexes. This suggests that bioinformat-
ically predicted binding affinity alone is inadequate to predict 
peptide immunogenicity and that direct measurement of pep-
tide MHC stability is feasible and can additionally inform peptide 
choice for cancer peptide vaccine strategies.

Keywords : MHC-peptide stability.

B190 / Intron retention as a source of neoantigens arising 
from somatic splice site mutations

Alex Rubinsteyn (Icahn School of Medicine at Mount Sinai), Tim 
O’Donnell (Icahn School of Medicine at Mount Sinai), Julia Kodysh 
(Icahn School of Medicine at Mount Sinai), Nina Bhardwaj (Icahn 
School of Medicine at Mount Sinai).

Mutations which are typically annotated as silent or non-coding 
can still cause significant changes to protein sequence through 
modification of splice signals. We have observed evidence of in-
tron retention in clinical samples when a mutation disrupts the 
nucleotides before or after an exon boundary, especially when 
the germline sequence differs from the canonical “AG|GT” 5’ splic-
ing signal. If such retained introns are translated they can gen-
erate large stretches of novel amino acids, potentially creating 
tumor-specific neoantigens. To assess the frequency of produc-
tive intron retention events arising from splice site mutations, we 
used a computational tool called Isovar [1] to examine the RNA 
sequencing data of 14 patients from the PGV001 neoantigen vac-
cine trial [2]. We found that ~0.1% of expressed somatic mutations 
in coding regions contain retained introns. These mutation specif-
ic intron retention events were not found in RNA reads lacking the 
mutant allele. Many of the detected novel sequences contained 

peptides which were predicted to be strong binders of patient 
HLA alleles.

Keywords : neoantigens, intron retention, splicing.
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B191 / PrDx a novel stability-based MHC-epitope predic-
tion tool applied for selection of 40 neo-epitopes in a 
colorectal cancer patient

Olivia Lie-Andersen (Immunitrack ApS), Sune Justesen (Immuni-
track ApS), Stephan Thorgrimsen (Immunitrack ApS).

Mutations in cancer cells can lead to the formation of neo-epi-
topes presented by Major Histocompatibility Complex (MHC) 
class I or II. These neo-epitopes may be recognized by CD8+ or 
CD4+ T cells and trigger an immune response. Since only a small 
fraction of the neo-epitopes will be displayed by the MHC class I 
or II, one of the major challenges of neo-epitope vaccination is to 
predict which neo-epitopes will be presented by MHC and prone 
to elicit a T cell response. Software tools such as netMHC, MHC-
Flury and others tend to be over predictive, since the majority of 
the data used to train these Methods are based on affinity assays. 
Several studies have indicated that peptide MHC stability assays 
may be a better predictor of immunogenicity instead. We have 
performed stability assays on a number of MHC I and II alleles 
and used these data to train PrDx, that relies on a combination of 
different machine learning Methods such as ; random forest, feed 
forward neural networks and recurrent neural networks. We have 
shown how PrDx can be used for a more precise identification of 
true T cell epitopes in a patient case with colorectal cancer. Immu-
nitrack’s NeoScreen platform was applied in this first patient case. 
Out of 20, 000 mutations identified by whole exome sequencing 
the top 100 predicted epitopes to 8 of the patient’s MHC alleles 
was analysed by in vitro stability assays (800 peptides in total) to 
select 40 of the most promising neo-epitope vaccine candidates. 
Where after the patient was treated with the vaccine in spring 
2019. Training in silico prediction tools on high quality stability 
data will provide selection of more immunogenic neo-epitopes 
and thereby pave the way to effective cancer vaccine design.

Keywords : Novel prediction tool, MHC, Neo-epitopes, Cancer vac-
cine.
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B192 / A pan-HLA predictor of neoantigen presentation to 
the tumor cell surface and T cell reactivity

Trevor Clancy (OncoImmunity), Richard Stratford (OncoImmuni-
ty).

Although HLA binding algorithms predict binding affinity of a 
peptide to a limited number of HLA alleles reasonably well, they 
do not predict processing and presentation to the cell surface 
(i.e., the immunopeptidome). In fact, only 15%–20% of predicted 
HLA-peptide binders are presented to the cell surface, and are 
therefore potentially reactive to T cells. Erroneous predictions may 
be addressed with time-consuming and laborious experiments, 
such as mass-spectrometry (MS). However, in silico predictions 
have now proven to be very useful in prioritizing therapeutical-
ly relevant immunogenic peptides (1). Previous in silico studies 
that predict naturally processed and presented peptides to the 
cell surface, have focused on only one of the many steps in the 
antigen processing and presentation pathway (such as TAP trans-
port or proteasome cleavage, etc). Additionally, previous antigen 
processing prediction tools have been trained and are therefore 
applicable to a limited number of well studied HLA alleles, mak-
ing it challenging to make predictions for not so well-character-
ized alleles. Here, we outline a series of updates on our machine 
learning approach trained on MS elution data that predicts, in a 
pan-HLA manner, natural processing and presentation of neoanti-
gens to the cell surface. The predictor is integrated with multiple 
immune parameters to predict neoantigens for any HLA allele for 
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both Class I and Class II. Our recent updates in the latest release of 
our neoantigen prediction technology (described in this presen-
tation) primarily focus on diverse and comprehensive proprietary 
data, and new models to T cell reactivity to cell-surface presented 
neoantigens. By analysing previously published clinical data, we 
illustrate its application leads to a significantly improved identi-
fication of neoantigen targets for personalized cancer immuno-
therapy.

Keywords : neoantigen, tumor antigen, bioinformatics, personal-
ized vaccines.
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Vaccination strategies

B193 / The efficacy of the autologous tumor vaccine with 
adjuvant in vivo gene electrotransfer of plasmid DNA en-
coding IL-12 and local tumor irradiation varies between 
tumor models

Tinkara Remic (1. Institute of Oncology Ljubljana, Zaloska cesta 2, 
SI-1000 Ljubljana, Slovenia ; 2. Medical Faculty, University of Lju-
bljana, Vrazov trg 2, SI-1000 Ljubljana, Slovenia), Urška Kamenšek 
(1. Institute of Oncology Ljubljana, Zaloska cesta 2, SI-1000 Lju-
bljana, Slovenia), Gregor Serša (1. Institute of Oncology Ljubljana, 
Zaloska cesta 2, SI-1000 Ljubljana, Slovenia ; 3. Faculty of Health 
Sciences, University of Ljubljana, Zdravstvena pot 5, SI-1000 Lju-
bljana, Slovenia).

Although all relevant antigens through which the immune system 
can mount a response are present in tumor cells, during onco-
genesis tumor cells evolve to avoid the immune system. Whole 
tumor cell vaccines are comprised of modified tumor cells inac-
tivated by irradiation and aim to enhance the recognition of the 
tumor and the activation of the immune system. In clinical studies 
such vaccines, GVAX and Algenpantucel-L, use virally transduc-
ed tumor cells irradiated with high doses of radiation to prevent 
further mitosis [1]. However, these cells remain viable at the time 
of vaccination. In our study, we aimed to develop and test a safer 
autologous tumor vaccine comprising of tumor cells killed by ir-
radiation and plasmid DNA encoding interleukin 12 (IL-12). To pre-
pare our vaccine, cells were first exposed to an irradiation regime 
of 3 fractions of 5 Gy to evoke an immunogenic effect of radiation 
on cells. After two days a lethal dose of 30 Gy followed and 1×106 
of non-viable tumor cells were mixed with 50 µg of plasmid DNA 
encoding IL-12 to make up the autologous tumor vaccine. In vivo 
studies on the B16-F10 and CT26 tumor models in syngeneic 6 
– 8 week old mice were performed to test our hypothesis of a 
synergistic effect of the vaccination and local tumor irradiation. 
The vaccination was performed distantly from the tumor and it 
comprised of a subcutaneous injection of the autologous tumor 
vaccine and in vivo gene electrotransfer (GET) of plasmid DNA 
encoding IL-12 contained in the applied vaccine [2]. GET was per-
formed using a contact hexagonal multielectrode array (MEA) in 
vivo. The MEA electrode with a central pin was positioned to en-
compass the applied vaccine and 24 electric pulses were applied 
[3]. Additionally, mice were treated with concurrent local tumor 
irradiation with a dose of 15 Gy. Post-treatment, tumor volumes 
were calculated from three orthogonal diameters of the tumor, 
which were measured every second day using a Vernier Caliper. 
All experimental procedures were performed in accordance with 
the EU directive (2010/63/EU) and with the guidelines of the Min-
istry of Agriculture, Forestry, and Food of the Republic of Slovenia 
(permission no. U34401–1/2015/16). The results varied based on 
the tumor model. We observed a synergistic effect in the B16-F10 
tumor model, where mice receiving vaccination and local tumor 
irradiation had a significantly delayed tumor growth compared to 
mice receiving only vaccination or only local tumor irradiation (P 
< 0.05). On the other hand, no synergistic effect of vaccination 
and local tumor irradiation was observed in the CT26 tumor mod-
el. In this model, the only significant difference in tumor growth 
was observed between mice which received local tumor irradi-
ation and mice which did not (P < 0.05). The results suggest a 
greater contribution of the vaccination to local tumor irradiation 
in a less immunogenic tumor model, i.e. B16-F10, than in an im-
munogenic tumor model, i.e. CT26 ; however, further studies are 
required to support this statement.

Keywords : tumor vaccine, gene electrotransfer, interleukin 12, ion-
izing radiation.
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B194 / Polyfunctional CD4+ T cells are efficiently induced 
by a live influenza virus vaccine but not by inactivated 
virus

Michael J. Hogan (Children’s Hospital of Philadelphia), Wenzhi 
Song (Children’s Hospital of Philadelphia), Laurence C. Eisenlohr 
(Children’s Hospital of Philadelphia).

The classical model of CD4+ T cell activation holds that antigens 
are mostly presented on MHC class II (MHCII) via an exogenous 
route, i.e. originating from outside the antigen-presenting cell. In 
contrast, our previous work (Miller et al., Nat. Med. 2015) in the 
influenza virus (flu) model shows that CD4+ T cells are activat-
ed far more efficiently when MHCII-associated antigen originates 
from endogenous sources, as is typical in a viral infection. Specif-
ically, we found that a live flu vaccine elicits a greater frequency 
and breadth of interferon gamma-producing CD4+ T cells in mice 
than does a killed flu vaccine. Here, we sought to more fully char-
acterize the differences in CD4+ T cell functionality induced by 
live vs. killed virus vaccines. 

C57Bl/6 mice were immunized with live influenza virus strain A/
Puerto Rico/8/1934 or a large excess dose of inactivated virus. 
Efforts were made to control for both total antigen load and ad-
juvant effects. Flu-specific CD4+ T cells were evaluated by pep-
tide/MHCII tetramer staining, intracellular cytokine staining after 
peptide restimulation, and flow cytometry. Total and flu-specific T 
follicular helper (Tfh) cells were also quantified by co-staining for 
canonical Tfh markers in combination with tetramers. 

Greater frequencies of flu-specific CD4+ T cells were elicited by 
live vs. killed virus, as measured by tetramer staining or expres-
sion of the cytokines interferon gamma, tumor necrosis factor, or 
interleukin-2. Of particular note, live virus induced a significantly 
higher frequency of polyfunctional CD4+ T cells, producing two 
or more cytokines simultaneously when stimulated with peptide. 
Furthermore, the percentage of the flu-specific CD4+ T cells that 
was polyfunctional was higher for live vs. killed virus, suggesting 
that the type or quality of CD4+ T cell differentiation was specif-
ically modulated by the vaccine format. This difference in poly-
functional CD4+ T cells was also observed when an antigenically 
distinct virus was mixed with killed flu as an adjuvant or when 
killed flu was administered in a prime/boost series. Studies are 
ongoing to investigate the effect of vaccine format on Tfh cell 
differentiation. 

The data are consistent with a model whereby endogenous anti-
gen presentation on MHCII transmits more potent activating sig-
nals to CD4+ T cells than exogenous presentation, perhaps due to 
differences in peptide/MHCII complex density and kinetics. This 
leads to a greater level of polyfunctional type 1 cytokine produc-
tion, which has been associated with enhanced control of chronic 
infections and tumor clearance. These results may therefore be 
relevant to the design of more effective vaccines and immune 
therapies for infectious diseases and cancer. Michael Hogan is a 
Cancer Research Institute Irvington Fellow supported by the Can-
cer Research Institute.
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B195 / The Bivalent DNA Vaccine against Human Adeno-
virus Serotype 4 and 7

Hongyang Shi (Institut Pasteur of Shanghai Chinese Academy 
of Sciences), Guo Jing’ao (Institut Pasteur of Shanghai Chinese 
Academy of Sciences), Zhou Dongming (Institut Pasteur of 
Shanghai Chinese Academy of Sciences).

Adenovirus(AdV) is one of the ubiquitous pathogens which 
causes respiratory illness. Adenoviral hexon protein is trimeric in 
nature, which can induce conformational neutralizing antibod-
ies and late viral regulatory protein, L4-100k, plays an important 
role in the trimeric formation. Currently, there are no commercial 
drugs and vaccines against AdV infection on the market. 

Here, we used pVAX1, FDA-approved DNA vaccine vector, as 
the expression vector and connected hexon and its correspond-
ing L4-100K with the linker IRES to construct the target plasmid 
pvax1-hu4-IRES-100k and pvax1-hu7-IRES-100k. It was verified by 
western blot that AdV-4 and AdV-7 hexon had a high expression 
in 293T. We immunized Balb/c mice with the monovalent DNA 
vaccine (pvax1-hu4-IRES-100k or pvax1-hu7-IRES-100k) and bi-
valent DNA vaccine (pvax1-hu4-IRES-100k and pvax1-hu7-IRES-
100k) in a dose dependent manner by electroporation (EP) 3 
times at week 0, 2 and 4. Sera were obtained at 2, 4, 6, 8, 10 and 
12 weeks. The anti-hexon humoral immune responses were ana-
lyzed by ELISA and neutralization assay. The results showed that 
monovalent AdV-4 and bivalent AdV-4/7 hexon specific binding 
antibody were detected in both 50μg and 100 μg DNA vaccine 
regimen at week 4 sustaining to week 12. However, the monova-
lent AdV-7 and bivalent AdV-4/7 hexon specific binding antibody 
was detected small amount at week 6 with 100 μg DNA vaccine. 
In addition, the AdV-4 neutralizing antibody titer is higher than 
AdV-7. The former studies showed that the immunogenicity of 
AdV-4 hexon is stronger than that of AdV-7 hexon. So we are 
trying to optimize the AdV-7 hexon sequence to increase the im-
munogenicity. 

Next we will infect the immunized mice with AdV4 106 pfu or 
AdV7 2×106 pfu . The lungs will be stained by HE to analyze histo-
pathological variations and viral titration will be detected by RT-
PCR. Since there is no animal model of adenovirus in the world, 
we are exploring this aspect to conveniently prove the effective-
ness of DNA vaccine.

Keywords : Hexon, Adenovirus, DNA vaccine.
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B196 / A Universal Booster Vaccine for Chimeric Antigen 
Receptor T cells

Leyuan Ma (Massachusetts Institute of Technology).

Chimeric antigen receptor (CAR) T cell therapy has shown dra-
matic clinical responses in hematologic malignancies, with a high 
proportion of durable complete remissions elicited in leukemia 
and lymphomas. However, achieving the full promise of CAR T 
therapy, especially in solid tumors, will require further advances 
in this form of cellular therapy. A key challenge is maintaining a 
sufficient pool of functional CAR T cells in vivo. We recently de-
veloped a strategy to target vaccines to lymph nodes, by link-
ing peptide antigens to albumin-binding phospholipid-polymers. 
Constitutive trafficking of albumin from blood to lymph makes it 
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ideal chaperone to concentrate these “amphiphile-vaccine” mole-
cules in lymph nodes that would otherwise be rapidly dispersed in 
the bloodstream following parenteral injection. These lipid-poly-
mer conjugates also exhibit the property that they insert in cell 
membranes on arrival in lymph nodes. Here, we generated am-
phiphile CAR T ligand (amph-ligand) vaccine by exploiting these 
dual lymph node targeting and membrane-decorating properties 
to repeatedly expand and rejuvenate CAR T directly in vivo- in na-
tive lymph nodes. We evaluated this approach in the presence of 
a complete host immune system. Amph-ligand vaccine effectively 
trafficked to lymph nodes, triggered massive CAR T expansion, 
increased donor cell polyfunctionality, and enhanced anti-tumor 
efficacy in multiple immunocompetent murine solid tumor mod-
els. We demonstrate two approaches to generalize this strategy 
to any CAR, enabling this simple non-HLA-restricted approach to 
enhance CAR T functionality to be applied to existing CAR T cell 
designs. In summary, we have developed a universal booster vac-
cine to enhance CAR T cell activity against solid tumors.

Keywords : Vaccine, CAR T, Amphiphile.
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B197 / An immunogenic neoantigen vaccine for glioblas-
toma designed with machine learning-based algorithms

Guilhem Richard (EpiVax Oncology, Inc.), Sadhak Sengupta (De-
partment of Neurosurgery, Rhode Island Hospital, Providence, 
RI ; and Department of Neurosurgery, Warren Alpert School of 
Medicine, Brown University, Providence, RI), Lenny Moise (EpiV-
ax, Inc), Matthew Ardito (EpiVax, Inc., Providence, RI), William D. 
Martin (EpiVax, Inc., Providence, RI), Michael F. Princiotta (EpiVax, 
Oncology, Inc., New York, NY), Gad Berdugo (EpiVax Oncology, 
Inc., New York, NY), Anne S. De Groot (EpiVax, Inc., Providence, 
RI ; and Institute for Immunology and Informatics, University of 
Rhode Island, Providence, RI).

Glioblastoma (GBM) is a largely incurable manifestation of cancer 
cells in the brain with an extremely poor clinical outcome. Novel 
strategies are needed to improve patient survival, quality of life, 
and overall outcomes. Low GBM mutation rates suggest it may 
be challenging to identify novel tumor-specific epitopes capable 
of priming CD8+ T cells. Despite this hurdle, we present here a 
proof-of-concept experiment showcasing the design of a GBM 
neoantigen-based vaccine using state-of-the-art computational 
approaches and the testing of its immunogenicity in the orthot-
opic GL261 mouse model. 

The GL261 cell line and normal Blk/6 spleen tissue underwent 
whole exome sequencing to identify somatic single nucleotide 
variants. Tumor cell RNA was also sequenced to evaluate tran-
script expression. A total of 421 expressed missense mutations 
were screened using Ancer, an innovative neoantigen screening 
platform that combines machine learning-based MHC I and MHC 
II neo-epitope identification with removal of inhibitory regulatory 
T cell epitopes for optimal personalized cancer vaccine design. 
One hundred and sixty-six neoantigens were ranked according 
to predicted immunogenicity, clonality, and expression. The 18 
highest ranking sequences were synthesized as peptides and 
co-formulated with poly-ICLC or poly-ICLC + Montanide for im-
munization of GL261 tumor-bearing animals beginning four days 
after intracranial tumor implantation. Vaccine immunogenicity 
was evaluated at days 11, 18, and 25 post-implantation in LAMP1 
(CD107A) degranulation and IFNg secretion assays. 

Ex vivo peptide-stimulated splenocytes and maxillary/mandibular 
lymphocytes showed increased cell surface expression of LAMP1 
in CD3+CD8+ T cells from GL261-bearing animals that were treat-
ed with peptide + poly-ICLC as early as day 11. LAMP1 expression 
reached 82% of CD8+ T cells on day 11 and decreased to 33% by 
days 18 and 25 despite booster doses. Thirty-two percent of CD8+ 
T cells expressed surface LAMP1 in animals that were vaccinated 
with peptides + poly-ICLC + Montanide at day 11, which receded 
to 23% at day 18 and to baseline by day 25. Degranulation was 
primarily vaccine-specific as control animals exhibited baseline 
LAMP1, with the exception of day 11 where 22% of CD8+ T cells 
expressed LAMP1 in animals vaccinated with poly-ICLC alone. 

IFNg secretion was observed by ELISpot assay in immune cells 
from peptide + poly-ICLC treated animals at day 18 (210 SFC/10e6 
cells above Background) and sustained at day 25 (159 SFC/10e6 
cells above Background). Similar IFNg levels were detected in an-
imals that received the Montanide formulation at days 18 and 25, 
although IFNg secretion was detected as early as day 11 (75 SF-
C/10e6 cells above Background), unlike the peptide + poly-ICLC 
formulation. Control animals did not respond to ex vivo peptide 
stimulation. In silico screening of neoantigen sequences using 
specialized tools offers the possibility of enriching and designing 
new vaccines with higher quality candidates. Additionally, these 
techniques allow for a dramatic reduction in turnaround times 
from several weeks, typically observed for ex vivo-based screen-
ings, down to minutes, while not compromising vaccine immuno-
genicity as showcased here in an orthotopic GBM tumor model. 
Follow-up studies include assessment of T cell infiltration in brain 
tissues collected from immunized mice and the impact of the An-
cer-GBM vaccine on animal survival.

Keywords : glioblastoma, personalized cancer vaccine, neo-epi-
tope, GL261.
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B198 / Final results of first-in-human phase I study of 
INVAC-1, an optimized human telomerase (hTERT) DNA 
vaccine in patients with advanced solid tumors
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ment, Saint-Louis Hospital (APHP)), Marie-Agnès Dragon Durey 
(Immunology Department, Georges Pompidou European Hos-
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(BFC)), Claire Germain (Invectys), Marie Escande (Invectys), Maria 
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vectys).

INVAC-1 is an optimized DNA plasmid encoding an inactive form 
of human Telomerase Reverse Transcriptase (hTERT), a universal 
tumor antigen expressed in most of human tumors with little or 
no expression in normal somatic cells. Primary pharmacodynam-
ics, safety pharmacology and toxicology studies, including bio-
distribution and local tolerance in animal models, showed that IN-
VAC-1 was enzymatically inactive, immunogenically safe and well 
tolerated. In murine models, we demonstrated that INVAC-1 was 
able to induce hTERT specific cellular immune responses with 
CD4+ Th1 effector and memory CD8+ T-cells. In a HLA-A2 spon-
taneous mouse sarcoma Sarc-T2r model, INVAC-1 vaccination was 
able to slow tumor growth and increased survival rate by 50% in 
tumor-bearing mice (1). We report here the final results of a First-
In-Human (FIH) study, Phase I, open label, 3+3 escalation design 
and multiple dose study examining the safety and tolerability of 
INVAC-1 in patients with relapsed or solid refractory tumors. 

This two center Phase I trial evaluated INVAC-1 given monthly for 
a minimum of 3 cycles and up to 9 cycles by intradermal injection 
followed by electroporation (n=20) or using a needle-free injection 
system (n=6). Primary objectives included safety, tolerability and 
dose limiting toxicities to identify the maximum tolerated dose 
and recommended phase 2 dose. Secondary objectives included 
immune response and anti-tumor activity. Immune monitoring in-
cluded detection of autoantibodies, inflammatory cytokine levels 
in blood as well as circulating cell subpopulation phenotyping and 
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CD4/CD8 anti-hTERT immune responses assessed by IFN-γ ELIS-
pot. Anti-tumor activity was evaluated through RECIST 1.1 adapt-
ed to immune response. 

26 patients with refractory/progressive tumors were enrolled and 
treated at 3 escalating doses of 100, 400 and 800 µg. Overall, 
the majority of patients (58%, 15 patients) experienced disease 
stabilization according to RECIST. For 11 of them, the treatment 
was extended, up to 9 cycles. INVAC-1 was safe and well tolerated 
with no dose-limiting toxicities. No significant biological signs of 
autoimmunity were observed. No significant modification in in-
flammatory plasma cytokines levels was observed after INVAC-1 
administration. INVAC-1 was shown to trigger cytotoxic CD8 T cell 
response as well as Th1-polarized anti hTERT CD4 T cell response 
in 63% of patients. This specific anti-hTERT immune response 
was enhanced by adding anti-PD-1 immune checkpoint inhibitor 
nivolumab ex vivo. Moreover, preliminary ex vivo data suggested 
that INVAC-1 vaccination was able to promote epitope spreading. 
Finally, a non-significant trend towards improved Overall Survival 
was observed in INVAC-1 immune responders : 17.4 months vs. 7 
months for responders vs. non-responders, respectively. 

results indicate that INVAC-1 was safe and well tolerated at the 
doses and schedule tested. Disease stabilization was achieved for 
the majority of patients (58%) during the treatment period and 
beyond, which is comparable to early clinical findings for anti-im-
mune checkpoint monoclonal antibody trials. Moreover, INVAC-1 
vaccination induced a robust hTERT specific Th1 CD4 immune re-
sponse as well as cytotoxic CD8 T cell response. Finally, INVAC-1 
immune responders showed a non-significant trend to prolonged 
OS compared to non-responders. Phase II study of INVAC-1 in he-
matologic malignancies has been initiated.

Keywords : telomerase, vaccine, phase 1.
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B199 / Oral therapeutic peptide vaccines reduce tumour 
growth in an orthotopic mouse model of colorectal cancer

Milda Naciute (School of Pharmacy, University of Otago), Ginny 
Niemi (Department of Microbiology and Immunology, University 
of Otago), Roslyn Kemp (roslyn.kemp@otago.ac.nz), Sarah Hook 
(School of Pharmacy, University of Otago).

Orally administered vaccines that stimulate local mucosal im-
munity could be useful for the treatment of colorectal cancer. 
To test therapeutic effect of oral vaccines for colorectal cancer 
treatment, subunit vaccines containing the immunodominant 
CD8+ epitope (AH1) from the CT26 colorectal carcinoma cell line, 
a chimeric tetanus-diphtheria toxoid CD4+ T cell helper peptide 
and the TLR2 ligand Pam2Cys were formulated into oral vaccines. 
Since vaccines administered orally must be protected from gas-
tric hydrolysis, two types of lipid-based carriers were used, lipo-
somes and W/O/W double emulsions. The immunological and 
therapeutic effects of the oral vaccine were evaluated in naïve 
mice and in an orthotopic mouse model of colorectal cancer, 
where intestinal CT26 tumours were established through injection 
of the cells into the wall of the caecum. We demonstrated that 
oral vaccination with lipid-encapsulated peptide subunit vaccines 
was able to slow tumour growth and induce lymphocytes infil-
tration into tumours. Immune cell analysis revealed that both oral 
subunit vaccines stimulated local and systemic immune respons-
es, however in most cases only responses to emulsion vaccines 
were statistically significant. Oral vaccination induced systemic T 
cell response in the spleen and accumulation of T and B lympho-
cytes, and CD11c+F4/80+CD11b+ innate immune cells in mesen-
teric lymph nodes. Overall, the study supports the hypothesis that 
orally delivered therapeutic cancer vaccines are able to generate 
local and systemic anti-tumour immune responses and slow the 
growth of colorectal cancer cells.

Keywords : oral, vaccine, colorectal cancer.

B200 / LSP-based therapeutic vaccine impact on tumor 
angiogenesis

Alice Mougel (Inserm U970), Erwan Mercier (Inserm U970), Isa-
belle Galy-Fauroux (Inserm U970), Thi Tran (Inserm U970), Magali 
Terme (Inserm U970), Eric Tartour (Inserm U970), Corinne Tan-
chot (Inserm U970).

Therapeutic antitumor vaccination is engineered to stimulate spe-
cific T-cell responses against the tumor. However, very few vacci-
nation strategies have demonstrated their therapeutic efficacy in 
clinic. The improvement of such vaccination approaches is there-
fore required. The choice of the tumor antigen and the vaccine 
design remains essential criteria to consider (1). 

In this context, we have studied the therapeutic efficacy of a long 
synthetic peptide vaccine containing CD4 and CD8 epitopes of 
the inhibitor of apoptosis survivin (SVX vaccine). Survivin is over-
expressed in most cancers and its expression is associated with a 
poor prognosis, a resistance to chemotherapies, the development 
of metastases and the induction of tumor angiogenesis (2). 

We recently demonstrated the efficacy of SVX vaccine in mice 
associated with a tumor growth delay, 30% of complete tumor 
regression and an increased survival in different cancer models. 
This efficacy was associated with the induction of specific CD8 
T cells responses, multifunctional CD4 T cell responses and the 
establishment of CD8 memory responses (3). 

In order to face the challenges of the poor therapeutic efficacy 
of vaccine as monotherapy in advanced cancers, knowing that 
vaccination strategies do not appear to allow overcoming immu-
nosuppression induced by the tumor microenvironment, we are 
studying the optimization of the SVX vaccine in combination with 
other immunomodulatory approaches such as antiangiogenic 
treatments. 

The rational of combining therapeutic vaccination and antian-
giogenic treatments have been demonstrated in mice but results 
diverge in term of administration scheduling between the two 
therapies (4). 

Because survivin promotes tumor angiogenesis by its action on 
the expression of VEGF (5), we are firstly investigating the impact 
of SVX vaccination on tumor angiogenesis to have a better under-
standing of mechanisms involved in the angiogenic and immune 
remodeling induced by each of the therapies individually. 

To do so, we are studying the impact of SVX vaccination on differ-
ent angiogenesis markers such as VEGF production by the tumor, 
tumor hypoxia, vessel number and vessel normalization within the 
tumor and during tumor development. In this context, we showed 
that SVX vaccine is associated with a decreased VEGF production 
following the vaccination, at early days of tumor development 
and with an increase in pericyte coverage in vaccinated mice. 

By further understanding the impact of the vaccine on tumor 
angiogenesis, we are hoping to determine the best scheduling 
strategy to fully optimize vaccine efficacy by its combination with 
antiangiogenic treatments in order to limit tumor escape.

Keywords : therapeutic vaccine, survivin, tumor angiogenesis, im-
munosuppression.
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B201 / Antigens released by Salmonella-infected tumor 
cells as a novel vaccine platform

Alessia Melacarne (Humanitas University), Luca Turaboschi (Hu-
manitas Clinical and Research Center, Rozzano (MI), Italy), Mi-
chele Mishto (King’s College London, London, United Kingdom), 
Juliane Liepe (Max Planck Institute for Biophysical Chemistry, 
Göttingen, Germany), Giuseppe Penna (Humanitas Clinica and 
Research Center, Rozzano (MI), Italy), Maria Rescigno (Humanitas 
University).

Advancement in cancer immunotherapy has revealed the im-
portance of targeting neoantigens : tumor specific antigens that 
prompt a strong antitumor response escaping from the central T 
tolerance. We have previously shown that infection of melanoma 
cells with Salmonella (SL) induces the up-regulation of membrane 
hemichannels and the transfer of antigens between adjacent cells 
(1). Now we demonstrate that SL not only leads to the transfer 
of immunogenic antigens between adjacent cells but also the 
release of peptides in the extracellular milieu. We tested the re-
leased peptides as components of a vaccine formulation given to 
prevent tumor progression in a murine model of melanoma and 
we demonstrated that are immunogenic. We attested that also 
human melanoma cells infected with SL release peptides ; more-
over, peptide release is hemichannel-dependent as it is complete-
ly blocked by heptanol, a hemichannel blocker. A mass spectrom-
etry analysis of peptides released by infected human melanoma 
cells revealed that among them there are known tumor antigens, 
novel tumor epitopes and potential neoantigens. The novel anti-
gens selected as strong HLA binder by predictive in silico tools 
were synthesized and their antigenicity further confirmed. They 
indeed primed healthy donor peripheral blood mononuclear cells 
and induced the expansion of CD8-T cells that specifically killed 
tumor cells in vitro. Encouraging results have been obtained with 
the therapeutic treatment of pet dogs with spontaneous osteo-
sarcoma and high grade sarcoma with a vaccine formulation 
based on peptides released by their own tumor cells following SL 
infection. Moreover, dog patients that underwent a heterologous 
setting of vaccination with peptides released by tumor cells of a 
dog suffering of the same tumor type have shown improvement 
in the survival thus indicating that peptides released upon Salmo-
nella infection are shared among tumor cells of different patients. 
We propose the treatment of patients-derived tumor cells with 
Salmonella as a strategy to obtain potent immunogenic antigens 
that could be applied in clinical studies as a vaccine formulation.

Keywords : Vaccine, Tumor antigens, Immunotherapy.
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B202 / Development of a cancer vaccine strategy by tu-
mor antigen targeting to CD169+ antigen presenting cells.
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dam umc), Martino Ambrosini (amsterdam umc), Gert Storm 
(Utrecht University), Yvette van Kooyk (Amsterdam umc), Joke 
Mm den Haan (Amsterdam UMC).

CD169-expressing macrophages are present in lymphoid organs 
at the site of antigen entrance to capture pathogens. Previously, 
we have shown that these CD169+ macrophages efficiently trans-
fer antigen to cross-presenting dendritic cells and B cells for the 
induction of strong CD8+ T cell and humoral responses, respec-
tively. Our aim is to develop a cancer vaccine strategy by means 
of tumor antigen targeting to CD169+ macrophages and we have 
investigated two approaches. 

First, using anti-CD169 antibody-antigen conjugates we show that 
both ovalbumin (OVA) peptide as well as protein antigen targeting 
to CD169 results in strong primary and recall CD8+ T cell respons-
es and protective immunity against B16-OVA tumor outgrowth 
in mice. Likewise, Trp-2 and gp100 melanoma peptides conju-
gated to anti-CD169 antibodies stimulated strong CD8+ T cell 
responses in wild type mice and human MART-1 peptide-CD169 

complexes stimulated CD8+ T cell responses in HLA-A2.1 trans-
genic mouse. Finally, human CD169-expressing monocyte-derived 
dendritic cells cross-presented human gp100-CD169 conjugates 
to gp100-specific CD8+ T cells. 

Secondly, we have investigated liposomes containing CD169-bind-
ing ganglioside ligands to target antigens to CD169+ antigen pre-
senting cells in mice and man. We show that these liposomes ef-
ficiently bind to CD169+ macrophages in mice and result in T and 
B cell responses against OVA present in the liposome. In addition, 
human CD169+ expressing monocyte-derived dendritic cells take 
up CD169 ligand- and tumor antigen-containing liposomes and 
cross-present tumor antigen to CD8+ T cells. 

In conclusion, different approaches to target tumor antigens to 
CD169+ antigen presenting cells demonstrate a strong capacity 
to stimulate immune responses and should be further explored as 
a vaccination strategy for cancer.

Keywords : targeting, dendritic cell, CD169+ macrophage, vaccine.

B203 / Carbamylation of lysine residues mediated by 
myeloid derived suppressor cells in the tumor environ-
ment make excellent targets for CD4 T cell mediated can-
cer immunotherapy

Katherine Cook (Scancell Ltd.), Wei Xue (Scancell Ltd.), Peter 
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Gijon (Scancell Ltd.), David Boocock (Nottingham Trent Uniersi-
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Ruhul Choudhury (Scancell Ltd.), Sabaria Shah (Scancell Ltd.), 
Suha Atabani (Scancell Ltd.), Rachael Metheringham (Scancell 
Ltd.), Victoria Brentville (Scancell Ltd.), Lindy Durrant (University 
of Nottingham).

Stress induced post-translational modifications (siPTM) stimu-
late T cell responses that result in anti-tumor immunity. One such 
siPTM is homocitrulline, which is produced by the chemical reac-
tion of isocyanic acid with lysine. Three homocitrullinated pep-
tides, one from vimentin and two from aldolase A induced po-
tent IFNγ responses in HLA-DR4, DR1 or DP4 transgenic mice. 
Responses were CD4 mediated and specific to the homocitrul-
linated peptides. In vitro assays showed that healthy donors and 
cancer patients have an oligoclonal CD4 T cell repertoire that 
recognizes at least one of these homocitrullinated peptides. Vac-
cination with the homocitrullinated peptides 4 days after implant 
with HLA matched B16F1 tumor increased survival in HHDII/DP4 
(90%, p<0.0001), HLA-DR4 (70%, p=0.0042) and HHDII/DR1 
(50%, p<0.0001) transgenic mice. Tumor therapy was dependent 
upon the presence of CD4 cells as it was abrogated with CD4 
depletion but not CD8 depletion. Indeed, direct CD4 killing was 
crucial as only tumors expressing class II were rejected. Isocyanic 
acid is generated from thiocyanate by myeloperoxidase (MPO). 
MPO is expressed by neutrophils and also in a population of tu-
mor associated myeloid derived suppressor cells (MDSCs). We 
show that in vitro generated MDSCs are able to drive homoci-
trullination of tumour cell proteins. Antibody depletion of MDSCs 
in tumor bearing mice, attenuated the anti-tumor effect of the 
homocitrullinated peptide vaccines (p=0.048). Therefore we pro-
pose that MDSC-produced MPO catalyzes the build-up of isocy-
anic acid which diffuses into the tumor cells and homocitrullinates 
cytoplasmic proteins which are then degraded and presented by 
MHC-II. Together this data proves that MDSC-mediated homoci-
trullination of tumor proteins can be directly targeted by vaccine 
induced CD4 cells and provides a wide-reaching target for cancer 
vaccines.

Keywords : Homocitrulline, Aldolase, Myeloid derived suppressor 
cells.
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B205 / DNA immunization against tumor epitopes using a 
versatile delivery platform that exploits inherent mecha-
nisms of antiviral defense

Gaelle Vandermeulen (University of Louvain), Alessandra Lopes 
(University of Louvain), Laure Lambricht (University of Louvain), 
De Beuckelaer Ans (University of Ghent), Kevin Vanvarenberg 
(University of Louvain), Sophie ligot (University of Louvain), Ber-
nard Ucakar (University of Louvain), Johan Grooten (University of 
Ghent), Véronique Préat (University of Louvain).

Cancer vaccines have many advantages such as exquisite speci-
ficity, low toxicity, and the potential for a durable treatment effect. 
However, the limited immunogenicity of tumor antigens makes 
them challenging to develop and novel immunization strategies 
are required for a proper activation of T cells. In particular, strate-
gies to increase the immunogenicity of cancer DNA vaccines are 
needed for moving toward clinical applications [1, 2]. 

We hypothesized that plasmids encoding engineered viral pro-
teins could efficiently stimulate the immune system which is able 
to detect and eliminate certain viral threats. 

We showed that, when electroporated in the muscle of mice, a 
plasmid coding for the vesicular stomatitis virus glycoprotein 
(VSV-G) induced locally increased levels of IL-6, IL-12 and CCL2 
suggesting its ability to trigger innate immunity. We then demon-
strated that the VSV-G sequence can be engineered to incorpo-
rate various foreign T-cell epitopes. When inserted in permissive 
sites of the VSV-G sequence, both MHC-I and MHC-II ovalbu-
min-restricted epitopes were adequately processed and induced 
the proliferation of specific CD8+ and CD4+ T cells, respectively. 
Antigen specific in vivo killing assay showed that 65% of target 
cell killing was obtained when these two epitopes were co-de-
livered and a significant therapeutic effect against B16F10-OVA 
tumor was observed. The therapeutic efficacy was further rein-
forced by the co-administration of anti-PD1 and anti-CTLA4 an-
tibodies. Several engineered VSV-G sequences were constructed 
to target various tumor epitopes and they significantly delayed 
tumor growth in multiple preclinical models : B16F10 melanoma, 
P815 mastocytoma and CT26 colon carcinoma, demonstrating 
the versatility of the delivery platform. 

Plasmids encoding modified VSV-G sequences have the many 
advantages of DNA vaccines that are simple to construct, easy 
to produce and clinically applicable. They are thus promising can-
didates as tumor epitope delivery systems for future clinical de-
velopments.
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B206 / Gangliosides-containing liposomes bind to human 
CD169+ antigen presenting cells and stimulate tumor an-
tigen-specific T cells
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Pancreatic cancer forms a major cause of cancer related deaths 
with a very short mean overall survival of just 6-12 months and 
new therapies are urgently needed. While single immune-check-
point inhibitors have proven to be ineffective due to the relatively 
low-mutational rate, the addition of tumor vaccines may augment 
anti-tumor immune responses. Our previous work has already 
demonstrated that CD169+ macrophages can stimulate superior 
immune responses in mouse models [1]. Using liposomes contain-
ing CD169-binding gangliosides, we hypothesized that these lipo-
somes could be used to target and to deliver pancreatic cancer 
antigens to human CD169+ antigen-presenting-cells (APCs) and 
to drive pancreatic antigen-specific immune responses. 

We generated liposomes containing different gangliosides GM3, 
GD3, GM1, GD1a, GT1b, with DiD tracer, and toll-like receptor li-
gands (TLR) MPLA. We included Wilms’ Tumor 1 (WT1) peptide in 
the liposomes as this antigen is overexpressed pancreatic cancer. 
Binding at 4°C and uptake at 37°C were assessed with different 
APCs : THP1 cell line overexpressing CD169, human monocyte-de-
rived dendritic cells (moDCs) and macrophages (moMacs), hu-
man peripheral blood mononuclear cell (PBMCs), and human 
splenic macrophages using (imaging) flow cytometry. Using 
blocking antibody against CD169, we determined the specifici-
ty of this binding. For antigen presentation assays, moDCs were 
pulsed with WT1 or gp100 peptide-containing ganglioside lipo-
somes and subsequently co-cultured with WT1- or gp100-specific 
CD8 T cell clones. 

We observed that liposomes containing gangliosides efficiently 
bound to and were taken up by CD169-overexpressing THP1 cells, 
human moDCs and moMacs, and human splenic macrophages. 
moDC and moMac liposome binding and uptake could be fur-
ther enhanced by IFNα-induced CD169 upregulation, and was 
blocked by αCD169 antibody. Unsupervised high dimensionality 
reduction viSNE analysis showed that ganglioside-containing li-
posomes were specifically taken up by human peripheral blood 
CD169+ monocytes and CD169+ DCs. Incorporation of TLR ligand 
MPLA into ganglioside-liposomes induced cytokine production 
by CD169+ moDCs. Importantly, moDCs exposed to ganglio-
sides-liposomes containing pancreatic cancer antigen WT1 pep-
tide stimulated WT1-specific CD8 T cell activation. On the same 
line, ganglioside liposomes containing melanoma-associated anti-
gen gp100 were taken up and cross-presented to gp100-specific 
CD8 T cells. Our ongoing experiments will evaluate the intracellu-
lar trafficking of ganglioside-containing liposomes using imaging 
flow cytometry. 

To conclude, several ganglioside-containing liposomes could be 
used to target and to deliver tumor-associated antigens to human 
CD169+ APCs and to activate T cells. Future studies will focus on 
whether these liposomes can be used to induce pancreatic tumor 
antigen-specific T cell responses in vivo.

Keywords : CD169, Antigen-presenting cells, Ganglioside-Lipo-
some, Pancreatic cancer.
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B207 / Development of personalized cancer nanovaccines 
against neoantigens

Li Tang (École polytechnique fédérale de Lausanne (EPFL)), Lixia 
Wei (EPFL), Yu Zhao (EPFL), Xiaomeng Hu (EPFL).

Cancer immunotherapy has made unprecedented progress in the 
last few decades. In particular, checkpoint blockade and adop-
tive T cell therapy have shown remarkable clinical results. How-
ever, the clinical efficacy of therapeutic cancer vaccines remains 
modest. One of the foot causes is the generally weak and short-
lived antigen-specific T cell responses due to inefficient delivery 
of antigen/adjuvant to the secondary lymphoid organs and lack 
of effective cross-presentation. Recent studies provided solid evi-
dence that cancer vaccines against tumor neoantigens—immuno-
genic peptides resulting from somatic mutations—can be immu-
nologically and therapeutically effective in human patients. Here 
we developed a novel nanovaccine platform for synthetic long 
peptides (SLPs) to target neoantigens in order to enhance the ef-
ficacy and safety of cancer vaccines. The SLP nanovaccines were 
prepared through reversible chemical crosslinking of antigen and 
adjuvant components to form a nanogel (NG) with controlled size 
and responsiveness for antigen/adjuvant release. The NG with the 
optimized size targeted lymph nodes (LNs) and dendritic cells 
(DCs) effectively in vivo. The responsiveness of chemical linkers 
was designed to facilitate the intracellular release and subsequent 
cytosol delivery of SLPs for enhanced cross-priming of cytotoxic 
T cells. The SLP-NG vaccines elicited 3.5-fold higher frequencies 
of antigen-specific cytotoxic T cells than Montanide, one of the 
most potent vaccine adjuvants used in clinical trials. 

In conclusion, the SLP-NG provided a promising platform for the 
development of personalized neoantigen-based cancer vaccines.

Keywords : vaccine delivery, neoantigen, nanovaccine, personal-
ized vaccine.
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B208 / Lipo-based vaccines as an approach to target den-
dritic cells for induction of strong anti-tumor responses

Dorian Stolk (Department of Molecular Cell Biology and Immunol-
ogy, Amsterdam UMC, Vrije Universiteit Amsterdam), Jana Vree 
(Department of Molecular Cell Biology and Immunology, Amster-
dam UMC, Vrije Universiteit Amsterdam), Sanne Duinkerken (De-
partment of Molecular Cell Biology and Immunology, Amsterdam 
UMC, Vrije Universiteit Amsterdam), Joyce Lübbers (Department 
of Molecular Cell Biology and Immunology, Amsterdam UMC, Vri-
je Universiteit Amsterdam), Rieneke van de Ven (Department of 
Medical Oncology, Amsterdam UMC, Vrije Universiteit Amster-
dam, Cancer Center Amsterdam), Martino Ambrosini (Depart-
ment of Molecular Cell Biology and Immunology, Amsterdam 
UMC, Vrije Universiteit Amsterdam), Hakan Kalay (Department of 
Molecular Cell Biology and Immunology, Amsterdam UMC, Vrije 
Universiteit Amsterdam), Hans van der Vliet (Department of Med-
ical Oncology, Amsterdam UMC, Vrije Universiteit Amsterdam, 
Cancer Center Amsterdam), Tanja de Gruijl (Department of Med-
ical Oncology, Amsterdam UMC, Vrije Universiteit Amsterdam, 
Cancer Center Amsterdam), Yvette van Kooyk (Department of 
Molecular Cell Biology and Immunology, Amsterdam UMC, Vrije 
Universiteit Amsterdam).

Effective vaccination strategies in cancer patients for the elim-
ination of the tumor require the induction of a strong tumor 
specific immune response that activates players of the innate as 
well as the adaptive immune system. Both innate and adaptive 
immunity is driven by antigen presenting cells (APC). Therefore, 
human skin resident APCs such as dermal dendritic cells (dDCs) 
and Langerhans cell (LCs) are an attractive target for in situ an-
ti-tumor vaccination. Delivery of cancer vaccines to DCs can be 
addressed by targeting of receptors like C-type lectin receptors, 
such as DC-SIGN and Langerin, by use of their natural ligands, so 
called glycans as for example Lewis Y (Ley). In an ex vivo human 

skin explant model we have previously shown that modification 
of melanoma tumor antigens with glycans greatly facilitates en-
dosomal routing and cross-presentation of melanoma tumor an-
tigens by targeting C-type lectin receptors on human dDCs and 
LCs. dDCs can also activate invariant natural killer T (iNKT) cells, 
which operate at the boundary of innate and adaptive immunity, 
through presentation of αgalactosylceramide (αGalCer) in a CD1d 
dependent manner. Indeed, we have shown before that injected 
αGalCer is taken up by skin APCs and results in activation of iNKT 
while simultaneously enhancing the efficacy of a tumor vaccine. 

In this study, we used liposomes as a platform to develop a mel-
anoma cancer vaccine containing palmitoylated synthetic long 
peptides (SLP) of MHC class I and II epitopes of the melanoma 
antigen gp100 and αGalCer to target dendritic cells for activation 
of both innate and adaptive players of the immune system. Com-
bination of lipo-tumor specific antigens gp100 and αGalCer in one 
lipo-formulation resulted in strong gp100 specific CD8+ T-cell ac-
tivation and increased IFNγ secretion by iNKT. Moreover, incorpo-
ration of Ley in the lipid bilayer of the liposomes for C-type lectin 
targeting increased not only targeting and uptake by moDCs and 
dDCs but also enhanced gp100 specific CD8+ T cell and iNKT 
activation in both in vitro assays and an ex vivo human skin mod-
el. Additionally, we determined the capacity of DCs loaded with 
liposomes to prime human primary CD8b+ T-cells and could de-
tect superior activation of T-cells after loading of DCs with the 
Ley modified liposomes. We conclude that the combination of a 
targeting moiety and SLP together with αGalCer in one vaccine 
formulation induces strong anti-cancer innate and adaptive im-
munity and could therefore be a new potential vaccination strat-
egy for cancer patients. 

Currently this cancer vaccine is tested in an in-vivo mouse model 
systems to eliminate B16 melanoma in a therapeutic setting and in 
combination with checkpoint inhibition.

Keywords : DC-targetin, vaccine, iNKT, liposomes.

B209 / Pattern recognition receptor expression and ma-
turation profile of dendritic cell subtypes in human tonsils 
and lymph nodes

David Askmyr (Department of ORL, Head & Neck Surgery, Skåne 
University Hospital), Milad Abolhalaj (Det of Immunotechnology, 
Lund University), Lennart Greiff (Det of ORL, Head & Neck Sur-
gery, Skåne University Hospital, Lund), Malin Lindstedt (Det of 
Immunotechnology, Lund University), Kristina Lundberg (Det of 
Immunotechnology, Lund University).

Dendritic cells (DCs) with a capacity of antigen cross-presen-
tation are of key interest for immunotherapy against cancer as 
these cells can induce antigen-specific cytotoxic T lymphocyte 
(CTL) responses. This study describes the frequencies of DC sub-
types in human tonsils and lymph nodes, and their phenotypic 
aspects that may be targeted by adjuvant measures. From human 
tonsils and neck lymph nodes, DCs were identified through flow 
cytometry, and subset frequencies of CD123+ plasmacytoid DCs 
(pDCs) as well as CD11c+ myeloid DCs (mDCs) were investigated. 
Their maturity statuses were assessed, and selected surface re-
ceptors were explored focusing on such that may promote CTL 
responses, including C-type lectin receptors (CLR), Toll-like re-
ceptors (TLR), and chemokine receptor XCR1. (1, 2) 

PDCs as well as CD1c+, CD141+, and CD1c-CD141- mDCs were de-
tected in tonsils and lymph nodes. Both sites featured a similar 
presence of DC subsets, with pDCs being dominant and CD141+ 
mDCs least frequent. All DC subtypes featured a low degree of 
maturation based on CD80 and CD86 expression. Expression of 
pattern recognition receptors (PRRs) CD206, CD207, DC-SIGN, 
TLR2, TLR4, and the chemokine receptor XCR1 indicated DC sub-
set-specific receptor profiles. CD1c+ mDCs selectively presented 
high levels of CD206 and CD207. Significantly higher levels of 
TLR4 were observed for DC subsets in lymph nodes c.f. tonsils. 

We conclude that tonsils and lymph nodes share common fea-
tures in terms of DC subset frequency and maturation as well as 
PRR and XCR1 expression pattern. Our work suggests the possi-
bility that tonsils as well as lymph nodes may be viewed as vac-
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cine deposition sites in DC-mediated immunotherapy.

Keywords : Dendritic cell, Lymph node, tonsil, PRR.
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B210 / Dendritic cell vaccination sensitizes established 
pancreatic carcinoma to CD40-agonistic antibody treat-
ment

Sai ping Lau (Erasmus Medical Center Rotterdam), Nadine van 
Montfoort (Leiden University Medical Center), Priscilla Kinderman 
(Leiden University Medical Center), Melanie Lukkes (Erasmus 
Medical Center Rotterdam), Menno van Nimwegen (Erasmus Med-
ical Center Rotterdam), Jasper Dumas (Erasmus Medical Center 
Rotterdam), Dana A.M. Mustafa (Erasmus Medical Center Rotter-
dam), Ralph Stadhouders (Erasmus Medical Center Rotterdam), 
Yunlei Li (Erasmus Medical Center Rotterdam), Andrew Stubbs 
(Erasmus Medical Center Rotterdam), Koen A. Marijt (Leiden Uni-
versity Medical Center), Heleen Vroman (Erasmus Medical Center 
Rotterdam), Sjoerd H. van der Burg (Leiden University Medical 
Center), Joachim G. Aerts (Erasmus Medical Center Rotterdam), 
Thorbald van Hall (Leiden University Medical Center), Floris Dam-
meijer (Erasmus Medical Center Rotterdam), Casper H.J. van Eijck 
(Erasmus Medical Center Rotterdam).

Although immunotherapy yields striking results in various ma-
lignancies, results in pancreatic cancer have been disappointing. 
Both a highly immunosuppressive tumor microenvironment and 
a dense desmoplastic stroma have been found to preventing im-
munotherapy efficacy by prohibition of proper T-cell infiltration 
in these tumors. In an aggressive murine pancreatic ductal ad-
enocarcinoma model resembling human pancreatic cancer, we 
assessed the efficacy of vaccination with tumor cell lysate-loaded 
dendritic cells (DC) in combination with agonistic CD40 target-
ing. DC vaccination and anti-CD40 therapy are known to induce 
effector T cells and promote involution of tumor stroma, respec-
tively. As acquiring autologous pancreatic tumor for lysate gen-
eration is often unsuccessful, we also investigated the use of an 
allogeneic tumor lysate sharing tumor antigens with pancreatic 
cancer which could enable an off-the-shelf strategy and stan-
dardize treatment across patients. 

Immune competent C57BL/6 mice were subcutaneously inocu-
lated with pancreatic tumor cells (KPC3). Mice with established 
tumors were vaccinated with DCs and consequently treated with 
CD40 agonistic antibodies (FGK45). DCs were generated with 
a GM-CSF bone marrow culture and stimulated overnight with 
CpG along with either pancreatic (KPC3) or mesothelioma (AE17) 
tumor lysate. Tumor progression was monitored and immune re-
sponses in various tissues were analyzed using multicolor flow 
cytometry and NanoString nCounter mRNA expression analysis. 

Vaccination increased systemic CD4+ and CD8+ T cells and de-
layed tumor growth accompanied by increased tumor infiltrating 
lymphocyte (TIL) numbers. Tumor growth was significantly de-
layed in mice treated with mesothelioma-lysate DCs compared 
to mice treated with DCs in the absence of tumor lysate. In vi-
tro, the frequencies of TNFa+, IFNg+, CD107a+ and granzyme 
B+ expressing CD8+ T cells of mesothelioma-lysate DC treated 
mice were increased upon stimulation with pancreatic cancer 
cells compared to untreated or mice treated with DCs without 
tumor lysate, confirming tumor-reactivity of the vaccine-induced 
T cells. In an advanced disease model, DC vaccination combined 
with anti-CD40 significantly delayed tumor growth and improved 
survival whereas both monotherapies were not effective. Inter-
im blood analysis showed significant increases in frequencies of 
activated and proliferating T cells in treated animals, and those 
cells also displayed an effector memory phenotype. This was 
more pronounced for CD4+ T cells in mice treated with DCs while 
anti-CD40 therapy induced a confined response in CD8+ T cells. 
Combination therapy demonstrated this for both CD4+ and CD8+ 
T cells. Also, increased TIL numbers were found in both mono-
therapy and combination therapy treated mice. Extensive charac-
terization of the tumor microenvironment revealed that although 
anti-CD40-treatment increased CD8+ TIL numbers, these tumors 
showed signs of exhaustion. Tumors of anti-CD40 treated mice 

had increased numbers of TILs expressing multiple co-inhibitory 
molecules (i.e. PD-1, TIM-3, VISTA, CD39 and NKG2A). The com-
bination of DC therapy with anti-CD40 prevented this, thereby 
improving therapy efficacy. 

These results demonstrate the potency of this novel form of com-
bination immunotherapy and reveals a mechanistic insight into 
the requirements of effective immunotherapy in pancreatic can-
cer. In order to investigate whether combination immunothera-
py is feasible, safe and potentially effective in pancreatic cancer 
patients, we recently launched a clinical trial with allogeneic me-
sothelioma lysate-DC vaccination for resected pancreatic cancer 
patients in an adjuvant setting (Dutch Trial Register NL7432).

Keywords : Pancreatic ductal adenocarcinoma, Tumor microenvi-
ronment, Desmoplastic stroma, T-cell exhaustion.

B211 / Can metastases treat glioblastoma ? a first in hu-
man study evaluating the safety and efficacy of vaccina-
tion with non-attenuated, live autologous glioblastoma 
cells

Ilan Volovitz (The Tel-Aviv Sourasky Medical Center), Nati Sha-
pira (The Tel-Aviv Sourasky Medical Center), Felix Bokstein (The 
Tel-Aviv Sourasky Medical Center), Deborah Blumenthal (The 
Tel-Aviv Sourasky Medical Center), Tali Jonash-Kimchi (The Tel-
Aviv Sourasky Medical Center), Emmanuela Cagnano (The Tel-
Aviv Sourasky Medical Center), Yael Mardor (The Sheba Medical 
Center), Irun R. Cohen (The Weizmann Institute of Science), Lea 
Eiseinbach (The Weizmann Institute of Science), Zvi Ram (The 
Tel-Aviv Sourasky Medical Center).

Glioblastoma (GBM), which grows uninhibited in the brain, almost 
never metastasizes outside of it. The rare occurrence (<0.5%) of 
overt GBM extracranial metastasis are paradoxically associated 
with significantly enhanced survival of the metastasized patients. 

We previously reported that the highly malignant F98 Fischer-rat 
GBM model, which grows aggressively in the brain, spontaneous-
ly regresses when injected subcutaneously as live unattenuated 
cells. The peripheral (subcutane) growth and spontaneous regres-
sion of live glioma cells markedly enhances the survival of all rats, 
and cures (survival >9 months) approximately 50% of rats chal-
lenged with F98 cells intracranially. The results in the F98 model 
were corroborated in the CNS1 astrocytoma model in Lewis rats. 
The fractions of cured rats in either model were the highest re-
ported in published literature. 

The spontaneous rejection of live autologous glioma cells inocu-
lated in peripheral sites was immune-mediated. This location-bi-
ased immune response was termed ‘Split Immunity’ - a tumor that 
thrives in an immune-privileged site (e.g., the brain) may be inhib-
ited by injecting live unmodified tumor cells in a site that is not 
privileged, generating protective immunity that spreads back to 
the privileged site. To evaluate the applicability of the ‘Split Immu-
nity’ approach in humans, we ran a first in human (FIH) study. Two 
recurrent GBM patients were vaccinated subcutaneously, initially 
with their autologous irradiated tumor cells, then with autologous, 
non-attenuated, live tumor cells. 

The treatment caused no serious adverse events. The injected live 
autologous tumor-derived cells did not grow at the subcutane 
inoculation site, nor did they systemically metastasize, as eval-
uated by choline 18F PET-CT. Standard blood tests showed no 
treatment-related adverse effects. Both patients’ quality of life 
(QoL) questionnaires demonstrated subjective improvements in 
their self-evaluated “global health status”. 

The treatment had demonstrated several signs suggestive of effi-
cacy. MRI evaluations in both patients using ‘treatment response 
assessment maps’ (TRAM) demonstrated strong increases in the 
‘treatment-response’ component following live-cell vaccination, 
compatible with pseudo-progression-like responses. 

Using elaborate multicolor flow cytometric panels, we detected 
potent tumor-cell specific polyfunctional activation in 2.5% and 
5% of peripheral cytotoxic T cell (CTL) and T helper cells (Th), 
respectively, 3 days following live-cell vaccination. 
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Flow cytometric immune mapping of all tumoral immune cell sub-
sets showed major changes from baseline that occurred shortly 
after live-cell vaccinations. We observed major increases in both 
patients, of all monitored intratumoral dendritic cell (DC) subsets. 
Patient 2’s CD1c+ and CD141+ conventional DC and plasmacytoid 
DC had increased, together, from 1/62, 000 to 1/130 cells. Both his 
intratumoral CD141+ and CD1c+ conventional DC had upregulated 
their CD86 maturation marker. Lymphoid cells had also increased : 
Patient-1 showed the highest frequency of intratumoral CD56brt 
natural killer (NK) cells from all previously fully mapped brain tu-
mor patients. Patient-2’s intratumoral CTL and Th had increased 
from the range of 1/500-1000 to 1/60-80 following treatment. 
The overall tumor immune infiltrate of Patient-2 following treat-
ment exceeded that of 42 previously fully-mapped brain tumor 
patients. All flow cytometric data was corroborated using immu-
nohistochemistry. 

Patient-2 who was treated by a tighter vaccination protocol than 
Patient-1 had survived 19 months following GBM recurrence, out-
living about 90% of other recurrent GBM patients. 

In summary, the accumulated FIH results are suggestive of both 
safety and initial efficacy of the ‘Split Immunity’ approach. Based 
on the FIH results, we shall soon initiate a phase I/II clinical trial on 
8 recurrent- and 4 newly-diagnosed GBM patients.

Keywords : clinical trial -first in human, Whole cell vaccine, Glio-
blastoma, Live non attenuated vaccine.

B212 / Active immunotherapy induces long-lived CD8 T 
lymphocytes and protects against tumor recurrences in 
preclinical model

Luana R M M Aps (University of Sao Paulo/ImunoTera Soluções 
Terapêuticas LTDA), Bruna F M M Porchia (University of Sao Pau-
lo/ImunoTera Soluções Terapêuticas LTDA), Jamile R Silva (Uni-
versity of Sao Paulo), Mariângela O Oliveira (University of Sao 
Paulo), Natiely S Sales (University of Sao Paulo), Karine B Ro-
drigues (University of Sao Paulo), Tacita B Barros (University of 
Sao Paulo), Roberta L Pagni (University of Sao Paulo), Patrícia C 
Souza (University of Sao Paulo), Ana Carolina R Moreno (Univer-
sity of Sao Paulo), Mariana O Diniz (University College London), 
Luís Carlos S Ferreira (University of Sao Paulo).

Sexually transmitted HPV infects 8 out of 10 people worldwide. 
Persistent infections caused by the virus can lead to cancer most-
ly in the cervix and oropharyngeal region. Cervical cancer is con-
sidered the fourth most common cancer in women, accounting 
more than 500, 000 million cases/year and around 270, 000 
deaths in the world. The conventional treatments (surgery, che-
motherapy and radiotherapy) are costly, invasive and less effec-
tive, particularly for more advanced stages of the disease. In this 
context, active immunotherapeutic procedures based on the ac-
tivation of specific T cell responses, which are capable to elimi-
nate tumor cells, represent a better choice regarding the available 
treatments. Since 2004, researchers of the Laboratory of Vaccine 
Development (University of Sao Paulo, Brazil) have developed 
an innovative technology based on the genetic fusion of HSV-1 
glycoprotein D (gD) and the HPV-16 E7 protein in two different 
technological platforms : a DNA vaccine (pgDE7h) and purified 
recombinant protein (gDE7). Our previous results demonstrated 
that gD acts as an adjuvant leading to activation of mouse CD11c+ 
CD8a+ and human BDCA3+ dendritic cells (DC) specialized in an-
tigen cross-presentation to CD8+ T cells. In the present study, the 
results were generated after administration of the antitumor ac-
tive immunotherapies combined to cisplatin treatment – the main 
chemotherapy used in cervical cancer patients. C57BL/6 mice 
were previously transplanted in the vaginal region with TC-1 LUC 
tumor cells, which expresses luciferase and HPV-16 E6/E7 oncop-
roteins. Once the tumors were established, the animals received 
one dose of cisplatin (CIS) intravenously followed by two doses of 
immunotherapy : 100 micrograms/dose of pgDE7h intramuscular-
ly associated with electroporation (DNA-EP) or 30 micrograms/
dose of gDE7 subcutaneously mixed with poly I :C (PTN-pIC). The 
results revealed a synergism between cisplatin and the therapeu-
tic vaccines leading to 100% of survival and full regression of tu-
mor in 90% of mice for both formulations. In addition, the asso-
ciation of cisplatin with the immunotherapies promoted higher 

frequencies of E7-specific cytotoxic T lymphocytes (CTL) in the 
bloodstream and CD8+ T cells in the vagina, leading to full protec-
tion against intravaginal TC-1 re-challenge. Also, we tried to mimic 
tumor recurrence at a site other than the primary tumor site. For 
this purpose, surviving mice treated CIS/DNA-EP or CIS/PTN-pIC 
were re-challenged with TC-1 LUC injection in the tongue. As a re-
sult, 80% and 90% of mice treated with CIS combined to DNA-EP 
or PTN-pIC, respectively, showed tumor rejection with increased 
numbers of CTL in the bloodstream, effector memory T cells in 
the spleen and tissue resident memory CD8+ T cells in the tongue. 
Our results confirm the synergism of this association and unveil a 
new therapeutic approach against HPV-associated tumors.

Keywords : immunotherapeutic, vaccines, HPV.
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B213 / Oral administration of melatonin potentiates the 
immunotherapeutic efficiency of a DNA vaccine against 
HPV-16-associated tumors

Ana Carolina Ramos Moreno (Institute of Biomedical Sciences 
- University of São Paulo), Patrícia Cruz Souza (Institute of Bio-
medical Sciences - University of São Paulo), Roberta Liberato 
Pagni (Institute of Biomedical Sciences - University of São Paulo), 
Rafael Pegoraro (Institute of Biomedical Sciences - University of 
São Paulo), Bruna Felício Milazzotto Maldonado Porchia (Institute 
of Biomedical Sciences - University of São Paulo), Jamile Ramos 
Silva (Institute of Biomedical Sciences - University of São Paulo), 
Luis Carlos Souza Ferreira (Institute of Biomedical Sciences - Uni-
versity of São Paulo).

Human Papillomavirus (HPV) is the most common sexually trans-
mitted infection in the world. Practically all cases of cervical 
cancer, as well as an increasing proportion of anogenital, head 
and neck cancer, are associated with HPV. Although improved 
knowledge of both cancer immunology and the molecular patho-
genesis of HPV-associated tumors, patients with advanced can-
cer have a low clinical outcome. Indeed, the metabolic plasticity 
of the tumor environment frequently influences the efficacy of 
therapeutic procedures, including those based on immunological 
tools. Therefore, the identification of efficient molecules able to 
control tumor progress represents an important opportunity for 
new therapeutic strategies, particularly in combination with stan-
dard-of-care treatments. In this concern, melatonin has been eval-
uated in clinical trials as an immunometabolic adjuvant to improve 
cancer treatment, since this indole exhibited a myriad of in vitro 
oncostatic effects. In the present study, we evaluated the thera-
peutic potential of a novel immunotherapy approach focusing on 
the combination of melatonin with a DNA vaccine (pgDE7h) pro-
duced from the genetic fusion of the HPV-16 E7-oncoprotein with 
the envelope glycoprotein (gD) of herpes simplex virus (HSV). As 
a tumor cell model, we used the TC-1 cells, a murine tumor cell 
line encoding the HPV-16 E6 and E7 oncoproteins. In vitro, we ob-
served that melatonin was able to inhibit the adhesion, migration, 
and proliferation of TC-1 cells, being these phenomena related to 
the induction of cell cycle arrest in the G0/G1 phase. Interestingly, 
in a mouse grafted TC-1 tumor model, the combination therapy of 
melatonin with pgDE7h not only increased survival but was also 
able to lead to total tumor regression in 65% of the animals. The 
antitumor effects of this combination approach were associated 
with the in vivo proliferation and activation of CD8+ T cells, to-
gether with increased migration of dendritic cells into the tumor 
microenvironment, as well as the decrease of suppressor myeloid 
cells. Taken together, our results highlight the use of melatonin 
as an immunometabolic adjuvant to achieve a robust antitumor 
immune response, representing a new and promising alternative 
for improving the efficacy of immunotherapeutic treatments of 
HPV-associated tumors. Financial Support : FAPESP

Keywords : Human Papillomavirus, Melatonin, DNA vaccine, Can-
cer immunotherapy.
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B214 / Dendritic cell targeting of human papillo-
mavirus-Associated Tumor vaccine by means of an-
ti-DEC205 mAb

Mariângela de Oliveira Silva (University of São Paulo), Bianca da 
Silva Almeida (University of São Paulo), Natiely Silva Sales (Uni-
versity of São Paulo), Luana R, M, M Aps (University of São Paulo), 
Mariana de Oliveira Diniz (University of São Paulo), Bruna F, M, 
M Porchia (University of São Paulo), Karine Bitencourt Rodrigues 
(University of São Paulo), Jamile Ramos da Silva (University of 
São Paulo), Fernando Bandeira Sulczewski (University of São 
Paulo), Silvia Beatriz Boscardin (University of São Paulo), Luis 
Carlos de Souza Ferreira (University of São Paulo).

Cervical cancer represents a serious public health problem in the 
world and corresponds to one of the greatest causes of tumor-re-
lated deaths in women. Human Papillomavirus (HPV HPV-16 and 
18 are the most common virus genotypes related to cancer induc-
tion and cause more than 50 and 35% of the cervical cancer cas-
es, respectively. Despite the availability preventive and therapeu-
tic Methods, high mortality rate is still a challenge for advanced 
forms of the disease. The development of safe and effective ther-
apeutic anti-tumor vaccines is a potential alternative for reducing 
the death tools associated with the disease. Dendritic cells (DCs) 
are professional antigen-presenting cells that initiate and direct 
immune responses mediated by T cells. DEC205+ CD8a+ dendrit-
ic cells, specifically, are considered the most clinically relevant for 
initiating CD8+ T cell responses critical for killing tumors. There-
fore, mAb-mediated targeting of antigens to surface receptors 
on these cells may improve the performance of anti-tumor vac-
cines leading to enhanced immunogenicity of antigens in vivo. 
In this study, we used the anti-DEC205 mAb fused to HPV16 E7 
oncoprotein and evaluated the impact in the control of Human 
Papillomavirus-Associated Tumors. For this purpose, the recom-
binat αDEC-E7 mAb was produced in HEK293T cells and purified 
from culture supernatant. In functional assays, mAb was able to 
bind transgenic CHO cells that constitutively express the murine 
DEC205 receptor and DCs of mouse spleen. To study the ther-
apeutic potential of this strategy, we adopt a preclinical model 
based on the transplantation of TC-1 and TC-1 luc tumor cell lin-
eages, which express HPV-16 E6 and E7 oncoproteins. C57BL/6 
mice, previously transplanted with the tumor cells, were inocu-
lated subcutaneously twice with the αDEC-E7 mAb in the pres-
ence of poly(I :C). The therapeutic properties of the strategy were 
evaluated in tumors implanted either intravaginally and subcuta-
neously. We demonstrated that in both models, the use of the 
αDEC-E7 was capable to therapeutically control the growth of 
the tumor cells and to induce activation of E7-specific IFN-+-pro-
ducing CD8+ T cells. Our results demonstrate that the antigen 
DC-targeting approach represent a promising strategy in the fight 
against tumors induced by HPV.

Keywords : Dendritic cell, DEC205, HPV, CANCER.
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B215 / Developing and implementing a generalizable, 
straightforward Method to measure antigen presentation

Rebecca L Holden (MIT Chemistry).

The ability to directly measure presentation of specific MHC-as-
sociated antigens could facilitate new avenues of investigation, 
including screening strategies to boost the presentation of vac-
cine antigens. Current techniques to assess presentation either 
require reporter T cells or antibodies, and are therefore poorly 
generalizable between antigens, or use a mass spectrometry 
(MS)-based readout. MS-based Methods focus on characterizing 
the global set of MHC-presented peptides, rather than a specific 
antigen(s) of interest, and require large numbers of cells (10^7-
10^9). We developed a protocol that is straightforward, quantita-
tive, and higher throughput than existing techniques. By drawing 
on Methods that employ direct elution from the surface of intact 
cells using a mild acidic buffer and combining this with target-
ed, high-sensitivity LC-MS/MS analysis, we were able to observe 
and quantify sub-femtomole levels of an MHC-presented antigen. 
Using a model antigen, we examined the time- and concentra-
tion-dependence of antigen presentation. We verified that this 
technique is generalizable to different antigen sequences and cell 
types, including primary murine antigen presenting cells. With 
this technique in hand, we then began to explore the impact of 
D-amino acid substitution on antigen presentation. Future work 
will determine whether single D-amino acid substitutions within 
the MHC-binding epitope sequence will boost the level of antigen 
presentation by favorably altering proteolytic stability. The assay 
we have developed enables us to screen this and other approach-
es to enhance MHC-associated antigen presentation.
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B216 / The role of HOCl in improving dendritic cell-based 
cancer vaccines

Michele Graciotti (CHUV - UNIL), Fabio Marino (CHUV - UNIL), 
Rita Ahmed (CHUV - UNIL), Michal Bassani-Sternberg (CHUV - 
UNIL), Lana Kandalaft (CHUV - UNIL).

Thanks to the critical role of dendritic cells (DCs) in activating 
cytotoxic T-cell responses, DC-based vaccines constitute a great 
therapeutic opportunity for cancer immunotherapy. Despite this, 
clinical trials generally displayed a very limited therapeutic effi-
cacy whilst maintaining a very low toxic profile. Previous work 
demonstrated that treating cancer cells with hypochlorous acid 
(HOCl) greatly increases their immunogenic potential, improving 
downstream responses both in vitro, in vivo and in cancer pa-
tients treated with DCs pulsed with HOCl-treated antigen sourc-
es, compared to the untreated counterparts. Despite these inter-
esting results, the mechanisms behind are still elusive. 

To address this question, we conducted a proteomic analysis 
based on LC-MS/MS to map and characterize modifications in-
troduced by HOCl treatment using a human melanoma cell line 
(A375) as a model system. As expected, we observed a very large 
increase in the oxidation of several amino acids and of several pro-
teins upon HOCl treatment, compared to the untreated counter-
part. However, these modifications were not completely random 
but focused instead on specific classes of amino acids (e.g. Met 
and Lys among others) and on a specific subset of proteins. Fur-
thermore, through gene ontology enrichment analysis we were 
able to map specific cellular pathways affected by the incubation 
with HOCl, giving a complete picture of both the molecular and 
biological consequences of HOCl treatment of cancer cells (e.g. 
cell cycle arrest, metabolic reprogramming, among others). Based 
on this, we subsequently pulsed human DCs using A375 cells 
treated with HOCl (Ox-DCs) or left untreated (ctr-DCs) as antigen 
source and then analyzed the set of peptides presented on both 
MHC-I and MHC-class II complexes, through affinity purification 
followed by LC-MS/MS. results showed a great increase in MHC-
class II antigen presentation in Ox-DCs compared to ctr-DCs. In 
addition to this, we also identified ~2, 000 peptides uniquely pre-
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sented on MHC-II complexes in Ox-DCs and not detected in ctr-
DCs. Instead, concerning MHC-I complexes, levels and identity of 
peptides were overall comparable between the Ox-DC and ctr-DC 
conditions. Based on these results we conclude that the observed 
increased immunogenicity of HOCl-treated antigen sources is 
likely due to an increased MHC-II dependent stimulation of the 
T cell compartment (i.e. CD4+ and T cell helper response) that 
further support tumor killing cytotoxic immune responses (e.g. 
CD8+ T cells, NK cells). Future work will focus on characterizing 
the function and phenotype of downstream, stimulated CD4+ T 
cells and verify this hypothesis. 

These results further contribute to the development of more ef-
fective and immunogenic DC-based vaccines and to the molecu-
lar understanding of the mechanism behind the increase immuno-
genicity induced by HOCl.
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B217 / Depletion of myeloid derived suppressor cells 
(MDSC) but not regulatory T cells (Treg) by DCF chemo-
therapy correlates with a good prognosis in anal squa-
mous cell carcinoma (SCCA) patients

Laurie Sphener (Unit 1098, Inserm, EFS BFC, University of Bour-
gogne Franche-Comté, F-25000 Besancon), Stefano Kim (Uni-
versity Hospital of Besancon, department of Oncology, F-25000 
Besancon), Marine Jary (University Hospital of Besancon, depart-
ment of Oncology, F-25000 Besancon), Marie Kroemer (Univer-
sity Hospital of Besancon, department of Oncology, F-25000 
Besancon), Angelique Vienot (University Hospital of Besan-
con, department of Oncology, F-25000 Besancon), Olivier Ad-
otev (University Hospital of Besancon, department of Oncology, 
F-25000 Besancon), Christophe Borg (University Hospital of Be-
sancon, department of Oncology, F-25000 Besancon).

Purpose : SCCA is a rare disease accounting for 2.6% of gastroin-
testinal malignancies and it is associated with E6 and E7 oncop-
roteins encoded by HPV16 in 90% of cases and the incidence rate 
of this cancer is increasing each year worldwide. Our research 
group has shown that the addition of Docetaxel to 5-Fluorouracil 
plus Cisplatine (DCF) induces in a high percentage a long-term 
complete remission in retrospective and prospective clinical tri-
als ; Epitopes-HPV01 and 02. Notwithstanding these results, the 
impact of adaptive immune responses and the role of MDSC and 
Treg cells were never investigated in this disease. 

Experimental Design : Peripheral Blood mononuclear cells from 
Healthy donors (n=19, EFS Besancon) and SCCA patients includ-
ed in Epitopes-HPV02 study (Before (n=64) and after (=48) DCF 
chemotherapy) were monitored. The presence of T-cell responses 
after a short term T-cell assay against HPV16 E6/E7 derived-pep-
tivator and hTERT derived-peptides was measured by IFNᵧ ELIS-
POT assay. MDSC and Treg cells were characterized by flow cy-
tometry. 

Results : Peripheral Treg count was increased in SCCA patients 
compared to healthy donors. Thus, we decided to select 5% as 
a threshold to analyze Treg influence on clinical outcomes. Treg 
level does not significantly influence SCCA patient survival when 
measured before DCF (mPFS of 11.7 vs 13.67 months p=0.79) or 
after DCF chemotherapy (mPFS of 11.7 vs 16.57 months p=0.53). 
Peripheral MDSC count increased in SCCA patients compared to 
healthy donors. Thus, we decided to select 4% as a threshold for 
further MDSC analyses. The distribution of antigen specific T cell 
responses was higher and more diverse in SCCA patients with 
low-risk MDSC percentage. At baseline, patients with high levels 
of MDSC had a worse PFS (12.23 vs 13.13 months p=0.5). After 
DCF chemotherapy, we observed that patients with low MDSC 
counts had an improved PFS (7.6 vs 21.9 months p<0.0001). 

Conclusion : Our results have demonstrated that a low level of 
MDSC cells is associated with a lower progression rate in SCCA 
patients ; and was not influenced by antigen specific T-cell re-

sponses. These data show that MDSC cells are indeed a prognos-
tic factor in SCCA patients after DCF chemotherapy.

Keywords : M-MDSC, biomarker, SSCA, DCF chemotherapy.

B218 / Neoantigen specific CD4+ T cells boost local radio-
therapy-mediated in situ vaccination

Nadja Salomon (TRON gGmbH), Vascotto Fulvia (TRON gGm-
bH), Mathias Vormehr (BioNTech AG), Abderaouf Selmi (TRON 
gGmbH), Juliane Quinkhardt (TRON gGmbH), Mustafa Diken 
(TRON gGmbH), Sebastian Kreiter (TRON gGmbH), Özlem Türeci 
(BioNTech AG), Ugur Sahin (BioNTech AG).

Therapeutic RNA-based cancer vaccines have shown great prom-
ise in various pre-clinical and clinical trials driving cancer anti-
gen-specific immune responses. The possibility of combining li-
posomal formulated, systemic RNA (RNA-LPX) vaccination with 
standard clinical care, such as local radiotherapy, is an attractive 
approach not yet assessed. Whereas RNA-LPX driven anti-tumor 
responses rely on priming of antigen-specific T-cells, radiotherapy 
acts on a multitude of different levels. Recent evidence suggests 
that local radiotherapy engages the immune system, leading to 
anti-tumoral innate and adaptive immune responses. Whereas the 
importance of cytotoxic CD8+ T cells has been well described, the 
role of CD4+ T cells in radio-immunotherapies is less clear. Here, 
we describe for the first time that CD4+ neoantigen RNA-LPX 
vaccination can potentiate radiotherapy-mediated T cell priming 
in murine neoplasia. 

We conducted a preclincal study in the CT26 tumor model, per-
forming neoantigen CD4+ RNA-LPX vaccination and local, 12 Gy, 
radiotherapy. Combination therapy treated mice display an in-
creased tumor rejection and a survival benefit over radiotherapy 
treatment alone that is accompanied by a boost of gp70-specif-
ic CD8+ T cell in blood. In tumor re-challenge experiments, we 
furthermore observed immunological memory formation against 
CT26 tumors after combination therapy. We next tested the effi-
cacy of combination therapy in CT26gp70ko tumors, lacking the 
immunodominant gp70 antigen. Here, interestingly, we observe 
tumor rejection in approximately half of the mice, indicating the 
relevance of other, still unknown, CD8+ T cell antigens in driving 
effective anti-tumoral responses. Combination therapy mediated 
effects are abrogated when CD8+ T cells are depleted, highlight-
ing the relevance of cytotoxic CD8+ T cells in CT26 tumor rejec-
tion. We analyzed the phenotype of intratumoral CD8+ T cells 
and observed an increase of activatory and migratory molecules 
(CD44, CX3CR1, LFA-1) after radiation treatment. The combina-
tion with CD4+ RNA-LPX additionally increases the effector func-
tion of intratumoral CD8+ T cells, responding to gp70 peptide 
ex vivo restimulation to a higher magnitude. CD8+ TCR sequenc-
ing revealed that radiotherapy induces a more clonal response 
– meaning the expansion of single TCR clones within the tumor 
microenvironment. In summary, our findings indicate that high 
dose (12 Gy) local radiotherapy leads to transient delay of tumor 
growth and induction of tumor specific CD8+ T cell, which benefit 
from CD4+ neoantigen RNA-LPX vaccination, rendering their im-
mune response more functional.

Keywords : Radiotherapy, CD4 neoantigens, RNA-based cancer 
vaccines.
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B219 / A melanoma vaccine based on heat-shock condi-
tioned tumor cell lysate inhibits tumor growth and in-
creases mice survival, even in the absence of anti-PD1 
treatment

Mariela Navarrete (Disciplinary Program of Immunology, Institute 
of Biomedical Sciences, Faculty of Medicine, University of Chile, 
Santiago, Chile. Millennium Institute on Immunology and Immuno-
therapy, Faculty of Medicine, University of Chile, Santiago, Chile), 
María Alejandra Gleisner (Disciplinary Program of Immunology, 
Institute of Biomedical Sciences, Faculty of Medicine, University 
of Chile, Santiago, Chile. Millennium Institute on Immunology and 
Immunotherapy, Faculty of Medicine, University of Chile, Santia-
go, Chile), Cristián Pereda (Disciplinary Program of Immunology, 
Institute of Biomedical Sciences, Faculty of Medicine, University 
of Chile, Santiago, Chile. Millennium Institute on Immunology and 
Immunotherapy, Faculty of Medicine, University of Chile, Santia-
go, Chile), Ignacio Ávalos (Disciplinary Program of Immunology, 
Institute of Biomedical Sciences, Faculty of Medicine, University 
of Chile, Santiago, Chile. Millennium Institute on Immunology and 
Immunotherapy, Faculty of Medicine, University of Chile, Santia-
go, Chile), Fabián Tempio (Disciplinary Program of Immunology, 
Institute of Biomedical Sciences, Faculty of Medicine, University 
of Chile, Santiago, Chile. Millennium Institute on Immunology and 
Immunotherapy, Faculty of Medicine, University of Chile, Santia-
go, Chile), Camila Fuentes (Disciplinary Program of Immunology, 
Institute of Biomedical Sciences, Faculty of Medicine, University 
of Chile, Santiago, Chile. Millennium Institute on Immunology and 
Immunotherapy, Faculty of Medicine, University of Chile, Santia-
go, Chile), María Ines Becker (Biosonda), Fermín González (Dis-
ciplinary Program of Immunology, Institute of Biomedical Sci-
ences, Faculty of Medicine, University of Chile, Santiago, Chile.), 
Andrés Tittarelli (Disciplinary Program of Immunology, Institute 
of Biomedical Sciences, Faculty of Medicine, University of Chile, 
Santiago, Chile. Millennium Institute on Immunology and Immuno-
therapy, Faculty of Medicine, University of Chile, Santiago, Chile), 
Mercedes López (Disciplinary Program of Immunology, Institute 
of Biomedical Sciences, Faculty of Medicine, University of Chile, 
Santiago, Chile. Millennium Institute on Immunology and Immuno-
therapy, Faculty of Medicine, University of Chile, Santiago, Chile), 
Flavio Salazar-Onfray (Disciplinary Program of Immunology, In-
stitute of Biomedical Sciences, Faculty of Medicine, University of 
Chile, Santiago, Chile. Millennium Institute on Immunology and Im-
munotherapy, Faculty of Medicine, University of Chile, Santiago, 
Chile).

Clinical immunotherapeutic strategies using immune-checkpoint 
blockers (ICB), such as anti-CTLA4, anti-PD1 or anti-PD-L1 anti-
bodies, have demonstrated durable survival benefits in patients 
with melanoma and other solid tumors. Nevertheless, an import-
ant percentage of these patients remain refractory, suggesting 
that its combination with active immunization may improve this 
response rate [1]. In this context, cancer vaccines become a com-
plementary and attractive alternative for cancer treatment. Op-
timal delivery of antigens (Ags) and adequate use of adjuvants 
are crucial factors for vaccine success. Here, a prototype of a 
generic therapeutic vaccine for malignant melanoma treatment 
was tested in an experimental C57BL/6 murine melanoma pre-
clinical model. This vaccine, named TRIMELVax is based on a heat 
shock-conditioned melanoma cell lysate (TRIMEL) combined with 
the Concholepas Concholepas hemocyanin (CCH) as a specific 
adjuvant [2]. Vaccination with TRIMELVax has demonstrated to 
activate immune responses against B16F10 tumors in vivo, in both 
prophylactic and therapeutic approaches, inhibiting tumor growth 
and prolonging animals’ survival. These immune responses were 
associated with increased CD8+ T lymphocytes and dendritic cell 
tumor infiltration, in contrast to reduced neutrophils intratumor 
presence, measured by immunohistochemistry and multipara-
metric flow cytometry. Moreover, increased antibody production 
against tumors was detected by ELISA. Also, TRIMELVax delays 
tumor growth at comparable levels with anti-PD1 therapy. Re-
markably, while anti-PD1 treatment doesn’t increases survival of 
tumor bearing mice, TRIMELVax prolongs mice survival even in 
the absence of combinatorial therapy with anti-PD1 antidody [3]. 
As TRIMELVax seems to be a potent vaccine against melanoma, 
this encourages the testing of this therapy in future clinical trials.
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B220 / Pancreatic cancer therapy based on combination 
of DNA vaccination and PI3Kgamma inhibition

Claudia Curcio (Department of Molecular Biotechnology and 
Healthy Sciences, Center for Experimental Research and Medical 
Studies (CERMS), University of Turin), Cecilia Roux (Department 
of Molecular Biotechnology and Healthy Sciences, Center for Ex-
perimental Research and Medical Studies (CERMS), University 
of Turin), Laura Conti (Department of Molecular Biotechnology 
and Healthy Sciences, Molecular Biotechnology Center, University 
of Turin), Roberta Curto (Department of Molecular Biotechnolo-
gy and Healthy Sciences, Center for Experimental Research and 
Medical Studies (CERMS), University of Turin), Silvia Brugiapaglia 
(Department of Molecular Biotechnology and Healthy Sciences, 
Center for Experimental Research and Medical Studies (CERMS), 
University of Turin), Alessandro Scagliotti (Department of Molec-
ular Biotechnology and Healthy Sciences, Center for Experimen-
tal Research and Medical Studies (CERMS), University of Turin), 
Alessandra Ghigo (Department of Molecular Biotechnology and 
Healthy Sciences, Molecular Biotechnology Center, University 
of Turin), Paola Cappello (Department of Molecular Biotechnol-
ogy and Healthy Sciences, Center for Experimental Research 
and Medical Studies (CERMS), University of Turin), Emilio Hirsch 
(Department of Molecular Biotechnology and Healthy Sciences, 
Molecular Biotechnology Center, University of Turin), Francesco 
Novelli (Department of Molecular Biotechnology and Healthy 
Sciences, Center for Experimental Research and Medical Studies 
(CERMS), University of Turin).

Pancreatic ductal adenocarcinoma (PDA) is the fourth leading 
cause of cancer mortality in developed countries, with one of 
the poorest prognoses among all cancers. Although 10-15% of 
patients are candidates for gross total surgical resection, recur-
rence is frequent, and the overall 5-year survival rate is around 
8%. Using a proteomic approach, we have identified alpha-Eno-
lase 1 (ENO1) as PDA-associated antigens. We have shown that 
ENO1 DNA vaccination efficiently prolongs survival of engineered 
mice that spontaneously develop PDA (both KC and KPC mice). 
Targeting of Phosphoinositide-3- kinase (PI3K) gamma and delta 
isoforms is an effective way to inhibit the suppressive activity of 
immune-regulatory cells, thus strengthening the anticancer im-
mune response. Recently, we have demonstrated that PI3K gam-
ma play a critical role in PDA by driving the recruitment of my-
eloid derived suppressor cells into tumor tissues and it’s genetic 
or pharmacologic inhibition effectively inhibits PDA progression 
and metastasis. In this study we assessed the hypothesis that the 
targeting of myeloid derived suppressor cells, via pharmacologi-
cal PI3Kgamma inhibition, synergizes with ENO1 DNA vaccination 
by inducing a strong and sustained immune response. 

KPC mice were vaccinated four times with ENO1 starting at 4 
weeks of age ; two weeks later mice were treated with the PI3K-
gamma inhibitor TG100-115 (2, 5 mg/kg), for further two weeks. 
At sacrifice humoral and cellular responses were analyzed by his-
tology, immunohistochemistry, enzyme-linked immunosorbent 
assays, flow cytometry, and enzyme-linked immunosorbent spot 
and cytotoxicity assays. Mice that received ENO1 and TG100-115 
therapy showed a significant decrease in tumor size in comPari-
son to both ENO1 alone (p=0.0385) and PBS (p=0.0003) treated 
mice. This correlated with a decrease of CD11bGr1 positive cells in 
the blood and an increase of circulating anti-ENO1 specific anti-
bodies in ENO1+TG100-115 group in comParison to control mice. 

Moreover, the analysis of pancreas tissues by immunohistochem-
istry indicated that combined therapy induced an increased num-
ber of CD8 and F4/80 cells and a decrease of FoxP3, CD31 and 
NG2 cells in comParison to control mice. In addition, we extract 
mRNA from formalin fixed paraffin embedded pancreas tissues 
of treated mice. We observed an increase of Granzyme B in both 
ENO1 and ENO1+TG100-115 and a down modulation of genes in-
volved in fibroblast and stellate cell activation suggesting a mod-
ulation of microenvironment in the combined therapy group. 

Magnetic Resonance Imaging (MRI) and in particular diffusion‑
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weighted imaging (DWI) was used to monitor tumor progression. 
DWI showed that mice vaccinated with ENO1 alone displayed an 
increase of mean apparent diffusion coefficient (ADC) that sig-
nificantly decrease after TG100-115 treatment, suggesting an in-
crease in tumor infiltrating cells. ADC is inversely dependent on 
water movements across the cell membrane and reflects tissue 
changes at cellular level. Lover ADC values correspond to a higher 
cellularity that could be due to either tumor progression, immune 
cell infiltration, increased fibrosis or interstitial edema. 

In conclusion, we have demonstrated that treatment with ENO1 
plus TG100-115 is able to reduce tumor size in pancreas, increase 
immune cell infiltration and modulate stroma cell compartment, 
making the therapy a suitable approach for PDA treatment.

Keywords : Pancreatic cancer, PI3Kgamma inhibitor.
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B221 / Highly efficient tumor control in a preclinical mo-
del for HPV16+ cancer induced by a heterologous prime/
boost approach with LCMV- and PICV-based TheraT vec-
tors

Josipa Raguz (Hookipa Pharma), Sarah Schmidt (Hookipa Phar-
ma), Theresa Kleissner (Hookipa Pharma), Goran Bekic (Hookipa 
Pharma), Sonja Feher (Hookipa Pharma), Daniel Oeler (Hooki-
pa Pharma), Felix Stemeseder (Hookipa Pharma), Ursula Berka 
(Hookipa Pharma), Bettina Kiefmann (Hookipa Pharma), Sophie 
Schulha (Hookipa Pharma), Igor Matushansky (Hookipa Phar-
ma), Daniel Pinschewer (Hookipa Pharma), Henning Lauterbach 
(Hookipa Pharma), Klaus Orlinger (Hookipa Pharma).

The unprecedented success of checkpoint blockade therapies 
clearly demonstrated the power of the immune system to fight 
cancer. Yet, only a minority of cancer patients respond with long-
term control of the tumor or even cure, necessitating the develop-
ment of other treatment modalities. Hookipa Pharma developed 
a novel attenuated, replication-competent viral vector platform 
(TheraT) that induces powerful cytotoxic T lymphocyte (CTL) re-
sponses against foreign and self-antigens. 

In a preclinical model for human papilloma virus 16 (HPV16) as-
sociated cancer (TC-1), we evaluated immunogenicity and effica-
cy of a heterologous prime/boost approach with TheraT vectors 
based on the arenaviruses lymphocytic choriomeningitis virus 
(LCMV) and pichinde virus (PICV). Both vectors encode a highly 
immunogenic, non-oncogenic version of the HPV16 oncoproteins 
E7 and E6. 

Primary E6- and E7-specific CD8 T cell responses were higher 
after immunization with LCMV-based TheraT compared to PICV-
based TheraT. T cells induced by the latter, however, could be 
boosted 250-fold by a heterologous boost with LCMV-based 
TheraT. To test, whether the higher T cell response also translates 
in a better tumor control, mice with established TC-1 tumors were 
treated with either a homologous or heterologous prime boost 
regimen. In concordance with the immunogenicity data, tumor 
control was most efficient in the heterologous setting. Important-
ly, more than 40% of the animals treated with TheraT(PICV)/Ther-
aT(LCMV) were completely tumor free and were fully protected 
against a secondary tumor challenge. 

In conclusion, replication-attenuated TheraT-E7E6 is safe, high-
ly immunogenic and shows excellent therapeutic efficacy in ho-
mologous but even more in a heterologous prime/boost regimen. 
Preparations for an IND filing in Q1 2020 have been initiated.

Keywords : cancer vaccine, HPV16+ cancer, Arenavirus, heterolo-
gous prime/boost.

B222 / A combinatorial approach of mRNA vaccination 
and IL-2 with extended half-life enhances antigen-specific 
T cell responses

Daniel Reidenbach (TRON gGmbH), Lena Kranz (BioNTech SE), 
Mathias Vormehr (BioNTech SE), Sonja Witzel (TRON gGmbH), 
David Eisel (BioNTech SE), Mustafa Diken (TRON gGmbH), Se-
bastian Kreiter (TRON gGmbH), Ugur Sahin (TRON gGmbH).

Lipoplex-mediated systemic delivery of RNA encoding can-
cer-associated antigens to dendritic cells in lymphoid organs is 
a promising tool for inducing efficient T cell responses in cancer 
therapy. For further improvement of these anti-tumoral RNA vac-
cines, combinatorial therapies are under intensive investigation. 
Immunomodulators, like checkpoint inhibitors and cytokines, are 
key candidates, since they strongly affect NK and T cell function, 
and shape tumor microenvironment. Previously, efficient in vivo 
application of cytokines, as for instance interleukin 2 (IL-2), was 
characterized by short half-lives and dose-limiting toxicities. In or-
der to attack this problem, we developed modified RNA-encoding 
murine IL-2 albumin fusion proteins (mAlb-mIL-2) to overcome 
current limitations and furthermore enhance cytokine potency. 
In naïve BALB/c and BL/6 mice, we investigated the effect of 
mAlb-mIL-2 RNA administration on RNA vaccination-induced an-
tigen-specific CD8+ T cell responses. 

Application of RNA-encoding mAlb-mIL-2 extended serum half-
life of the cytokine and promoted accumulation in the tumor 
and tumor-draining lymph node in comParison to RNA-derived 
non-albuminated mIL-2 and recombinant mIL-2 protein. In combi-
nation with antigen-encoding RNA vaccination, mAlb-mIL-2 RNA 
administration was as effective as combinatorial therapy includ-
ing standard therapy with recombinant mIL-2 concerning the ex-
pansion of antigen-specific CD8+ T cells in the blood and spleen, 
while reducing dose, number of injections as well as risk of toxici-
ty. Notably, combinatorial therapy with mAlb-mIL-2 RNA induced 
antigen-specific CD8+ T cells, which are more functional, than 
vaccination alone. Based on these successful proof of principle 
experiments in naïve mice, the presented combinatorial approach 
will soon be tested in therapeutic tumor experiments. 

In summary, the presented approach of optimized IL-2 is capa-
ble of supporting our well-established RNA vaccination platform. 
Due to its universality, this concept for broadening the therapeu-
tic window of cytokines can be applied to other suitable immuno-
modulatory components.

Keywords : combination therapy, RNA vaccination, interleukin 2.
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B223 / Improving selection criteria for post translationally 
modified CD4 epitopes using computer algorithms

Katherine Cook (Scancell Ltd.), Peter Symonds (Scancell Ltd.), 
Anne Skinner (Scancell Ltd.), Sabaria Shah (Scancell Ltd.), Ra-
chael Metheringham (Scancell Ltd.), Samantha Paston (Scancell 
Ltd.), Victoria Brentville (Scancell Ltd.), Lindy Durrant (University 
of Nottingham).

In tumors, cellular stress and changes in the microenvironment 
can alter cellular post translational modifications and the epi-
topes presented by MHC. Targeting cancer associated epitopes 
produced through stress induced post translational modification 
(siPTM) is a viable option for cancer immunotherapy. One such 
siPTM is the conversion of positively changed lysine residues 
to the neutral amino acid homocitrulline via carbamylation. We 
have previously shown that peptides containing homocitrulline 
can induce anti-tumor responses. These peptide responses were 
HLA-restricted. However, screening of potential epitopes is time 
consuming with a low hit rate. In this study, computer-based pre-
dictions were used to improve the selection of epitopes. Online 
prediction software was utilized to identify potential HLA-DP4 
epitopes based on both MHC class II binding and secondary 
structures of peptides. The human protein sequences for bind-
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ing immunoglobulin protein, alpha-enolase, heat shock protein 
60, Nucleophosmin, Cytokeratin 8 and Vimentin were analyzed. 
IEDB was used to identify peptides with a high predicted bind-
ing affinity for the human HLA-DP4 allele. PEP-FOLD3 software 
was used to analyze peptide predicted secondary structure and 
narrow down the selection criteria. Selected peptides were then 
synthesized with either the homocitrulline or wild type lysine res-
idues. Transgenic HLA-HHDII/DP4 mice were immunized with 
three doses of peptide in combination with the adjuvant CpG/
MPLA. IFNγ responses were determined by ex vivo ELISpot. In 
anti-tumor experiments transgenic mice were implanted with B16 
HHDII/DP4 and then immunized with the peptides, tumor growth 
and survival were monitored. When peptides were selected us-
ing IEDB binding alone, 4/10 peptides were found to stimulate 
an immune response. In contrast selection using the combination 
of IEDB and Pep-Fold identified 19 with 19/19 giving immune re-
sponses. The responses were further characterized to determine 
cross reactivity with wild type peptides. Of these 6 were screened 
for anti-tumor responses and all showed anti-tumor immunity in 
a therapeutic in vivo model. The addition of computer-based al-
gorithms to the peptide selection process greatly increased the 
number of successful MHC II binding peptides that were identi-
fied. This reduced animal usage and increased the number of DP4 
presented epitopes that could be characterized.

Keywords : post translational modifications, homocitrulline, bind-
ing predictions.

B224 / Phage-peptide constructs for stimulation of an-
ti-cancer immune responses against CD47

James W Gillespie (Department of Pathobiology, College of Vet-
erinary Medicine), Alexandre M. Samoylov (Scott-Ritchey Re-
search Center, Department of Pathobiology, College of Veterinary 
Medicine, Auburn University, AL, USA), Anna M. Cochran (Scott-
Ritchey Research Center, College of Veterinary Medicine, Auburn 
University, AL, USA), Rebecca Jones (Scott-Ritchey Research 
Center, Department of Pathobiology, College of Veterinary Med-
icine, Auburn University, AL, USA), Kenny Brock (Biomedical Af-
fairs and Research, Edward Via College of Osteopathic Medicine 
- Auburn Campus, Auburn, AL, USA), Tatiana I. Samoylova (Scott-
Ritchey Research Center, Department of Pathobiology, College of 
Veterinary Medicine, Auburn University, AL, USA).

The long-term goal of this study is to generate effective phage-
based products for active immunization against CD47 receptor, a 
target that is widely used for development of immunotherapies 
against human and canine cancers. CD47 is a cell surface pro-
tein that belongs to the immunoglobulin superfamily and demon-
strates high homology in the exposed extracellular-domain be-
tween species. It binds several proteins including signal-regulatory 
protein-alpha (SIRP(alpha)) expressed on phagocytes. Binding of 
CD47 to SIRP(alpha) leads to inhibition of phagocytosis. In this 
respect, CD47 plays a role of a “don’t eat me” signal for phagocyt-
ic cells, making cells expressing CD47 resistant to phagocytosis. 
Many types of cancers escape clearance by the immune system 
by up-regulation of CD47 expression. One strategy to disarm 
the “don’t eat me” signal on cancer cells is to block CD47 with 
neutralizing antibodies, preventing the CD47-SIRP(alpha) inter-
action. The present study is designed to generate and character-
ize phage-CD47 constructs to stimulate production of blocking 
antibodies against extracellular CD47 epitopes using phage dis-
play technology. Phage-CD47 constructs were obtained via selec-
tion from phage display libraries for binding to CD47 antibodies 
as selection targets. Two types of CD47 antibodies (B6H12 and 
BRIC126) and three phage display libraries (Ph.D.-C7C, Ph.D.-7, 
and Ph.D.-12) were used for enrichment of CD47-mimicing pep-
tide sequences. Through this study, we compared any differences 
in binding epitopes between the two types of CD47 antibodies. 
We also studied differences in library conformation, comparing 
the loop-constrained Ph.D.-C7C heptapeptide library with the 
non-constrained, linear Ph.D.-7 heptapeptide library. After 3-4 
rounds of selection with each heptapeptide library, we observed 
a successive increase in yield from the linear library suggesting 
population enrichment of phages from the linear library. However, 
there was no increase observed from the loop-constrained Ph.D.-
C7C library suggesting no enrichment and a preference of both 
antibodies to bind linear peptide epitopes. Similarly, we compared 

the differences of displayed peptide length on epitope discovery 
by comparing the Ph.D.-7 library with the Ph.D.-12 library, consist-
ing of linear dodecapeptides displayed on the surface of each 
phage. We observed an increase in yield from the Ph.D.-12 library 
suggesting enrichment of phages. After the final round of selec-
tion, ~80 clones were randomly isolated for Sanger sequencing 
and the unamplified portion of each fraction amplified by qPCR 
with P3-specific primers for analysis of the population by next 
generation sequencing (NGS). Sequences obtained from Sanger 
sequencing or NGS were analyzed for their ability to map to the 
surface of a CD47 crystal structures obtained from the protein da-
tabase (PDB) using the PepSurf epitope mapping algorithm avail-
able on the Pepitope server. Candidate peptides were identified 
based on their high number of occurrence from the sequenced 
clones or were found at the proposed interaction site between 
CD47 and SIRP(alpha). In total, 12 peptides were identified and 
synthesized as peptides. Peptides were adsorbed to an ELISA 
plate and tested for their performance to bind either CD47 anti-
body in an indirect ELISA assay. We discovered 3 peptides with 
relatively high binding activity to both CD47 antibodies tested 
suggesting the antibodies may share a common structural epi-
tope. The outcomes of the proposed study should provide a plat-
form for continued characterization of phage-CD47 constructs 
for anti-cancer efficacy in various models of human cancers and 
in dogs with cancers such as spontaneous lymphomas. This re-
search may lead to the development of novel, active anti-cancer 
immunotherapies applicable to both human and veterinary pa-
tients.

Keywords : Phage Display, CD47 Vaccine, Active Immunization, 
Cancer Vaccination.
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B225 / In-situ vaccination using a polymeric glyco-adju-
vant for the induction of anti-tumor immunity

Tiffany M Marchell (University of Chicago), D Scott Wilson (Uni-
versity of Chicago), Aaron T Alpar (University of Chicago), Liam 
Rybicki-Kler (University of Chicago), Anja M Schempf (University 
of Chicago), Jeffrey A Hubbell (University of Chicago).

Development of new immunotherapies capable of effecting du-
rable anti-tumor responses is a long-term goal in the field of can-
cer immunotherapy. Neoantigen-peptide based vaccines have 
demonstrated efficacy in murine tumor models, however, clinical 
translation is limited by the costly and slow process of identify-
ing tumor and/or patient-specific immunogenic antigens prior to 
formulation. Difficultly translating therapeutic vaccination suc-
cess from murine models to the clinical treatment of cancer has 
highlighted the need for vaccination strategies that may be more 
broadly applicable. To address this problem, we developed an in 
situ vaccination strategy to adjuvant tumor cells directly, utilizing 
the tumor itself as the antigen source in initiating tumor-reac-
tive cellular responses. Our engineered vaccine is comprised of a 
novel polymeric TLR7-agonist (pTLR7) chemically linked to tu-
mor-binding antibodies. We hypothesized that following intratu-
moral administration, our pTLR7-(tumor-binding antibody) con-
jugates (pTLR7-tAbs) would bind to surface molecules expressed 
by tumors, thereby increasing persistence of the adjuvant within 
the tumor. Given the ease of conjugation of pTLR7 to various an-
tibodies, our in situ pTLR7-tAb vaccination platform is tunable 
in specificity from highly tumor-specific to widely applicable, 
depending on the choice of antibody used. For generalizability 
between tumor models, we selected an anti-CD47 antibody to 
create anti-CD47-pTLR7 conjugates for testing our vaccination. 
Consistent with previous reports of elevated CD47 expression in 
various malignancies across both human and mouse, flow cyto-
metric analysis confirmed the ability of anti-CD47-pTLR7 to bind 
to tumor cells from every tumor model we tested : B16F10 mela-
noma, EMT6 and PyMT breast cancer, and genetically engineered 
melanoma model BrafV600E/Ptenfl/fl. Tumor retention studies 
tracking fluorescently-labeled pTLR7-tAbs using an in vivo imag-
ing system (IVIS) showed pTLR7-tAbs are retained within the tu-
mor microenvironment (TME) 3-fold longer than isotype control 
antibody-pTLR7 constructs. Interestingly, following vaccination, 
pTLR7-tAb treated tumors showed increased accumulation and 
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activation of intratumoral antigen presenting cells (APCs). pTLR7-
tAb vaccination stimulated tumor-specific T cell responses in the 
B16F10 melanoma model and converted these immunologically 
‘cold’ tumors into T cell inflamed tumors, with increased numbers 
of CD4+ and CD8+ T cells. Strikingly, we observed complete re-
mission in >50% of ‘cold’ immune-excluded EMT6 breast cancer 
tumors and delayed tumor progression of B16F10 melanoma after 
treatment with pTLR7-tAbs. As intratumorally retained pTLR7-
tAbs showed improved tumor control over equimolar, uncon-
jugated mixtures of antibody and pTLR7, antibody-linkage and 
tumor retention of pTLR7 appeared important for therapeutic 
efficacy. Together, these data support further investigation into 
the use of our pTLR7-tAb platform for in situ vaccination and as a 
therapeutic tool for enhancing anticancer immunity.

Keywords : cancer vaccine, vaccine, adjuvant.
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B226 / HEPAVAC-101 first-in-man clinical trial of a mul-
ti-peptide-based vaccine for hepatocellular carcinoma

Luigi Buonaguro (National Cancer Institute «Pascale »), Andrea 
Mayer-Mokler (1Immatics Biotechnologies GmbH), Markus Loef-
fler (Univ. of Tuebingen), Roberto Accolla (University of Insub-
ria), Yuk Ting Ma (University of Birmingham), Tanguy Chaumette 
(Univerisity of Nantes), Alfred Königsrainer (University of Tue-
bingen), Joerg Ludwig (Immatics Biotechnologies GmbH), Diego 
Alcoba (Immatics Biotechnologies GmbH), Cecil Gouttefangeas 
(University of Tuebingen), Maria Tagliamonte (National Cancer In-
stitute «Pascale »), Francesco Izzo (National Cancer Institute «Pas-
cale »), Paolo Antonio Ascierto (National Cancer Institute «Pas-
cale »), Hans-Georg Rammensee (University of Tuebingen), Bruno 
Sangro (University of Navarra), Sven Francque (Universtiy of 
Antwerp), Toni Weinschenk (Immatics Biotechnologies GmbH), 
Carsten Reinhardt (Immatics Biotechnologies GmbH), Ulrike 
Gnad-Vogt (Curevac AG), Harpreet Singh (Immatics Biotechnol-
ogies GmbH).

Hepatocellular carcinoma (HCC) is the third leading cause of 
death from cancer globally with an extremely variable 5-year sur-
vival rate. Immunotherapy strategies for HCC may represent a key 
therapeutic tool to improve clinical outcome in HCC patients. He-
paVac-101 (EudraCT Number : 2015-003389-10 ; NCT03203005), 
is a single-arm, first-in-man Phase I/II clinical trial evaluating 
a therapeutic cancer vaccine in patients affected by HCC. It is 
a highly innovative, novel approach based on a multi-peptide 
vaccine (IMA970A) combined with an RNAdjuvant (CV8102). 
The IMA970A off-the-shelf vaccine includes 5 HLA-A*24 and 7 
HLA-A*02 as well as 4 HLA-DR restricted peptides identified and 
selected from native human HCC tumor tissue by applying the 
XPRESIDENT® discovery platform. CV8102 is a novel ribonucleic 
acid (RNA) based immunostimulatory agent inducing a balanced 
Th1/Th2 immune response. HLA-A*02 and/or A*24-positive pa-
tients with very early, early and intermediate stage HCCs are be-
ing enrolled to be treated with 9 intradermal vaccinations consist-
ing of IMA970A plus CV8102 following a single pre-vaccination 
infusion of low-dose cyclophosphamide acting as an immuno-
modulator. The first 4 vaccinations are applied in weekly intervals, 
while the following 5 vaccinations are administered in 3-weekly 
intervals. Study drugs are applied without concomitant anti-tu-
mor therapy aiming to reduce the risk of tumor recurrence/pro-
gression in patients who have received all indicated treatments 
according to the standard of care and remain without evidence of 
active disease that warrants further treatment. The primary end-
points of the HepaVac-101 clinical trial are safety, tolerability, and 
immunogenicity. Secondary/exploratory endpoints are additional 
immunological parameters in blood, infiltrating T-lymphocytes in 
tumor tissue, biomarkers in blood and tissue, disease-free sur-
vival/progression-free survival and overall survival. Patients were 
enrolled in 6 centers located in 5 European countries i.e. Italy (Na-
ples and Negrar/Varese), Germany (Tübingen), UK (Birmingham), 
Spain (Pamplona) and Belgium (Antwerp). At the time of abstract 
submission, 82 HCC patients have been screened for suitable HLA 
haplotypes, 21 patients were put on study treatment (i.e. received 
at least the pre-treatment with cyclophosphamide) and 10 out of 
them have already completed study treatment and are currently 

in the follow-up phase. The clinical study protocol stated that 20 
patients treated with IMA970A and CV8102 are considered suffi-
cient to evaluate the trial endpoints of this trial and for that reason 
screening of new patients was officially closed. Eligible patients 
will be eventually invited to participate in a successive trial at 
Tübingen University investigating an actively personalized vac-
cine (APVAC). So far, the observed safety profile is as expected. 

The HEPAVAC-101 clinical trial is the achievement of the HEPAVAC 
Consortium supported by the European Commission’s 7th frame-
work program with contract No. 602893 (www.hepavac.eu).
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B227 / Personalized cancer vaccination to elicit neoanti-
gen T cell responses.

Hajer Guiren Fritah (Vaccine development laboratory, Ludwig 
Center for Cancer Research- CHUV), Ritaparna Ahmed (Vaccine 
development laboratory, Ludwig Center for Cancer Research- 
CHUV), Brian Steveson Steveson (Swiss Institute of Bioinfor-
matics), Julien Schmidt (Ludwig Center for Cancer Research, 
University of Lausanne), Philippe Guillaume (Ludwig Center for 
Cancer Research, University of Lausanne), Evripidis Lanitis (Lud-
wig Center for Cancer Research, University of Lausanne), Lai-Lai-
Cheryl Chiang (Vaccine development laboratory, Ludwig Center 
for Cancer Research- CHUV), Lana Kandalaft (Vaccine develop-
ment laboratory, Ludwig Center for Cancer Research, Center of 
Experimental Therapeutics, Ludwig Center for Cancer Research, 
Department of Oncology, University of Lausanne).

Despite great improvements being achieved in cancer diag-
nosis and treatments, a significant fraction of patients remains 
unresponsive to standard therapies and still have short life ex-
pectancies. With more than a hundred distinct types of cancer 
known that vary substantially in behaviors, cancer treatment is 
increasingly geared towards a personalized approach. In partic-
ular, immunotherapy aiming at eliciting and/or boosting patient’s 
anti-tumor immune responses is an attractive approach. An im-
portant question in the field of tumor immunotherapy remains 
unanswered – what are the relevant tumor antigens for tumor 
control and elimination ? To date, the most widely used targets 
are tumor-associated antigens (TAAs). These TAAs vary in terms 
of expression levels, tissue specificity and their ability to induce 
tumor-infiltrating lymphocytes (TILs) in the tumor microenviron-
ment. However, they pose some limitations such as central tol-
erance via thymic selection and tumor escape through antigen 
loss. On the other hand, neoantigens are mutated antigens that 
are specific to the tumor and hence are interesting targets for 
anti-cancer immunotherapy strategies like cancer vaccination. 
Numerous preclinical and clinical studies have demonstrated the 
correlation between tumor high mutational burden and clinical 
benefits in terms of long-term survival. Currently, neoantigens 
prediction is based on expensive high-throughput technologies 
like next generation sequencing, mass spectrometry and sophis-
ticated neoepitope discovery algorithms. These procedures are 
time-consuming and laborious rendering this strategy unsuitable 
for cancer patients with advanced disease. An alternative strate-
gy is the use of hypochlorous acid (HOCl)-oxidized whole tumor 
lysate (WTL) that encompasses all the tumor antigens including 
shared TAAs and private mutated neoantigens. Treating tumor 
cells with HOCl oxidation has multiple advantages such as poten-
tiating their immunogenicity via chemical modifications, leading 
to the exposure of immunogenic peptides to T lymphocytes and 
their subsequent activation. Recently, our group demonstrated in a 
clinical study with recurrent ovarian cancer patients that dendritic 
cell (DC) pulsed with WTL (termed OCDC) could elicit high-avid-
ity neoantigen-specific T cell responses and these results were 
associated with prolonged survival. We also demonstrated that 
upfront vaccination with OCDC elicited de-novo T cell responses 
against previously unrecognized neoantigens. Based on these re-
sults we propose to use OCDC vaccination as a first-line strategy 
to elicit neoantigen-specific T cells that will lead to a more precise 
identification of relevant immunogenic neoepitope for anti-can-
cer neoantigen-based vaccination . In this study, we used three 
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distinct murine cancer types : the Lewis lung cancer (LLC1), mel-
anoma (B16F10) both known to have a high mutational load and 
the ovarian cancer model (ID8) known to have a low mutational 
burden. We successfully showed that our antigen identification 
algorithms were able to identify immunogenic neoantigens that 
elicit tumor suppression in LLC1 and B16.F10 tumor models. Most 
of the neoantigens discovered with our in-house neoantigen dis-
covery pipeline were not yet described, therefore highlighting the 
novelty of this work. Secondly, we discovered overlapping neoan-
tigen peptide responses between OCDC vaccination and neoan-
tigen peptide vaccination in the LLC1 model. Finally, in the LLC1 
tumor models whereby OCDC vaccination gave the best overall 
tumor suppression, we discovered common neoantigen peptide 
responses between OCDC and peptide vaccinations as well as 
unique neoantigen responses induced only by OCDC vaccination. 
Such a strategy is novel and is potentially applicable to many pa-
tients regardless of HLA haplotypes and in different cancer types 
including those with intermediate/ low mutational burden.

Keywords : Tumor neoantigens, Autologous whole tumor lysate, 
Dendritic cell vaccine.
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B228 / Development of technology for the large scale 
production of a novel dendritic cell vaccine for the treat-
ment of glioblastoma

Vanesa Alonso-Camino (Mill Creek Life Sciences, LLC), William 
Mirsch (Mill Creek Life Sciences, LLC).

Glioblastoma multiform (GBM), is one of the most lethal and un-
treatable human cancers (1-5). Surgical resection and radiother-
apy in combination with temozolomide (TMZ) are the current 
therapeutic approaches, but they offer little hope with five year 
survival rates lower than 5%. With this poor prognosis, it is clear 
that new strategies are needed for glioblastoma therapy (5-8). 

The Mayo Clinic in Rochester, MN has developed an autologous 
Dendritic Cell Vaccine (DCV), which was evaluated in a phase I 
clinical trial for newly diagnosed GBM patients. The vaccine tech-
nology is comprised of two components : Allogeneic tumor ly-
sates with classic GBM antigens and autologous dendritic cells 
capable of inducing an immune response. Critically, the combined 
allogenous-lysate/autologous-DC approach allows the limitations 
of other DC vaccine approaches to be overcome, such as the de-
lays required for autologous tumor cell culturing. The technology 
offers a maximum number of fully mature DCs, as well as a full 
repertoire of GBM antigens, allowing for effective targeting and 
destruction of GBM cells. 

This therapy was recently used in combination with radiation and 
temozolomide in a phase I clinical trial (MC1272) with 20 patients. 
Median progression-free (PFS) and overall survivals (OS) were 
significantly prolonged vs historical controls treated with radia-
tion and temozolomide alone. 

Mill Creek Life Sciences, LLC (MCLS) has the license to commer-
cialize this technology. The cell based cancer immunotherapy/
vaccine requires processes to prepare antigenic proteins from tu-
mor cell lines, to obtain patient’s dendritic cells and prime them 
with the antigenic proteins, and to deliver the primed dendritic 
cells to patients being treated for glioblastoma. 

Our company is scaling the antigen protein preparation from 2D 
culture of GBM cells to suspension culture in bioreactors. The use 
of allogeneic tumor cell lines, avoids delays in treatment caused 

by the time required to culture an autologous tumor cell line. Clas-
sical cell culturing Methods are ineffective for GBM propagation. 
Our unique and proprietary method for generating GBM cell lines 
more closely mimics the native microenvironment of GBM, reduc-
es senescence, and maintains a robust and defined tumor antigen 
expression. 

The dendritic cell preparation is also unique. Standard culture 
techniques produce > 90% mature (CD83+) DCs from healthy do-
nor monocytes, but < 60% mature DCs from GBM patients’ mono-
cytes. However, the modified technique developed at the Mayo 
Clinic produces > 90% mature DCs from GBM patients. 

After successfully transferring the technology from Mayo Clinic 
and adapting it for large scale production, our long-term goal is to 
effectively produce and commercialize the therapy for the treat-
ment of patients with glioblastoma in a clinical environment. 

Commercial production of our vaccine therapy will pave the way 
toward future GBM clinical trials. This treatment has the potential 
to revolutionize GBM management and may become a part of 
standard treatment regimens for GBM patients. Given successful 
implementation in further clinical trials, we will proceed to devel-
op DC vaccines for a variety of other severe forms of cancer. The 
future of anticancer immunotherapy is very bright, and innova-
tion in DC vaccine technology will provide avenues toward better 
management of GBM, as well as many other cancers and malig-
nancies.

Keywords : cancer vaccine, Glioblastoma multiform, dendritic 
cells.

References : 
1 Czapski, B., Baluszek, S., Herold-Mende, C. & Kaminska, B. Clinical and immunologi-
cal correlates of long term survival in glioblastoma. Contemp Oncol (Pozn) 22, 81-85, 
doi :10.5114/wo.2018.73893 (2018). 2 Dextraze, K. et al. Spatial habitats from multipara-
metric MR imaging are associated with signaling pathway activities and survival in glio-
blastoma. Oncotarget 8, 112992-113001, doi :10.18632/oncotarget.22947 (2017). 3 Kohler, 
B. A. et al. Annual report to the nation on the status of cancer, 1975-2007, featuring tu-
mors of the brain and other nervous system. J Natl Cancer Inst 103, 714-736, doi :10.1093/
jnci/djr077 (2011). 4 Ostrom, Q. T. et al. CBTRUS Statistical Report : Primary Brain and 
Central Nervous System Tumors Diagnosed in the United States in 2008-2012. Neuro 
Oncol 17 Suppl 4, iv1-iv62, doi :10.1093/neuonc/nov189 (2015). 5 Stupp, R. et al. Radio-
therapy plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med 
352, 987-996, doi :10.1056/NEJMoa043330 (2005). 6 Ray, S., Bonafede, M. M. & Mohile, 
N. A. Treatment Patterns, Survival, and Healthcare Costs of Patients with Malignant Glio-
mas in a Large US Commercially Insured Population. Am Health Drug Benefits 7, 140-149 
(2014). 7 Omuro, A. & DeAngelis, L. M. Glioblastoma and other malignant gliomas : a clin-
ical review. JAMA 310, 1842-1850, doi :10.1001/jama.2013.280319 (2013). 8 Loeffler, J. S. et 
al. Clinical patterns of failure following stereotactic interstitial irradiation for malignant 
gliomas. Int J Radiat Oncol Biol Phys 19, 1455-1462 (1990).

B229 / Personalized neoantigen-targeting vaccines for 
high-risk melanoma generate long-term memory T cell 
response and epitope spreading

Zhuting Hu (Dana Farber Cancer Institute), Rosa Allesoe (Tech-
nical University of Denmark), Donna Leet (Dana Farber Cancer 
Institute), Adrienne Luoma (Dana Farber Cancer Institute), Liud-
mila Elagina (Broad Institute), Oliver Spiro (Broad Institute), Juliet 
Forman (Dana Farber Cancer Institute), Teddy Huang (Dana Far-
ber Cancer Institute), Shuqiang Li (Dana Farber Cancer Institute), 
Ken Livak (Dana Farber Cancer Institute), Rebecca Holden (MIT), 
Wandi Zhang (Dana Farber Cancer Institute), Lars Olsen (Techni-
cal University of Denmark), Donna Neuberg (Dana Farber Cancer 
Institute), Bradley Pentelute (MIT), Kai Wucherpfennig (Dana Far-
ber Cancer Institute), Derin Keskin (Dana Farber Cancer Institute), 
Nir Hacohen (Massachusetts General Hospital), Catherine J Wu 
(Dana Farber Cancer Institute), Patrick A Ott (Dana Farber Can-
cer Institute).

Cancer vaccines have been envisioned as an effective tool to gen-
erate, amplify, and diversify T cell responses against tumors. Tu-
mor neoantigens are key targets of effective anti-tumor immune 
responses. Recently, we have demonstrated that a neoantigen 
vaccine (NeoVax), consisting of up to 20 long peptides and po-
ly-ICLC, induced strong polyfunctional neoantigen-specific T cells 
that recognized patient tumor in vitro. 

All 6 patients we initially reported on (Ott &Wu, Nature, 2017) and 
2 new patients are alive. Complete responses in the 2 patients 
with stage IV melanoma who received pembrolizumab are ongo-
ing. Three of 4 patients with stage III melanoma had tumor recur-
rences ; 2 of these 3 patients underwent re-resection and are with-
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out evidence of disease (NED), while one patient is on treatment 
for unresectable metastatic disease. An additional 2 patients with 
stage III melanoma received NeoVax since the initial report and 
are NED after 2 and 3 years, respectively. To evaluate the long-
term effects of the vaccine, we have analyzed the persistence of 
neoantigen-specific T cell responses at 3-4 years post-vaccina-
tion for 4 patients. Between 17-100% of CD4+ and 50-100% of 
CD8+ T cell responses against neoantigen peptides detected at 
week 16 persisted at 3-4 years post-vaccination. We also con-
firmed that the vaccine induced neoantigen-specific CD4+ and 
CD8+ T cell responses in the 2 new patients. Hypothesizing that 
vaccine-induced tumor destruction leads to release of additional 
neoantigens that can trigger further tumor-specific immune re-
sponses, we tested for T cell reactivity against neoepitopes that 
were ranked high by the epitope selection pipeline and were not 
included in the personalized vaccines as well as tumor associat-
ed antigens (TAAs) that were also not included in the vaccines 
in 3 patients. For the assessment of CD8+ T cell responses, we 
designed peptides (predicted by NetMHCpan) arising from 2 cat-
egories of antigens : (i) neoantigen peptides ; (ii) TAA peptides 
based on high tumor gene expression. For testing of CD4+ T cell 
responses, we designed peptides that spanned predicted neoepi-
topes from category i. We tested CD8+ T cells against 123 neo-
antigens and 87 TAAs, and CD4+ T cells against 30 neoantigens 
from all 3 patients. We identified de novo CD4+ T cells responses 
against 3 peptides (mut-AGAP3, -EYA3, -P2RY4) not included in 
the original respective vaccines at week 16. An additional CD4+ 
T cell response against a different neoantigen peptide derived 
from mut-AGAP3 was detected only after CPB. We also identified 
CD8+ T cells specific for MAGE F and MAGE D in the week 16 and 
after CPB therapy samples, respectively. Lastly, all four lines of 
CD4+ T cells reactive against these identified neoantigens were 
able to discriminate between the mutated and wildtype forms 
of the peptides. We also performed longitudinal assessment of 
T cell receptor (TCR) clonotypes as well as whole transcriptome 
sequencing on neoantigen tetramer sorted single CD4+ T cells. 
In 2 patients, the top 3 dominant clonotypes persisted between 
week 3-24 post-vaccination ; furthermore, we observed expan-
sion and diversification of clonotypes over time. In one patient 
tested to date for single cell trancriptomics, neoantigen-specific 
T cells expressed multiple activation and memory genes between 
week 3-24. Exhaustion genes were expressed only after week 16 
post-vaccination. Taken together, these data demonstrate that 
T cell responses induced with personalized neoantigen peptide 
vaccines in melanoma patients are durable over several years, ex-
pand and diversify over time as assessed on a single cell clonal 
level, and may trigger tumor cell killing as indicated by epitope 
spreading.

Keywords : Neoantigen, TCR sequencing, epitope spreading, 
memory T cells.
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B230 / Targeting a polymeric glyco-adjuvant to the tumor 
microenvironment via collagen affinity slows tumor pro-
gression

L. Taylor Gray (University of Chicago), D. Scott Wilson (University 
of Chicago), Jun Ishihara (University of Chicago), Koichi Sasaki 
(University of Chicago), Melody A. Swartz (University of Chicago), 
Jeffrey A. Hubbell (University of Chicago).

Cancer vaccines are one form of immunotherapy that utilize tu-
mor proteins, or antigens, to activate cellular and humoral im-
mune responses against the tumor. Typically, these vaccines are 
comprised of specific antigens along with immunostimulatory 
adjuvants. However, successful cancer vaccination is challenging, 
as there is a lack of strong, clinically approved adjuvants and it 
is difficult to identify cancer-specific antigens. Here, in order to 
address these challenges, we report the creation of a targeted 
therapeutic cancer vaccine using a mannosylated, toll-like re-
ceptor 7 (TLR7)-agonizing polymer (p(Man-TLR7)) conjugated 
to a fusion protein consisting of serum albumin (SA) fused to a 
collagen binding domain (CBD), namely the A3 domain of von 
Willebrand factor. We have previously shown that our polymeric 
glyco-adjuvant is capable of eliciting strong CD8+ T cell respons-
es in traditional model antigen or malaria vaccination models due 
to its design. The mannose component enhances uptake by vari-

ous mannose-recognizing C-type lectin receptors on antigen pre-
senting cells (APCs). This routes antigen for cross-presentation 
to CD8+ T cells and also shuttles the adjuvant polymer to the en-
dosome, where it can activate TLR7. TLR7 signaling is important 
for the production of cytokines and other soluble immune acti-
vating molecules that promote cross-presentation to and priming 
of CD8+ T cell responses. As CD8+ T cell responses are critical 
for the therapeutic efficacy of cancer vaccines, we hypothesized 
that p(Man-TLR7) would provide the appropriate APC activation 
and cytokine environment for use in a cancer vaccine. CBD-SA 
combines the active targeting of the CBD protein to the tumor via 
binding to collagen in the tumor microenvironment, as we have 
previously reported, with the known passive targeting of SA. Thus, 
by chemically linking the p(Man-TLR7) glyco-polymer to CBD-SA, 
our engineered material aims to localize this strong adjuvant to 
the tumor microenvironment upon intravenous injection, promot-
ing the immunogenic processing of endogenous tumor antigens, 
bypassing the need to pre-identify tumor-specific antigens. Using 
our previously published conjugation strategy, we were able to 
chemically link p(Man-TLR7) to free amines on CBD-SA, as veri-
fied by observed shifts in protein molecular weight at each step 
of conjugation. Production of CBD-SA-p(ManTLR7) conjugates 
has been reproducible and allows for the consistent generation 
of vaccine materials with little variability. Importantly, when CBD-
SA was conjugated to p(Man-TLR7), the CBD-SA-p(Man-TLR7) 
conjugates retained the ability to bind to both collagen I and col-
lagen III. We then assessed the anti-tumor efficacy in vivo, both 
as a monotherapy and in combination with checkpoint antibody 
therapy. We hypothesized that our vaccination would achieve 
maximal therapeutic efficacy with checkpoint blockade therapy, 
as this would allow our vaccine to overcome T regulatory cell or 
PD-L1 mediated immunosuppression. As such, we explored syn-
ergy with a combination of anti-PD-1 and anti-CTLA4 antibodies 
in particular. Treatment of B16F10 tumor-bearing mice with intra-
venously-delivered CBD-SA-p(Man-TLR7) alone resulted in a 60% 
decrease in average tumor size compared to untreated controls. 
Further improved anti-tumor efficacy (an 85% decrease in aver-
age tumor size compared to untreated controls) and improved 
overall survival were observed when we combined our CBD-SA-
p(Man-TLR7) vaccination with anti-PD-1 and anti-CTLA-4 anti-
bodies. 

In conclusion, this data shows that CBD-SA-p(Man-TLR7) vacci-
nation in combination with checkpoint antibody therapy provides 
therapeutic benefit in this treatment of a poorly immunogenic 
melanoma model.

Keywords : vaccine adjuvant, targeted immunotherapy, TLR7 ag-
onist.
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B231 / Reprogrammed tumor microenvironment by intra-
tumoral LCMV vector therapy promotes T cell-dependent 
melanoma eradication

Lukas Flatz (Kantonsspital St.Gallen), Jovana Cupovic (Kantonss-
pital St.Gallen), Lucas Onder (Kantonsspital St.Gallen), Oltin Tibe-
riu Pop (Kantonsspital St.Gallen), Mechthild Lütge (Kantonsspital 
St.Gallen), Hung-Wei Cheng (Kantonsspital St.Gallen), Elke Scan-
della (Kantonsspital St.Gallen), Klaus Orlinger (Hookipa Pharma), 
Sarah Schmidt (Hookipa Pharma), Burkhard Ludewig (Kantonss-
pital St.Gallen), Sandra Ring (Kantonsspital St.Gallen).

Tumor cells grow in a complex and heterogeneous tumor micro-
environment (TME) that consists of diverse cellular components 
including immune cells, stromal fibroblasts and endothelial cells. 
The TME can influence antitumor immune responses and tumor 
outcome. Therefore, targeting the TME has become one of the 
main goals in anti-cancer therapy. Here, we demonstrate that a 
single intravenous or intratumoral administration of a recombi-
nant replication –attenuated LCMV vector expressing the melano-
ma-associated antigen TRP2 (TheraT(LCMV)-Trp2) confer T-cell 
dependent control of melanomas, whereas only intratumoral but 
not intravenous injection of the vector leads to T cell-dependent 
eradication of melanoma. Despite the high number of tumor infil-
trating T cells in intravenously treated mice, this did not correlate 
with tumor control. However, we found preservation of T cell 
functionality in mice treated intratumorally with TheraT(LCMV) 
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vectors. This suggests that intratumoral injection of TheraT(LCM-
V)-Trp2 vectors reprogram the TME to sustain T cell fitness. Using 
single cell transcriptomics, we are currently setting out to dissect 
the changes in the TME after intratumoral TheraT(LCMV) treat-
ment. Thereby, we are going to analyze cell populations in the 
hematopoietic as well as the non-hematopoietic compartment. 
Collectively, our data show that intratumoral injection of Ther-
aT(LCMV) vectors is an efficient way of reprograming the TME 
landscape to enhance antitumor T cell responses resulting in tu-
mor eradication.

Keywords : Virotherapy.

B232 / Short linear and microbe-derived Peptides en-
hance T-cells and anti-tumor activity

Gabriel Gutierrez (Leidos Inc., Explorations in Global Health (Ex-
GloH)), Cecille Browne (Leidos Inc., Explorations in Global Health 
(ExGloH)), Vinayaka Kotaiah (Leidos Inc., Explorations in Glob-
al Health (ExGloH)), Marc Mansour (MM Scientific Consultants), 
Tim Phares (Leidos Inc., Explorations in Global Health (ExGloH)), 
James Pannucci (Leidos Inc., Explorations in Global Health (Ex-
GloH)).

Monoclonal antibody inhibitors of checkpoint receptors, par-
ticularly PD1 and CTLA4, have proved to be powerful tools for 
treating cancer. Additionally, the combination of these checkpoint 
inhibitors could be advantageous and many such combination tri-
als of monoclonal antibodies are underway. However, inhibition of 
PD1 and CTLA4 through therapeutic antibodies also comes with 
a cost of increased safety issues related primarily to autoimmune 
adverse reactions. Moreover, combination therapies will add to 
the cost of these already expensive modalities. We have creat-
ed a platform, MicrotideTM, for discovering short peptides that 
bind the checkpoint receptors by screening peptide libraries and 
rapidly evolving the peptide scaffolds by in silico design. Here, 
we report the discovery, invitro characterization, and invivo proof 
of concept of our lead peptide-based checkpoint immunomodu-
lators (LD-series). These peptides appear to have the polyphar-
macological properties of simultaneously antagonizing at least 
two of the CD28 family of receptors, namely PD1 and CTLA4. We 
demonstrated that the LD peptides induce T cell proliferation, en-
hance T cell activity in PBMCs, have potent antitumor activity in 
mouse models, and promote vaccine-induced T cells with as little 
as a single LD peptide administration. In addition, we have gener-
ated RNA, DNA, and virus constructs encoding the LD peptides 
to demonstrate the feasibility and advantage of our peptides to 
be effectively delivered locally in the tumor microenvironment. 
Our peptides have shown great potential as a novel, polypharma-
cological immunotherapies that can be cost effectively incorpo-
rated into, and combined with, other modalities such as cellular 
therapies, oncolytic viruses, and cancer vaccines to safely deliver 
anti-tumor efficacy.

Keywords : checkpoint immune modulator, t-cell proliferation, 
cancer vaccine combination, peptide.
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B233 / Relevance and modulation of RNA-triggered vac-
cine adjuvanticity for T cell immunity

Lina Hilscher (Tron gGmbH), Lena Krrranz (BioNTech RNA Phar-
maceuticals GmbH), Mustafa Diken (Tron gGmbH), Sebastian 
Kreiter (Tron gGmbH), Ugur Sahin (Johannes Gutenberg-Univer-
sität Mainz, Tron gGmbH, BioNTech AG).

Vaccination with liposomal antigen-coding messenger RNA has 
proven a promising tool to induce tumor-specific T cell immunity. 
Interestingly, RNA vaccination triggers an inflammatory environ-
ment characterized by strong IFNα network activation demon-
strated to be required for the induction of functional anti-tumoral 

T cells. As triggering innate immune mechanisms is crucial for the 
induction of a potent T cell response, we characterized vaccine 
RNA-mediated adjuvanticity in more detail by varying the antigen 
RNA dose and decoupling the dual role of RNA as carrier of anti-
gen information and as provider of adjuvant activity. 

We showed that the antigen RNA dose correlated with the ex-
pression of stimulation- and migration-associated molecules on 
DCs as well as activation markers on T cells in the spleen. In addi-
tion, RNA vaccination triggered the release of pro-inflammatory 
cytokines and chemokines in a dose-dependent manner, indicat-
ing extensive immune activation not only restricted to cells di-
rectly in contact with RNA. In agreement with the DC and T cell 
activation status, the frequency of antigen-specific CD8+ T cells 
was equally antigen RNA dose-dependent. Interestingly, T cell dif-
ferentiation, indicated by KLRG1 upregulation on antigen-specific 
CD8+ T cells, correlated positively with antigen RNA dose, with 
higher doses promoting T cell differentiation towards effector T 
cells. We dissected the roles of RNA-mediated adjuvant activity 
and antigen availability further by vaccinating mice with increas-
ing doses of antigen RNA combined with irrelevant RNA to a fixed 
total RNA dose. As expected, the extent of splenic immune cell 
activation was determined solely by the total RNA dose. Interest-
ingly, mainly the adjuvant effect rather than the antigen dose de-
termined the increase in frequency of CD8+ T cells and promoted 
their differentiation into effector cells, In line with the importance 
of the adjuvant role, addition of escalating doses of irrelevant 
RNA to a fixed antigen RNA dose boosted the overall strength of 
T cell immunity. 

In summary, our data demonstrate that RNA-encoded antigen in-
formation can be separated from RNA intrinsic adjuvanticity, and 
that the adjuvant activity of RNA vaccines influences the breadth 
and the phenotype of the induced T cell immunity. As a direct 
result, antigen RNA dose can be kept to a minimum and adju-
vanticity can be modulated according to need by the addition of 
irrelevant RNA.

Keywords : vaccination, vaccine adjuvanticity.
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