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to the Association for Cancer Immunotherapy’s inaugural Winter School!

For more than 16 years CIMT has offered an active learning and teaching 
platform which covers the breadth of cancer immunotherapy developments, 
whether it be to understand the tumor environment, investigate mechanisms 
of action of newly discovered drugs, engineer better existing therapies or 
synergize efficacy through combinatorial approaches, at its Annual Meeting.

One of CIMT’s fundamental missions however is educating the next 
generation of translational scientists. Although early career researchers have 
the chance to present their work in the form of posters and short talks at our 
Annual Meeting, we felt it was time to offer a different and special learning 
experience to this part of our community. 

We are delighted to welcome you to this extraordinary setting in Obergurgl, 
where you will meet and connect with leading scientists in cancer immunology 
and translational science in a relaxed environment. The program features 
lectures on scientific concepts ranging from T-cell recognition to intercellular 
crosstalk to perturbation biology and much more, as well as non-scientific 
topics integral to building a sustainable career in translational research. Of 
course, no Winter School in the Austrian Alps would be complete without time 
to allow participants to enjoy this beautiful environment

Therefore, on behalf of the faculty of the CIMT Academy of Translational 
Cancer Immunology, I wish you all a memorable and rewarding time in 
Obergurgl!

Christoph Huber, M.D.
CIMT President

A warm welcome
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WINTER SCHOOL COPYRIGHT AND  
IMAGE RIGHTS
We ask to limit photography. The use of other recording or 
transmission devices is prohibited. As a participant of the CIMT 
Winter School you agree to our copyright and image rights:

1. Posters, graphics, lectures are usually protected by inter-
national copyright laws. Each lecturer warrants that he/she 
holds the rights of use to the items used during his/her lecture 
(texts, photographs, graphics). CIMT assumes that all data pre-
sented by participants in the form of posters and short talks 
have also been approved for release by the relevant authority 
(IP officer) at the presenting individual’s institution.

2. It is not permitted without express prior authorization by 
the author(s) to take pictures of posters, graphics, people, etc., 
and to transfer these pictures to third parties via social media 

(Facebook, Twitter, etc.) or web pages. The person taking the 
pictures must be able to provide proof of such authorization by 
the author(s) (e.g. author´s mail). Protected material and data 
may only be used if the respective author (s) has/have allowed 
such usage and if the author(s) is/are mentioned by name. 

3. Please refrain from sharing raw and unpublished data 
presented via social media, as this may preclude subsequent 
publication of the data in a scholarly journal. Follow journal 
rules about data sharing.

4. Each participant agrees to indemnify the event organizer 
CIMT against any claims for damages by third parties arising 
from the infringement of any rights by the participant. 
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Program Schedule

Saturday, January 12, 2019

18:00 WELCOME
Christoph Huber, CIMT, Mainz, Germany

18:10 KEYNOTE LECTURE
Kees Melief, ISA Pharmaceuticals, Leiden, The Netherlands

19:30 WELCOME RECEPTION AND DINNER

Sunday, January 13, 2019

07:30 JOINT BREAKFAST

08:30 SESSION 1

Johanna Olweus, Oslo University Hospital, Oslo, Norway 
Towards cancer therapy with T-cell receptors from healthy donors

Fridtjof Lund-Johansen, Oslo University Hospital, Oslo, Norway 
Array-based proteomics – what and why

10:00 BREAK AND POSTERS OF THE DAY

10:30 SESSION 2
Zlatko Trajanoski, Innsbruck Medical University, Innsbruck, Austria 
Perturbation biology for precision immune-oncology

11:30 BREAK, NETWORKING & OTHER ACTIVITIES
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16:00 - 17:15 ABSTRACT TALKS 1-5

16:00 - 16:15 Amalie Kai Bentzen (#1), Technical University of Denmark, Lyngby, Denmark 
T cell receptor fingerprinting enables in-depth characterization of the interactions governing 
recognition of peptide–MHC

16:15 - 16:30 Zsofia Foldvari (#2), Oslo University Hospital Radiumhospitalet, Oslo, Norway 
Targeting stem cells in myeloid malignancies with TCR-engineered T cells

16:30 - 16:45 Teresa Krabbe (#3), Technical University Munich, München, Germany 
Adoptive T cell therapy as a complimentary immunotherapeutic and delivery system for an 
improved oncolytic virus platform

16:45 - 17:00 Andreas Moritz (#4), University of Tübingen, Tübingen, Germany 
Rapid generation of peptide-MHC complexes with disulfide-stabilized empty HLA-A*02 
molecules for high throughput kinetic screenings of affinity-enhanced T cell receptors

17:00 - 17:15 Shaheer El-Bardisi (#5), BioNTech AG, Mainz, Germany
Rapid discovery of tumor (neo) antigen-specific TCRs via high-throughput single-cell TCR  
sequencing

17:15 BREAK AND POSTERS OF THE DAY

18:00 SESSION 3
Carl Figdor, Radboud University Medical Center, Nijmegen, The Netherlands 
Synthetic dendritic cells ‘from dream towards concepts’

19:00 JOINT DINNER

Monday, January 14, 2019

07:30 JOINT BREAKFAST

08:30 - 10:00 ABSTRACT TALKS 6-11

08:30 - 08:45 Kalijn Bol (#6), Radboud University Medical Center, Nijmegen, The Netherlands 
Adjuvant dendritic cell vaccination induces tumor antigen-specific immune responses in  
high-risk uveal melanoma patients

08:45 - 09:00 Nadja Salomon (#7), TRON-Translational Oncology, Mainz, Germany 
Local radiotherapy and E7-RNA-LPX vaccination activate non-redundant mechanisms and lead 
to complete tumor rejection of well-established HPV16+ TC-1 tumors

09:00 - 09:15 Jorieke Weiden (#8), Radboud University Medical Center, Nijmegen, The Netherlands 
Biomaterial-based scaffolds promote delivery of therapeutic nanoparticle cancer vaccines to 
dendritic cells

09:15 - 09:30 Yusuf Dolen (#9), Radboud University Medical Center, Nijmegen, The Netherlands 
Nanovaccine administration routes for optimal iNKT cell help
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09:30 - 09:45 Sarah Galloway (#10), Cardiff University School of Medicine, Cardiff, UK 
Peptide super-agonists enhance CD8 T-cell responses to melanoma

09:45 - 10:00 Zhiqin Huang (#11), National Center for Tumor Diseases NCT, Heidelberg, Germany 
A pipeline to predict neoantigen as cancer vaccine across entities

10:00 COFFEE BREAK AND POSTERS OF THE DAY

10:30 SESSION 4
Özlem Türeci, BioNTech AG, Mainz, Germany 
How not to get lost in translation – from the perspective of a wanderer between worlds 

11:30 BREAK, NETWORKING & OTHER ACTIVITIES

16:00-17:30 ABSTRACT TALKS 12-17

16:00-16:15 Maria Bonsack (#12), German Cancer Research Center DKFZ, Heidelberg, Germany 
Identification of HPV16 E6 and E7-derived HLA class-I epitopes for the development of a 
therapeutic vaccine against HPV-induced malignancies

16:15-16:30 Carla Chiarucci (#13), University Hospital of Siena, Siena Italy 
MicroRNAs as potential circulating biomarkers in mesothelioma patients

16:30-16:45 Asmaa Elzawahry (#14), National Cancer Center Research Institute, Tokyo, Japan 
Identifying genomic biomarkers for immune checkpoint therapy in biliary tract cancer

16:45-17:00 Vinicius de Lima (#15), Rigshospitalet, Copenhagen, Denmark 
Immune transcriptomics profiling of the tumor microenvironment as a biomarker for response to 
check-point inhibitors in patients with metastatic solid tumors

17:00-17:15 Timothy O‘Donnell (#16), Icahn School of Medicine at Mount Sinai, New York, USA 
Pilot study: PhIP-seq assessment of the serum antibody repertoire before and after 
immune-related adverse events in four melanoma patients treated with checkpoint blockade 
immunotherapy

17:15-17:30 Joseph Dolina (#17), La Jolla Institute for Immunology, La Jolla, USA
Unbiased functional identification and therapeutic targeting of T cell neoantigens in a 
spontaneous murine squamous cell carcinoma

17:30 BREAK AND POSTERS OF THE DAY

18:00 SESSION 5
Vincenzo Bronte, University of Verona, Verona, Italy 
 The cross-talk between cancer and myeloid cells promotes tumor development by immune 
dependent and independent mechanisms

19:00 JOINT DINNER

21:00 FIRESIDE CHAT
Deconstructing Translation
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Tuesday, January 15, 2019

07:30 JOINT BREAKFAST

08:30 - 10:00 ABSTRACT TALKS 18-23

08:30 - 08:45 Georgina Florez-Grau (#18), Radboud University Medical Center, Nijmegen, The Netherlands 
Modulating cross-presenting dendritic cells to render tumors susceptible for cancer 
immunotherapies

08:45 - 09:00 Luna Ridan Cordeiro Minute (#19), Center for Applied Medical Research CIMA, Pamplona, Spain 
Cellular cytotoxicity is a form of immunogenic cell death

09:00 - 09:15 Alexander Kirchmair (#20), Medical University of Innsbruck, Innsbruck, Austria 
Metabolic flux reprogramming of CD8+ T cell subsets during differentiation

09:15 - 09:30 Marcel Trefny (#21), University Hospital of Basel, Basel, Switzerland 
Modelling tumour-specific T cell dysfunction ex vivo to identify novel targets for functional T cell 
reinvigoration

09:30 - 09:45 Georg Bündgen (#22), University Medical Center Mainz, Mainz, Germany  
Protein Kinase 2-defficient T-reg cells fail to suppress TH2-mediated anti-tumor immunity

09:45 - 10:00 Anne-Mette Bjerregaard (#23), Technical University of Denmark, Lyngby, Denmark 
Tumor infiltrating T-cells from renal cell carcinoma patients recognize neo-antigens derived from 
point and frameshift mutations

10:00 BREAK AND POSTERS OF THE DAY

10:30 SESSION 6
Sine Reker Hadrup, Technical University of Denmark, Lyngby, Denmark 
Novel tools to interrogate T-cell recognition

11:30 BREAK, NETWORKING & OTHER ACTIVITIES

16:00 - 17:15 ABSTRACT TALKS 24-28

16:00 - 16:15 Ruhul Choudhury (#24), Scancell, Nottingham, UK 
Healthy individuals have a repertoire of CD4 cells that recognize and respond to citrullinated 
peptides – a possible new target for cancer immunotherapy?

16:15 - 16:30 Ido Yofe (#25), Weizmann Institute, Rehovot, Israel 
Single-cell analysis highlights dysfunctional CD8+ T cells as a proliferative, dynamically 
regulated compartment within human melanoma

16:30 - 16:45 Kim Kortekaas (#26), Leiden University Medical Center, Leiden, The Netherlands 
The immune-inflamed and -excluded vulvar cancers display a better survival than immune-
deserted tumors

16:45 - 17:00 Moon Hee Lee (#27), Helsinki University Central Hospital Comprehensive Cancer Center, 
Helsinki, Finland
Two distinct subgroups of tumors defined by NK cell abundance in renal cell carcinoma patients



17:00 - 17:15 Mark Gorris (#28), Radboud University Medical Center, Nijmegen, The Netherlands 
Computational analysis and validation of multiplex immunohistochemistry of the tumor  
microenvironment in melanoma patients treated with immunotherapy

17:15 BREAK AND POSTERS OF THE DAY

18:00 SESSION 7
Winter School Q and A

19:00 JOINT DINNER

21:00 FIRESIDE CHAT

Wednesday, January 16, 2019

07:30 JOINT BREAKFAST

08:30 - 10:00 DEPARTURE

Abstract submission deadline: 
March 8, 2019 

meeting.cimt.eu
Europe’s largest international cancer immunotherapy meeting:

Connecting people, science and innovation 

17th CIMT  
Annual Meeting
MAY 21-23, 2019
RHEINGOLDHALLE CONGRESS CENTER 
MAINZ, GERMANY
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Abstracts 
Winter School

#1  
T cell receptor fingerprinting enables in-depth 
characterization of the interactions governing recognition 
of peptide–MHC
Amalie K Bentzen1, Lina Such1, Kamilla K Jensen2,  
Andrea M Marquard1, Leon E Jessen1,2, Natalie J Miller3,  
Candice D Church3, Rikke Lyngaa1, David M Koelle4,5,  
Jürgen C Becker6, Carsten Linnemann7, Ton NM Schumacher7, 
Paolo Marcatili2, Paul Nghiem3, Morten Nielsen2,8,  
Sine R Hadrup1 
1Department of Micro and Nanotechnology, Technical 
University of Denmark, Lyngby, Denmark, 2Department 
of Bio and Health Informatics, Technical University of 
Denmark, Lyngby, Denmark, 3Department of Medicine, 
Divisions of Dermatology, University of Washington, Seattle, 
Washington, USA, 4Department of medicine, University of 
Washington, Seattle, Washington, USA, 5Division of Vaccine 
and Infectious Diseases, Fred Hutchinson Cancer Research 
Center, Seattle, Washington, USA, 6Translational Skin Cancer 
Research, University Hospital Essen and University of 
Duisburg-Essen, Essen, Germany, 7Department of Molecular 
Oncology & Immunology, Oncode Institute, The Netherlands 
Cancer Institute, Amsterdam, the Netherlands, 8Instituto de 
Investigaciones Biotecnológicas, Universidad Nacional de San 
Martín, Buenos Aires, Argentina.

The promiscuous nature of T-cell receptors (TCRs) is 
fundamental for our ability to recognize and fight a large 
range of pathogens. However, this promiscuity also enhances 
the risk of chronic inflammation and immunopathology 
due to cross-recognition of foreign and self-antigens, 
and makes it challenging to fully understand and control 
T-cell recognition. Existing technologies provide limited 
information about the key requirements for T-cell recognition 
and the ability of TCRs to cross-recognize structurally 
related elements. Herein we present a proof-of-concept 
of a novel strategy to establish TCR recognition patterns 
that will contribute to our fundamental understanding of 
TCR interactions with the peptide-major histocompatibility 
complex (pMHC) and can serve as an important tool to 
assess potential TCR cross-recognition prior to clinical 
development. We examined the requirements for TCR 
interaction with pMHC by the use of libraries of peptide 
variants, which are generated from sequentially substituting 
each position of the originally identified target peptide with 
all naturally occurring amino acids. We assembled these 
onto MHC multimers labeled with DNA barcodes, which 
allows the simultaneous assessment of the interaction 

between a single TCR and multiple peptide variations. With 
this approach, we established an affinity-based hierarchy 
of the pMHC interactions, which enabled us to describe 
the TCR recognition motif, here termed the TCR fingerprint. 
We identified the fingerprint of two TCRs isolated from 
Merkel cell carcinoma (MCC) patients that recognize 
Merkel Cell Polyomavirus (MCPyV)-derived Large T Antigen 
(LTA) peptides restricted to HLA-B0702 and HLA-A2402, 
respectively. For these TCRs, only a few interaction points 
were required for recognition of pMHC, and the essential 
amino acids at these critical positions could be determined. 
Analyzing a set of 12 different T-cell clones that all recognize 
the same MCPyV-derived HLA-A0201-restricted peptide, 
we found substantial differences between these TCRs’ 
recognition profiles. Based on their TCR fingerprint, the T-cell 
clones clustered independently on their functional interaction 
strength (EC50) and the patient origin. Moreover, the individual 
TCR fingerprints enabled us in estimating the number of 
peptides that any of the interrogated TCRs could recognize 
and, interestingly, we observed that the number of potential 
targets for a given TCR inversely correlated to the functional 
efficacy of the corresponding T cells. This indicates that high-
affinity TCRs may possess a higher risk for cross-recognition 
and that the TCR fingerprints may be predictive for both the 
functional capacity and cross-recognition of TCRs. We used 
the TCR fingerprints to predict and validate cross-recognized 
peptides from the human proteome demonstrating the value 
of this strategy for understanding T-cell interactions and 
assessing potential cross-recognition before selection of 
TCRs for clinical development. 

#2 
Targeting stem cells in myeloid malignancies with TCR-
engineered T cells

Zsofia Foldvari1,2, Weiwen Yang1,2, Petter S Woll3,4,  
Sten Eirik W Jacobsen 3,4,5,6 and Johanna Olweus1,2 
1Department of Cancer Immunology, Oslo University Hospital 
Radiumhospitalet, Oslo, Norway, 2K. G. Jebsen Center for 
Cancer Immunotherapy, Institute for Clinical Medicine, 
University of Oslo, Oslo, Norway, 3Haematopoietic Stem Cell 
Biology Laboratory, MRC Weatherall Institute of Molecular 
Medicine, Radcliffe Department of Medicine, University of 
Oxford, Oxford, United Kingdom, 4Center for Hematology and 
Regenerative Medicine, Department of Medicine Huddinge, 
Karolinska Institutet, Karolinska University Hospital 
Huddinge, Stockholm, Sweden, 5MRC Molecular Haematology 
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Unit, MRC Weatherall Institute of Molecular Medicine, 
Radcliffe Department of Medicine, University of Oxford, 
Oxford, United Kingdom, 6Department of Cell and Molecular 
Biology, Karolinska Institutet, Stockholm, Sweden

Acute myeloid leukemia (AML) and myelodysplastic 
syndromes (MDS), represent hematopoietic stem cell 
disorders. As there is a huge unmet medical need for both 
patient groups, improved therapeutic options are warranted. 
Adoptive transfer of T cells genetically modified to express 
chimeric antigen receptors (CARs) has been highly successful 
in the treatment of B-cell malignancies. CARs targeting 
CD19 kill normal and cancerous B cells alike, but long-term 
B cell aplasia is relatively well tolerated. However, we cannot 
survive without myeloid cells, and targeting myeloid specific 
proteins with CARs has thus far not been clinically successful. 
Since the cancer stem cells giving rise to AML and MDS 
are highly similar to normal hematopoietic stem cells, it is 
challenging to selectively target these. We hypothesized that 
by targeting normal, cell-type specific markers selectively 
expressed in hematopoietic stem cells with T-cell receptors 
combined with an HLA-mismatched hematopoietic stem 
cell transplant (AHSCT), long-term depletion of normal 
hematopoietic stem cells could be circumvented. To this 
end, T cells engineered with a therapeutic TCR restricted by 
patient-specific HLA-A*02:01 (HLA-A2) could be combined 
with AHSCT from an HLA-A2 negative donor. Selective 
expression of a therapeutic target is critical to avoid on-
target off-tumor toxicities. We therefore first tested the 
expression of a novel candidate target using a qPCR based 
array that includes cDNA from 72 different tissues in the 
human body. The expression of our gene of interest was 
restricted to the hematopoietic compartment with no or 
negligible expression in other tissues. Next, we set out 
to generate TCRs reactive to peptides from this target in 
context of allogeneic HLA-A2. We electroporated mRNA 
encoding our gene of interest and HLA-A2 into monocyte-
derived dendritic cells of an HLA-A2 negative healthy donor 
and co-cultured these with autologous T cells. Reactive T 
cells were identified by peptide-HLA multimers. Multimer 
positive populations for a large number of epitopes were 
found and were sorted as single cells for T cell cloning. 
Expanded clones specifically recognizing antigen negative 
HLA-A2 positive target cells only, when loaded with relevant 
peptide, were chosen for TCR sequencing. TCRs specific for 
three distinct peptide sequences were selected for further 
characterization. Following retroviral transduction into 
donor T cells, these TCRs have been so far tested on a set of 
HLA-A2 positive and negative cell lines. The TCRs recognize 
the endogenously expressed target as well as peptide loaded 
target cells at low peptide concentrations (pM level). All TCRs 
seem to be restricted to HLA-A2, since co-culture with a 
wide panel of HLA-A2 negative target cells does not result 
in T cell activation. More in-depth analysis using primary 
human patient samples is ongoing, and if the outcome of 
these studies is positive, therapeutic efficacy will be tested in 
animal models.

#3
Adoptive T cell therapy as a complimentary 
immunotherapeutic and delivery system for an improved 
oncolytic virus platform
Teresa Krabbe1, Lisa Zeitlinger1, Michael Melzer1, Melanie 
Jäkel1, Angela Krackhardt2,  Jennifer Altomonte1 
1 Klinik und Poliklinik für Innere Medizin II, Klinikum rechts 
der Isar, Technical University, Munich, Germany, 2 Klinik und 
Poliklinik für Innere Medizin III, Klinikum rechts der Isar, 
Technical University, Munich, Germany

The regulatory approval of T-Vec in the U.S. and Europe in 
2015 marked the first great success of an oncolytic virus 
in market entry for cancer therapy in the Western world. 
As a promising candidate in the growing field of cancer 
immunotherapy, oncolytic viruses represent an emerging 
strategy to boost a durable and curative anti-tumor immune 
response. Vesicular stomatitis virus (VSV) is an attractive 
oncolytic virotherapy platform due to its potent tumor 
cell killing and its potential to induce anti-tumor immune 
responses; however, the clinical translation of oncolytic 
VSV faces numerous challenges. As for most oncolytic 
viruses, inefficient systemic delivery remains a major 
hurdle. Wild type VSV is also known to cause neurotoxicity, 
a severe side effect. To improve safety of the virus in vivo, 
we have engineered the VSV vector such that its targeting 
glycoprotein was deleted and replaced by the surface 
proteins from Newcastle disease virus (NDV), which has a 
substantially safer in rodents as well as humans. While this 
novel oncolytic virus platform, named rVSV-NDV, shows 
an improved safety profile, it also provides an enhanced 
immunotherapeutic platform via the induction of cell fusion-
mediated immunogenic cell death. To address systemic 
delivery, we propose to employ adoptively transferred T cell 
receptor T cells (TCR T cells) as carrier cells to shuttle the 
engineered, oncolytic rVSV-NDV to the tumor site, while 
contributing additional cytotoxic effector functions through 
T cell activation. Isolated T cells are transduced to express 
a antigen-specific T cell receptor, loaded with oncolytic 
virus, and injected into the circulation. In earlier studies, we 
demonstrated that CD8+ T central memory cells (CD8+ T 
cm) are efficient virus carriers that support intracellular virus 
production of VSV, with minimal decrease in cell viability after 
infection. Loading of VSV onto CD8+ T cm not only improves 
the safety of the virus compared to systemic administration 
of naked virus, but tumor-bearing NSG mice also benefit from 
the combination therapy in terms of fast and effective tumor 
cell killing. In order to demonstrate a synergistic effect of TCR 
T cells with oncolytic virus on the induction of an anti-tumor 
immune response, these experiments will be adapted to an 
immune competent HCC mouse model and the safer and 
more immunogenic rVSV-NDV vector will replace wildtype 
VSV. We hypothesize that the rational combination of the 
enhanced rVSV-NDV vector with adoptive T cell therapy will 
result in enhanced delivery, safety, and immunotherapeutic 
responses as a translational approach for treating metastatic 
solid tumors.  
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#4
Rapid generation of peptide-MHC complexes with 
disulfide-stabilized empty HLA-A*02 molecules for high 
throughput kinetic screenings of affinity-enhanced T cell 
receptors
Andreas Moritz1,2, Martin Hofmann2, Raghavendra Anjanappa3, 
Sebastian Bunk2, Claudia Wagner2, Sebastian Springer3, 
Dominik Maurer2, Hans-Georg Rammensee1 
1University of Tübingen, Department of Immunology, Germany, 
2Immatics biotechnologies, Immunology, Tübingen, Germany, 
3Jacobs University Bremen gGmbH, Department of Life 
Sciences and Chemistry, Germany

Presentation of peptides on the cell surface by major 
histocompatibility complex (MHC) molecules and recognition 
by the associated receptor, the T cell receptor, is a 
fundamental component of the immune response against 
viral infection or cancer. Consequently, cancer related 
peptide-MHC complexes have emerged as key target for 
cancer immunotherapeutic approaches, like treatment 
with bispecific T cell engager (bsTCR) biologics. Soluble 
peptide-MHC complexes are therefore used in many 
related applications, ranging from detection or stimulation 
of peptide-MHC specific cells to receptor-ligand kinetic 
screenings. We here present a bio-layer interferometry (BLI) 
based kinetic screening platform for bispecific T cell engagers 
(bsTCR) using disulfide-stabilized HLA-A*02 molecules 
for rapid peptide-MHC complex generation. The modified 
MHC molecule stably binds peptides from a wide range of 
predicted affinities for the peptide-MHC complex. Affinities 
for bsTCRs binding to these peptide-MHC complexes 
are similar over a wide range of affinity constants when 
compared to wild type HLA-A*02 molecules presenting the 
same peptides. These affinities are also predictive for the 
behavior of the bsTCRs in cellular in vitro assays, giving us a 
high-throughput biochemical way to generate this relevant 
data. Using this platform, we can quickly and cost effectively 
analyze at least 1000 pMHC-bsTCR interactions per day with 
great reproducibility. Based on such interaction datasets, 
we are able to deduce bsTCR binding motifs that allow us to 
identify potential off-target interaction partners and thus 
exclude those before progression into the clinic.

#5 
Rapid discovery of tumor (neo) antigen-specific TCRs via 
high-throughput single-cell TCR sequencing. 

Shaheer Bardissi1, Rolf Hilker1, Juliane Quinkhardt1,  
Bettina Steege1, Anke Oelbermann1, Oliver Klein1,  
Katharina Reinhard1, Lisa Hebich1, Claudia Tolliver1,  
Mathias Vormehr2, Ugur Sahin3, Tana Omokoko1  
1BioNTech Cell and Gene therapies GmbH, 2BioNTech RNA 
Pharmaceuticals GmbH, 3BioNTech AG 

Neoantigen-specific T-Cells unleashed using checkpoint 
blockade induces tumor regression in many cancer 

indications. For patients lacking such pre-existing immunity, 
vaccination and adoptive T-Cell therapy (ACT) targeting 
somatic mutations represent highly promising treatment 
options, especially when combined with checkpoint blockade. 
Despite advances in the former, progress of neoantigen-
specific ACT is limited by the unavailability of neoantigen-
specific T-Cell Receptor (TCR) sequences required for mode 
of action and proof of concept studies. To facilitate the 
discovery of high-affinity (neo)-antigen-specific TCRs, we 
developed a high-throughput single-cell TCR sequencing 
(scTCRseq) platform, integrating an easily applicable wet-lab 
process and data analysis pipeline. Combinatorial cell-
barcoding permits early pooling and little hands-on work. 
No advanced equipment is needed and TCR sequences of 
interest can be directly cloned from remaining cDNA for 
functional analysis. We sequenced αβTCR chains of 576 
IFNγ+ single splenocytes from mice immunized with Adpgk 
or Reps1 MC38 neoantigen encoding RNA vaccines. Two 
out of nine Adpgk and three out of eight Reps1 unique TCRs 
recognized the respective mutated, but not corresponding 
wild type epitope. Moreover, four TCRs specifically recognized 
the mutation-expressing MC38 cell line. Clonal expansion, 
high read counts and CDR3 homology were indicative of 
TCR-antigen specificity. Additionally, ten high-affinity TCRs 
specific for commonly investigated tumor-restricted antigens 
(HPV-E6, HPV-E7, HBV-C, HBV-S and KK-LC-1) were 
identified using our technology highlighting the potency of 
our scTCRseq platform to efficiently discover high-affinity 
antigen-specific TCRs for adoptive T-cell therapy.

#6 
Adjuvant dendritic cell vaccination induces tumor antigen-
specific immune responses in high-risk uveal melanoma 
patients

Kalijn F. Bol1,2, Thomas van den Bosch3, Gerty Schreibelt1, 
Hanneke W. Mensink3, Dion Paridaens3, I. Jolanda M. de Vries1,2 
1Department of Tumor Immunology (Radboud Institute 
for Molecular Life Sciences), 2Department of Medical 
Oncology, Radboud University Medical Centre, Nijmegen, the 
Netherlands, 3Department of Ocular Oncology, Rotterdam 
Eye Hospital, Rotterdam, the Netherlands

In primary uveal melanoma, the presence of monosomy 
3 in the tumor is widely accepted as a reliable prognostic 
parameter. This genetic event is identified in approximately 
50% of patients with primary uveal melanoma. Long-term 
studies have shown a 3-year survival rate of approximately 
60% if monosomy 3 is present, whereas tumors with 
normal chromosome 3 status rarely give rise to metastatic 
disease and have a 95-100% 3-year survival rate. Currently, 
no effective adjuvant treatment is available for patients 
with primary uveal melanoma at high risk for relapse. 
We conducted an open label phase II study to examine 
the immunological responses to adjuvant dendritic cell 
vaccination, following primary treatment in high-risk uveal 
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melanoma patients. Twenty-three HLA-A*02:01-positive 
patients received vaccinations with autologous dendritic cells 
loaded with melanoma antigens gp100 and tyrosinase. The 
main outcome measure was the immunological response. 
Secondary endpoints were safety, disease-free and overall 
survival. All tested dendritic cell vaccinated patients (n=22) 
showed a cellular immune response against the control 
antigen. Tumor antigen-specific immune responses were 
induced in 17 (74%) of 23 patients. Patients with a tumor 
antigen-specific immune response had a median disease-
free survival and overall survival of 51.9 and 58.0 months, 
respectively. Patients without a detectable tumor antigen-
specific immune response had a median disease-free survival 
and overall survival of 18.8 and 45.0 months, respectively 
(both p<0.05). No severe treatment-related toxicities 
(common toxicity criteria grade 3 or 4) were observed. To 
conclude, dendritic cell vaccination is feasible and safe in 
high-risk uveal melanoma patients. Dendritic cell-based 
immunotherapy enhances the host antitumor immunity 
against uveal melanoma and the presence of an antitumor 
immune response correlates with longer overall survival.

#7
Local radiotherapy and E7 RNA-LPX vaccination activate 
non-redundant mechanisms and lead to complete tumor 
rejection of well-established HPV16+ TC-1 tumors 

Nadja Salomon1, Fulvia Vascotto1, Abderaouf Selmi1,  
Christian Grunwitz2, Sebastian Kreiter1, Mustafa Diken1,  
Özlem Türeci2, Ugur Sahin1,2 
1TRON - Translational Oncology at the University Medical 
Center of the Johannes Gutenberg University gGmbH, Mainz, 
Germany, 2Biopharmaceutical New Technologies (BioNTech) 
Corporation, Mainz, Germany;

For head and neck cancers, radiotherapy has been the 
standard of care for years, using daily low dose irradiation 
to mediate tumor-rejection. Due to technical improvements 
regarding precise dose deposition, high dose radiotherapy is 
increasingly used. Besides inducing growth arrest via DNA 
damage, high dose radiotherapy mediates immunogenic 
modulation of the tumor bed, inducing innate and adaptive 
immune activation. Therapeutic, RNA-based, cancer vaccines 
have shown great promise in various pre-clinical and 
clinical trials driving antigen-specific immune responses. 
RNA-based cancer vaccines hold the potential to be tailor 
made, exploiting cancer antigen fingerprints such as E6/
E7 antigens in HPV16+ cancers. Anti-tumor responses 
thereby rely on priming of antigen-specific T-cells as well as 
promoting their infiltration into the tumor-bed for effector 
function. Numerous information has been gained about the 
potency and the potential limitations of E7 RNA-Lipoplex 
(LPX) vaccines in HPV16+ pre-clinical tumor models. E7 
RNA-LPX vaccination drives potent E7-antigen mediated 
tumor rejection in early TC-1 tumors. In very well-established 
tumors however, E7 RNA-LPX vaccination failed to drive its 

anti-tumoral effect, raising the necessity for combination 
therapies. As radiotherapy is the standard of care for 
head and neck cancers, its combination with E7 RNA-LPX 
vaccination is an attractive approach to be assessed. Herein 
we show a preclinical study treating very advanced HPV16+ 
TC-1 tumors with E7 RNA-LPX vaccination and high dose 
radiotherapy. Single E7 RNA-LPX vaccination followed by 
14 Gy radiotherapy already lead to complete rejection of 70 
mm3 TC-1 and C3 tumors, generating memory T cells able 
to prevent TC-1 tumor growth as observed in re-challenge 
experiments. In order to test the potency of combination-
therapy, treatment schedules were performed in more 
challenging setting, when tumors reached 220 mm3 size. 
Weekly E7 RNA-LPX vaccination and two schedules of 14 Gy 
thereby lead to a rejection of large 220 mm3 TC-1 tumors. 
In order to investigate underlying beneficial effects, a study 
of tumor infiltrating lymphocytes was performed via flow 
cytometry analysis. We observed potent immune infiltration 
of E7 specific CD8 T-cells cells upon E7 RNA-LPX vaccination 
as well as infiltration changes in CD4+ T cells, NK cells 
and iNOS+ macrophages. In combination-therapy treated 
mice we additionally observed slowdown of tumor cell 
proliferation using BrdU-labelling as well as Ki67 tumor cell 
staining. So far we can speculate that radiotherapy seems 
to reduce the proliferation of cancer cells, giving E7-specific 
T-cells the opportunity to attack and eradicate the tumor 
cells. Taken together, we observed beneficial effects of high 
dose irradiation and E7 RNA-LPX vaccination in HPV16+ 
tumor models regarding the induction of tumor-specific 
CD8+ T cells, tumor growth arrest and modulation of the 
tumor environment.

#8
Biomaterial-based scaffolds promote delivery of 
therapeutic nanoparticle cancer vaccines to dendritic cells 

Jorieke Weiden1, Melina Ioannidis1, Marjolein Schluck1, 
Mahboobeh Rezaeeyazdi2, Fawad Omar1, Juulke Steuten 1,  
Eric A. van Dinther1, Dion Voerman1, Sidi A. Bencherif2,  
Martijn Verdoes1, Carl G. Figdor1 
1Department of Tumour Immunology, Radboud University 
Medical Center, Radboud Institute for Molecular Life Sciences, 
Nijmegen, NL, 2Department of Chemical Engineering, 
Northeastern University, Boston, USA

Synthetic cancer vaccines may boost anti-cancer immune 
responses by exploiting nanoparticles for co-delivery of 
tumour antigens and adjuvants to dendritic cells (DCs). 
These DCs in turn can expand the pool of tumor-specific 
cytotoxic T cells that have the ability to recognize and 
eliminate cancerous cells. However, systemic administration 
of nanoparticles hampers efficient delivery of cargo and 
potentially targets DCs residing in immunosuppressive 
environments such as the tumor microenvironment. Here, 
we investigate the use of a biomaterial-based scaffold to 
locally deliver therapeutic nanoparticles and chemokines, 
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thereby creating a niche that promotes the recruitment and 
activation of DCs. Once DCs enter the scaffolds, they can 
take up nanoparticle cargo with high efficiency within an 
immunostimulatory environment. We used alginate, a natural 
polysaccharide derived from algae, to create macroporous 
scaffolds that demonstrate unique mechanical behavior, 
enabling injection through a conventional needle. We 
established that biocompatible alginate scaffolds contain a 
highly interconnected network that facilitates chemokine-
mediated cellular infiltration. DCs maintained their viability 
within the alginate scaffolds and could adhere to integrin-
binding motifs that were introduced. This enabled DCs to 
take up poly (lactic-co-glycolic acid) (PLGA) nanoparticles 
entrapped within scaffold walls. Uptake of antigen/adjuvant-
loaded PLGA nanoparticles from alginate scaffolds resulted 
in significant upregulation of DC activation markers and 
production of IL-12, TNFα and IL-6. Importantly, these DCs 
acquired strong antigen-specific T-cell-activating capabilities 
and promoted extenstive T cell proliferation. Nanoparticle-
loaded alginate scaffolds preserved their favorable 
mechanical properties and could be delivered in vivo into the 
subcutaneous space via injection, where they recruited high 
numbers of DCs through the release of GM-CSF. Our findings 
demonstrate that carefully designed injectable scaffolds can 
create a local immunostimulatory niche which facilitates 
nanoparticle uptake by incoming DCs that can subsequently 
prime antigen-specific T cells. As these scaffolds can be 
easily injected into the body, these biomaterial-based 
scaffolds provide valuable tools to enhance the efficacy of 
therapeutic vaccination for cancer.

#9 
Nanovaccine administration routes for optimal iNKT-cell 
help 

Yusuf Dolen1, Michael Valente1, Oya Tagit1, Eric van Dinther1, 
Uzi Gileadi2, Vincenzo Cerundolo2, Carl G. Figdor1 
1Radboud Institute for Molecular Life Sciences, Radboud 
University Medical Center & Oncode institute, Nijmegen, The 
Netherlands, 2Weatherall Institute of Molecular Medicine, 
University of Oxford, Oxford, United Kingdom

iNKT cell agonists have recently been revived by new 
generation of α-GalCer analogs showing more stable binding 
to human CD1d. Moreover, in addition to their direct tumour 
killing potential, ample evidence accumulated indicating an 
unprecedented helper function of iNKT cells to shape the 
forthcoming APC, T-Cell, B cell and NK cell responses. We 
previously demonstrated that the maximum advantage of 
this help could be taken by co-encapsulation of a protein 
antigen and an iNKT cell agonist within PLGA nanoparticles. 
However, these vaccines entirely rely on the presence of 
iNKT cells at the target tissue of vaccination. Previously, 
intravenous, dermal and subcutaneous injections were 
applied clinically for direct iNKT cell activation trials. Also, the 
pre-clinical data on anti-tumour responses were obtained 

by arbitrary iv, intranasal, intramuscular or subcutaneous 
injections. Unfortunately, most of these experiments 
employed α-GalCer loaded dendritic cells and no pre-clinical 
or clinical study was performed to compare helper function of 
iNKT cells by application of particulate vaccines via different 
routes. In this study, we used a human compatible agonist 
(IMM60) in our PLGA nanoparticles. We evaluated the T cell 
and B cell response kinetics as well as anti-tumour immune 
responses depending on vaccination route. As expected, 
spleen could be mainly targeted by iv injection whereas sc. 
injected vaccine has restricted drainage to local LNs. On 
the other hand, intranodal injection of PLGA nanoparticles 
demonstrated high variance with slight drainage to spleen 
only with high doses. With all routes of administration, we 
observed a continuous antigen presentation over two weeks 
in their draining lymphoid organs. Nevertheless, iv route 
lead to highest serum IFN-y levels as well as gaining enough 
iNKT cell help to enhance CD8 T cell responses. Additionally, 
only iv route provided Th1 type B cell help leading to 
considerable IgG2c secretion over time course. Therapeutic 
tumour experiments also demonstrated a clear advantage 
of iv injection over sc and intranodal injections which could 
be further improved by PD-1 or 4-1BB antibody treatment. 
These results indicate that spleen, where iNKT cells and T 
cells are present in high numbers, is easily accessible via iv 
administration of nanoparticles. Additionally, the dominance 
of iNKT1 cell subset in spleen favour a Th1 response after 
iv vaccination. Depending on the similarity of mouse and 
human iNKT cell distributions, we speculate that it would be 
more advantageous to perform vaccinations through iv route 
in a clinical setting. 

#10 
Peptide super-agonists enhance CD8 T-cell responses to 
melanoma 

Sarah A. E. Galloway1, Garry Dolton1, Meriem Attaf1,  
Aaron Wall1, Anna fuller1, Cristina Rius1, Valentina Bianchi1, 
Sarah Theaker1, Inge Marie Svane2, Marco Donia2,  
David K Cole1,3, Barbara Szomolay4, Pierre J. Rizkallah1,  
Andrew K. Sewell1,4

1Division of Infection and Immunity, Cardiff University School 
of Medicine, United Kingdom, 2Centre for Cancer Immune 
Therapy, Herlev University Hospital, DK-2730 Herlev, 
Denmark, 3Immunocore LTD, Oxford, UK, 4Systems Immunity 
Research Institute, Cardiff University School of Medicine, 
Cardiff, Wales, UK 

Peptide-based vaccination as a treatment for metastatic 
melanoma has been a largely unsuccessful endeavour. 
Generally, peptides derived from tumour associated antigens 
(TAA) are poorly immunogenic and unable to mediate effective 
tumour regression. Conversely, clinical trials using checkpoint 
inhibitors or reinfusion of expanded tumour infiltrating 
lymphocytes (TILs) have shown great success in mediating 
substantial tumour depletion in some patients. Here, we 
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demonstrate that combinatorial peptide library (CPL) screens 
are an important tool to design agonist peptides capable of 
improving CD8 T-cell responses to Melan-A, a commonly 
overexpressed TAA in melanoma. A TIL derived CD8+ T-cell 
clone was identified in the blood of a melanoma patient, who 
underwent a complete and durable remission following TIL 
therapy at the CCIT. This clone was subjected to a combinatorial 
peptide library (CPL) screen and the output data were used for 
computational design of 10 candidate potent super-agonist 
peptides. Testing of these peptides using polyclonal CD8 T-cells 
from healthy donors identified one peptide that consistently 
primed a large population of highly immunogenic T-cells. 
Further analyses revealed that this peptide elicited superior 
expansion of Melan-A-specific T-cells (as judged by peptide-
HLA multimer staining) compared to the natural wild type 
peptide sequence in all 12 HLA A2+ donors tested. Moreover, 
killing assays with HLA A2+ melanoma targets demonstrated 
that priming CD8+ T-cells from melanoma patient blood with 
the super-agonist peptide improved CD8 T-cell mediated 
killing of autologous tumour compared to priming with the 
natural agonist. These data demonstrate the design of an 
effective super-agonist peptide that can illicit vastly improved 
T-cell responses from patient blood compared to the natural 
peptide sequence. We are now investigating the mechanism 
by which this super-agonist peptide can induce improved T-cell 
responses in all HLA A2+ individuals and extrapolating results 
using samples from other patients.

#11 
A pipeline to predict neoantigen as cancer vaccine across 
entities

Zhiqin Huang1,2, Zeynep Kosaloglu1,2, Evgeniya Denisova4, 
Benedikt Brors4, Niels Halama2,3, Stefan Froehling5,  
Inka Zoernig2,3, Dirk Jaeger1,2,3 
1Clinical Cooperation Unit „Applied Tumor Immunity“, German 
Cancer Research Center (DKFZ), Heidelberg, Germany, 
2Department of Medical Oncology, National Center for 
Tumor Diseases (NCT), Heidelberg, Germany, 3Heidelberg 
University Hospital, Heidelberg, Germany, 4Division of 
Applied Bioinformatics, German Cancer Research Center 
(DKFZ), Heidelberg, Germany, 5Division of Molecular and 
Cellular Oncology, German Cancer Research Center (DKFZ), 
Heidelberg, Germany

An underlying basis of cancer immunotherapy is the 
activation of the patient’s own immune effector cells to 
specifically eradicate tumor cells. Different strategies of 
cancer immunotherapy have shown outstanding 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 neoantigens allow the immune system to 
distinguish cancer cells from non-cancer 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-generation 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 neoantigens in various 
cancer patients. Among our 24 vaccinated neopeptides, more 
than 80% can either expand pre-existing T-cell responses 
or induce new T-cell specificities after vaccination in 
cancer patients (n=4) cross tumor entities. Importantly, we 
demonstrate that neopeptides arising from fusion genes 
can also induce new T-cell reponse. Currently, this pipeline 
is being further optimized and an analysis platform is being 
generated by integrating various omics data, image analysis 
and clinical data. Such an integrated analysis will provide us 
with a comprehensive insight into the complex interplay of 
the host´s immune system with the tumor and will help to 
develop novel therapeutic immunotherapy approaches.

#12 
Identification of HPV16 E6- and E7-derived HLA class-I 
epitopes for the development of a therapeutic vaccine 
against HPV-induced malignancies

Maria Bonsack1,2,3, Nitya Mohan1,2, Sara Becker1,2,  
Catharina Lotsch1,2, Stephanie Hoppe1,2,3, Marius D. Küpper1,2, 
Lisa Dreßler1,2, Julia Schessner1,2, Renata Blatnik1,2,3, 
Mogjiborahman Salek1,3, Angelika B. Riemer1,3 
1Immunotherapy & Immunoprevention, German Cancer 
Research Center (DKFZ), Heidelberg, Germany, 2Faculty of 
Biosciences, Heidelberg University, Heidelberg, Germany, 
3Molecular Vaccine Design, German Center for Infection 
Research (DZIF), partner site Heidelberg, Heidelberg, Germany

Eradication of transformed cells requires that CD8+ cytotoxic 
T lymphocytes (CTLs) recognize a specific peptide bound to a 
human leukocyte antigen (HLA) class I molecule. Therefore, 
rational design of a therapeutic human papillomavirus 
(HPV) vaccine involves the knowledge of potential target 
epitopes presented on the surface of HPV-transformed 
cells. However, direct detection of viral epitopes remains 
a challenge. Viral immune evasion strategies and the 
resulting low abundance of presented HPV epitopes hinder 
detection. Furthermore, not every foreign HLA ligand elicits 
the desired cytolytic immune response. Here, we describe 
an approach to determine the repertoire of immunogenic 
and target cell death mediating HPV16 E6- and E7-derived 
epitopes for major HLA-types. The proteins E6 and E7 are 
attractive therapeutic vaccination targets as they are drivers 
of oncogenicity and expressed in all HPV-transformed cells. 
First, potential HPV epitopes were preselected based on 
in silico HLA binding predictions using a broad spectrum 
of online available algorithms. Selected target antigen-
derived peptides were synthesized and HLA binding was 
experimentally validated in vitro. This was followed by 
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immunoprecipitation of HLA-peptide complexes from 
HPV-transformed cell lines and elution of bound peptides. 
Subsequently, our targeted LC-MS3 approach resulted in 
successful detection of the previously described HLA-A2-
restricted epitope E711-19 and 10 additional E7-derived 
epitopes in the HPV16+ CaSki cell line. At the same time, 
interferon- memory responses to 113 different HLA-binding 
peptides could be observed in the blood of healthy donors by 
ELISpot assays. Several of these epitopes elicited reactions 
in multiple donors. Remarkably, all 11 MS-detected peptides 
showed immunogenicity. The responses of four donors 
were further characterized for epitope-specific mediation of 
specific target cell lysis by CD8+ CTLs using a flow cytometry 
based cytotoxicity assay. Out of six analyzed HLA-A2 
epitopes four were able to induce specific killing of CaSki 
cells. We show that our approach is suitable for the detection 
of even low-abundant immunogenic epitopes. Identification 
of the target cell death mediating epitope repertoire is likely 
to be a promising strategy to find true targets and valuable 
candidates for HPV16 immunotherapy.

#13 
MicroRNAs as potential circulating biomarkers in 
mesothelioma patients

Carla Chiarucci1, Patrizia Tunici1, Luana Calabrò1,  
Anna Maria Di Giacomo1, Sara Cannito1, Ornella Cutaia1, 
Gianluca Giacobini1, Maria Fortunata Lofiego1, Carolina Fazio1, 
Alessia Covre1, Michele Maio1 
1Center for Immuno-Oncology, Division of Medical Oncology 
and Immunotherapy, Department of Oncology, University 
Hospital of Siena, Siena, SI, Italy

The current therapeutic strategy for malignant mesothelioma 
(MM) patients, represented by the platinum/pemetrexed 
combination, is widely unsatisfactory with a median 
overall survival (OS) of only one year. The prognosis of MM 
patients who relapse to a first-line treatment is even more 
dismal and no therapies have shown survival benefit in 
this setting. Among different therapeutic strategies under 
investigation, the targeting of immune checkpoints by 
monoclonal antibodies (mAbs) demonstrated to significantly 
prolong the OS in a proportion of patients. In this context, 
the identification of biomarkers that can help clinicians to 
identify patients who can better benefit from this therapeutic 
approach, is strictly necessary. Along this line, more and more 
emphasis has been attributed to non-coding sequences 
of microRNA (miRNA), able to regulate gene transcription 
at the post-transcriptional level. Indeed, a dysregulation 
in the miRNAs profile has been reported in several cancer 
types, where they can act both as tumor suppressors and 
oncogenes. Thus, a deeper exploration of selected miRNAs 
(miR-34b-3p, miR-34c-3p, miR-195-5p, miR-193a-3p, 
miR-15ba-5p, miR-20a-3p, miR-103a-3p, miR-29c-5p, 
miR-126-3p), known to be dysregulated in MM or involved 
in immune response functions, has been performed in the 

peripheral blood of 17 MM patients enrolled in the clinical 
trial MESOT-TREM 2012 at baseline and during treatment 
(cycle 2 and cycle 4). In addition, the expression levels of 
these miRNAs were correlated with the OS of MM patients. 
The expression levels at baseline of all investigated miRNAs 
resulted significantly upregulated in MM patients compared 
to 6 healthy donors (p<0.01), except for miR-103a-3p that 
was downregulated. At cycle 2, a significant increase in the 
expression of miR-103a-3p, miR-126-3p, miR-29c-5p 
has been observed compared to baseline (p<0.02). On the 
contrary, all miRNAs showed a reduction in the expression 
profile at cycle 4, that was significant (p<0.05) only for miR-
103a-3p, miR-20a-3p, miR-193a-3p and miR-34c-3p. In 
addition, a significant survival advantage was observed in 
patients with expression levels of miR-193-3p (p=0.0002) 
and miR-34c-3p (p=0.048) lower than the median values 
at baseline. Furthermore, miR-20a and miR-34c, known to 
modulate the expression of the NKG2D ligands (MICA/B), 
were correlated with the soluble levels of MICA and MICB 
detected in the sera of the same patients. A significant 
(p<0.05) correlation between the expression levels of miR-
34c or miR-20a and the serum levels of MICA was found 
at baseline and cycle 2, respectively. Comprehensively 
these results, although very preliminary, support a deeper 
investigation of miRNAs as novel and easily accessible 
biomarkers to improve immunotherapeutic management of 
MM patients.

#14 
Identifying genomic biomarkers for immune checkpoint 
therapy in biliary tract cancer

Asmaa Elzawahry1, Hiromi Nakamura2, Mihoko Adachi2,  
Molly Schmidt3 , Yasushi Totoki2, Tatsuhiro Shibata2,  
Mamoru Kato1 
1Department of Bioinformatics, National Cancer Center 
Research Institute, Tokyo, Japan, 2Division of Cancer Genomics, 
National Cancer Center Research Institute, Tokyo, Japan, 
3Department of Electrical Engineering & Computer Science, 
MIT, Cambridge, USA

Biliary tract cancer (BTC) has an increased incidence globally 
with no approved targeted molecular therapy. Previously, we 
found that a subgroup of BTC with poorest prognosis has 
higher expression of immune checkpoint (ICP) genes. Patients 
in this group might get benefit from ICP blockage therapy, of 
which the clinical results are showing revolutionizing efficacy. 
There is an urgent need to find molecular biomarkers that are 
quickly usable in already-build-in assays to select patients, 
such as clinical sequencing where genomic alterations are 
measured. We used exome sequencing and RNA-Seq data 
of BTC to identify potential genomic biomarkers correlating 
with the high expressions of ten ICP genes. Using statistical 
and machine learning approaches, we performed univariate 
and multivariate analyses to identify genomic biomarkers. 
As endogenous immunity is an important factor in response 
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to ICP blockade, we also identified biomarkers for calculated 
immune activity indices such as cytolytic score and density 
of cytotoxic cells. Hyper-mutation status was significantly 
associated with high ICP expressions, as expected. In 
addition, non-silent mutations in several genes were 
significantly associated with high ICP gene expressions 
and with high immune activity indices. We validated the 
identified biomarkers using TCGA cholangiocarcinoma data. 
Most of Identified biomarkers were cohort specific due to 
differences in tumor microenvironment between the different 
cohorts. Using identified biomarkers, we built a model for 
the prediction of the expression of ICGs that showed a 
reasonable performance in both cohorts. Bootstrapping 
results showed that the biomarker selection was robust. The 
model can used in clinical sequencing to identify the patients 
who might get benefit from immunotherapy.

#15 
Immune transcriptomics profiling of the tumor 
microenvironment as a biomarker for response to check-
point inhibitors in patients with metastatic solid tumors.

Vinicius A. Barbosa de Lima1*, Anne-Mette Bjerregaard2*,  
Annie Borch2*, Olga Oestrup3, Sine Reker Hadrup2, Ulrik Lassen1 
*These authors contributed equally. 
1Onkologisk Klinik, Finsencentret Rigshospitalet, Copenhagen, 
Denmark, 2Department of Micro- and Nanotechnology, 
Technical University of Denmark, Lyngby, Denmark, 3Genomic 
Medicine, Rigshospitalet, Denmark

Immune modulation with check-point inhibitors represents 
a promising new strategy to improve anti-tumor activity 
resulting in survival benefit in several cancer types. However, 
the treatment is only effective for some patients. Hence, 
to improve the clinical outcome, there is an urgent need to 
understand the tumor characteristics associated to favorable 
clinical outcome. In order to determine whether genetic 
features, such as tumor mutational load, neoepitope burden, 
transcriptomic alterations impact clinical outcome, we 
included 30 patients with 11 different diagnosis treated with 
check-point inhibitors, either in monotherapy or combined. 
Tumor tissue biopsies and blood samples were taken prior 
to treatment and analyzed by whole-exome sequencing, 
RNA sequencing and expression array analysis. Neoepitope 
prediction was carried out using MuPeXI pipeline. Response 
to the treatment was radiologically assessed using RECIST 
1.1 criteria and patients were divided into two groups based 
on response. Our analyses did not show statistical significant 
difference in the number of non-synonymous mutations (p 
0.086) between responders and non- responders, but high 
number of neoepitopes correlated to treatment response 
(p 0.044). High neoepitope load was also associated with 
longer survival alone (p 0.038) or combined with high 
expression of CD39 (p 0.025). Expression of CD39, a marker 
for recent T-cell activation, was also significantly higher 
in patients benefiting from immunotherapy. Furthermore, 

T-cell infiltration analysis showed that the patients 
benefiting from the treatment had a significantly higher 
T-cell diversity. Further analysis of transcriptomic changes 
comparing responders vs. non-responders revealed 198 
differentially expressed genes (fold change >2, FDR< 0.05) 
involved in pathways related to T-cell activation and positive 
regulation of immune response. These findings showed that 
high neoepitope load, increased T-cell diversity and CD39 
expression in the tumor tissue correlate with overall survival 
and clinical benefit with check-point inhibitors, regardless of 
the cancer type and checkpoint inhibition strategy.

#16
Pilot study: PhIP-seq assessment of the serum antibody 
repertoire before and after immune-related adverse 
events in four melanoma patients treated with checkpoint 
blockade immunotherapy

Timothy O’Donnell1, Meimei Shan1, Elliot Merritt1,  
Elena Gonzalez-Gugel1, Ana Blazquez1, Marcia Meseck1,  
Philip Friedlander1, Alex Rubinsteyn1, Amir Horowitz1,  
Nina Bhardwaj1, Uri Laserson1 
1Icahn School of Medicine at Mount Sinai, New York, NY, USA

Checkpoint blockade immunotherapy has shown 
impressive efficacy in a range of tumor types, but rates of 
immune-related adverse events (irAE) exceed 50% in some 
combination regimes, and there is little ability to predict 
which patients will experience irAE. We hypothesized 
that the serum antibody response may be a source of 
predictive biomarkers for irAE. Phage immunoprecipitation 
sequencing (PhIP-seq) is a technique to profile the epitope 
specificities of an antibody repertoire by phage display 
of a peptide library followed by immunoprecipitation and 
next generation sequencing. We have developed phage 
libraries corresponding to all 36-mer peptides in the human 
proteome (approximately 413,000 peptides), as well as 
libraries of peptides found in viruses, bacteria, and toxins. 
Here, we applied the human proteome library to probe the 
self-directed IgG response in sera from four melanoma 
patients receiving checkpoint blockade who experienced irAE. 
In total, 16 serum samples acquired at the pre-treatment, 
post-treatment / pre-irAE, or post-irAE timepoints were 
assayed. We identified a median 31 self-directed antibody 
specificities (hits) at the pre-immunotherapy timepoint in 
these cancer patients and 41.5 hits post-therapy, compared 
to a median 6.5 hits in healthy donors. Patients receiving 
combination checkpoint blockade showed more hits than 
those treated with monotherapy. For a patient who received 
combination nivolumab and ipilimumab and developed a 
hepatic irAE, a cluster of 25 hits (of 161 total) was detected 
uniquely in a sample taken within two months subsequent to 
the adverse event. This cluster included a peptide from the 
C-Reactive Protein (CRP) gene and other genes expressed 
in the liver (EHBP1, VSTM2L), or across tissues (SAFB2), but 
also included genes with low expression in the liver (SPTBN4, 
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DMBT1, IQGAP3, SPTBN4). In a patient who received 
ipilimumab and nivolumab and developed myalgia, hits 
against targets associated with autoimmune disease were 
found including NUMA1 (connective tissue autoimmunity), 
TRPM1 (melanoma-associated retinopathy), as well as 
three epitopes in the Mediator Of DNA Damage Checkpoint 
1 (MDC1) gene. Our small study suggests that PhIP-seq 
can detect changes in the epitope specificities of the serum 
antibody repertoire in the course of immunotherapy. A 
key limitation of PhIP-seq is that the method can only 
detect antibodies with specificities for linear (as opposed 
to conformational) epitopes. Nevertheless, the assay’s low 
cost (approximately $30 per sample), small sample size 
requirement (1 µL serum), and ability to work with dried 
blood spot samples may make it an attractive technology to 
discover serological predictors of irAE in larger cohorts.

#17 
Unbiased functional identification and therapeutic 
targeting of T cell neoantigens in a spontaneous murine 
squamous cell carcinoma

Joseph S. Dolina1, Joey Lee1, Feei-Ran Chou1, Samantha M. Hall1,  
Rukman R. Thota1, Sara McArdle2, Manasa Lanka3, 
Ashmitaa Logandha Ramamoorthy Premlal4,  
Jason A. Greenbaum4, Grégory Seumois5, Bjoern Peters3, 
Stephen P. Schoenberger1

1Laboratory of Cellular Immunology, La Jolla Institute for 
Immunology, La Jolla, CA 92037, 2Imaging Facility, La Jolla 
Institute for Immunology, La Jolla, CA 92037, 3Center for 
Infectious Disease, La Jolla Institute for Immunology, La 
Jolla, CA 92037, 4 Bioinformatics Core, La Jolla Institute 
for Immunology, La Jolla, CA 92037, 5Division of Vaccine 
Discovery, La Jolla Institute for Immunology, La Jolla, CA 
92037

The comparative resistance of some cancers including head 
and neck squamous cell carcinoma (HNSCC) to checkpoint 
blockade is speculated to derive from the low frequency 
of expressed somatic mutations targeted by T cells as 
neoantigens (NeoAg). SCCVII, a spontaneously arising 
murine squamous carcinoma resembling human HNSCC 
in several key features, is likewise poorly immunogenic 
as irradiated tumor cells alone fail to induce protective 
immunity within syngeneic hosts. Justifying use of this 
model to identify NeoAgs, we confirm activated CD4+ and 
CD8+ T cells are detectable and essential for vaccine efficacy 
of SCC VII and polyI:C co-administration. Whole-exome 
sequencing tumor versus normal genome identified 39 
nonsynonymous missense mutations that were synthesized 
into 81 representative 20-mers. NeoAg-specific CD4+ T 
cell IFN-γ responses were found against mutations of 
Pik3ca, Ctnnd1, and Otud5 while both CD4+ and CD8+ T cells 
produced IFN-γ when stimulated by a single Cltc mutation 
during in vitro recall assays. Prophylactic immunization with 
a mixture of all stimulatory peptides protected hosts from 

subsequent tumor challenge. However, these peptides 
were not therapeutically beneficial in vivo unless the Cltc 
NeoAg, eliciting both CD4+ and CD8+ T cell responses, was 
used as an immunotherapy alone. Anti-PD-1 combinatorial 
blockade resulted in synergistic tumor rejection via 
boosting Cltc-specific responses and increasing response 
diversification via epitope spreading. These data show that 
a functional NeoAg identification platform can be used to 
select immunotherapeutically relevant targets and filtration 
of neoepitopes that co-prime both CD4+ and CD8+ T cell 
responses is superior for practical intervention of poorly 
immunogenic tumors.

#18 
Modulating cross-presenting dendritic cells to render 
tumors susceptible for cancer immunotherapies

Georgina Flórez-Grau1, Mark A. J. Gorris1, Anne van Duffelen1, 
Johanna Bödder1, Jasper J.P. van Beek1, Carl G. Figdor1, 
I. Jolanda M de Vries1,2 
1Department of Tumor Immunology, Radboud Institute for 
Molecular Life Sciences, Radboud University Medical Center, 
Nijmegen, Netherlands, 2Department of Medical Oncology, 
Radboud Institute for Molecular Life Sciences, Radboudumc, 
Nijmegen, the Netherlands

Immunotherapy is a novel treatment modality of cancer. 
Recently, increasing evidence explicated that clinical benefit 
is strongly influenced by immunosuppressive factors in 
the tumour microenvironment. These factors hamper the 
presence and (possibly) activation status of CD8 T cells, 
which are related to a better prognosis in many cancers such 
as melanoma and have shown to be critical for the clinical 
outcome of immunotherapy. 
In preclinical studies, a rare dendritic cells (DCs) subset 
(CD141+ or BDCA3 DCs) has recently been identified as 
pivotal for T cell infiltration and specifically play a key role in 
increasing the numbers of CD8+ T cells. Within this project 
we seek to elucidate the mechanisms of T cell attraction 
by BDCA3 into the tumor. The ultimate aim is to modulate 
these mechanisms to increase T-cell influx and improve 
the efficacy of DC therapy. These ambitious goals would 
provide major opportunities to improve clinical outcome of 
cancer immunotherapy in general. We have been focused on 
characterize human BDCA3 unique surface markers such as 
XCR1 expression as well as chemokine secretion important 
for T cell attraction (CXCl10). In addition, our results shows 
that human activated BDCA-3 supernatant increase the 
migration of CD8 and NK cells when compared with other 
circulating subsets in a transwell assay. Interestingly we 
have also found that immaure BDCA3 specifically migrate 
towards XCL1 producing cells such as activated CD8 or NK. 
All together suggest that BDCA3 DCs open a new avenue 
for DCs anti cancer vaccines which potentiates CD8 T cell 
attraction and therefore an increasing of anti tumor immunity 
response. 
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#19 
Cellular cytotoxicity is a form of immunogenic cell death
Luna Minute1,2, Alfonso Rodriguez Sánchez-Paulete3,  
Carmen Ochoa1,2, Alvaro Tejeira1,2, Pedro Berraondo1,2,  
Ignacio Melero1,2,4

1 Program of Immunology and Immunotherapy, Center 
for Applied Medical Research (CIMA), Pamplona, Spain, 
2Navarra Institute for Health Research (IDISNA), Pamplona, 
Spain, 3Immunology Institute. Icahn School of Medicine at 
Mount Sinai, New York, 10029, NY, USA, 4Departamento de 
Inmunología e Inmunoterapia, Clínica Universidad de Navarra, 
Pamplona, Spain.

The immune response to cancer is often conceptualized with 
the scheme known as “Cancer Immunity Cycle”. A key step in 
this interpretation is that antigens released by dying tumors 
are presented by dendritic cells to naive or memory T cells in 
the draining lymph nodes. Primed and activated T cells can 
then infiltrate the tumor and perform cytotoxic elimination of 
cancer cells. Cell death can be immunogenic, immunologically 
silent or even tolerogenic. Whether tumor cell death resulting 
from cytotoxicity, as mediated by T cells or NK lymphocytes, 
is immunogenic is currently unknown and could be important 
to sustain the “cancer immunity cycle”. In this study, we 
demonstrate that mouse colon rectal carcinoma cell line 
MC38-OVA, exogenously pulsed to present the gp100 epitope, 
can be killed in culture by mouse gp100 specific transgenic CD8 
T cells (pmel-17 mouse derived). Immunization with resulting 
killed cells induces epitope spreading as observed by detection 
IN VIVO of OVA specific T cells by MHC multimer staining and 
rejection of EG7 cells, which only share OVA but not gp100 
or other antigens. Similar results were observed in mice 
immunized with cell debris generated by NK-cell mediated 
cytotoxicity. This process is independent from cytosolic DNA 
sensor STING and IFN type I as shown in the corresponding 
knock-out mouse strains. On the contrary, mice deficient in 
BATF3-dependent dendritic cells (cDC1), fail in develop an 
anti-OVA response when immunized with tumor cells killed 
by cytotoxic lymphocytes. Accordingly, cultured cDC1 can 
readily cross-present antigen from cytotoxicity-killed tumor 
cells to cognate CD8 T lymphocytes. Further supporting the 
notion that cytotoxicity is a form of Immunogenic Cell Death, 
we observe in cocultures of tumor cells and effector cytotoxic 
cells, the presence of markers of immunogenic cell death 
such as Calreticulin exposure and soluble HMGB1 protein. 
As a whole, this data support that an ongoing cytotoxic 
immune response can lead to immunogenic tumor-cell death, 
conducive to epitope spreading while sustaining the ongoing 
immune response in a positive feedback loop.

#20 
Metabolic flux reprogramming of CD8+ T cell subsets 
during differentiation

Alexander Kirchmair1, Giorgia Lamberti1, Sophia Daum1, Zlatko 
Trajanoski1  

1Division of Bioinformatics, Medical University of Innsbruck, 
Innsbruck, Austria

T cells feature a remarkable versatility of metabolic 
activities during their differentiation from naive to memory 
and effector cells, as activation, effector function and 
long-term maintenance require distinct adaptations that 
ensure proliferation or longevity. Accordingly, modulation 
of the metabolic capabilities of T cells can affect their 
differentiation. We investigate the reprogramming of 
metabolic pathways in vitro by differentiating primary 
human naive CD8+ T cells into stem cell, central and effector 
memory subsets. Extracellular flux analysis and RNA-seq 
experiments confirm the differential regulation of metabolic 
pathways in different memory cell subsets. In order to obtain 
a more detailed and comprehensive account of central 
metabolic pathways, we conduct 13C labelling experiments. 
We aim to integrate the labelling information with gene 
expression data to identify the regulators of metabolic 
reprogramming during CD8+ T cell differentiation. Further, 
since impaired acquisition of effector function by tumor-
infiltrating memory T cells is associated with less favorable 
clinical outcomes in colorectal cancer patients, our systems 
biological approach will be used to highlight therapeutic 
approaches in colorectal cancer.

#21
Modelling tumour-specific T cell dysfunction ex vivo to 
identify novel targets for functional T cell reinvigoration

Marcel P. Trefny1, Julien Roux1, Michal Stanczak1,  
Priska Auf der Maur1, Gianni Monaco1, Franziska Uhlenbrock1, 
Petra Herzig1, Jinyu Wang1, Heinz Läubli1,2,  
Daniela S. Thommen1,3, Alfred Zippelius1,2 
1Department of Biomedicine, University and University 
Hospital of Basel, Basel, Switzerland, 2Department of Medical 
Oncology, University Hospital of Basel, Basel, Switzerland, 
3Division of Immunology, The Netherlands Cancer Institute, 
Amsterdam, The Netherlands

Tumour-reactive T cells accumulate in cancer lesions but are 
frequently rendered dysfunctional by chronic stimulation 
and a multifaceted, potentially immunosuppressive 
environment. Therapeutic reinvigoration mainly by 
antagonizing the PD-(L)1 axis has changed the cancer 
treatment paradigm with major clinical successes. Yet, 
only a minority of the treated patients undergo remissions 
or sustained responses. Identifying and dissecting 
mechanisms of response, relapse and resistance to cancer 
immunotherapy is not only an important medical need, but 
also an exciting research area. We developed a system that 
mimics T cell dysfunction/exhaustion in human tumours 
ex vivo using an antigen-specific T cell model. To this end, 
circulating CD8 T cells from healthy donors are transduced 
with a T cell receptor construct specifically recognizing 
the NY-ESO-1 antigen and are then exposed to repetitive 
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antigen stimulation. We can demonstrate that this 
procedure stably renders CD8 T cells dysfunctional and that 
they acquire a state that highly resembles T cells found in 
human tumours on a phenotypic and transcriptional level. 
Employing our model, we seek to discover pathways and 
targets that might improve the reinvigoration of exhausted 
T cells and prospectively increase the in vivo anti-tumour 
efficacy preferentially when combined with PD-(L1) blocking 
antibodies. We are currently investigating the potential of 
over 25 novel targets using a targeted CRISPR/Cas9-gRNA 
screening approach in our primary CD8 T cells. Furthermore, 
we are optimizing small molecule screening strategies to 
identify drugs capable of functional T cell reinvigoration.

#22
Protein Kinase 2-defficient Treg cells fail to suppress TH2-
mediated anti-tumor immunity

Georg Bündgen1, Edgar Schmitt1, Hansjörg Schild1, Tobias Bopp1 
1Institute for Immunology, University Medical Center Mainz, 
Mainz, Germany,

CD4+CD25+Foxp3+ regulatory T (Treg) cells are crucial for the 
maintenance of peripheral tolerance. But in contrast to their 
useful features Treg cells also suppress beneficial immune 
responses. In the case of tumor-immunity Treg cells prevent the 
induction of an effective immune response against tumors by 
suppressing tumor-antigen specific T cells. But therefore the 
inhibition of the Treg cell-mediated suppression of the anti-
tumor response could be a promising strategy in anti-tumor 
therapy. To explore distinct signalling pathways, that control 
the Treg cell functions, we ran comparative kinome arrays with 
human and murine Treg cells. Our analyses identified the Protein 
kinase CK2 (CK2) as highly active in Treg cells. This prompted 
us, to investigate the function of the CK2 in Treg cell -mediated 
suppression of anti-tumor immune responses. Mice with a 
conditional knockout of the CK2ß subunit in Treg cells (Csnk2bfl/

flFoxp3-Cre mice) showed a decreased tumour growth in a B16 
Melanoma model. Subsequent flow cytometric analysis of the 
tumor tissues revealed an enormous difference in the number 
and composition of tumor-infiltrating immune cells. The 
frequency of tumor-infiltrating Treg cells is notably decreased in 
the tumors of Csnk2bfl/flFoxp3-Cre mice whereas the number of 
TH2-steering ILT3+ Treg cells is markedly increased. As a possible 
consequence of the altered Treg cells frequency we observed an 
increased infiltration of CD4+ Type 2 T helper (TH2) respectively 
Type 2 cytokine producing CD4 T cells. Elevated levels of TH2-
associated cytokines might be the reason for an increased 
infiltration of eosinophils into the tumors of Csnk2bfl/flFoxp3-
Cre mice and eosinophils in turn might be responsible for an 
increased tumor-infiltration of CD8+ T cells. 

Taken together, our results show that an increased anti-
tumor Type 2 immunity, driven by a modulation of CK2 
activity in Treg cells, could be a promising strategy in anti-
tumor therapy.

#23  
Tumor infiltrating T-cells from renal cell carcinoma 
patients recognize neo-antigens derived from point and 
frameshift mutations
Ulla Kring Hansen1*, Sofie Ramskov1*, Anne-Mette Bjerregaard1,2*, 
Amalie Kai Bentzen1, Marco Donia3, Rikke Andersen3,  
Zoltan Szallasi2,4, Inge Marie Svane3, Aron Eklund2,  
Sine Reker Hadrup1 
*These authors contributed equally  
1Department of Nano and Micro technology, Technical 
University of Denmark, Lyngby, Denmark, 2Department of 
Bio and Health Informatics, Technical University of Denmark, 
Lyngby, Denmark, 3Center for Cancer ImmunoTherapy (CCIT), 
Herlev Hospital, Herlev, Denmark, 4Boston Children’s Hospital 
and Harvard Medical School, Boston, USA.

Personalization of immunotherapies such as cancer vaccines 
and adoptive T-cell therapy will depend on identification 
of patient-specific neo-epitopes that can be specifically 
targeted. Efficient methods for identification of neo-epitopes 
will yield insight into tumor-immune interactions and may 
improve personalized immunotherapy. So far studies of 
neo-peptide recognition in T-cells have primarily focused on 
single nucleotide variants (SNVs), and little focus has been 
on neo-peptides originating from in-frame and frameshift 
indels. Neo-epitope reactive T-cells have been detected 
across multiple solid cancers, ranging from tumors with a 
high tumor mutational burden (TMB) such as melanoma 
and non-small cell lung cancer to lower TMB such as breast 
cancer. Renal cell carcinomas (RCCs) are among cancer types 
with a medium-range TMB and furthermore have the highest 
pan-cancer proportion of frameshift mutations. However, 
to our knowledge, yet no reports have described neo-
epitope-specific T-cells in this malignancy. In this study, the 
mutational landscape of tumors from 6 renal cell carcinoma 
patients were analyzed by whole exome sequencing 
(WXS) of DNA from tumor fragments (TFs) and autologous 
tumor cell lines (TCLs). We have previously established a 
platform for neo-epitope extraction and prediction based 
on tumor sequencing data, MuPeXI. MuPeXI was used 
to extract 9-11mer neo-peptides, using a rank score <2 
for selection of peptide binding to the patient-specific 
HLAs, hereby creating patient-specific libraries of putative 
neo-peptides. TILs extracted from patients’ tumors were 
screened for T-cell recognition of these libraries by use of a 
novel high-throughput platform using DNA barcode labelled 
peptide-MHC multimers. The patient-specific peptide 
libraries averaged 258 peptides for TF and TCL combined 
(range 103-397, n=6). More than half of the peptides were 
predicted from both sources (57%, range 40-74%, n=4) 
compared to 17% (range 8-27%, n=4) predicted solely from 
TF and 26% (range 18-34%, n=4) predicted solely from TCL. 
The proportion of frameshift derived neo-peptides was 
16% (range 9-25%, n=6) out of total mutations. A total of 52 
neo-epitope specific T-cell responses were detected across 
all patients, with the number of detected responses ranging 
from 4-18 and spanning 2-5 HLA restrictions per patient. In 
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the 4 patients where peptides were predicted from both TF 
and TCL, the distribution of responses was 20% on TF (range 
0-44%, n=4), 40% on TCL (range 29-57%, n=4) and 40% (range 
22-57%) on TF+TCL combined. The proportion of responses 
towards frameshift mutations was 21% (range 0-43%, n=6) 
of total responses. The identification of neo-epitope specific 
T-cells from RCC patients is an important step towards the 
use of neo-epitopes as therapeutic targets and predictors of 
response to immunotherapy in this cancer type. Moreover, 
our study points toward the importance of broad peptide 
prediction platforms covering multiple sources for WXS 
and mutational analyses covering not only SNVs but also 
frameshift mutations.

#24  
Healthy individuals have a repertoire of CD4 cells that 
recognize and respond to citrullinated peptides – a 
possible new target for cancer immunotherapy?
Ruhul Hasan Choudhury1, Ian Daniels1, Vicky Brentville1, 
Katherine Cook1, Peter Symonds1, Suha Atabani,  
Rachael Metheringham1, Lindy Durrant1,2 
1Scancell Holdings plc, Oxford, UK, 2Nottingham University, 
Nottingham, UK

Citrullination is a post-translational modification involving 
the conversion of a positive arginine residue to a neutral 
citrulline. This modification is thought to occur during 
times of cellular stress (autophagy) and allows the cell to 
present posttranslational modified T cell epitopes upon 
MHC molecules. In animal models we have shown that 
vaccination with citrullinated peptides stimulates cytotoxic 
CD4 T cells responses that result in dramatic tumor 
regression/eradication and greatly improved survival times. 
To translate this animal work into clinical application, we 
have investigated and partially characterized the repertoire 
of T-cell responses to a range of citrullinated peptides in 
healthy individuals. Here we report that PBMCs isolated from 
healthy individuals and loaded with the cell tracking dye, 
CFSE, proliferate in a CD4-specific manor when cultured with 
citrullinated peptides. Proliferative responses in individuals 
are either increased or unmasked following CD25 depletion 
of PBMCs suggesting some regulatory control. Furthermore, 
surface and intracellular phenotyping by FACS suggests that 
the proliferating cells express the activation marker CD134, 
contain IFNγ and granzyme B and are largely comprised of 
effector memory and/or highly cytotoxic TEMRA populations 
(as described by expression of the lymphoid homing molecule 
CD197 and CD45RA). In some donors these cit peptide-
driven proliferative responses are lost upon depletion of 
“memory” cells (CD45RO+ve) cells prior to culture but in others 
they are lost following depletion of naive cells (CD45RA+ve). 
This is in agreement with our animal studies suggesting a 
pre-existing component to some of these cit peptide specific 
responses. Bulk FACS sorting of cit-peptide stimulated 
CD4+ve/CFSEhigh cells (non-proliferating) and CD4+ve/CFSElow 

cells (proliferating) and subsequent sequencing of the TCRs 
expressed in each population suggest that the proliferating 
population is far more clonal than the non-proliferating 
population. Taken together this data supports the 
proposal that healthy individuals have a T cell repertoire to 
citrullinated peptides and in some donors responses appear 
to be pre-existing. Finally, we also show a similar repertoire 
exists in cancer patients and suggest that potentially this 
repertoire could be boosted by immunization to assist in 
tumor eradication.

#25
Single-cell analysis highlights dysfunctional CD8+ T cells as 
a proliferative, dynamically regulated compartment within 
human melanoma.

Ido Yofe1*, Hanjie Li1*, Anne van der Leun2,3*, Yaniv Lubling1*, 
Dikla Gelbard Solodkin1, Alexander van Akkooi2,  
Marlous van den Braber2,3, Lisette Rozeman2, John Haanen2, 
Christian Blank2, Hugo M. Horlings2, Eyal David1, Yael Baran1, 
Akhiad Bercovich1, Aviezer Lifshitz1, Ton N. Schumacher2,3**, 
Amos Tanay1**, Ido Amit1** 
1Weizmann Institute, Rehovot, Israel, 2Netherlands Cancer 
Institute, Amsterdam, the Netherlands, 3Oncode Institute, 
Amsterdam, the Netherlands.

Checkpoint blockade therapies that aim to reactivate 
anti-tumor immune responses have revolutionized cancer 
treatment, resulting in durable responses in a significant 
proportion of patients with advanced disease. Nevertheless, 
many patients fail to reach long-term clinical benefit. Recent 
findings suggest that immune cell infiltrates in tumors are 
highly heterogeneous, contributing to differential therapy 
outcomes. Despite its importance, a comprehensive 
understanding of the diversity of functional states of immune 
cells within the tumor micro-environment is lacking. We 
characterized immune infiltrates within tumors derived 
from 25 metastatic melanoma patients by single-cell 
RNA-seq (scRNA-seq), and parallel T cell receptor (TCR) 
sequencing, thereby generating an unbiased map of the 
expression signatures of immune cells and clonality of T 
cells. Different immune cell types and cellular states were 
observed within the tumor infiltrates, including naïve-like, 
cytotoxic, dysfunctional (“exhausted”), and regulatory T 
cells, NK cells, and the various myeloid subsets such as 
monocytes, macrophages, and dendritic cells. Notably, even 
among similar disease stages and treatment background, 
the composition of the immune cell populations differed 
considerably between patients, while clonally expanded T 
cells predominantly adapted similar cell profiles. The high-
resolution map revealed a large population of CD8+ T cells 
showing continuous progression from an early effector 
“transitional” state into a dysfunctional T cell state. In 
contrast, CD8+ T cells that express a cytotoxic gene set were 
rare, and TCR clonality inference suggest their independence 
from the transitional and dysfunctional cell states. The 
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dysfunctional CD8+ population was associated with the 
prevalence of regulatory T cells and follicular helper cells, 
and a depletion of naïve T cells within patients. Notably, we 
demonstrate that dysfunctional CD8+ T cells are the major 
intratumoral proliferating immune cell compartment, while 
their proliferation is diminished as dysfunctional signatures 
amass. Furthermore, we performed in-vitro reactivity 
assays of expanded T cells against autologous-tumor that 
highlighted an association between tumor-reactivity and 
the intensity of the dysfunctional signature within patients. 
In conclusion, this work demonstrates the power of using 
scRNA-seq to determine the immunological make-up of 
metastatic tumors, and to pinpoint to novel candidate cell 
states and the checkpoint targets that distinguishes them. 
Our findings demonstrate that CD8+ T cells previously defined 
as exhausted, are in fact a highly proliferating, clonal and 
dynamically differentiating cell population within the human 
tumor microenvironment.

#26  
The immune-inflamed and -excluded vulvar cancers 
display a better survival than immune-deserted tumors 

K.E. Kortekaas1, S.J.A.M. Santegoets2, I. Ehsan2, J.J. van Ham2, 
M.I.E. van Poelgeest1, S.H. van der Burg2

1Dept. of Gynecology, Leiden University Medical Centre, 
PO Box 9600 2300 RC Leiden, The Netherlands. 2Dept. of 
Medical Oncology, Leiden University Medical Centre, PO Box 
9600 2300 RC Leiden, The Netherlands 

Introduction: Vulvar squamous cell carcinoma (VSCC) 
develops via two different pathways: TP53 mutations 
(HPV-VSCC) or a persistent infection with high risk human 
papilloma virus (HPV+VSCC). We have described that the 
latter group of tumors has the best response to standard 
treatment. We hypothesize that this is related to the 
ubiquitous presence of tumor-specific antigens in HPV+VSCC 
and, therefore, performed an in-depth study of the tumor 
immune microenvironment (TME) of both subtypes of VSCC. 
Methods: A cohort of 65 patients with invasive VSCC were 
matched for age, FIGO stage 1B, and subdivided on the basis 
of HPV detection with p16+ staining. In addition, 10 healthy 
vulvar samples were analyzed as controls. Tumor sections 
were simultaneously analyzed for the expression of CD3, 
CD8, Foxp3, PD-1, TIM-3, and pan-keratin by multispectral 
immunofluorescence VECTRA analysis, both in the epithelial 
and stromal compartments. In addition, flow cytometry was 
performed on freshly dispersed VSCC samples (n=13) and 
blood samples from these patients.  
Results: VSCC were more densely infiltrated with CD3+ 
T cells, CD8+ T cells, Foxp3+ T cells than healthy controls. 
HPV+VSCC contained significantly more tumor infiltrating 
CD3+ T cells, in particular CD8+ T cells, than HPV-VSCC. The 
ratio of CD8/FoxP3 ratio also was significantly higher in 
HPV+VSCC. The great majority of T cells expressed PD1. 
Interestingly, the detection of high percentages of Lag-3-, 

TIM3-, PD-1+, HLA-DR+, CD38+, CD4+ effector/memory cells 
and CD103+ CD8+ effector cells by flow cytometry suggested 
that also HPV-VSCC were infiltrated with activated T cells. 
However, these cells often lacked Tbet expression. Finally, 
categorization of the tumors in immune-deserted, -excluded 
and -inflamed phenotypes, revealed a difference in survival 
(p=0.017) with immune-deserted tumors having the worst 
survival outcome (55.6% 5-years survival compared to 81% 
for excluded, and 100% for inflamed tumors). The majority of 
these deserted tumors were HPV-VSCC (83.3%).  
Conclusion: The favorable prognosis of HPV+VSCC compared 
to HPV-VSCC could be explained by a quantitative and 
qualitative difference in immune infiltration. Most of the 
HPV-VSCC are of an immune-deserted phenotype whereas 
HPV+VSCC sometimes were inflamed but more often 
constituted an immune-excluded phenotype. Since in both 
types of VSCC the infiltrating T cells display an activated 
phenotype as well as PD-1, new treatments for VSCC should 
be focused on turning the tumor hot and PD1 checkpoint 
blockade. 

#27 
Two distinct subgroups of tumors defined by NK cell 
abundance in renal cell carcinoma patients

Moon Hee Lee1, Petrus Järvinen2, Harry Nisén2, Oscar Brück1, 
Mette Ilander1, Satu Mustjoki1*, Anna Kreutzman1* 
1Hematology Research Unit Helsinki; Helsinki, Finland; 
Helsinki University Central Hospital Comprehensive Cancer 
Center; Helsinki, Finland, 2Department of Urology, Peijas 
Hospital, Helsinki University Hospital, University of Helsinki, 
Finland  
*Equal contribution

Renal cell carcinoma (RCC) is considered as one of the most 
immunogenic cancers with the highest number of indel 
mutations, frequent infiltration of T cells, and presence of 
many antigen-specific T cell clones. Since less is known about 
natural killer (NK) cells in RCC, we aimed to investigate the 
intratumoral phenotype of NK cells, as well as further assess 
the overall immune landscape of the tumors, pre-surgical 
peripheral blood (PB) and adjacent renal tissue, which may 
be critical for patient prognosis and predictions to targeted 
immunotherapies. We used multi-parameter flow cytometry 
together with a comprehensive immunostaining panel 
containing 56 fundamental markers to immunophenotype 
the tumor, PB and adjacent tissue samples from 35 RCC 
patients that underwent partial or radical nephrectomies. T cell 
receptor beta (TCRβ) deep sequencing was carried out with 
8 tumors together with their corresponding PB and adjacent 
tissues (n=24). Using hierarchical clustering and correlation 
analysis, we discovered that our patient cohort clustered 
into two distinct subgroups defined by a high (NKhigh, n=17; 
mean 24.3%) and low (NKlow, n=18; mean 7.5%) abundance 
of NK cells among the intratumoral lymphocyte population. 
Accordingly, the NKhigh had a lower percentage of T cells 
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than the NKlow subgroup (mean 51.7% vs 74.2%; p<0.0001). 
Overall, a negative correlation between T and NK cells was 
discovered (p<0.001; r2=0.41). Our TCRβ sequencing results 
revealed a positive correlation between T cell clonality and the 
intratumoral T cell percentage. Furthermore, a more diverse 
T cell repertoire in the tumors was observed compared to the 
corresponding PB and adjacent tissue respectively. Moreover, 
compared to the adjacent tissue, the tumor counterparts were 
less clonal, suggesting a more restricted TCRα chain usage. 
The overall immune landscape of RCC was compared using 
cells from the tumor, PB, and adjacent tissue of 10 patients. 
Our results showed that tumors have more NK cells compared 
to their corresponding T cell-rich PB and healthy tissue, 
supporting our findings that some tumors accumulate NK cells. 
Compared to the adjacent tissue, PD-1 and LAG-3 expressions 
were higher in the intratumoral CD8+ T cells. The expressions 
of the same markers in the PB CD8+ T cells or NK cells did 
not correlate with their intratumoral counterparts, whereas 
a positive correlation was found between the PB and tumor 
CD4+ T cells. Our study has led to the discovery of two distinct 
RCC tumor subgroups, suggesting that immunophenotyping 
RCC patients may effectively aid in selecting those who will 
benefit the most from immune checkpoint inhibition therapies 
such as anti-PD-1 and -LAG-3. Prospective bulk RNA 
sequencing for the NKhigh/NKlow subgroups will be carried 
out to discover the transcriptomic differences and mutational 
profiles, which will be supported with our extensive flow 
cytometry results, as well as through publicly available data.

#28 
Computational analysis and validation of multiplex 
immunohistochemistry of the tumor microenvironment in 
melanoma patients treated with immunotherapy

Mark A.J. Gorris1, Lieke L. van der Woude1,2, Shabaz Sultan1,2, 
Altuna Halilovic1, Kiek Verrijp2, Anne van Duffelen1,  
Dagmar Verweij2, Kalijn F. Bol1,3, Inge M.N. Wortel1,  
Johannes Textor1, I. Jolanda M. de Vries1,3, Carl F. Figdor1 
1Department of Tumor Immunology, Radboud Institute 
of Molecular Life Sciences, Nijmegen, The Netherlands, 
2Department of Pathology, Radboudumc, Nijmegen, The 
Netherlands 3Department of Medical Oncology, Radboudumc, 
Nijmegen, The Netherlands

Immune checkpoint therapy has shown impressive 
responses in various cancer types such as melanoma and 
lung cancer. However, long lasting (> 2 years) responses 
remain limited to about 20-40% and many patients might 
not benefit, but are exposed to expensive non-effective 
treatment with possible severe/lethal side effects. Therefore, 
there is an urgent need to identify biomarkers that predict 
efficacy of immunotherapy.

Advances in multispectral imaging makes it possible to 
visualize 7 markers within one tissue section. Panels detecting 
cytotoxic and regulatory T cells, M1 and M2 macrophages, 

M- and G-MDSCs, and checkpoint expression such as PD-1, 
PD-L1 and CTLA-4 expression have been optimized. However, 
analysis of these data has proven to be challenging. To set 
up reliable computational analysis pipelines, we performed 
validation experiments comparing flow cytometry versus 
multiplex IHC (FFPE) using the same samples. Primary tumor 
(and from some cases metastasis) FFPE samples from 
melanoma patients treated with ipilimumab are acquired from 
different hospitals within the Netherlands (n = >100) and are 
subjects to multiplex IHC panels.

We show that our multiplex IHC phenotyping analysis 
pipeline is able to distinguish phenotype clusters, which 
correspond to cell populations identified by flow cytometry. 
Melanoma tissues present different types of lymphocyte 
infiltration: inflamed, immune excluded and immune ignored. 
Updated results will be presented. 
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