
Poster Session I 
 
            Therapeutic Vaccination 
 
 
1 
 
Analysis of neoantigen distribution, presentation and recognition by patient-individualised 
vaccine-induced specific T cells in children with relapsed acute lymphoblastic leukaemia (ALL) 
G. Amorelli1, A. Rabsteyn1, S. Wagner2, S. Nahnsen3, R. Meisel4, L. Hansmann5, D. Busch2, P. Lang1 
1University Children's Hospital, Department of General Pediatrics, Oncology/Hematology, Tuebingen, 
Germany, 2Technical University of Munich, Institute for Medical Microbiology, Immunology and 
Hygiene, Munich, Germany, 3Eberhard Karls University of Tuebingen, Quantitative Biology Center, 
Tuebingen, Germany, 4University Hospital Duesseldorf, Department of Pediatric Oncology, 
Hematology and Clinical Immunology, Duesseldorf, Germany, 5Charité Berlin, Department of 
Hematology, Oncology and Tumor Immunology, Berlin, Germany 
 
ALL is the most common malignancy in children. Reducing the risk of relapse in patients is an urgent 
clinical need. T cells are potent effectors against leukemic blasts and these immune responses can be 
induced or enhanced by specific peptide vaccination. Neoantigens represent a unique class of 
antigens with tumour-exclusive expression. Targeting these antigens is in the scope of a multitude of 
immunotherapeutic approaches. While checkpoint-blocking antibody therapy is assumed to rely on 
pre-existing T cell responses against tumour antigens, several other approaches aim at induction of T 
cell responses against tumour antigens or administration of antigen-specific T cells. The feasibility 
and toxicity of patient-specific peptide vaccination derived from neoantigens in patients with 
relapsed ALL has already been investigated within the DKTK project IVAC-ALL-1. To identify putative 
neoepitopes in such patients, whole exome sequencing (WES) of tumour cells and germline control 
tissue and transcriptome sequencing of tumour cells was performed. Neoepitopes were predicted in 
silico from nonsynonymous mutations and patient-individualised peptide cocktails were designed 
and synthesized under GMP-conditions. After vaccination with individualised peptides, immune 
monitoring revealed vaccine-specific T cell responses (restimulation of T cells, cytokine production 
readout for IFNγ, TNFα, CD154 and IL-2). 
In the IVAC-AN project, the T cell responses induced by the peptide vaccination will now be analysed 
and characterised in more detail: The investigation of the ability of neoepitope-specific T cells to 
recognise and eradicate autologous tumour cells has to be assessed to validate the hypothesis that 
induction of such T cell responses in patients may prevent leukemic relapses. For this purpose, 
complete T cell receptor sequences of mutation-specific patient-derived T cells will be determined in 
order to re-engineer T cells via Crispr-Cas9-guided orthotopic TCR replacement (OTR) for further 
investigations and applications. These will include efficacy assays as well as exploration of options for 
adoptive T cell transfer therapy targeting frequently occurring mutations. In addition, the sequencing 
datasets will be combined with those from the ALL cohort of the INFORM trial. This extended dataset 
will be subjected to integrated bioinformatic analyses of WES and RNAseq to identify a) distinct 
mutational spectra and/or dysregulated pathways that are clinically associated with and thus 
potentially predictive for relapse and b) resistance and immune evasion mechanisms potentially 
representing novel (immuno-)therapeutic targets. Complementarily, the presentation of neoepitopes 
on HLA molecules of patient’s blasts shall be assessed using HLA ligandome profiling by mass 
spectrometry. 
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The novel co-adjuvant dithranol administered in a therapeutic transcutaneous boost vaccination 
setup enables prolonged tumor control 
J. Bartneck1, A.-K. Hartmann1, J. Sohl1, J. Pielenhofer2, P. Langguth2, M. Radsak1 
1University Medical Center of the Johannes Gutenberg-University Mainz, 3. Department of Medicine - 
Hematology, Oncology, Pneumology, Mainz, Germany, 2Institute of Pharmaceutical and Biomedical 
Sciences of the Johannes Gutenberg-University Mainz, Biopharmaceutics and Pharmaceutical 
Technology, Mainz, Germany 
 
Transcutaneous immunization (TCI) is a non-invasive vaccination method that, rather than needle-
based systems, promotes strong cellular immune responses, crucial for the control of tumor growth. 
In this study, the TLR7 agonist imiquimod is combined with the dihydroxyanthrone dithranol as a new 
TCI platform for the application as a therapeutic tumor vaccination therapy. 
Wildtype mice were immunized topically on the ear skin with dithranol vaseline (1/16%, 25 mg/ear) 
and after 24 h with the imiquimod containing solid nanoemulsion “IMI-Sol” (5%, 50 mg/ear) together 
with ovalbumin peptides (100 µg each/ear). For boost TCI the whole protocol was performed twice 
(day 0/1 and day 6/7) with a lower dithranol concentration (1/32%). The immune response of T cells 
was characterized by flow cytometry and IFN-γ ELISpot assay. Antigen presenting cell types related to 
the TCI mechanism were determined by analyzing cell suspensions from skin as wells as draining 
(dLN) and non-draining lymph nodes (ndLN) from immunized mice by flow cytometry. As a tumor 
challenge the mice received 5x104 MC38OVAmb tumor cells subcutaneously followed by therapeutic 
TCI or boost TCI when tumors were measurable. 
The TCI led to a significant increase of circulating antigen specific CD8+ T cells after 7 days that were 
highly functional as indicated by a strong Granzyme B and IFN-γ expression. After applying the 
adjuvants on different skin sites no antigen specific CD8+ T cells were detectable which shows that 
the immunological effect of the adjuvants occurs locally and is required within the same tissue for 
optimal vaccination. Likewise, changing the order of dithranol and IMI-Sol resulted in the absence of 
antigen specific CD8+ T cells indicating that dithranol is essential for the initiation of the TCI process. 
The TCI by dithranol mainly led to a strong influx of monocytes into the ear skin within 24 h that was 
crucial for the priming of antigen specific T cells by local dendritic cell (DC) populations. After 
therapeutic TCI, no effect on the tumor growth was observed wherefore the protocol was changed 
towards a boost TCI strategy that led to a massive increase of circulating antigen specific CD8+ T cells, 
also highly functional in Granzyme B and IFN-γ expression. This therapeutic boost vaccination not 
only induced a slower tumor growth but also effectively enabled the reduction of the tumor volume 
for up to 20 days, which was followed by immune escape in memory phase. 
Taken together, the described therapeutic transcutaneous boost vaccination method using dithranol 
and imiquimod as adjuvants leads to the generation of a strong cellular immune response enabling 
the effective control of tumor growth. 
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Combination of DNA vaccine with immune checkpoint blockades or local chemotherapy increases 
the immune response in orthotopic glioblastoma 
M. Bausart1, A. Lopes1, G. Vandermeulen1, A. Malfanti1, V. Préat1 
1UCLouvain, Louvain Drug Research Institute, Bruxelles, Belgium 
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The negligible efficacy of immunotherapy for glioblastoma (GBM) resides in multiple factors including 
(i) a high multifactorial immunosuppression occurring in the tumor microenvironment (TME), (ii) the 
high invasiveness and heterogeneity properties of GBM cells and (iii) the presence of the blood-brain 
barrier impeding the efficacy of most systemic treatments. Recently, new combination 
immunotherapy strategies have provided encouraging results in both preclinical and clinical studies. 
The lessons learned from these studies highlight the importance of addressing different arms of the 
GBM immunity. We hypothesized that combining DNA vaccine with immune checkpoint blockades 
(ICBs) or local chemotherapy will induce a potent immune response in the brain and improve GBM 
outcome. 
We developed plasmids encoding a vesicular stomatitis virus glycoprotein engineered by insertion of 
epitopes through permissive sites in its sequence. This pTOP vaccine generated potent anticancer 
immune response with stimulation of both innate and adaptive immunity, and increased mice 
survival when administered before surgical resection of orthotopic GBM. We optimized pTOP in 
order to generate a specific cellular immune response against the selected epitope TRP2180-188. We 
then combined pTOP with anti-PD-1 and anti-CTLA-4 antibodies in unresected orthotopic GBM 
model. Our results demonstrated that dual blockade of PD-1 and CTLA-4 combined with pTOP 
increased the survival of GBM-bearing mice as well as the treatment with ICBs only. Moreover, the 
combination therapy was the best treatment to significantly improve the immune response; mostly 
by increasing the infiltration of IFN-γ-secreting CD8 T cells. Analysis of myeloid derived suppressor 
cell (MDSC) markers revealed an increased frequency of these cells in the brains and spleens 
following combination therapy. 
Local chemotherapy has already shown synergistic effect when combined with immunotherapy in 
GBM mouse models. We selected mitoxantrone (MTX) for its capacity to induce immunogenic cell 
death (ICD) and loaded it in PLGA-PEG nanoparticles in order to sustain its release and increase drug 
penetration. In vitro studies confirmed the presence of ICD markers following treatment with PLGA-
PEG-MTX. In GBM-bearing mice, convection-enhanced delivery of PLGA-PEG-MTX increased the 
frequency of IFN-γ-secreting CD8 T cells in the brain. We then combined PLGA-PEG-MTX with pTOP 
and we observed an extended median survival (25d control vs 39d combination). 
We confirmed that combination of different immunotherapies for GBM treatment is a promising 
strategy. We showed that combination of ICBs with DNA vaccine as well as local immunogenic 
chemotherapy improved the immune landscape. For the future, we want to improve the outcome by 
combining our treatments with drug specifically targeting MDSCs. 
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Mass spectrometry approaches for detection of candidate human papillomavirus T cell epitopes for 
therapeutic vaccine design 
JD Förster1,2,3, M Salek1,2, JP Becker1,2, N Vučković1,2,3, K Öhlenschläger1,2,3, R Köhler1, M Bonsack1,2, AB 
Riemer1,2 
1German Cancer Research Center (DKFZ), Division of Immunotherapy & Immunoprevention, 
Heidelberg, Germany, 2German Center for Infection Research (DZIF), Molecular Vaccine Design 
partner site Heidelberg, Heidelberg, Germany, 3Heidelberg University, Faculty of Biosciences, 
Heidelberg, Germany 
 
High-risk types of human papillomavirus (HPV), including HPV16 and HPV18, cause more than 
600,000 anogenital and oropharyngeal cancer cases worldwide per year. While prognosis for HPV-
driven cancers in the early stages is favorable, late stages are often resistant to standard therapy. The 
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existing prophylactic vaccinations against HPV prevent infection but are not able to cure infection or 
neoplasia. Novel immunotherapeutic approaches against HPV find attractive targets in the two viral 
oncoproteins E6 and E7, which are responsible for induction and maintenance of the malignant 
phenotype. 
For the development of a therapeutic vaccine against HPV16, we aim to identify viral epitopes 
derived from the oncoproteins E6 and E7 that are bona fide presented on the surface of HPV16-
transformed cells and are able to induce immune responses. As the presentation of epitopes is 
specific to human leukocyte antigen (HLA) molecules, an epitope-specific vaccine needs to cover any 
patient’s HLA types. The number of epitopes that are required to achieve broad population coverage 
can be reduced by exploitation of HLA supertypes, each of which covers HLA types with similar 
binding preferences. 
With the aim of defining a set of HLA class I-restricted epitopes that elicit T cell-mediated HPV16 
protection in the entire population, we compiled an extensive list of possible HPV16 E6 and E7 
epitopes. The list covers binders for the HLA supertypes HLA-A2, A3/A11, A24, B7 and B15/A1 which 
in total allow for > 95% population coverage. Each peptide has been experimentally verified as binder 
to one or more of the targeted HLA types. 
To verify the true presentation of these peptides by HLA on the tumor cell surface, we established a 
targeted liquid chromatography mass spectrometry (LC-MS) assay targeting all candidate peptides. 
To this end, target peptide LC-MS characteristics, including fragmentation, retention time and 
precursor charge state, were acquired and detection parameters optimized accordingly to achieve a 
sensitivity exceeding that of current data-dependent acquisition (DDA) approaches. The assay was 
applied to peptides eluted from immunoprecipitated HLA complexes derived from HPV16-
transformed cell lines of different HLA backgrounds and malignancies, leading to the identification of 
at least one peptide per probed HLA supertype. Currently, our well-analyzed HPV cell lines are used 
to assess whether a data-independent acquisition (DIA) approach can yield similar epitope detection 
sensitivity. In parallel, the immunogenicity of identified peptides is characterized in terms of cytokine 
induction and mediation of HPV16+ target cell lysis by cytotoxic T cells. 
The definition of validated HPV16 E6- and E7-derived epitopes establishes a HPV16 epitope 
repertoire map and will contribute to the development of a therapeutic HPV16 vaccine as a 
treatment option for persistent HPV16 infections and HPV16-driven malignancies. 
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Synergistic antitumor response with recombinant modified virus Ankara armed with CD40L and 
CD137L against peritoneal carcinomatosis 
A. Bella1,2, L. Arrizabalaga1,2, C.A. Di Trani1,2, A. Cirella1,2, M. Fernandez-Sendin1,2, C. Gomar1,2, J.S. 
Russo-Cabrera1,2, I. Rodríguez1,2, J. González-Gomariz1,2, M. Alvarez1,2,3, Á. Teijeira1,2,3, J. Medina-
Echeverz4, M. Hinterberger4, H. Hochrein4, I. Melero1,2,3,5,6, P. Berraondo1,2,3, F. Aranda1,2 
1CIMA- University of Navarra, Immunology and Immunotherapy, Pamplona, Spain, 2Navarra Institute 
for Health Research (IdiSNA), Pamplona, Spain, 3Centro de Investigación Biomédica en Red de Cáncer 
(CIBERONC), Madrid, Spain, 4Bavarian Nordic GmbH, Planegg, Germany, 5Clínica Universidad de 
Navarra, Department of Oncology, Pamplona, Spain, 6Clínica Universidad de Navarra, Department of 
Immunology and Immunotherapy, Pamplona, Spain 
 
Recombinant modified vaccinia virus Ankara (rMVA) is known to elicit potent antitumor immune 
responses in preclinical models due to their inherent ability to activate the innate immune system 
and the activation of adaptive responses mediated by the expression of tumor antigens and 
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costimulus-providing molecules such as CD40L and CD137L. Here, we evaluated different rMVA 
vectors in preclinical peritoneal carcinomatosis models (ID8.OVA-Vegf/GFP and MC38). We 
compared rMVA vectors expressing a tumor antigen (OVA or gp70) either alone or co-expressed with 
CD40L or/and CD137L. In tumor-free mice, the vector coding for the triple combination was only 
slightly superior, whereas, in tumor-bearing animals, we observed a synergistic induction of T 
lymphocytes specific against vector-encoded and non-encoded tumor-associated antigens. The 
enhanced activation of the immune response was associated with improved survival in mice with 
peritoneal carcinomatosis treated with an rMVA vector encoding both CD40L and CD137L. Thus, the 
triple transgene combination in vaccinia viral vectors represents a promising strategy for the 
treatment peritoneal carcinomatosis. 
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From CIGB-247 to HEBERSaVax: the road to the clinic of a VEGF specific active immunotherapy 
M. Bequet-Romero1, F. Hernández-Bernal2, Y. Morera1, J. Sánchez-Ramírez1, Y. Martín2, K. Catasus2, A. 
de la Torre3, K.-H. Selman-Housein4, V.L. Mucio2, J.V. Gavilondo1, M. Ayala5 
1Center for Genetic Engineering and Biotechnology, Pharmaceutics, Biomedical Research, Havana, 
Cuba, 2Center for Genetic Engineering and Biotechnology, Clinical Research, Havana, Cuba, 3Celestino 
Hernández Robau Hospital, Oncology, Santa Clara, Cuba, 4Center of Medical and Surgical Research 
(CIMEQ), Playa, Siboney, Cuba, 5Center for Genetic Engineering and Biotechnology, Havana, Cuba 
 
CIGB-247 is a cancer active immunotherapy, recently branded as HEBERSaVax. The treatment is 
based on the combination of a recombinant antigen representative of human vascular endothelial 
growth factor (VEGF), and clinically tested adjuvants. So far, these adjuvants have included mainly 
VSSP (Very Small Size Particles obtained from Neisseria Meningitides outer membrane) and Alum 
phosphate. Pharmacological tests in several species in both adjuvants earlier demonstrate the 
therapy's positive impact on inhibiting metastases and tumor growth, by inducing specific VEGF- 
blocking antibodies and specific T-cell responses, also concomitant with an excellent safety profile. 
Recent studies have unveiled the immune-restoring effects of this immunotherapy in both, systemic 
and tumor counterparts, where the treatments induce a significant increase on effector cells, and a 
decrease in the regulatory counterpart, parallel to downregulation of pro-angiogenic proteins and 
the induction of CD8 activation related cytokines. 
Two sequential phase I clinical trials in solid tumors were conducted and concluded from 2011 to 
2014, to assess safety, tolerance, and immunogenicity, at different antigen doses, and combined with 
two distinct adjuvants. HEBERSaVax was found to be safe and tolerable, with mainly low-grade local 
adverse effects. Both VEGF-specific cellular and humoral neutralizing responses were detected in 
patients receiving the immunotherapy and, positivity in more than one test was associated with 
increased survival. Patients surviving week 16 in the trials received voluntary off-trial monthly re-
immunizations with HEBERSaVax, until death, intolerance, marked disease progression, or the 
patient’s withdrawal of consent. No additional onco-specific treatment was administered. After up to 
9 years of vaccinations, some individuals experience clinical benefits and 3 of them currently exhibit 
a complete response: two with originally advanced ovarian adenocarcinoma and one with an 
advanced metastatic NSCLC. In the meantime, the compassionate use of the vaccine was authorized 
in concomitancy with the therapies recommended for the specific malignancies that include surgery, 
immunomodulatory agents, and chemo- and radiotherapy. Of notice, more than 20% of these 
patients suffer from Ovarian related malignancies (OvCa) and showed some clinical benefits, and a 
patient suffering from an advanced Hepatocellular Carcinoma (HCC) that starts on HEBERSaVax after 
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tumor relapse, exhibited a complete response. These facts combined with the similarities shared 
between the mechanisms of HEBERSaVax induced responses, and the antiangiogenics recommended 
for OvCa and HCC treatments, encourage the design and start of phase II/III clinical trials in June 2018 
in advanced OvCa and a phase I/II trial in advanced HCC. The design of these trials will be presented 
as well as the current evolution and perspectives for further development of this active 
immunotherapeutic strategy. 
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Evaluating transcriptome-based HLA allelic imbalance for personalized cancer vaccination 
L. Bichmann1, M. Miladi1, U. Sahin1,2,3, M. Lang1 
1BioNTech SE, Bioinformatics R&D, Mainz, Germany, 2TRON, Translational Oncology at the University 
Medical Center of the Johannes Gutenberg University Mainz GmbH, Mainz, Germany, 3Research 
Center for Immunotherapy (FZI), University Medical Center at the Johannes Gutenberg University 
Mainz, Mainz, Germany 
 
Cancer cells can evade immune-mediated death by adopting cellular mechanisms which promote an 
immunosuppressive microenvironment. In particular, the human leukocyte antigen (HLA) complex 
with its predominant role in mediating the T-cell immune response provides a suitable target of such 
evasive mechanisms. Previous studies have shown that allelic imbalance (AI) and loss of 
heterozygosity (LOH) of the HLA locus is common during tumor evolution and such aberrant HLA 
expression favors immune escape. These adaptations lead to genetic evolution of tumor clones that 
have lost one or more maternal or paternal HLA allele(s) and therefore present a lower diversity of 
epitopes on their cell surface. Consequently, these clones are less likely to be recognized by T-cells, 
which curtails the immune response and increases the overall resistance of a growing tumor. Thus, 
during development of a personalized therapeutic vaccine, monitoring this process in order to select 
the most abundant or persistent set of HLA alleles that are shared across all tumor clones, would be 
highly advantageous to stimulate a robust immune response. While current approaches for 
measuring AI and LOH have mostly focused on exome sequencing-based methods, investigating the 
RNA sequencing coverage of the HLA locus has been proposed to lead to an improved strategy to 
detect the immune escape mechanism as loss of expression (LOX) that can be additionally influenced 
by other factors outside the HLA exon region. Here, we describe the “HLAscaler” which is a novel 
data analysis workflow to quantify HLA LOX in bulk tumor RNA sequencing samples and allow 
tailored vaccine design. We used the HLAscaler to analyse tumor biopsies from patients with cancer 
which were publicly available or taken from those obtained during clinical trials in contrast to HLA 
transcriptome profiles from healthy/control samples and we were able to detect HLA LOX events, 
highlighting the importance of considering HLA LOX when designing therapeutic cancer vaccines. 
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Tailored PGE2 immunomodulation of moDCs by next-generation nano-encapsulated EP2/EP4 
antagonists 
J. Bödder1, L. Kok1, J.A. Fauerbach2, I.J.M de Vries1, G. Flórez-Grau1 
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Biology Department, Bergisch Gladbach, Germany 
 
Dendritic cells (DCs) orchestrate the immune response and therefore play a critical role in anti-tumor 
immunity. In order to boost anticancer properties of DCs, some DC maturation factors such as 
prostaglandin E2 (PGE2) are classically used for DC-based cancer immunotherapy. Even though PGE2 
is important for DC maturation and activation, overexpression in tumors often results in 
immunosuppressive effects on various immune cells including DCs. PGE2 exerts its functions on DCs 
by signaling through two distinct receptors: EP2 and EP4. Blocking the EP receptor signaling of PGE2 
with specific antagonists is currently investigated for clinical applications to enhance anti-tumor 
immune response. Providing EP antagonists encapsulated in nanoparticles to patients could further 
reduce PGE2 immunosuppressive effects, by delivering both antagonists to the same target cell. 
In this work, we provide the initial step towards a new delivery approach by encapsulating EP2 
(AH6809) and EP4 (L-161,982) antagonists in polymeric poly (lactic-co-glycolic acid) (PLGA) 
nanoparticles for the first time. The PLGA nanoparticles were produced with the double emulsion 
evaporation technique. The EP2 and EP4 antagonists were encapsulated separately or in combination 
and the encapsulation and their release over time were detected by high-performance liquid 
chromatography. Finally, the functionality of the EP2 and EP4 antagonists nanoparticles was analyzed 
on monocyte-derived DCs (moDCs) as a model cell type. MoDCs were activated with a cytokine 
cocktail containing PGE2 and the effect of the antagonist was determined by measuring the 
reduction of co-stimulatory marker expression and cytokine secretion. 
The obtained nanoparticles displayed a size between 200 and 250 nm, and a polydispersity index 
below 0.1 according to DLS measurements. The encapsulation efficacy of the EP2 and EP4 
antagonists was between 10% and 5% respectively. Both antagonists showed a burst release within 
the first 15 minutes at 37°C of incubation. The treatment of moDCs with the encapsulated EP2 and 
EP4 antagonists followed by stimulation with a cytokine cocktail containing PGE2 showed a reduced 
expression of co-stimulatory marker expression. There was no difference in marker expression 
between the separately encapsulated and the control soluble non-encapsulated antagonists. Yet, the 
combined encapsulation of both antagonists in the same nanoparticle showed a significantly lower 
co-stimulatory marker expression compared to separately encapsulated antagonists. 
In summary, we demonstrate the functionality of the EP2 and EP4 antagonists PLGA nanoparticles to 
overcome PGE2 modulation of moDCs in vitro. 
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Dendritic cell-whole tumor lysate vaccine increases the effectiveness of ovarian cancer 
maintenance therapies and prolong overall survival in a murine ovarian tumor model 
C.L.L. Chiang1, R. Rovelli1, A.-L. Huguenin-Bergenat1, L.E. Kandalaft1,2 
1Centre Hospitalier Universitaire Vaudois (CHUV) and University of Lausanne, Ludwig Institute of 
Cancer Research, Department of Oncology, Lausanne, Switzerland, 2Center of Experimental 
Therapeutics, Centre Hospitalier Universitaire Vaudois (CHUV), Department of Oncology, Lausanne, 
Switzerland 
 
Ovarian cancer (OC) remains a devastating disease with less than 40% of the patients surviving past 5 
years post-diagnosis. After first-line surgery and primary chemotherapy, about 80% of the patients 
will recur within 3 years and will need more chemotherapy and a maintenance treatment with 
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bevacizumab and/or poly-adenosine diphosphate-ribose-polymerase inhibitors [iPARP]. A window of 
opportunity exists for patients in remission after first-line treatments; these patients will have 
minimal residual diseases and are ideal candidates for cancer vaccinations. Previously, we treated 
recurrent OC patients with autologous dendritic cells (DCs) pulsed with oxidized autologous whole 
tumor lysate (termed OCDC). The patients developed polyclonal T cell responses against known OC 
tumor-associated antigens and private tumor neoantigens, and showed prolonged progression-free 
survivals (PFS). Using the well-characterized preclinical ID8 ovarian tumor model, we sought to 
determine if the combinational use of OCDC vaccine and OC maintenance therapies (i.e. 
bevacizumab and iPARP [olaparib]) could enhance overall survival. 
ID8 tumor cell lines deleted of TP53, BRAC1 and BRAC2 were used to represent the common gene 
mutations observed in human high-grade serous carcinoma (HGSC). In the ID8-p53 (p=0.04) and ID8-
BRAC2 (p=0.011) models, mice treated with OCDC as a single therapy demonstrated significantly 
prolonged survival when compared to the respective PBS controls. This survival advantage was not 
observed in the ID8-BRAC1 model. In terms of dual or triple treatment combinations, adding OCDC to 
olaparib (p=0.0003) or anti-VEGF (p=0.002), or olaparib+anti-VEGF (p=0.048) significantly increased 
the overall survival when compared to PBS controls in the ID8-p53 model. In the ID8-BRAC1 and ID8-
BRAC2 models, the triple combination of OCDC+olaparib+anti-VEGF outperformed the single and 
dual therapies in prolonging survivals (p=0.034 and p= 0.0007, respectively). 
OCDC single therapy was effective in prolonging the survival of tumor-bearing mice in the ID8-p53 
and ID8-BRAC2 models. When used as dual combination with olaparib or anti-VEGF, OCDC 
vaccination was able to increase the overall survival induced by these single therapies. Triple 
combination of OCDC, olaparib and anti-VEGF was the most effective in all the ID8 tumor models. 
The results suggested that OCDC vaccine can improve the effectiveness of standard OC maintenance 
therapies. Further analysis are underway to investigate the nature of the T cell responses induced by 
OCDC vaccination in dual and triple combination settings. 
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Multi-ROS modifications of ovalbumin augment T-cell activation providing protection against Ova-
expressing tumors 
R. Clemen1, L. Miebach1,2, B.M. Bröker3, S. Bekeschus1 
1Leibniz-Institute for Plasma Science and Technology (INP Greifswald), ZIK plasmatis, Greifswald, 
Germany, 2University Medicine Greifswald, Department of General, Visceral, Thoracic, and Vascular 
Surgery, Greifswald, Germany, 3University Medicine Greifswald, Institute of Immunology, Greifswald, 
Germany 
 
Incorrectly programmed T cells and escape mechanisms of tumor cells facilitate tumor growth. The 
immunogenicity of tumor-associated antigens (TAA) is beyond question, and different approaches of 
TAA-vaccines show promising results by strengthening the anti-tumor response and reducing tumor 
mass. Modifications of antigens by oxidation are common in some cells due to redox stress or occur 
during an inflammatory response where reactive oxygen species (ROS) are present. Those ROS-
induced oxidations can alter the immune response, increase T cell activation, and elicit oxAntigen-
specific antibodies. By using oxidized antigens for vaccination, we aim to expand the TCR repertoire 
of the responding naïve T cells in order to increase the tumor-specific T cell pool and to (re)program 
these T cells toward a protective functional phenotype. 
Gas plasma technology generates an unmatched variety of short-lived and long-lived ROS. It was 
deployed in this study to mimic inflammation and study the significance of ROS modifications using 
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the model antigen chicken ovalbumin (Ova vs. oxOva). Dynamic light scattering and circular 
dichroism spectroscopy revealed structural modifications in oxOva compared to Ova. Ova-specific T 
cells from OT-II mice but not T cells from C57BL/6 wild-type mice were activated in response to Ova. 
Oxidation of Ova increased this activation ex vivo and in vivo. The cells produced more interferon-
gamma, a known anti-melanoma agent. OxOva vaccination of wild-type mice followed by inoculation 
of syngeneic Ova-expressing B16F10 melanoma cells enhanced the tumor-specific T cell number and 
activation, decreased tumor burden, and elevated numbers of antigen-presenting cells when 
compared to vaccination with non-oxidized Ova. 
Our model system demonstrates a successful anti-tumor immune response after vaccination with a 
plasma-treated tumor-associated antigen. This encourages further research on the effects of 
oxidative modification of vaccine antigens on the immune protection against tumors. 
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A novel mRNA-based vaccine adjuvant improves antigen-specific T-cell activation by dendritic cells 
W. de Mey1, H. Locy1, K. De Ridder1, P. De Schrijver1, A. Esprit1, L. Francescini1, K. Thielemans1, K. 
Breckpot1, M. Verdonck1 
1VUB, Jette, Belgium 
 
The high potential of mRNA vaccines in medicine has been proven during the COVID-19 pandemic, 
fueling research into their use in cancer. A prerequisite for activating CD8+ antitumor T-cell immunity 
is the presentation of tumor (neo)antigens by dendritic cells (DCs). Delivery of adjuvants to DCs is 
crucial to enhance the immune response's magnitude, span and durability. We report on a novel 
mRNA-based adjuvant that consists of four mRNA molecules encoding CD40 ligand, a constitutively 
active toll-like receptor 4, interferon-gamma and a decoy receptor for interleukin-10, referred to as 
TetraMix. Electroporation of TetraMix into monocyte-derived DCs triggers a cell state change 
endowing the DCs with a mature and activated phenotype, with the ability to produce high levels of 
interleukin-12. TetraMix DCs co-electroporated with Melan-A/MART-1 mRNA were able to activate 
autologous Melan-A/MART-1 specific T cells. A shift was induced from naïve 
T cells into effector T cells, which had the capacity to destroy Melan-A/MART-1 tumor cells. In 
conclusion, we present TetraMix as an accelerator of CD8+ T-cell response towards mRNA vaccine 
antigens. 
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Vvax001, an alphavirus-based therapeutic cancer vaccine, against HPV-induced premalignant 
cervical lesions: a phase 2 clinical trial 
A. Eerkens1, M. Esajas1, A. Vledder1, K. Brummel1, N. van Rooij1, A. Plat1, P. Klok1, E. Schuuring2, N. 
Werner2, J. Bart2, A. Jorritsma-Smit3, T. Daemen4, R. Yigit1, M. de Bruyn1, H. Nijman1 
1University Medical Center Groningen, Obstetrics and Gynaecology, Groningen, 
Netherlands, 2University Medical Center Groningen, Pathology, Groningen, Netherlands, 3University 
Medical Center Groningen, Pharmacy and Pharmacology, Groningen, Netherlands, 4University 
Medical Center Groningen, Medical Microbiology and Infection Prevention, Groningen, Netherlands 
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Human papillomavirus (HPV) infection is an important cause of (pre)malignant genital lesions. 
Integration of HPV into the host genome can lead to constitutive overexpression of E6 and E7, 
making E6 and E7 targets for immunotherapeutic intervention strategies. We previously 
demonstrated that Vvax001, a replication-incompetent Semliki Forest virus (SFV) vaccine encoding 
E6 and E7, was well tolerated and induced immune responses in patients previously treated for 
cervical intraepithelial neoplasia (CIN) or cervical cancer. Here, we present initial data of the phase 2 
clinical trial evaluating clinical efficacy, HPV clearance and safety of Vvax001 in patients with newly 
diagnosed CIN grade 3 (CIN3). 
Recruitment is ongoing and efficacy is assessed on a patient-by-patient basis using a fully sequential 
statistical design. To date, 7 patients with newly diagnosed HPV-16 positive CIN3 lesions have been 
included. Patients received three immunizations of Vvax001 (5x107infectious particles) with a three-
week interval. Up to 19 weeks after the last immunization patients were monitored for regression of 
CIN3 by colposcopy. A biopsy was taken at visit 8 (19 weeks after the last immunization) to confirm 
regression histologically. 
At this moment the clinical trial is still in conduct. In total, 7 patients have been enrolled and were 
fully immunized. Colposcopic examination revealed a reduction in size of CIN3 lesions in 6 out of 7 
patients (86%) which was already evident starting 3 to 11 weeks after the last immunization. Of the 7 
patients who are fully immunized, 3 have completed all follow-up visits. In 2/3 patients (66%) we 
observed clearance of HPV-16 from the target lesion and 1/3 patients (33%) showed a vaccine-
induced pathologic complete response (defined as a pathologically confirmed reduction from CIN3 to 
CIN1 or no dysplasia). Adverse events (AE) related to Vvax001 were only mild to moderate local 
injection site reactions such as myalgia, injection site erythema, injection site swelling and 
lymphadenopathy. No AEs with a Common Toxicity Criteria (CTC) grade 3 or 4 and serious adverse 
events have been reported. 
In conclusion, our interim analyses shows that treatment with Vvax001 in newly-diagnose CIN3 
lesions is safe, well tolerated and feasible. Efficacy analysis is ongoing, but promising in this early 
stage. 
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Long-lasting and dynamic anti-hTERT immune responses after UV1 therapeutic cancer vaccination 
E.B. Ellingsen1,2,3, E. Aamdal4,5,6, T. Guren4, W. Lilleby4, P.F Brunsvig4, S.M Mangsbo7,8, S. Aamdal3, E. 
Hovig9,10, N. Mensali11, G. Gaudernack3, E.M. Inderberg11 
1Oslo University Hospital, Institute for Cancer Research, Department of Tumor Biology, Oslo, 
Norway, 2University of Oslo, Faculty of Medicine, Oslo, Norway, 3Ultimovacs ASA, Oslo, Norway, 4Oslo 
University Hospital, Department of Oncology, Oslo, Norway, 5University of Oslo, Institute of Clinical 
Medicine, Faculty of Medicine, Oslo, Norway, 6Akershus University Hospital, Department of 
Oncology, Lørenskog, Norway, 7Uppsala University, Department of Pharmacy, Uppsala, 
Sweden, 8Ultimovacs AB, Uppsala, Sweden, 9Oslo University Hospital, Department of Tumor Biology, 
Oslo, Norway, 10University of Oslo, Centre for Bioinformatics, Department of Informatics, Oslo, 
Norway, 11Oslo University Hospital, Department of Cellular Therapy, Oslo, Norway 
 
Enhancing immune responses against relevant tumor antigens is an important next step for 
improving immunotherapy efficacy. Therapeutic cancer vaccines (TCVs) represent an encouraging 
approach, where their combination with CPIs is expected to generate more vigorous T cell responses 
while simultaneously blocking T cell suppressor mechanisms yielding synergy and improved clinical 
outcomes. Telomerase reverse transcriptase (hTERT) represents a promising target antigen for TCVs, 
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as it is highly expressed across 85-90% of all cancers but only sparsely in select healthy tissues. 
Synthetic long peptides (SLPs) designed to provide HLA-independent population coverage are 
potentially broadly applicable and may be delivered off the shelf without prior patient screening. 
UV1 consists of three SLPs derived from the active site of hTERT and have been investigated in three 
completed phase I/IIa clinical trials in melanoma, NSCLC, and prostate cancer, respectively. 
Longitudinal immunomonitoring in these studies allows characterization of immune response (IR) 
kinetics across three different treatment and population settings. 
52 patients were enrolled across the three trials; stage IV melanoma (n=12), locally advanced or 
metastatic NSCLC (n=18), and prostate cancer with non-visceral metastases (n=22). UV1 was 
administered intradermally with GM-CSF as an adjuvant. Patients in the melanoma trial received 
ipilimumab one week after UV1 initiation. In the NSCLC trial, patients received UV1 monotherapy, 
whereas patients received concurrent androgen blockade in the prostate cancer trial. IR was 
assessed using a standard T cell proliferation assay. Patients were followed for IR and survival for up 
to 8 years. 
The IR rates were 91%, 67%, and 82% for the melanoma, NSCLC, and prostate cancer trials, 
respectively. The median time to first IR was 4, 5, and 10 weeks, respectively. Spontaneous IR against 
the UV1 peptides was observed in 12% of the patients. Persisting IR was detected in several patients, 
demonstrable up to 7 years after the first vaccination, often with proliferative responses exceeding 
those observed during the immunization period. Across all trials, immune responders survived longer 
compared to non-immune responders (mOS, 54.8 months vs. 23.4 months, log-rank p-value 0.05). 
Patients developing IR against two or three peptides survived longer compared to patients 
responding to only one, or no peptides (mOS, 77.0 months vs. 44.8 months vs. 23.4 months, log-rank 
p-value 0.09). 
UV1 vaccination elicits robust and long-lasting anti-hTERT IR correlating with improved OS. The late 
IR peaks may reflect a boosting elicited by tumor antigen release or subsequent therapies. Superior 
IR kinetics were observed in the melanoma study with UV1 combined with ipilimumab, both in terms 
of IR rate and time to first IR. Our data support further clinical development of UV1, especially in 
combination with checkpoint inhibitors. 
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Workflow development for computational prediction and validation of tumor-associated 
neoantigens (PiCoP consortium) 
J. Engeln1, G. Tischler-Hoehle2, E. Olshvang2, A. Basak3, S. Krake3, R. Al-Ali3, M. Radefeldt3, M. 
Wagner1, E. Balta1, S. Tomiuk1, O. Brauns2, P. Bauer3, A. Dzionek1, M. Ott1 
1Miltenyi Biotec B.V. & Co. KG, Bergisch Gladbach, Germany, 2Miltenyi Biotec B.V. & Co. KG, Teterow, 
Germany, 3CENTOGENE GmbH, Rostock, Germany 
 
Cancer immunotherapies using tumor infiltrating T lymphocytes (TILs) and CAR T cells have gained 
significant attention due to their clinical success. While CAR T cell therapy has shown demonstrable 
benefitin treating hematological disorders, effectiveness in solid tumors has remained elusive. Part of 
the difficulty in treating solid tumors may be due to lack of easily targeted tumor-specific antigens 
and antigen heterogeneity within the tumor. In recent years neoantigens (NeoAg) originating from 
somatic mutations become a new and promising candidate as an alternative methodology for 
specifically targeting cancer. However, the precise identification and prioritization of tumor NeoAg 
are still limiting factors for advancing this strategy to successful translation to the clinic. To close this 
gap, we aimed to develop and validate a bioinformatic pipeline which, based on sequencing data, 
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would allow for identification of immune-relevant neoepitopes for therapeutic applications. 
Fresh tumor and matched healthy tissue samples were dissociated using the Tumor Dissociation Kit 
from Miltenyi Biotec (MB). A portion of each sample was stored for later analysis and remaining cells 
were used for preparation of DNA and mRNA for whole-exome and mRNA sequencing. Based on 
sequencing data, somatic mutations were identified, and allele frequency and expression levels were 
determined. Immune-relevant neoepitopes were predicted and ranked using proprietary 
bioinformatic pipelines developed at Miltenyi and Centogene. Corresponding high-ranked peptides 
were synthesized and used to restimulate TILs from the tumor sample to determine their 
immunological relevance. 
In this study a multistep workflow was established to predict and validate neoantigen specific 
peptides. This workflow included the optimal processing of the tumor samples using the gentleMACS 
Dissociator in combination with specific enzyme cocktails, followed by magnetic cell separation to (1) 
obtain a pure tumor cell fraction for increased sensitivity and quality of the sequencing and (2) to 
ensure maximum T cell yield for subsequent validation assays. Furthermore, a NeoAg prediction 
pipeline was developed and adapted over time to improve the prediction accuracy. To validate the 
predicted neoepitopes, a flow based two-step functional T cell assay was established. 
The workflow described here enables efficient and reproducible sample processing and reliable 
prediction and ranking of neoepitopes for therapeutical applications as proven by the identification 
of pre-existing T cell responses against the predicted peptides. Nevertheless, for the majority of 
predicted epitopes no pre-existing T cell responses could be detected. Thus, further work will be 
needed to investigate the relevance of these epitopes for cancer immunotherapy. 
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Interim analysis of the HIT-HGG Rez Immunvac study -dendritic cell vaccination with partial Treg 
depletion and double checkpoint blockade in children with relapsed high-grade gliomas. 
M. Eyrich1, J. Krauss2, I. Caruana1, M. Ghaffari1, A. Keupp1, J. Rachor1, C.-M. Monoranu3, A. Stock4, B. 
Bison5, S. Rückriegel2, M. Wölfl1, V. Wiegering1, E. Miller1, P.-G. Schlegel1, C. Kramm6 
1University Medical Center Würzburg, Pediatric Hematology/Oncology, Würzburg, 
Germany, 2University Medical Center Würzburg, Department of Neurosurgery, Würzburg, 
Germany, 3University of Würzburg, Institute for Pathology, Würzburg, Germany, 4University Medical 
Center Würzburg, Department of Neuroradiology, Würzburg, Germany, 5University Medical Center 
Augsburg, Department of Neuroradiology, Augsburg, Germany, 6University Medical Center 
Göttingen, Pediatric Hematology/Oncology, Göttingen, Germany 
 
Relapses of high-grade gliomas show an aggressive course and survival 6 months after (sub-)total re-
resection was only 62% in former HIT-HGG trials. Gliomas exert profound immunosuppression in the 
tumor microenvironment (TME). Therefore, active immunotherapy by induction of tumor-specific T 
cells through active immunization and depletion of regulatory T cells (Treg) might be a means to 
modulate the TME and control glioma regrowth. In the HIT-HGG-Rez Immunovac trial (Eudra-CT 
2013-000419-26) we investigate whether a therapeutic vaccine (autologous dendritic cells loaded 
with tumor lysate, DCV) combined with Treg-depletion and double checkpoint-inhibition (CI, anti-PD-
1 and anti-CTLA4) is able to increase the number of patients alive 6 months after relapse. Here, we 
report interim results after 50% of the intended patients (n=25) have been recruited. 13 children and 
adolescents (mean age 12.7±4.0 y) with relapsed glioblastomas were screened for the trial so far. 
Three patients were screening failures, 10 patients received study treatment. Of these, 2 patients are 
currently vaccinated, so that 8 patients were evaluable for this interim analysis. 5 SAEs have been 
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reported so far, none of them was limiting. 4 patients with gross total or subtotal resection at time of 
relapse had an overall survival (OS) of 13.2±4.0 months and a 6-month survival rate of 100%, which 
compares favourably to the historical control group. 4 partially resected patients survived only 
5.1±1.3 months and 6-months OS was 25%. Treg-depletion lead to a reduction of CD4+CD127-CD25+ 
T-cells of 45%. Our combined immunotherapy approach resulted in tumor-specific T-cell responses in 
>90% of patients. Interestingly, both CD4+ and CD8+ T-cell responses were equally detectable, 
indicating that peptides from tumor lysate, when processed by DCs, are presented via HLA-class I and 
–class II pathways. We conclude that DCV in combination with partial Treg-depletion and CI is 
feasible, safe, and related with a high rate of immunological responses. Double CI was not associated 
with unexpected toxicities. In (sub-)totally resected patients, immunotherapy seems to confer a 
survival advantage. For the completion of the trial we aim to include more patients with (sub-)totally 
resectable tumors to gain more insight into the nature and duration of the induced immune 
response. This trial is supported by Bristol Myers-Squibb (CA209-7JA), the Deutsche 
Kinderkrebsstfitung and the Ein Herz für Kinder-Foundation. 
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Development of whole Framome personalized cancer vaccines 
K. Franke1, M. Martin1, S. Aguilar-Rosas1, M. Pieterse1, H. Olsman1, B. Löwenberg1, R. Plasterk1, W. 
Kloosterman1 
1Frame Therapeutics, Amsterdam, Netherlands 
 
Therapeutic cancer vaccines targeting tumor specific neoantigens have been mostly based on 
sequencing of tumor material through whole exome sequencing and short RNA sequencing (RNA-
seq), leading to selection of peptide sequences mainly derived from point mutations. We have 
developed a neoantigen discovery pipeline (FramePro) based on the whole genome sequencing and 
a unique combination of short and long RNA-seq. This approach allows us to identify so-called neo-
open-reading frame peptides (termed Frames) which are based on insertions and deletions, and 
genomic rearrangements. We have discovered a novel class of Frames, termed hidden Frames, which 
are derived from novel chimeric transcripts genomically encoded by the fusion of a protein encoding 
gene with a segment of genomic DNA that is non-coding. The collection of all Frame neoantigens in 
individual tumor is referred to as Framome. The long novel amino acid sequences of Frames 
represent a large group of potentially very immunogenic neoantigens per individual tumor, as they 
may be seen by the immune system as completely foreign. Each novel amino acid sequence can also 
contain a number of putative CD8+ and CD4+ epitopes, increasing the chances of inducing anti-tumor 
immune response. 
We have validated in a set of proof-of-concept preclinical in vitro studies that neoantigens arising 
from these genomic events are translated into proteins, presented in the context of MHC molecules, 
and are recognized by antigen specific CD8+ T cells. Mouse immunogenicity studies with synthetic 
long peptides showed that Frame neoantigens are immunogenic and induce both CD8+ and CD4+ T 
cell responses. We have designed and received authorities approval for the first clinical trial with 
personalized FRAME-001 peptide cancer vaccine for patients with advanced non-small cell lung 
cancer with unsatisfactory response to the immune checkpoint inhibition (NCT04998474). 
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Personalized cancer vaccination strategies: whole tumor-based vaccines versus neoepitope-based 
vaccines 
H. Fritah Guiren1, C.L.-L. Chiang1, M. Graciotti1, A.-L. Huguenin-Bergenat1, B. J. Stevenson2, J. 
Schmidt3,1, P. Guillaume3,1, A. Harari1, L. E. Kandalaft1,3 
1Ludwig Institute for Cancer Research, University of Lausanne, Oncology, Lausanne, Switzerland, 2SIB 
Swiss Institute of Bioinformatics, Oncology, Lausanne, Switzerland, 3Center of Experimental 
Therapeutics, University Hospital of Lausanne (CHUV), Oncology, Epalinges, Switzerland 
 
Vaccines represent attractive components of the tumor immunotherapy armamentarium. Although 
whole tumor-based vaccines and private neoantigens-based vaccines; each have pros and cons, their 
relative efficacy has never been comprehensively investigated. Furthermore, neoantigens 
prioritization to enrich for tumor-rejection antigens remains challenging. 
In this study, we used a murine lung cancer model (LLC1) to investigate the effect of immunization 
with DCs pulsed with oxidized whole tumor lysate (WTL_DC vax) or neoantigen peptides (Neo_DC 
vax) on tumor growth. Distinct algorithms were used to predict and prioritize LLC1 candidate 
neoepitopes. Finally, we retrospectively meta-analyzed neoepitopes selection in a cohort of vaccine-
treated lung patients to improve correlates of efficacy. 
WTL-DC vax was more effective in suppressing LLC1 tumor growth than Neo_DC vax (when 
neoepitopes were selected with any of the commonly-used in silico predictors based on peptide-
MHC affinity). In contrast, vaccine efficacy significantly improved when immunogens were selected 
on the basis of the effective in vitro binding of candidate neoepitopes to cognate MHC alleles that 
was experimentally determined. Vaccine efficacy also significantly improved when immunogens had 
pre-validated or predicted (using PRIME1.0) immunogenicity. Finally, as opposed to their in 
silico scores, the effectivein vitro binding efficacy of candidate immunogens better correlated with 
vaccine efficacy (clinical responses) in cohorts of lung cancer patients. 
Vaccine based on private neoepitopes predicted using common in silico predictors of peptide-MHC 
affinity are outperformed by WTL-based vaccines. Parameters such as in vitro peptide-MHC binding 
and peptide immunogenicity, significantly improve the prioritization of tumor-rejecting neoepitopes 
and should be taken into consideration to increase vaccines’ clinical efficacy. 
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Dendritic cell activation by rVSV-NDV-mediated oncolysis and its application as a novel dendritic 
cell vaccine approach 
L. Hanesch1, J. Gold1, J. Altomonte1 
1Klinikum rechts der Isar Technische Universität München, Klinik und Poliklinik für Innere Medizin II, 
Munich, Germany 
 
Oncolytic viruses (OV) are viruses that specifically infect and replicate in cancer cells by exploiting the 
downregulation of antiviral signalling caused by the malignant transformation of the cell, leading to 
direct lytic effects and induction of anti-tumor immune responses. We have engineered a chimeric 
virus, rVSV-NDV, which consists of the backbone of the vesicular stomatitis virus (VSV), with its 
targeting glycoprotein having been replaced by the two envelope proteins of the Newcastle disease 
virus (NDV). This construct includes the fusion (F) protein of NDV, which has been further modified in 
order to mediate potent syncytial reactions within the tumor, leading to efficient intratumoral spread 
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and highly immunogenic cell death (ICD). ICD is characterized by the release of danger associated 
molecular patterns (DAMPs), and the antiviral response to the virus itself, both of which attract 
immune cells to the tumor microenvironment (TME) and activate them. This can lead to a transition 
from an immunologically “cold” to an immunologically “hot” TME. We further hypothesized that the 
efficient release of DAMPs and tumor antigens through syncytial-mediated cell death via VSV-NDV 
infection creates an optimal setting for dendritic cell (DC) activation and uptake of tumor antigens for 
presentation. In situ, this would lead to migration into the draining lymph node, where the DCs could 
present the tumor antigens to cytotoxic T-cells, thereby mediating a systemic anti-tumor response, 
the efficiency of which would again be aided by the immunologically “hot” TME. To test this 
hypothesis in vitro multiple murine cancer cell lines were infected with rVSV-NDV and cultured until 
syncytia were visible, before the virus was inactivated using UV irradiation. Murine bone marrow-
derived DCs were then co-cultured with the dying cancer cells and subsequently interrogated for 
their activation and antigen presentation state. Flow cytometry demonstrates statistically significant 
(p < 0.05) upregulation of activation markers CD80, CD86 and MHC-I upon contact with virus lysed 
cancer cell lines in comparison to UV-inactivated cancer cells or virus particles alone. Combination of 
this protocol with an established DC activation cocktail lead to a further significant increase in 
activation marker expression. Furthermore, ELISA analysis of DC supernatants indicate an increase in 
production of soluble, functional activation markers. This data demonstrates the highly immunogenic 
nature of rVSV-NDV-based tumor cell lysis in the context of dendritic cell activation, supporting an 
additional immune cell-mediated mechanism of action. It also serves as the basis of the development 
of a rVSV-NDV oncolysis-based DC vaccine, which has the potential to drive cytotoxic T cell responses 
targeting a broad range of tumor antigens. 
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Intratumoral virotherapy with 4-1BBL armed Modified Vaccinia Ankara eradicates solid tumors and 
promotes protective immune memory 
M. Hinterberger1, R. Giessel1, G. Fiore1, F. Gräbnitz1, B. Bathke1, S. Wennier1, P. Chaplin1, I. Melero2, 
M. Suter1, H. Lauterbach3, P. Berraondo2, H. Hochrein1, J. Medina-Echeverz1 
1Bavarian Nordic, Planegg, Germany, 2Cima Universidad de Navarra, Pamplona, Spain, 3Hookipa 
Pharma Inc, Vienna, Austria 
 
Human cancers are extraordinarily heterogeneous in terms of tumor antigen expression and immune 
infiltration and composition. A common feature, however, is the host´s inability to mount potent 
immune responses that prevent tumor growth effectively. Often, naturally primed CD8+ T cells 
against solid tumors lack adequate stimulation and efficient tumor tissue penetration due to an 
immune hostile tumor microenvironment. 
To address these shortcomings, we cloned tumor-associated antigens (TAA) and the immune-
stimulatory ligand 4-1BBL into the genome of modified vaccinia Ankara (MVA) for intratumoral 
virotherapy. 
Local treatment with MVA-TAA-4-1BBL resulted in control of established tumors. Upon intratumoral 
injection, MVA localized mainly to the tumor with minimal leakage to the tumor-draining lymph 
node. In situ infection by MVA-TAA-4-1BBL triggered profound changes in the tumor 
microenvironment, including the induction of multiple proinflammatory molecules and immunogenic 
cell death. These led to the re-activation and expansion of antigen-experienced, tumor-specific 
cytotoxic T cells that were essential for the therapeutic antitumor effect. Strikingly, we report the 
induction of a systemic antitumor immune response including tumor antigen spread by local MVA-
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TAA-4-1BBL treatment which controlled tumor growth at distant, untreated lesions and protected 
against local and systemic tumor rechallenge. In all cases, 4-1BBL adjuvanted MVA was superior to 
MVA. 
Hence, intratumoral 4-1BBL-armed MVA immunotherapy induced both, a profound re-activation and 
expansion of potent tumor-specific CD8+ T cells as well as favorable proinflammatory changes in the 
tumor microenvironment leading to elimination of tumors and protective immunological memory. 
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Neoantigen loaded dendritic cell vaccine induces potent and durable T cell responses in lung cancer 
patients 
J. Ingels1, L. De Cock1, R. Mayer1, s. De Smet2, K. Heyns2, N. Lootens2, M. Brusseel2, d. Stevens2, J. Van 
Dorpe2, F. Impens1, K. Vermaelen2, B. Menten1, B. Vandekerckhove1 
1University of Ghent, Ghent, Belgium, 2University Hospital Ghent, Ghent, Belgium 
 
To date, neoantigen vaccines have been mainly explored in melanoma, which represents a highly 
mutated cancer type. Besides melanoma, lung cancers also show a high mutational burden but only a 
limited number of studies have reported neoantigen vaccination in lung cancer. We developed a 
neoantigen-loaded dendritic cell (DC) vaccine which has been evaluated in 6 resected non-small cell 
lung cancer (NSCLC) patients to assess the safety and immunogenicity. For each patient, 4 to 6 
neoantigens were selected on the basis of DNA and RNA sequencing of the tumor and a healthy 
sample followed by HLA typing and in silicoprediction of HLA binding affinity by prediction 
algorithms. As HLA loss is a frequent event in NSCLC, loss of heterozygosity at the HLA locus was 
verified and predicted neoantigens binding to lost HLA alleles were eliminated. HLA binding of the 
neoantigens was evaluated in parallel by mass spectrometry (MS)-based immunopeptidomics 
analysis of the tumor. 
Selected neoantigens were encoded in a tandem minigene mRNA construct and loaded into 
autologous monocyte-derived DCs. Expression of the tandem protein in the DC was verified by 
shotgun proteomics and HLA binding of selected neoantigens was verified on autologous B cell lines 
by immunopeptidomics. The neoantigen-loaded DCs were administered in an intra-patient dose 
escalation scheme with doses ranging from 10x106 to 100x106cells. Neoantigen-directed T cell 
responses were monitored in peripheral blood at multiple time points and were extensively 
characterized for kinetics, quality, fine epitope specificity and wild-type cross-reactivity. 
The vaccine proved to be safe with no treatment-related serious adverse events observed. Vaccine-
induced responses were observed in 5 of 6 patients based on IFNγ expression. The responses in all 5 
patients showed unexpected kinetics: the peak of the responses were already reached after the 1st or 
2nd dose and declined thereafter, questioning the need of high DC doses to obtain sufficient T cell 
responses. The majority of the responses remained detectable 6 months after the last dose. One 
response was directed to a neoantigen which was confirmed to be present in the HLA groove in the 
tumor by immunopeptidomics and therefore constitutes a proven tumor-specific response. The 
CD8+ T cell responses were highly neoantigen specific as they only recognized the minimal predicted 
neoantigen sequence and discriminated the mutated neoantigens from their wild-type counterparts. 
Furthermore, the CD8+ T cells were highly cytotoxic towards neoantigen expressing target cells. 
These results demonstrate that the neoantigen loaded DC vaccine is safe and capable of inducing 
potent, tumor-specific and durable neoantigen-specific T cell responses in lung cancer patients. 
Furthermore, the results raise the question if high vaccine doses are needed to induce high-
magnitude T cell responses. 
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Modelling immune responses utilizing advanced machine learning technologies 
M. Lang1, N.L. Carranza2, M.S. Jedidi2, A. Sellami2, A.N. Okandan1, G. Reuber1, L. Bichmann1, I. 
Kizhvatov1, B. Djermani2, C. Peikert1, P. Pandey1, R. Hilker1, Y. Fu2, M. Skwark2, K. Beguir2, U. Sahin1,3,4 
1BioNTech SE, Mainz, Germany, 2InstaDeep Ltd., London, United Kingdom, 3TRON, Translational 
Oncology at the University Medical Center of the Johannes Gutenberg University Mainz gGmbH, 
Mainz, Germany, 4Research Center for Immunotherapy (FZI), University Medical Center at the 
Johannes Gutenberg University, Mainz, Germany 
 
Personalized therapeutic cancer treatment has been shown to be safe, feasible, and immunogenic. 
Neoantigen prediction for the identification of immunogenic targets for improvement of the efficacy 
of therapy is being continuously advanced. Inducing immune responses to tumor-specific antigens is 
challenging as the cellular immune response towards an antigen is a result of a complex machinery 
determined by factors such as antigen abundance, the processing and presentation of the antigenic 
peptide on major histocompatibility complex (MHC) molecules, as well as recognition by antigen-
specific 
T cells. Various prediction algorithms for MHC presentation, normally based on the sequences of the 
peptide and MHC allele information in the form of their identity or sequence, have been developed 
by training artificial neural networks and other machine learning models on MHC ligands. Newer 
algorithms show improved performance by using ligands derived from mass spectrometry which are 
not artificially loaded onto the MHC complex but are naturally generated and processed by the 
cellular machinery. The modelling is therefore more reflective of the naturally occurring cellular 
event. Here, we use this kind of information, features based on structural components of the 
peptide-MHC complex, as well as energy and accessibilities derived from simulated molecular 
binding models of the complex, to define the immune response to an antigen, plus additional 
biophysiochemical features and a large dataset collection of immune response data that enabled us 
to address additional critical determinants of T cell responses. With this approach, we were able to 
significantly improve the immune response prediction. 
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CCL22-based peptide vaccines induce anti-cancer immunity by modulating tumor 
microenvironment 
I. Lecoq1,2,3, K.L. Kopp1, M. Chapellier1, P. Mantas4, E. Martinenaite1,2, M. Perez-Penco2,3, L.R. Olsen4, 
M.-B. Zocca1, A. Wakatsuki Pedersen1, M.H. Andersen2,3 
1IO Biotech, Copenhagen, Denmark, 2National Center for Cancer Immune Therapy (CCIT-DK), Herlev, 
Denmark, 3University of Copenhagen, Copenhagen, Denmark, 4Technical University of Denmark, 
Copenhagen, Denmark 
 
CCL22 is a macrophage-derived chemokine that exerts immunosuppressive functions by recruiting 
regulatory 
T cells (Tregs) through the CCL22:CCR4 axis. CCL22 was shown to play a key role in suppressing anti-
cancer immune responses in different cancer types, including ovarian, breast, and pancreatic 
cancers. CCL22 is known to promote the suppression of anti-cancer immunity by recruiting Tregs. 
Recently, we showed that CCL22-specific T cells generated from patients with cancer could kill CCL22-
expressing tumor cells and directly influence the levels of CCL22in vitro. The present study aimed to 
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provide a rationale for developing a CCL22-targeting immunotherapy. 
CCL22-derived peptides that induced the activation and expansion of CCL22-specific T cells were 
identified by quantifying treatment-induced T cell responses (interferon-γ detection)ex vivo in BALB/c 
and C57BL/6 mouse tissues. Anti-tumor efficacy of the peptides was evaluated in mouse models 
engrafted with syngeneic CT26, 4T1, Pan02, and B16 cancer cells. The underlying mode of action was 
assessed by examinig tumor immune infiltration with multicolor flow cytometry, CCL22 expression 
with quantitative PCR, and changes in tumor gene expression with a mouse immune profiling panel. 
Vaccination with the CCL22 peptides induced CCL22-specific T-cell responses in both BALB/c and 
C57BL/6 mice, assessed by interferon-γ secretionex vivo. CT26, Pan02, and B16 tumor-bearing mice 
that were treated with the CCL22 peptides displayed reduced tumor growth and prolonged survival. 
Tumor gene expression assessments indicated that the treatment led to a reduction in CCL22 
expression in the tumor microenvironment and reduced the tumor expression of other immune-
suppressive molecules, such as hypoxia-inducible factor 1α. Furthermore, treated mice displayed 
changes in the cellular composition of immune cells that infiltrated the tumor microenvironment. In 
particular, the infiltration of CD8+ cells and M1 macrophages increased, which increased the 
CD8/Treg ratio and the M1/M2 macrophage ratio. 
This study provided preclinical evidence that targeting CCL22-expressing tumor cells and immune 
suppressor cells with CCL22 peptide vaccines modulated the immune milieu in the tumor 
microenvironment. This modulation led to an augmentation of anti-tumor responses. This study 
provided a rationale for developing a novel immunotherapeutic modality in cancer. 
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Identification and characterization of vaccine-induced neoepitope-specific T cell receptors in 
patients with IDH1-mutant glioma 
K. Lindner1,2, L. Bunse1,3, E.W. Green1, L.M. Milchsack1, C.L. Tan1, I. Poschke1,2, M. Platten1,3 
1German Cancer Research Center, CCU Neuroimmunology and Brain Tumor Immunology, Heidelberg, 
Germany, 2National Centre for Tumor Diseases (NCT), Immune Monitoring Unit, Heidelberg, 
Germany, 3Medical Faculty Mannheim, MCTN, University of Heidelberg, Department of Neurology, 
Mannheim, Germany 
 
About 80% of astrocytomas and oligodendrogliomas harbour the recurrent R132H point mutation in 
isocitrate dehydrogenase type 1 (IDH1). This neoantigen was shown to be presented on major 
histocompability complex II (MHC II) molecules and induces mutation-specific T helper cell responses. 
A first-in-human phase 1 clinical trial (NOA16) previously demonstrated safety and immunogenicity 
of an IDH1R132H long peptide vaccine. 
AMPLIFY-NEOVAC (NOA21) is a randomized phase 1 “window-of-opportunity” clinical trial to 
demonstrate safety, tolerability and intratumoral immunogenicity of a long IDH1R132H peptide 
vaccine in combination with the programmed death-ligand 1 (PD-L1) targeting immune checkpoint 
inhibitor Avelumab in patients with resectable recurrent IDH1R132H-mutated gliomas, allowing for 
the analysis of post-treatment tumor tissue in all patients. 
Using peptide-based expansion assays, 146 T-cell receptors (TCRs) were selected and cloned for 
testing their reactivity against mutant IDH1 from PBMC of NOA21 patients with varying human 
leucocyte antigen (HLA)-alleles. A total of 104 tested TCRs were reactive, allowing for deeper 
characterization of relevant TCRs and tracking of the anti-IDH1 immune response over time in blood, 
but also within tissue collected before and after vaccination. Intratumoral vaccination-induced T-cell 
responses were phenotyped using single-cell sequencing of tumor-infiltrating lymphocytes (TILs). 
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HLA-restrictions as well as CDR3 motifs of reactive TCRs were analysed. 
Identification of IDH1-reactive TCRs and analysis of their HLA-restriction may be used to build a TCR 
warehouse to offer patients with IDH1-mutant gliomas off the shelf adaptive T-cell therapies. 
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Immune response to the adjuvant XS15, a novel toll-like receptor 1/2 agonist, and its association 
with patient outcome 
A. Maia1, S. Krost1, J. Walz1,2,3, H.-G. Rammensee1,3,4, C. Gouttefangeas1,3,4 
1Institute for Cell Biology, Immunology, University of Tübingen, Germany, 2German Cancer 
Consortium (DKTK), Clinical Collaboration Unit Translational Immunology, University Hospital 
Tübingen, Germany, 3Cluster of Excellence iFIT (EXC2180), Image-Guided and Functionally Instructed 
Tumor Therapies, University of Tübingen, Germany, 4German Cancer Consortium (DKTK) and German 
Cancer Research Center (DKFZ) partner site, University of Tübingen, Germany 
 
In recent years, immune-based therapies have gained importance in the treatment of several tumour 
types. One of these therapies is therapeutic vaccination, where vaccines are used to elicit antigen-
specific responses of T-cells against tumour cells. Strong and efficient adjuvants are crucial for the 
activation of antigen-presenting cells (APCs) and for the development of vaccines with clinical 
significance. To this end, a new toll-like receptor (TLR) 1/2 ligand named XS15 has been developed 
and is currently being tested in clinical trials. The aim of this project was to evaluate the cytokine 
profiles of patients´ blood immune cells in response to stimulation with the newly developed 
adjuvant. Ultimately, this data will be used for correlation analyses between the produced cytokines, 
local side effects after subcutaneous application, immune responses to the vaccine peptides as well 
as clinical outcome in order to develop a predictive signature. 
Blood from healthy donors (HD) (n=7) and cancer patients (n=14) prior to vaccination was collected 
and stimulated for 24 hours with the newly developed adjuvant (XS15). Serum free media (SFM), LPS 
and Pam3Cys were used for comparison. Cytokine concentration in plasma was evaluated using a 
multiplexed bead assay (Legendplex from BioLegend). Briefly, cytokine-coated beads with different 
sizes and fluorescence intensities were incubated with the stimulated plasma and used for the 
quantification of cytokine concentrations by flow cytometry. 
Cellular responses for nine (IL-1ß, IFN-γ, TNF-α, IL-6, IL-8, IL-10, MCP-1, RANTES and MIP-1ß) different 
cytokines were assessed. Intensity of cytokine production was highly variable between HDs as well as 
patients. Stimulation with Pam3Cys and XS15, both TLR1/2 agonists, resulted in similar cytokine 
production with MCP-1, IL-8 and RANTES having the highest induction in both cohorts. Interestingly, 
the development of pronounced local skin reactions at the vaccination site was mainly observed in 
patients where IFN-γ production was detected after stimulation with XS15. 
Together, our data demonstrates the feasibility of using Legendplex for the measurement of cytokine 
concentrations after stimulation of whole blood with vaccine adjuvants. Despite the limited number 
of patients analysed, we have so far identified IFN-γ as a potential marker whose expression 
positively correlates with strong local reactions after vaccination. Further investigation is ongoing to 
determine whether the cytokine response associates with the patient response to the vaccine 
namely the development of antigen-specific T cells as well as clinical outcome. 
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Modulating tumor microenvironment with arginase-1 specific T cells 
E. Martinenaite1,2, M. Aaboe Jørgensen2, I. Lecoq Molinos1,2, R.E. Johansson Mortensen2, S. Munir 
Ahmad2, J. Handlos Grauslund2, S.E. Weis-Banke2, M. Orebo Holmström2, A. Wakatsuki Pedersen1, Ö. 
Met2, I.M. Svane2, M. Hald Andersen2 
1IO Biotech, Copenhagen, Denmark, 2National Center for Cancer Immune Therapy, Department of 
Oncology, Copenhagen University Hospital, Herlev, Denmark 
 
IO112 is an immune modulatory cancer therapy under preclinical development to target arginase-1-
expresing tumor cells and immune inhibitory myeloid cells, such as myeloid derived suppressor cells 
(MDSCs), and tumor associated macrophages (TAMs). Arginase-1 acts as a metabolic immune 
regulator at the tumor site by reducing availability of L-arginine to the infiltrating immune cells thus 
reducing T cell functionality and proliferation. Previously, we demonstrated that IO112 triggers 
activation of spontaneous CD4+ and CD8+ T-cell responses against arginase-1, found in both cancer 
patients and healthy individuals (Martinenaite et al, 2018, DOI: 10.1080/2162402X.2017.1404215). 
These T cells are present in the memory T cell compartment, and are activated in arginase-1 inducing 
conditions, such as presence of TH2 cytokines IL-4 or IL-13 in vitro (Martinenaite et al, 2019, DOI: 
10.1038/s41423-019-0231-3 and DOI: 10.1007/s00262-019-02425-6). In the present study we aimed 
to explore the role of arginase-1-specific T cells as immune modulators in immune homeostasis and 
tumor microenvironment for the development of IO112 immunomodulatory therapy. 
We show that arginase-1-specific memory T cells specifically recognize arginase-1 expressing cells, 
such as mRNA transfected autologous dendritic cells (DCs) and B cells as well as M2 polarized 
macrophages in vitro.In addition, activated arginase-1-specific T cells produce pro-inflammatory 
cytokines IFNγ and TNFα. Secretion of TH1 cytokines by these T cells suggests that they may act as 
potent immune modulators in the tumor microenvironment, since many arginase-1 expressing 
myeloid cells are not terminally differentiated and they can be re-polarized to an 
immunostimulatory, M1-like phenotype. We also observed that targeting of M2-polarized arginase-1 
expressing monocytic leukemia cell line THP-1 with arginase-1-specific CD4+ T cells induces 
upregulation of PD-L1 on the THP-1 cells. Furthermore, we demonstrate anti-tumor activity of IO112 
in syngeneic mouse tumor models (B16 and MC38), both as monotherapy and in combination with 
anti-PD-1 treatment. The therapeutic effect was associated with increased immune infiltration in the 
IO112-treated mice compared to the control. Furthermore, we demonstrate that arginase-1 specific 
T cells can influence the polarization of arginase-1-expressing immune cells in vitro and ex vivo. Our 
study provides evidence that IO112 immune therapy against arginase-1 is an attractive way of 
modulating the immune suppressive tumor microenvironment for therapeutic benefit. With this 
rationale, we are currently undertaking IND enabling studies to explore this approach in a clinical 
setting. 
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PANDORA: a fast, anchor-restrained 3D-modelling protocol for peptide-MHC complexes 
D.F. Marzella1, F.M. Parizi1,2, D. Van Tilborg1,3, N. Renaud4, D.T. Rademaker1, D. Sybrandi5, R. Buzatu1, 
L.C Xue1 
1Radboud University Medical Center, Center for Molecular and Biomolecular Informatics, Nijmegen, 
Netherlands, 2University of Tehran, Institute of Biochemistry and Biophysics, Teheran, Iran, Islamic 
Republic of, 3Eindhoven University of Technology, Dept. Biomedical Engineering, Eindhoven, 
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Netherlands, 4Netherlands eScience Center, Amsterdam, Netherlands, 5Utrecht University, Bijvoet 
Centre for Biomolecular Research, Faculty of Science - Chemistry, Utrecht, Netherlands 
 
Here, we present a fast, flexible and robust peptide-MHC (pMHC) 3D-modelling pipeline to generate 
high-quality data for further deep-learning-based, personalized cancer vaccine design. 3D structures 
of pMHC complexes provide fundamental insight into the T-cell recognition mechanism and can aid 
immunotherapy design. Unfortunately, only a small number of these structures has been 
experimentally resolved compared to the high variability of MHC alleles and their bound peptides, 
making it challenging to develop large-scale structure-based approaches. For this reason, we 
developed PANDORA, a MODELLER-based, 3D-modelling package suited for both pMHC class I and II. 
Given a query peptide and MHC allele, PANDORA searches for structural templates in its extensive 
database, builds a homology model of the MHC complex and performs loop modelling of the peptide 
while applying anchor restraints to it. This simple and effective restrained energy minimization 
ensures the fastest and most accurate comprehensive pMHC-I and -II modelling pipeline in the field. 
We have evaluated PANDORA’s performance in terms of Ligand Root-Mean-Square Deviation (L-
RMSD) with respect to the available X-ray structures, computational time and capability to model 
non-canonical cases (e.g. peptides using non-canonical anchor positions to bind to MHC). This 
evaluation was performed in cross-validation leave-one-out benchmarks, employing the two largest 
datasets (MHC-I and MHC-II) used to date, and compared to the results obtained with state-of-the-
art methods. 
The data we have used as both template and cross-validation sets in PANDORA’s evaluation is 
composed of 835 pMHC-I complexes including 78 MHC types and 129 pMHC-II complexes including 
76 MHC types. 
For pMHC-I, PANDORA generated models with a median L-RMSD of 0.70 Å and achieved a 93% 
success rate in the top 10 models ranked with molpdf (MODELLER’s internal scoring function). Our 
protocol performs competitively with three pMHC-I modelling approaches and outperforms 
AlphaFold in terms of accuracy while being superior to all in speed. For pMHC-II, PANDORA 
generated models with a median L-RMSD of 1.08 Å, outperforming the State of The Art in terms of 
accuracy and computational time. PANDORA is a modularized and configurable python package with 
a user-friendly installation. It allows researchers to perform either fine-tuned modelling of a small 
number of peptides of interest, or large-scale pMHC modelling. These high-quality pMHC 3D-models 
are crucial to fuel deep learning algorithms to tackle immunotherapy challenges like automatized, 
reliable and low-cost personalized cancer vaccine design. PANDORA’s open-source code is freely 
available for academic use at https://github.com/X-lab-3D/PANDORA. 
 
 
 
27 
 
Targeted nanovaccine as a powerfull platform to improve immune modulation and checkpoint 
therapies in colorectal cancer 
A.I. Matos1,2, C. Peres1,2, L.I.F. Moura1, B. Carreira1, A.S. Viana3, L. Graça2, R. Satchi-Fainaro4, H.F. 
Florindo1 
1iMed. ULisboa (Research Institute for Medicines), Faculty of Pharmacy, University of Lisbon, Lisboa, 
Portugal, 2Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Lisboa, 
Portugal, 3Center of Structural Chemistry, Faculty of Sciences, University of Lisbon, Lisboa, 
Portugal, 4Tel Aviv University, Department of Physiology and Pharmacology, Sackler Faculty of 
Medicine, Tel Aviv, Israel 
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Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the fourth cause of cancer 
death worldwide. This work is focused on the development of a multifunctional CRC immunotherapy 
based on a nanoplatform rationally designed to deliver combinations of neoantigens and immune 
regulators to modulate host immunity against CRC. 
Poly(lactic-co-glycolic) (PLGA) nanoparticles (NP) prepared by the double emulsion solvent 
evaporation method, were modified with: 1) mannose to target CD206 at dendritic cells (DC) and 2) a 
peptide motif to target αvβ3receptors at tumor cells. NP physico-chemical properties were 
characterized and the loading of CRC neoantigens, adjuvants, immune modulator was quantified by 
fluorescence. The immunotherapeutic potential of our multifunctional nanovaccine, isolated and in 
combination with immune modulators and/or a tumor-associated macrophages (TAM) inhibitor, was 
assessed in the immune-competent MC38 CRC mouse model. The added value of combining an 
immune checkpoint inhibitor was also evaluated. 
NP presented a mean diameter close to 200 nm, low polydispersity index, neutral surface charge, 
spherical shape, and high loadings for neoantigens, adjuvants, and immune modulators. A 
noteworthy tumor remission with the modulation of immune subsets within tumor 
microenvironment (TME) was observed in MC38-bearing mice treated with the double or triple 
combination therapies including the nanovaccine, the TME-targeted NP, and/or the TAM inhibitor. 
Our nanovaccine in combination with TAM inhibitor also sensitized CRC to immune checkpoint 
therapy, significantly delaying tumor burden. 
This innovative approach discloses the synergy among the targeted nanovaccine and immune 
modulatory and checkpoint therapies within TME, which overall outcome may constitute a real hope 
for patients with metastatic CRC disease. 
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Long-term memory T cells as preventive anticancer immunity elicited by TuA-derived heteroclitic 
peptides 
A. Mauriello1, B. Cavalluzzo1, C. Manolio1, C. Ragone1, A. Luciano2, A. Barbieri2, M.L. Tornesello3, F.M 
Buonaguro3, M. Tagliamonte1, L. Buonaguro1 
1National Cancer Institute 'PASCALE', Innovative Immunological Models LAB, Napoli, Italy, 2National 
Cancer Institute 'PASCALE', Animal Facility, Napoli, Italy, 3National Cancer Institute 'PASCALE', 
Molecular Biology and Viralo Oncology LAB, Napoli, Italy 
 
The host’s immune system may be primed against antigens during the lifetime (e.g. microorganisms 
antigens - MoAs), and swiftly recalled upon growth of a tumor expressing antigens similar in 
sequence and structure. 
C57BL/6 mice were immunized in a preventive setting with tumor antigens (TuAs) or corresponding 
heteroclitic peptides specific for TC-1 and B16 cell lines. Immediately or 2-months after the end of 
the vaccination protocol, animals were implanted with cell lines. The specific anti-vaccine immune 
response as well as tumor growth were regularly evaluated for 2 months post-implantation. 
The preventive vaccination with TuA or their heteroclitic peptides (hPep) was able to delay (B16) or 
completely suppress (TC-1) tumor growth when cancer cells were implanted immediately after the 
end of the vaccination. More importantly, TC-1 tumor growth was significantly delayed, and 
suppressed in 6/8 animals, also when cells were implanted 2-months after the end of the 
vaccination. The vaccine-specific T cell response provided a strong immune correlate to the pattern 
of tumor growth. 
A preventive immunization with heteroclitic peptides resembling a TuA is able to strongly delay or 
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even suppress tumor growth in a mouse model. More importantly, the same effect is observed also 
when tumor cells are implanted 2 months after the end of vaccination, which corresponds to 8 – 10 
years in human life. The observed potent tumor control indicates that a memory T cell immunity 
elicited during the lifetime by a antigens similar to a TuA, i.e. viral antigens, may ultimately represent 
a great advantage for cancer patients and may lead to a novel preventive anti-cancer vaccine 
strategy (Mauriello et al., J Transl Med. 2021 Dec 24;19(1):526. doi: 10.1186/s12967-021-03194-6) 
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Biological effects of systemically administered Toll Like Receptors 7/8 agonist and antigen-
conjugated nanogels on immune cell populations in the liver and in the spleen 
C. Medina-Montano1, J. Stickdorn2, M. Haist1, M. Bros1, S. Grabbe1, L. Nuhn2 
1University Medical Center Mainz, Department of Dermatology, Mainz, Germany, 2Max Planck 
Institute for Polymer Research, Department of Synthesis of Macromolecules, Mainz, Germany 
 
Therapeutic vaccination against tumor antigens is of great interest regarding the variety of tumor 
types and individual immune condition for each patient. Vaccines for tumor therapy need to 
comprise tumor antigen, adjuvant and need to ensure passive or active targeting of antigen 
presenting cells in order to elicit tumor-specific adaptive immune responses. Different strategies, 
ranging from delivering antigen- encoding mRNAs to peptides or full antigens require immune-
boosting adjuvants as well as carrier platforms to ensure cell type-specific uptake. 
Here, we introduce a pH-responsive nanogel platform intended for antitumor vaccinations. The 
underlying chemical design allows for straightforward covalent attachment of an antigen as 
exemplified in this study for the model antigen (Ovalbumin) and an immune adjuvant 
(Imidazoquinoline-type Toll Like Receptors 7/8 agonist) onto the same nanocarrier system. 
It is known that this type of small-molecule Toll Like Receptors (TLR) agonists when applied in soluble 
form cause systemic systemic inflammation leading to severe side effects. We hypothesized that 
particulate application of the TLR7/8 agonist may largely prevent unwanted systemic inflammation. 
Here, we asessed the outcome of in vivo application of fluorescence-labeled polymeric nanocarrier 
conjugated with the aforementioned TLR7/8 agonist, including biodistribution analysis of this 
nanocarrier by in vivo imaging and flow cytometry of organ-derived single cell suspensions, detection 
of liver damage markers and cytokines in serum and histopathologic studies of various organs for in 
depth analysis of potential cytotoxic effects. 
We observed that polymeric nanocarriers when conjugated with TLR7/8 agonists accumulated in the 
liver and in the kidneys. Cytometric analysis of liver and spleen immune cell types confirmed uptake 
of nanocarriers into various antigen-presenting immune cell subpopulations at varying extent. 
Interestingly, co-delivery of Imidazoquinoline-functionalized particles with Ovalbumin-protein 
worked best for the covalent conjugate in most of these immune cell types. We also monitored the 
cytokine profile of mice 4 - 24 hours after intravenous injection and observed the highest levels of 
the pro-inflammatory cytokines TNF-α and INF-γ in case of application of the Dual-antigen/adjuvant 
loaded nanogel nanoparticle (Ovalbumin+Imidazoquinoline). Prompted by the strong accumulation 
of the nanogels in the liver, we assessed liver enzyme parameters in the blood but could not observe 
any differences. Moreover, histopathological analyses by hematoxylin−eosin staining of liver, spleen, 
kidney, heart, and lung tissue showed no histological anomalies after intravenous injection of the 
nanovaccine. 
Altogether, these findings shown the versality of opportunities and advantages of our nanogels. We 
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consider this nanocarrier platform as promising for the development of highly customized and potent 
nanovaccines. 
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Effects of hypoxia on antigen presentation and T cell-based immune recognition of HPV16-
transformed cells 
N. Mohan1,2,3, K. Öhlenschläger1,3,2, C. Özerdem1,3, N. Veits1,3, J. Förster1,2,3, S. Foehr1,2, M. Bonsack1,2, 
A.B. Riemer1,2 
1German Cancer Research Center (DKFZ), Immunotherapy & Immunoprevention, Heidelberg, 
Germany, 2German Center for Infection Research (DZIF), Molecular Vaccine Design, partner site 
Heidelberg, Germany, 3Heidelberg University, Faculty of Biosciences, Heidelberg, Germany 
 
Persistent infections with high-risk human papillomaviruses (HPVs), like HPV16 and HPV18, cause 
cervical cancer, as well as other anogenital and oropharyngeal cancers. Since the viral infection 
introduces foreign antigens into the cell, malignancies caused by HPV infections are ideal model 
systems for therapeutic vaccination. However, attempts to develop a therapeutic vaccine against 
HPV-induced malignancies have not been clinically successful to date. One reason for this may be the 
hypoxic microenvironment present in most tumors, including cervical cancer. 
Recent studies demonstrated that hypoxia dysregulates the levels of human leukocyte antigen (HLA) 
class I molecules in different tumor entities, impacts function of cytotoxic 
T cells, and leads to decreased protein levels of the HPV oncoproteins E6 and E7 in HPV-transformed 
cells. Therefore, we investigated the effect of hypoxia on the presentation of HPV16 E6- and E7-
derived epitopes in cervical cancer cell lines and its effect on epitope-specific T cell cytotoxicity. 
In line with data published by other groups, hypoxia induced downregulation of HPV oncoprotein 
levels in our set of HPV16 infected cell lines, as assessed by Western blotting. However, contrary to 
previous reports, no perturbation of antigen presentation machinery (APM) components upon 
hypoxia treatment was detected by label free quantification (LFQ) mass spectrometry. This was 
supported by flow cytometry analysis demonstrating that hypoxic conditions did not influence HLA-
A2 surface expression in our panel of cell lines. When assessing the effect of hypoxia on HPV-specific 
T cell cytotoxicity, differential results were observed. Increased or decreased as well as unchanged 
cytotoxicity against HPV16+ CaSki cells was seen in a peptide- and donor-specific manner compared 
to normoxic conditions. Our cytotoxicity data is based on only one cervical cancer target cell line, 
thus the observed effect must be caused by the T cells rather than the tumor cells acting 
differentially under hypoxia. Possible effects of hypoxia on the expression of PD-L1 on the 
HPV16+ target cells were ruled out by flow cytometry analysis. 
Altogether, our results suggest an intact APM, and functional T cell-based cytotoxicity in hypoxic 
conditions, despite the decreased expression of E6 and E7 in HPV-infected cells. Therefore we 
conclude that a hypoxic tumor microenvironment would not influence the success of a therapeutic 
vaccination, especially if combined with hypoxia-alleviating measures. 
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An agonistic CD40 bispecific antibody designed for flexible synthetic peptide-cargo delivery 
through an affinity interaction, a way to ensure optimal T cell activation 
I. Olsson1,2, M. Eltahir1,2, A. Mebrahtu3,2, R. Veerman2, M. Lord1,2, J. Astorga4, A. Saleh1, J. Ytterberg1, 
A. Lindqvist1, L. Dahllund5, A. Olsson5, O. Andersson5, J. Persson3,2, G. Aniander3,2, J. Rockberg3,2, H. 
Persson5,6, S. Mangsbo1,2 
1Uppsala University, Department of Pharmacy, Uppsala, Sweden, 2Strike Pharma AB, Uppsala, 
Sweden, 3KTH Royal Institute of Technology, Department of Protein Science, Stockholm, 
Sweden, 4Karolinska Institute, Department of Medical Biochemistry and Biophysics, Stockholm, 
Sweden, 5Science for Life Laboratory, Drug Discovery and Development, Stockholm, Sweden, 6KTH 
Royal Institute of Technology, Biotechnology and Health, Stockholm, Sweden 
 
For efficient tumor recognition, CD8 T cells rely on antigen presentation by antigen presenting cells 
(APCs). Agonistic CD40 antibodies target the APCs and mimic the CD40-CD40L interaction between T 
helper cells and the APC, leading to increased activation and antigen presentation. However, 
monotherapy of agonistic CD40 antibodies have failed to generate clinical improvements, which 
could depend on the lack of tumor antigens at the site of the CD40-targeting antibody stimulation. 
Therefore, we have developed a novel antibody based drug delivery platform further named 
Antibody Drug Affinity Conjugates (ADAC) based on a bispecific fusion protein. Herein, a CD40 
antibody is designed to deliver antigen related peptide cargo to APCs through a high affinity 
interaction between single chain variable fragments, fused recombinantly to the parental antibody, 
and a static peptide stretch called the pTag. 
The ADAC strategy facilitates a flexible drug design, bypassing the chemical conjugation utilized with 
traditional antibody drug conjugates (ADCs) and related developability issues. With the use of model 
antigens, we show that the ADAC technology prolongs the half-life of cargo peptides with poor 
stability by ~20 fold in vitro, subsequently translated into efficient CD4 and CD8 T cell expansion in 
vitro. In addition to a 3-fold increase of CD8 T cells proliferation in vivo as compared to uncoupled 
peptide mixed with the parental antibody anti-CD40 antibody. These findings illustrate that the ADAC 
technology ensures peptide delivery and activation to the same APC for optimal T cell activation and 
expansion in vivo, making the CD40 induced efficacy independent of local antigen shedding from the 
tumor. Further, we have developed a novel anti-CD40 antibody clone through phage-display, herein 
named STRIKE-1001, with high agonistic activity on human APCs with a binding affinity of 5.1 nM. The 
binding epitope has been identified through HDX-MS and does not compete out CD40L binding. The 
selected antibody clone has been adapted to the bispecific format with developability characteristics 
on par with the parental antibody, including minimal aggregation post purification (>97 % 
monomeric population), high thermostability with a Tm of 75.1 °C and on-set of aggregation in a 
temperature ramping trial was observed at 74.9 °C. Further, the bispecific retained agonistic activity 
on human dendritic cells and improves CD4 T cell proliferation in vitro. The STRIKE-1001 clone will be 
further evaluated in its bispecific format to improve specific tumor targeting T cell activation utilizing 
the ADAC platform by tailored neoantigen delivery for individualized cancer vaccine strategy in the 
clinic. 
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This abstract has been withdrawn. 
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Targeting the immunosuppressive tumor microenvironment in a murine tumor model of pancreatic 
cancer using a TGF-β-derived peptide immune modulatory vaccine 
M. Perez-Penco1, M. Linder Hübbe1, S.E. Weis-Banke1, M. Aaboe Jørgensen1, I. Lecoq2, S. Kloch 
Bendtsen1, L. Grøntved3, M. Hald Andersen1 
1National Center for Cancer Immune Therapy (CCIT-DK), Department of Oncology, Copenhagen 
University Herlev Hospital, Herlev, Denmark, 2IO Biotech ApS, Copenhagen, Denmark, 3University of 
Southern Denmark, Department of Biochemistry and Molecular Biology, Odense, Denmark 
 
Pancreatic ductal adenocarcinoma (PDAC) is associated with a low survival rate due to several 
factors, including limited therapeutic options, which results in PDAC being the third leading cause of 
all cancer-related deaths. The tumor microenvironment (TME) in PDAC is especially 
immunosuppressive, which could explain the limited therapeutic effect of immunotherapy in this 
type of cancer. One of the key molecules that contributes to immunosuppression is transforming 
growth factor-β (TGF-β). The aim of this study is to target the immunosuppressive TME in PDAC using 
a novel immune modulatory cancer vaccine with TGF-β-derived peptides in a murine model of PDAC. 
C57BL/6 mice were subcutaneously inoculated with 0.5 million Pan02 cells (PDAC cell line). Tumor 
volume was measured using a digital caliper. Mice were treated with TGF-β-derived peptides (MHC-I 
and MHC-II-restricted) adjuvanted with Montanide ISA 51VG on day 10 and 17 post-inoculation. The 
presence of treatment-induced TGF-β-specific T cells was assessed by ELISPOT. Changes in the 
immune infiltration and gene expression profile in tumor samples were characterized by flow 
cytometry, RT-qPCR and RNA sequencing. Treatment with immunogenic MHC-I and -II-restricted TGF-
β-derived peptides significantly suppressed tumor growth in Pan02 tumor-bearing mice. Flow 
cytometric and gene expression analyses of Pan02 tumors revealed that TGF-β-derived-peptide 
vaccine significantly increased the ratio of intratumoral M1 to M2 macrophages, reduced the 
expression of cancer-associated fibroblast (CAF)-related genes and increased the expression of genes 
involved in lymphoid activation and antigen presentation. This study demonstrates the anti-tumor 
activity of TGF-β-derived peptide vaccination in a murine tumor model of pancreatic cancer (Pan02). 
Our data suggest that TGF-β-derived peptide therapy targets immunosuppression in the TME by 
polarizing its cellular and molecular composition towards a more pro-inflammatory phenotype. Our 
findings support the feasibility and potential of TGF-β-derived peptide vaccination as a novel 
immunotherapeutic approach to target immunosuppression in the TME. 
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IVAC-ALL-1: analysis of a completed phase I/II clinical trial on personalized peptide vaccination 
based on patient-individual tumor-specific variants in relapsed pediatric acute lymphoblastic 
leukemia 
A. Rabsteyn1,2, C. Mohr3, J. Matthes4, O. Witt5, R. Meisel6, C. Chen-Santel7, T. Feuchtinger8, C. 
Schröder4, N. Casadei4, M. Denk9,2, C. Seitz1, A. von Stackelberg7, J. Schulte7, T. Milde5, S. Stevanovic9,2, 
O. Rieß4, O. Kohlbacher3, H.-G. Rammensee9,2, S. Pfister5, R. Handgretinger1, P. Lang1,2 
1University Children's Hospital Tübingen, Department of General Paediatrics, Oncology/Haematology, 
Tübingen, Germany, 2German Cancer Consortium (DKTK) and German Cancer Research Center 
(DKFZ), Partner Site Tübingen, Tübingen, Germany, 3Institute for Applied Bioinformatics, University of 
Tübingen, Tübingen, Germany, 4Institute of Medical Genetics and Applied Genomics, University of 
Tübingen, Tübingen, Germany, 5Heidelberg University Hospital, Department of Pediatric Hematology 
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and Oncology, Heidelberg, Germany, 6Clinic for Pediatric Oncology, Hematology and Clinical 
Immunology, Heinrich-Heine-University Düsseldorf, Division of Pediatric Stem Cell Therapy, 
Düsseldorf, Germany, 7Charité University Medicine Berlin, Pediatric Oncology and Hematology, 
Berlin, Germany, 8Dr. von Hauner’sches Children's Hospital, LMU Munich, Department of Pediatrics, 
München, Germany, 9Institute for Cell Biology, University of Tübingen, Department of Immunology, 
Tübingen, Germany 
 
Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy. Although standard 
treatment cures most patients, about 20% of patients develop a disease relapse. Patients with 
recurrent disease have a dismal prognosis and limited treatment options. Prevention of relapse after 
first-line chemotherapy or stem cell transplantation is therefore an urgent clinical need. We 
established a platform for the design of patient-individual peptide vaccination cocktails by 
combination of whole exome sequencing of tumor and normal tissue within silicoepitope prediction 
algorithms. We started clinical translation of this approach in a phase I/II clinical trial in 2016 
(NCT03559413). Besides feasibility and toxicity assessments, we aimed to assess the capability of the 
peptide vaccination to induce neoantigen-specific T cell responses. The rationale for this approach 
was targeting of residual tumor cells after salvage therapy by tumor-specific T cells to prevent 
leukemic relapses. 
Nonsynonymous mutations are identified by a comparative bioinformatic pipeline using whole 
exome and transcriptome sequencing of patient leukemic blasts and healthy reference tissue. HLA 
binding peptides harboring altered amino acids are subsequently predictedin silico by algorithms 
SYFPEITHI, NetMHC and NetMHCpan. Vaccine cocktails consisting of 3-5 individual peptides and a 
control wildtype peptide derived from the antigen Survivin were produced and formulated under 
GMP conditions. The vaccination schedule was 16 vaccinations over 33 weeks using GM-CSF and 
Imiquimod as adjuvants. Response to the vaccination was monitored by detection of vaccine-induced 
neoantigen-specific T cells in peripheral blood of patients. 
In total, 28 patients were recruited to the trial, whole exome sequencing was completed for 24 
patients. The median of mutations per patient detected on DNA level was 29.5. Based on these data, 
a median of 38 HLA binders derived from neoantigens could be predicted per patient. On average, 
about one third (34.1%) of the neoantigens had confirmed expression by RNA sequencing. In all cases 
cocktail design was feasible despite the low mutational profile of this malignancy. 15 patients were 
vaccinated, as planned in the trial design. The vaccine was generally well tolerated and only mild side 
effects were observed. Immune monitoring revealed sustained T cell responses against vaccinated 
peptides in 14/15 evaluated patients. Peptide-specific T cell responses were of CD4+ and CD8+ 
subtype. 14/15 patients of the vaccination cohort are still alive and only two of these suffered a 
disease relapse. 
Concluding, whole exome sequencing of pediatric ALL yields small amounts of expressed, tumor-
specific mutations that are sufficient to predict HLA-binding peptides which can be used to formulate 
individualized peptide vaccine cocktails under GMP conditions. Vaccination with such peptide 
cocktails is able to induce de novo T cell responses against neoantigens in patients. 
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Gemcitabine-mediated depletion of immunosuppressive dendritic cells enhances the efficacy of 
therapeutic vaccination 
D. Repáraz1,2,3, M. Ruiz1,2,3, L. Silva1,2,3, B. Aparicio1,2,3, J. Egea1,2,3, E. Guruceaga1,3, D. Ajona1,3,4,5, Y. 
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Senent1,3,4, E. Conde1,3, F. Navarro1, S. Barace1,2,3, D. Alignani1,3, S. Hervás-Stubbs1,3, J.J. Lasarte1,3, D. 
Llopiz1,2,3, P. Sarobe1,2,3 
1Centro de Investigación Médica Aplicada (CIMA), Universidad de Navarra, Immunology and 
Immunotherapy, Pamplona, Spain, 2CIBEREHD, Pamplona, Spain, 3IdiSNA, Instituto de Investigación 
Sanitaria de Navarra, Pamplona, Spain, 4Department of Biochemistry and Genetics, School of 
Sciences, University of Navarra, Pamplona, Spain, 5CIBERONC, Madrid, Spain 
 
Vaccination with optimized strategies may increase response rates to anti-PD-1-based therapies in 
some tumors. With this goal, we analyzed the gene expression profile of an immunosuppressive 
dendritic cell (iDC) population induced during vaccination to identify druggable inhibitory 
mechanisms and enhance thus vaccine potency. RNAseq studies were performed to identify factors 
associated with iDC. Depletion experiments with gemcitabine combined with vaccines and anti-PD-1 
administration were used to identify key elements for vaccine immunogenicity and antitumor 
efficacy in LLC-OVA and B16-OVA tumors. Potentially targetable genes were identified, but their 
inhibition did not yield improved vaccines. However, we proved that iDC had a monocytic origin, 
suggesting that monocyte depletion would enhance vaccine immunogenicity. Thus, gemcitabine 
administration reduced the generation of iDC and increased vaccine-induced immunity, which 
rejected about 20% tumors in LLC-OVA and B16-OVA models, poor responders to PD-1 blockade. This 
superior efficacy was associated with a higher antitumor T cell infiltration and overexpression of PD-
1/PD-L1, suggesting the possibility of combining it with anti-PD1 treatment. Indeed, addition of 
vaccine + gemcitabine to anti-PD-1 was superior to anti-PD-1 monotherapy in both models. B16-OVA 
tumors benefited from a synergistic effect, reaching 75% tumor rejection, but the higher levels in 
LLC-OVA tumors of exhausted T cells co-expressing PD-1, LAG3 and TIM3 suggested that despite the 
immune enhancing effect of the vaccine + gemcitabine combination, blockade of these additional 
inhibitory receptors would be required to achieve higher tumor rejection. Our results indicate that 
gemcitabine, along with its known chemotherapeutic and immunomodulatory effects, targets 
vaccine-induced iDC, representing a suitable combinatorial partner with vaccines aimed at enhancing 
PD-1 based therapies. 
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Development of a VSV-based therapeutic HPV16 vaccine 
L. Riepler1, L.-S. Frommelt1, S. Wilmschen1, W. Mbuya1, K. Held2, C. Geldmacher2, D. von Laer1, J. 
Kimpel1 
1Medical University Innsbruck, Institute of Virology, Innsbruck, Austria, 2University Hospital, LMU 
Munich, Division of Infectious Diseases and Tropical Medicine, Munich, Germany 
 
More than 95% of cervical cancer biopsies contain human papilloma virus (HPV) genomes. Despite a 
prophylactic vaccination is available, approximately 75% of women worldwide are affected by HPV 
infections. These unimmunized women are at risk of developing cancer if the immune system fails to 
clear the infection. Therefore, we aim to develop a VSV-GP-based therapeutic vaccine that targets 
persistently infected cells prior to their malignant conversion or even already transformed cells. VSV-
GP, a chimeric vesicular stomatitis virus (VSV) variant with an exchanged glycoprotein G by the 
glycoprotein GP of the lymphocytic choriomeningitis virus, is a promising vector vaccine candidate. It 
represents a potent alternative to live-attenuated vaccines and the induced immunity is assumed to 
be equally long lasting. We previously showed that VSV-GP is a potent vaccine vector and induces 
high antibody and cytotoxic T cell responses against the model antigen ovalbumin or antigens from 
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viruses such as HIV or RSV, which were boosted by repeated immunizations in vivo. VSV-GP displays a 
range of positive features like no pre-existing immunity in humans, a reduced induction of vector-
neutralizing antibodies, thus enabling homologous boosting and a favourable safety profile. Another 
advantage is that VSV-GP replicates in the cytoplasm, thus an integration into the genome is unlikely. 
We generated VSV-GP constructs expressing HPV16 vaccine antigen cassettes. The aim was to induce 
strong HPV-specific T cell responses to help eliminating persistent HPV infections. All vector 
constructs demonstrated strong expression of the HPV vaccine antigen cassette in infected cells in 
vitroand induced HPV-specific T cell responses upon immunization of mice. Immunized mice were 
protected from subsequent subcutaneous challenge with HPV16-expressing TC-1 tumor cells. More 
importantly, immunization with VSV-GP-HPV vectors also led to a regression of already established 
subcutaneous TC-1 tumors in mice. However, tumors relapsed after some weeks, an issue we are 
currently addressing. In our studies, we showed that VSV-GP-HPV constructs are potent candidates 
as therapeutic HPV vaccines. 
This research project was supported by the “Austrian Cancer Aid”. 
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Multicomponent adjuvantation of antigen-based nanocapsules using site-directed click chemistry 
crosslinking for the treatment of melanoma 
J. Schunke1, N. Hüppe2, M. Fichter1, S. Grabbe1, K. Landfester2, V. Mailänder1 
1University Medical Center Mainz, Dermatology, Mainz, Germany, 2Max Planck Insitute for Polymer 
Research, Mainz, Germany 
 
Nanocarrier-based antigen delivery is a promising vaccination approach in the context of tumor 
therapy. Formulating polymeric nanocapsules (NCs) out of tumor antigens in combination with 
vaccine adjuvants enables efficient targeting and maturation of dendritic cells (DCs), essential 
prerequisites for the induction of vigorous cellular immune responses. Aim of the present study was 
the synthesis of polymeric protein nanocapsules composed exclusively of vaccine antigens and 
encapsulated with combinations of adjuvants, as well as the evaluation of their potential to induce 
antigen-specific immune responses. 
The NCs consisting of ovalbumin (OVA), were bioorthogonally crosslinked by copper-free azide-
alkyne Click-Chemistry using the inverse miniemulsion technique. This method ensures integrity and 
processability of crosslinked antigens leading to effective epitope presentation by dendritic cells. The 
inverse miniemulsion approach led to polymeric nanocapsules with a spherical morphology that 
were efficiently ingested by DCs. In addition, a combination of the vaccine adjuvants Resiquimod 
(R848) and diABZI (STING agonist) were encapsulated to efficiently trigger strong DC activation 
analyzed by costimulatory surface marker expression and the secretion of pro-inflammatory 
cytokines. The induction of robust antigen-specific T cell proliferation was observed in DC-T cell co-
cultures. The high biocompatibility and effectiveness of this vaccination platform was shown using 
the OVA-NC formulation as a therapeutic vaccine in the B16/OVA-Luc melanoma model. 
In conclusion, multiadjuvant-functionalized protein nanocapsules are a promising delivery system for 
the combined delivery of antigens and vaccine adjuvants to dendritic cells promoting T cell-based 
immune responses. This novel anti-tumor vaccination strategy avoids the use of structural 
compounds, increases the antigen load of DCs and bears the potential to overcome tolerance and to 
induce vigorous antigen-specific anti-cancer immunity. 
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The cancer relapse vaccine DCP-001 acts synergistically with 5’-azacitidine/venetoclax treatment in 
a preclinical AML model 
H. Zuo1, C. Leitch2,3, J. Kaspers1, M. Popa2,3, W. Postma1, A. Karlsson-Parra1, E. Manting1, B.T. 
Gjertsen2,4, E. McCormack2,5,6, S.K. Singh1 
1Immunicum AB, Leiden, Netherlands, 2University of Bergen, Centre for Cancer Biomarkers CCBIO, 
Department of Clinical Science, Bergen, Norway, 3KinN Therapuetics AS, Bergen, Norway, 4Haukeland 
University Hospital, Department of Medicine, Hematology Section, Bergen, Norway, 5University of 
Bergen, Centre for Pharmacy, Department of Clinical Science, Bergen, Norway, 6University of Bergen, 
Vivarium, Department of Clinical Science, Bergen, Norway 
 
DCP-001 is a cell-based cancer vaccine generated by differentiation and maturation of human DCOne 
myeloid leukemic cell line into a mature dendritic cell phenotype. This results in a vaccine comprising 
a broad array of endogenous tumor-associated antigens combined with a mature dendritic cell 
costimulatory profile. Preclinical studies suggest that upon intradermal vaccination, DCP-001 is 
phagocytosed by local and recruited antigen-presenting cells (APC), resulting their activation and 
migration to the draining lymph nodes to (re)activate tumor-reactive T-cells. In clinical studies, 
intradermal DCP-001 vaccination has been shown to be safe and feasible as a post-remission therapy 
in acute myeloid leukemia (AML). Importantly, immunomonitoring confirmed that DCP-001 
vaccination resulted in anti-tumor immune responses that correlated with long-term survival. 
Although previous preclinical efficacy studies have shown that DCP-001 alone significantly represses 
subcutaneous tumor growth in a humanized immunocompetent mouse model of AML, the impact of 
adding the standard treatments 5’-azacitidine (5-AZA) and venetoclax (VEN) is unknown. The effect 
of 5-AZA and VEN on the phenotype and functionality of DCP-001 was therefore studied in vitro using 
clinically relevant concentrations of both drugs. No significant difference in the viability, recovery or 
phenotype of DCP-001 was observed between DCP-001 cultured alone or with 5-AZA or VEN. 
Moreover, no influence of either 5-AZA or VEN was observed on the ability of DCP-001 to stimulate 
proliferation of allogeneic peripheral blood lymphocytes or on the ability of allogeneic monocyte-
derived immature DCs to endocytose DCP-001-derived cellular content. To determine whether DCP-
001 vaccination was compatible with 5-AZA and VEN in a preclinical setting, a humanized mouse 
model was used. 25 female NSGS mice were inoculated with 1x105 human CD34+ cells. A 12-week 
maturation period was permitted for engraftment and human immune cell development. 
Subsequently, the leukemia cell line DCOneLUC was engrafted subcutaneously and animals were 
randomized by weight and chimerism and assigned to the following groups: untreated control, 
vaccination (DCP-001, QWx2), treatment (AZA 1mg/kg and VEN 50mg/kg, QDx5) and combination 
(DCP-001, QWx2 + AZA 1mg/kg and VEN 50mg/kg, QDx5). Tumor progression and therapy response 
were monitored measuring tumor volumes. The data of mean tumor volume (± SEM) 6 weeks after 
therapy initiation was significantly reduced in the combination group (181.8 ± 29 mm3) as compared 
to control (522 ± 97.5 mm3), but also vaccination (326.9 ± 54.6 mm3) or drug treatment alone (293.8 
± 29 mm3). 
Taken together, these preclinical results support the use of DCP-001 as a potential combination 
therapy with 5-AZA-VEN in AML and related hematological malignancies. 
 
 
 
 
 



Poster Session I 
 
            Therapeutic Vaccination 
 
 
39 
 
Systemically administered TRL7/8-agonist and antigen conjugated nanogels govern immune 
responses against tumors 
L. Stein1, J. Stickdorn2, D. Arnold-Schild1, J. Hahlbrock1, J. Bartneck3, M. Radsak3, L. Nuhn2, H. Schild1 
1University Medical Center of Johannes Gutenberg-University Mainz, Institute of Immunology, Mainz, 
Germany, 2Max Planck Institute for Polymer Research, Mainz, Germany, 3University Medical Center 
of the Johannes Gutenberg-University Mainz, Third Department of Medicine - Hematology, Oncology, 
Pneumology, Mainz, Germany 
 
Our aim was to establish a nanoparticle (NP)-based immunotherapy against cancer. For this purpose, 
we developed pH sensitive NPs containing the TLR 7/8 agonist imidazoquinoline(IMDQ) as immune 
stimulant and ovalbumin (OVA) as antigen. Our NPs were well tolerated after intravenous injection 
and subsequently used for the therapeutic treatment of C57BL/6 wild type mice inoculated with B16-
F10 or MC38 tumor cells expressing membranous bound or cytosolic OVA.These tumor cells were 
inoculated subcutaneously in the flank of the mice and when the tumor was pulpable with a size of 
about 0,5 mm3, mice were vaccinated intravenously three times (on day 3, 5 and 7) in order to 
develop a tumor-specific immune response. Every two days we measured the tumor volume and 
once a week we took blood from the mice to analyze the production of cytokines and the activation 
of T cells and B cells. We could observe a significant reduction of the tumor size in the NP treated 
mice compared to the PBS treated control group. Furthermore, we analyzed the sera and splenocytes 
and found a higher amount of OVA specific antibodies, especially for IgG2a, as well as OVA specific 
cytotoxic T cells in treated mice. In addition to that we could determine an increased expression of 
TNFα and IFNγ as proinflammatory cytokines. To conclude, our results show that the NP treatment 
induces a Th1-mediated immune response and provides an antigen specific tumor immunity. All in 
all, the therapy with the nanogel can be considered as a highly versatile immune-carrier platform 
that is able to trigger tumor-specific immunity. 
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Personalized synthetic polyepitope DNA cancer vaccines including a novel pyroptotic adjuvant 
synergize with checkpoint inhibitor therapy to generate effective anti-tumor T cell immunity 
T. Arakelian1, K. Oosterhuis2, F. de Graaf2, K. Moharana2, B. Teunisse2, I. Zoutendijk3, M. Camps1, R. 
Arens1, F. Ossendorp1, G. Zondag2, J. van Bergen2 
1Leiden University Medical Center, Immunology, Leiden, Netherlands, 2Immunetune, Leiden, 
Netherlands, 3Synvolux therapeutics, Leiden, Netherlands 
 
As every tumor carries its unique set of neoantigens distinguishing it from healthy tissue, cancer 
vaccines need to be produced quickly and on an individual basis to swiftly induce a broad immune 
response targeting multiple antigens. DNA provides an ideal platform to achieve this, as a single 
polyepitope vaccine can encode multiple (>20) antigens. However, standard plasmid DNA vaccines 
take months to produce and tend to be poorly immunogenic in humans. 
 
To address the first issue, a GMP-compatible method (AmpliVax) was developed that allows the 
simultaneous production of milligram amounts of multiple DNA vaccines in single vessel reactions 
within two days. This method relies on a primer-free, isothermal, rolling-circle amplification using 
high fidelity DNA polymerase and RNA polymerase to amplify circular DNA templates into linear 
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double-stranded concatemers. Concatemers are digested into single linear expression cassettes 
which are subsequently protected by nuclease-resistant caps. Upon intradermal injection in mice, 
such synthetic DNA vaccines matched plasmid DNA vaccines in terms of in vivo expression, 
immunogenicity and tumor protection. 
 
To improve DNA vaccine immunogenicity, two avenues were explored. First, DNA vaccines were 
combined with a novel caspase-1-based genetic adjuvant (PyroVant) that induces pyroptosis by 
exploiting the inflammasome pathway. PyroVant DNA accelerated and amplified antigen-specific CD8 
T cell responses when administered simultaneously with a polyepitope DNA vaccine. What’s more, 
subsequent challenge with B16-OVA melanoma cells revealed that PyroVant also significantly 
improved tumor-free survival. Next, Pyrovant-adjuvanted neoantigen DNA vaccines were tested in 
therapeutic settings in combination with checkpoint inhibitor drugs. While treatment of mice 
carrying a MC38 colorectal tumor with either DNA vaccine or anti-PD-1 did not significantly delay 
tumor outgrowth compared to untreated mice (0% survival), the combination of the DNA vaccine 
and anti-PD1 resulted in 70% tumor-free survival. In mice injected with B16-F10 melanoma cells, 
combining the neoantigen DNA vaccine with an agonistic 4-1BB antibody resulted in up to 40% 
survival, compared to 10% survival by anti-4-1BB alone. 
 
In conclusion, we have created a novel synthetic DNA vaccine platform suitable for the production of 
effective personalized cancer vaccines. Current efforts are aimed at testing this platform in clinical 
trials. 
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Integration of individualized multimodal immunotherapy for adults with IDH1 wild-type GBM 
S. Van Gool1, J. Makalowski1, M. Bitar1, P. Van de Vliet1, W. Stuecker1 
1IOZK, Translational Oncology, Köln, Germany 
 
A synergistic activity between maintenance temozolomide (TMZm) and individualized multimodal 
immunotherapy (IMI) during/after first-line treatment has been suggested for improving the overall 
survival (OS) of adults with IDH1 wild-type MGMT promoter-unmethylated (unmeth) GBM 
(Genes&Immunity 2022). We aimed to expand the data and include the OS of MGMT promoter-
methylated (meth) adults with GBM. Unmeth (10 f, 18 m) and meth (11 f, 10 m) patients treated 
between 27/05/2015 and 01/01/2022 were retrospectively analysed. There were no differences in 
age (median 48y, range 18-72y) or Karnofsky performance index (median 70, range 50-100). The IMI 
consisted of 1/ 5-day immunogenic cell death (ICD) therapies during TMZm: Newcastle disease virus 
(NDV) bolus injections and sessions of modulated electrohyperthermia (mEHT); 2/ subsequent active 
specific immunotherapy: dendritic cell (DC) vaccines plus modulatory immunotherapy; and 3/ 
maintenance ICD therapy. There were no differences in number of vaccines (median 2; range 0-6), 
total number of DCs (median 25.6x10e6; range 0-120.58x10e6), number of NDV injections (median 
31; range 6-133) and number of mEHT sessions (median 28; range 0-174) between both groups. The 
median OS of 29 unmeth patients was 22m (2y-OS: 39%, CI95%: +19,-19) confirming previous results. 
OS of 21 meth patients was significantly better (logrank: p=0.0414) with OS of 33m (2y-OS: 82%, 
CI95%: +12,-29). The OS in both unmeth and meth patients strongly exceeded reported (Lancet Oncol 
2009) data with radiochemotherapy and TMZm alone (median OS 12.6 resp.23.4m; 2y-OS 14.8% 
resp. 48.9%). The addition of IMI during/after standard of care should be prospectively explored 
using an external control arm. 
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Contralateral transient contrast enhancement in a patient with IDH1wt MGMT promoter-
methylated GBM responding to TMZ and individualized multimodal immunotherapy 
A. Matiashchuk1, J. Makalowski1, M. Bitar1, P. Van de Vliet1, W. Stuecker1, S. Van Gool1 
1IOZK, Translational Oncology, Köln, Germany 
 
Immunotherapy-induced MRI changes remain challenging when treating GBM patients with 
immunotherapy as part of a combined treatment. The iRANO criteria provide a decision-tree in order 
to avoid over- and under-treatment reactions when contrast-enhancing lesions become visible and 
should be interpreted. We report a 34-year female, 34 weeks pregnant, who presented with 
epilepsy, and was diagnosed with inoperable IDH1wt MGMT promoter-methylated GBM after biopsy. 
On MRI, the left occipital lesion was mostly cystic-necrotic with peripheral contrast enhancement, 
and crossed over the corpus callosum to the right. The volume was calculated as 64 cm³ (abc/2 
formula). She was treated with radiochemotherapy and 12 TMZm cycles. Within each TMZ cycle 5 
days of immunogenic cell death (ICD) therapy (5 injections with Newcastle Disease Virus and 5 
sessions of modulated electrohyperthermia (Oncotherm 50 min 40-60 Watt) was added at days 8 to 
12. After all chemo-/ICD-therapy we continued with active specific immunotherapy: two autologous 
mature monocyte-derived dendritic cell vaccines loaded with ICD therapy-induced serum-derived 
antigenic extracellular microvesicles and apoptotic bodies (IO-Vac®). One month after the second IO-
Vac®, 17 months after diagnosis, a transient right FLAIR-visible region showed expansion, and three 
months later also diffuse contrast enhancement, which was confirmed in a control scan one month 
later. The original tumor was meanwhile reduced to 16 cm³. However, in the last available scan, two 
months after the former, the contrast enhancement was disappeared, and the pathologic area on 
FLAIR was diminished. The original tumor size was reduced to 2 cm³, two year after first diagnosis. 
She showed allergic skin reactions to TMZ, which was covered with systemic histamine intake. There 
were no side effects related to multimodal immunotherapy. Transient MRI changes can be observed 
even in distance from the original tumor and can be interpreted as immune-mediated effects, rather 
than relapse, when the original tumor is responding. 
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A challenging journey in the design of a personalized therapeutic cancer vaccination platform 
M. Verdonck1, D. Autaers1, A. Lakdimi1, N. Yahyaoui1, S. Dehou1, L. Franceschini1, P. De Schrijver1, W. 
de Mey1, H. Locy1, L. Lybaert2, K. Thielemans1, K. Breckpot1 
1Vrije Universiteit Brussel, Laboratory of Molecular and Cellular Therapy, Brussels, Belgium, 2myNEO, 
Gent, Belgium 
 
The potential of targeted and individualized therapy in cancer treatment using neoantigens is 
highlighted by a constantly increasing number of scientific publications. Besides numerous clinical 
trials show promising results using mRNA-based dendritic cell (DC) vaccines, underscoring the 
attractiveness of this approach. It is in this context that we set up the ‘Persomed’ consortium, 
experts from 4 different domains that join efforts to bring personalized immunotherapy to the 
patient. More specifically, the consortium aims to develop an autologous mRNA-based monocyte-
derived dendritic cell (moDC) immunotherapy targeting tumor neoantigens. The optimized 
manufacturing process of this cellular product is fully GMP compliant, allowing flexibility and the 
possibility of automation. Practically, patient-monocytes are obtained by apheresis and 
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differentiated ex vivointo moDCs, which are then co-electroporated with synthetic DNA template 
(SDT) manufactured single neoantigen (SNA) mRNA and plasmid DNA template manufactured 
TetraMix mRNA; a mixture of mRNA encoding CD40L, a constitutive active TLR4 (caTLR4), interferon-
gamma (IFN-γ) and decoy-interleukin-10-receptor alpha (decoy IL-10-Rα). Combined electroporation 
of moDCs with SNA and TetraMix mRNA induces differentiation of the cells towards potent antigen-
presenting and specific T-cell activating cells as indicated by our preclinical data. Indeed based on 
model epitopes, we showed that SDT mRNAs coding for a single model antigen were correctly 
processed and presented in the context of HLA-molecules and induced IFN-γ secretion of the 
corresponding T cells. TetraMix electroporated moDC induce antigen-specific T cells combined with 
an enhanced IL-12/decreased IL-10 secretion profile. The promising preclinical data that were 
generated in vitro will further be validated as this technology will be tested in a phase I trial, in 
patients with metastatic microsatellite stable (MSS) colorectal cancer (mCRC): TetraMixDC-CRC 
(EudraCT 2021-003303-17). Patients with mCRC are currently facing a huge unmet medical need as it 
represents the second most common cause of cancer-related deaths, MSS-mCRC accounting for the 
vast majority of mCRC (95%). The main objectives of this first trial are to assess the safety and 
tolerability of intravenously administered TetraMixDC-CRC (1), to evaluate the logistic feasibility to 
manufacture the personalized vaccine (2), to prove specific, strong and long-lasting neoantigen-
specific T-cell response in 8 patients (3) and to validate this unique methodology (4). This first clinical 
trial is intended to pave the way for using this therapeutic vaccination platform for the 
immunotherapeutic treatment of other types of cancer that currently do not benefit from standard-
of-care treatments. 
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A novel HPV16 E6/E7-dependent vaginal tumor model in MHC-humanized mice for development of 
therapeutic HPV16 vaccination strategies 
S. Zottnick1,2,3, S. Kruse1,2, M. Bozza4, A.L. Henneberg1,2, A. Klevenz1,2, R. Yang5, F. Rösl5, R.P. 
Harbottle4, A.B. Riemer1,2 
1German Cancer Research Center (DKFZ), Immunotherapy and Immunoprevention, Heidelberg, 
Germany, 2German Center for Infection Research (DZIF), Molecular Vaccine Design, partner site 
Heidelberg, Germany, 3Heidelberg University, Faculty of Biosciences, Heidelberg, Germany, 4German 
Cancer Research Center (DKFZ), DNA Vectors, Heidelberg, Germany, 5German Cancer Research 
Center (DKFZ), Viral Transformation Mechanisms, Heidelberg, Germany 
 
Therapeutic vaccines against HPV16 (human papillomavirus 16)-associated malignancies that 
previously showed promise in in vivo experiments often fail to translate into the clinic. One reason 
might be the suitability of the used murine tumor models, which are either located at a heterotopic 
site or are immunologically murine. In our group, we recently demonstrated the therapeutic efficacy 
of amphiphilic peptide vaccinations in a subcutaneous HPV16 tumor model in MHC-humanized 
A2.DR1 mice. To better mimic the situation in patients, we now established another model at an 
orthotopic location, namely the vaginal mucosa. This new tumor model is based on HPV16 E6/E7-
dependent lung cells from A2.DR1 mice. The cells were transduced and immortalized with the 
vaccination target proteins HPV16 E6 and E7. Additionally, the cells were transfected with the 
oncoprotein HRASG12V for tumorigenicity and firefly luciferase for intracorporeal tracking of tumor 
growth. Subsequent to successfully validating the expression of said proteins, tumorigenicity of the 
novel cell line, termed E6/7-lucA2, was tested first subcutaneously and then intravaginally. 
Monitoring of the genital region revealed the growth of tumors in the vaginal cavity. We also 
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determined the minimal cell number needed for reliable tumor formation. Additionally, HPV16 
epitope presentation was verified by immunopeptidomics, and specific killing of E6/7-lucA2 cells by 
HPV16-specific T cells was assessed. Concurrently to tumor model establishment, novel ways of 
eliciting an HPV16-specific T cell response in the genital mucosa were investigated. This was achieved 
either by directly inducing tissue-resident T cells on-site or by influencing the trafficking of 
vaccination-induced T cells towards the vaginal mucosa. Vaccine candidates were peptide-loaded 
nanoparticles, peptides encapsulated in liposomes or amphiphilic peptide constructs. The trafficking 
of T cells towards the vagina was achieved by utilizing immunomodulating substances or by induction 
of inflammation. These approaches will now be combined to tackle the previously established vaginal 
tumors. Taken together, the new HPV16 orthotopic tumor model in MHC-humanized A2.DR1 mice 
will help to develop effective therapeutic HPV16 vaccinations by allowing to study the trafficking of T 
cells to the mucosal tumor site. 
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Cannabidiol-induced polarization of innate lymphoid cells in glioblastoma: a potential 
immunotherapeutic approach 
B. Baban1, H. Khodadadi1, B. Bhandari1, S. Emami Naeini1, É. Salles1, V. Costigliola2, A. Arbab1, K. 
Vaibhav1, J. Morgan1, D. Hess1, A. Yeudall1, K. Dhandapani1, M. Rutkowski1, L. Wang1, J. Yu1 
1Augusta University, Augusta, United States, 2European Medical Association, Brussels, Belgium 
 
Glioblastoma (GBM) is the most common invasive brain tumor composed of diverse cell types with 
poor prognosis. The highly complex tumor microenvironment (TME) in glioblastoma plays important 
roles in the development and durability of GBM. A wide variety of Immune cells and factors have 
been identified and introduced within the GBM microenvironment with a dominance of 
Immunosuppressive cells as well as several Immune checkpoints (ICs). Among all type of Immune 
cells within TME of glioblastoma, Innate Lymphoid Cells are one of the most under-investigated cell 
population with potentially high impacts on the tumor development and progression. First described 
in 2007, Innate lymphoid cells (ILCs) are innate counterparts of T cells that contribute to immune 
responses by secreting effector cytokines and regulating the functions of other innate and adaptive 
immune cells. The role of ILCs in cancer is controversial and yet to be elucidated. However, increasing 
evidence suggests a central role for ILCs in GBM. Given the complexity and heterogeneity of 
glioblastoma, as well as the multifaceted functional features of ILCs, manipulation of ILCs maybe an 
effective therapeutic modality to alter the TME of glioblastoma with impact on the tumor growth and 
progression, leading to beneficial effects for patients with GBM. 
Cannabidiol (CBD) is a relatively safe, non-psychoactive phytocannabinoid produced by Cannabis 
plants. Recent work by our laboratory and others suggest a beneficial effect of CBD alone or in 
combination with other cannabinoids in the treatment of malignancies including GBM among others. 
Several investigations on human subjects and clinical trials have supported the notion that 
cannabinoids may have the potential as therapeutic modalities in GBM. 
The main purpose of this study was to investigate whether the potential impact of CBD on 
glioblastoma can be associated with any modulation and polarization of ILCs. We used optical 
imaging to monitor the tumor growth while identified ILCs and their polarization by flow cytometry. 
Our findings demonstrated 
1- the potential of CBD inhalation in the inhibition of tumor growth and 
2- inhalant CBD could alter the frequency as well as the polarization of ILCs within GBM 
microenvironment. 
Overall, our novel findings support the possible therapeutic role of inhaled CBD as an effective, 
relatively safe, and easy to administer treatment adjunct for GBM. Further, our data demonstrated 
for the first time, that CBD can alter the frequency and polarization of ILCs, suggesting a potential 
new immunotherapeutic target for CBD in the treatment of GBM, warranting further research. 
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Dose selection for DuoBody®-PD-L1x4-1BB (GEN1046) using a semimechanistic PK/PD model based 
on preclinical/clinical data 
G. Bajaj1, F. Nazari2, M. Presler2, C. Thalhauser3, U. Forssmann4, M. Jure-Kunkel3, A. Muik5, E. 
Lagkadinou5, Ö. Türeci5, U. Şahin5, T. Ahmadi3, M. Gupta3 
1Genmab, Plainsboro, United States, 2Applied BioMath LLC, Concord, United States, 3Genmab, 
Princeton, United States, 4Genmab A/S, Copenhagen, Denmark, 5BioNTech SE, Mainz, Germany 
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DuoBody®-PD-L1x4-1BB (GEN1046) is an investigational, first-in-class, bispecific antibody designed to 
elicit an antitumor immune response by simultaneous and complementary PD-L1 blockade on tumor 
cells and conditional 4-1BB stimulation on T cells and NK cells. Optimizing target engagement for a 
bispecific antibody is challenging because it involves binding with 2 targets and predicting trimer 
levels in tumors based on affinity of individual arms and target expression. We describe here an 
integrated, semimechanistic, physiologically based pharmacokinetic (PK)/pharmacodynamic (PD) 
model that was developed to predict and evaluate 2 key surrogate markers of efficacy, 4-
1BB:GEN1046:PD-L1 trimer formation and optimal PD-L1 receptor occupancy (RO) to inform dose 
selection. This model utilizes PK/PD data and physiologic parameters from the literature and 
incorporates dynamic binding of GEN1046 to its targets to predict trimer formation and RO for PD-L1 
in tumors. Calibration of the model parameters were performed to match in vitro PD studies, 
including analyses of T-cell proliferation and cytokine release, as well as observed clinical PK data. 
Sensitivity to model assumptions was evaluated by varying PK/PD parameters and assessing the 
impact on trimer formation and PD-L1 RO. The model was then used to evaluate in vivo trimer levels 
and PD-L1 RO in tumors at various dosing regimens. We found that the model adequately described 
the PK of GEN1046 in the central compartment. Simulations showed a bell-shaped response for 
average trimer levels in tumors that peaked at 100 mg every 3 weeks (Q3W), with doses >100 mg 
resulting in reduced trimer formation. Average PD-L1 RO at 100 mg was predicted to be ≈70% over 
21 days and increased at higher doses. Based on these model predictions, available safety, antitumor 
activity, and PD data from the ongoing GCT1046-01 trial (NCT03917381), 100 mg Q3W was chosen as 
the expansion dose for evaluation of GEN1046 in part 2 of the study. In conclusion, this 
semimechanistic PK/PD model provides a novel approach for dose selection of bispecific antibodies 
such as GEN1046 by using preclinical and clinical PK/PD data to predict formation of optimal trimer 
levels and PD-L1 RO. 
 
This trial was funded by Genmab A/S and BioNTech SE. 
 
This abstract was previously presented at the Society for Immunotherapy of Cancer Annual Meeting; 
November 10–14, 2021; Washington, DC. 
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Combining RNA-encoded interleukin-2 and tumor-targeting antibodies overcomes resistance in 
MHC class I-deficient cancer models 
J. Beck1,2, M. Vormehr3, M. Diken1,3, M. Suchan1, M. Streuber1, E. Diken1, L. Kolb1, F. Vascotto1, Ö. 
Türeci3, S. Kreiter1,3, U. Sahin3 
1TRON gGmbH – Translational Oncology at the University Medical Center of the Johannes Gutenberg 
University, Mainz, Germany, 2Current address: BioNTech SE, Mainz, Germany, 3BioNTech SE, Mainz, 
Germany 
 
Immune evasion of cancer cells through loss of MHC class I expression has been frequently 
associated with resistance to immunotherapy. 
We investigated the phenotype and treatment resistance of MHC class I-deficient tumors in 
syngeneic mouse tumor models. The mode of action of effective therapy comprising intravenously 
injected, lipid/polymer-formulated nucleoside-modified RNA encoding a mouse Interleukin-2 fused 
to Albumin (mAlb-mIL2) for extended serum half-life and tumor-targeting monoclonal antibodies 
(mAb)s against Trp1 or Her2/neu (referred to as mAb/IL2 in the following) was investigated by 
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immune cell depletion studies, flow cytometry, quantitative real-time PCR, and single-cell RNA 
sequencing. 
We found that MHC class I deficiency leads to profound immune desertification of the tumor 
microenvironment and general therapeutic resistance not only to T-cell based immunotherapies, but 
also to conventional cancer therapies. Treatment of mice with mAlb-mIL2, delivered as mRNA to 
overcome pharmacokinetic disadvantages of recombinant IL2, and mAbs against surface antigens 
overcomes the therapeutic resistance of MHC class I-deficient tumors. Mice treated with mAb/IL2 
displayed a pronounced tumor immune cell infiltration associated with high expression of genes 
encoding inflammatory cytokines and thereby experienced tumor rejections and significant 
prolongation of survival. Mechanistically, the anti-tumor activity of mAb/IL2 relies on a cognate 
interaction of IFNγ-producing CD8+ T cells and macrophages presenting tumor-cell derived 
neoantigens. We further show that mAb/IL2 prevents acquired resistance to immune checkpoint 
blockade driven by outgrowth of MHC class I-deficient clones, and reverses chemotherapy resistance. 
Our findings show that treatment with mAb/IL2 as a therapeutic strategy may counteract immune 
escape and restore cellular immunity in MHC class I-deficient cancers. 
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Medical gas plasma mono and checkpoint inhibitor combination therapy reduces melanoma in vivo 
S. Bekeschus1, L. Miebach1,2, R. Clemen1 
1Leibniz Institute for Plasma Science and Technology, ZIK plasmatis, Greifswald, 
Germany, 2Greifswald University Medical Center, Department of General, Vascular, Viszeral and 
Thoracic Surgery, Greifswald, Germany 
 
Medical gas plasma is a partially ionized gas operated at body temperature. The technology 
generates various reactive oxygen and nitrogen species (ROS/RNS) simultaneously that can be 
applied topically and repeatedly. ROS/RNS are known antitumor agents at higher concentrations, as 
evident in the field of photodynamic therapy, but the anti-melanoma efficacy of clinically approved 
gas plasma technology is unknown. 
Using the gas plasma jet kINPen accredited as a medical device class IIa in Germany for several 
dermatological indications, we have explored its potency in melanoma treatment. In vitro, gas 
plasma-inactivated tumor cells demonstrated hallmarks of the immunogenic cell death (ICD), such as 
ATP release, translocation of calreticulin (CRT), surface membrane expression of heat-shock proteins 
(HSP70, HSP90), and uptake by dendritic cells (DCs). Gas plasma exposure decreased melanoma 
growth in a syngeneic murine model of B16 tumors. Strikingly, the extent of growth retardation in 
mice depended on the ROS/RNS mixture generated using different feed gases that translate into 
unique redox chemistries, implying a tunability of gas plasma technology towards anticancer 
treatment. Gas plasma-treated tumors showed enhanced infiltration of T cells and DCs, and re-
stimulation of lymphocytes isolated from draining lymph nodes of tumor-bearing mice with 
melanoma cells led to enhanced activation of CD4+ cells. Imiquimod, a known TLR7/8 agonist, 
combined with gas plasma treatment markedly elevated the numbers of intratumoral DCs and 
activated T cells. Notably, in vivo combination therapy with checkpoint antibodies (anti-PD1) and gas 
plasma exposure suggested additive therapeutic efficacy. To further explore the pro-immunogenic 
nature of gas plasma technology, mice were vaccinated with either gas plasma-inactivated or drug 
(non-immunogenic MMC, and immunogenic MTX)-inactivated tumor cells followed by a re-challenge 
of live tumor cells seven days later. Intriguingly, gas plasma-assisted vaccination provided promising 
protection from tumor growth that was superior to MMC and inferior to MTX. 
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In conclusion, our data provide a novel role of gas plasma technology in skin cancer treatment and 
reinforce the idea of therapeutic ROS/RNS as critical modulators of the tumor microenvironment and 
antitumor immunity. 
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Improving immunotherapy target identification and selection by quantitative immunopeptidomics 
M. Bernhardt1, M. Lappe1, F. Schmitt1, A. Rech2, B. Schilling2, F. Erhard3, A. Schlosser1 
1Julius-Maximilians-University Würzburg, Rudolf Virchow Center, Würzburg, Germany, 2University 
Hospital Würzburg, Department of Dermatology, Venereology, and Allergology, Würzburg, 
Germany, 3Julius-Maximilians-University Würzburg, Institute for Virology and Immunobiology, 
Würzburg, Germany 
 
Mass spectrometry-based immunopeptidomics has greatly improved during recent years, and now 
enables the comprehensive characterization of ligandomes. So far, qualitative immunopeptidomics 
approaches have been mostly used for identifying tumor-specific targets for cancer immunotherapy, 
typically by comparing ligandomes of tumor and healthy tissue. However, the HLA peptide 
presentation is highly dynamic and is modulated e.g. by cytokines, cellular stress, oncogenic 
transformation or pharmacological intervention. Analyzing the modulation of the immunopeptidome 
upon certain treatments, such as inhibition of oncogenic signaling pathways can uncover direct 
connections of oncogenic signaling with the presentation of specific HLA peptides. This can support 
target selection or might even enable the identification of new targets. Thus, we established a 
quantitative mass spectrometry-based workflow using pulsed stable isotope labeling with amino 
acids in cell culture (pSILAC) to accurately measure quantitative changes in the immunopeptidome. 
We used isotopically labeled heavy and medium-heavy arginine, lysine and leucine for metabolic 
labeling. We established a data analysis workflow that combines sensitive HLA peptide identification 
(including cryptic peptides) by Peptide-PRISM and robust quantification by MaxQuant. As prove of 
concept, we evaluated our quantitative workflow by monitoring the changes in the ligandome upon 
treatment with IFNγ and TNFα. Melanoma cells were treated for a defined time with IFNγ (100 U/ml) 
or TNFα (200 U/ml). After medium exchange, treatment was continued in medium supplied with 
heavy amino acids, meanwhile cells undergoing no treatment were changed to medium containing 
medium-heavy amino acids. After 24h, cells of each condition were harvested and pooled for 
immunoprecipitation of pHLA complexes, followed by LC-MS/MS analysis of HLA peptides. In 
addition, the corresponding metabolically labeled proteome was analyzed after tryptic digestion. We 
observed the expected IFNγ-induced global, but allotype-dependent upregulation of the HLA peptide 
presentation in the immunopeptidome, correlating with strong upregulation of proteins involved in 
the HLA peptide processing pathway. TNFα treatment also led to increased overall HLA peptide 
presentation, but downregulation of some differentiation antigens. Next, we used pSILAC to study a 
variety of pharmacologic interventions, such as BRAF/MEK inhibition, MNK inhibition and 5-AZA 
treatment. Whereas inhibition of oncogenic signaling pathways induced only moderate but 
reproducible ligandomic alterations, the epigenetic changes induced by 5-AZA treatment 
substantially modulated the immunopeptidome. In summary, we have established a robust 
quantitative immunopeptidomics workflow that enables monitoring the modulation of the HLA 
peptide presentation. We envision that this approach will become a new valuable tool for supporting 
target identification and selection for cancer immunotherapy. 
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Immuno-suppressive M2 macrophages express TIGIT and TIM-3 in ovarian cancer 
F. Brauneck1,2, L. Oliveira-Ferrer3, T. Sturmheit4, B. Schmalfeldt3, C. Bokemeyer1, W. Fiedler1, J. 
Wellbrock1 
1University Medical Center Hamburg-Eppendorf, Department of Oncology, Hematology and Bone 
Marrow Transplantation with Section Pneumology, Hamburg, Germany, 2University Medical Center 
Hamburg-Eppendorf, Mildred Scheel Cancer Career Center HaTriCS4, Hamburg, Germany, 3University 
Medical Center Hamburg-Eppendorf, Department of Gynecology, Hamburg, Germany, 42cureX 
GmbH, Hamburg, Germany 
 
Tumor-associated macrophages (TAMs) represent an important cell population within the tumor 
microenvironment, but little is known about the phenotype, function, and plasticity of these cells. 
The present study provides an extensive characterization of the macrophages in the peripheral blood 
(PB) and malignant ascites (MA) of patients with ovarian cancer. 
The phenotype and expression of co-regulatory markers was assessed on PB and MA-derived TAM 
populations, using multiparameter flow cytometry. Leucocytes of MA and PB aspirates were 
obtained from patients with newly diagnosed high-grade serous ovarian cancer before treatment 
(n=19) and compared with monocyte-derived macrophages of the blood from healthy donors (HDs, 
n=12). Using a blocking anti-TIGIT antibody or mouse IgG2α isotype control antibody polarization was 
conducted on healthy PB-derived macrophages in vitro. 
In comparison to the PB-derived macrophages of HDs and newly diagnosed ovarian cancer patients 
the predominant macrophage population in the MA consisted of immunosuppressive M2 
(CD163+CD86+) TAMs defined by expression of CD163 and CD86 (p=0.02 and p=0.03). Both, PB and 
MA-derived TAMs in ovarian cancer expressed more frequently the inhibitory receptors TIM-3 and 
LAG-3 in comparison to PBs of HDs (for TIM-3 p<0.001, p<0.001 and for LAG-3 p=0.006, p=0.017, 
respectively). Unlike these two receptors, the percentage of TIGIT+ macrophages were only increased 
within MA-derived TAMs in comparison to PB-derived macrophages from patients with ovarian 
cancer or HDs (p=0.03, p=0.004). Within the MA TAMs, expression of TIGIT was significantly higher 
on the immunosuppressive M2 population in comparison to the M1 subpopulation (p<0.001). 
Moreover, we observed a significantly increased percentage of MA-derived M2 TAMs co-expressing 
TIGIT and TIM-3 in comparison to their corresponding M1 counterparts (median frequency M1 vs M2 
12% vs 25.6%, p<0.001). Furthermore, in TIGIT+ PB-derived M2 macrophages, blockade of TIGIT 
induced a polarization shift towards the inflammatory M1 phenotype in vitro. 
Our findings suggest that in ovarian cancer, immunosuppressive TIGIT+M2 TAMs can be redirected 
into a more cytotoxic effector population. Therefore, the blockade of TIGIT should be evaluated as 
novel therapeutic treatment option for ovarian cancer patients. 
 
 
 
51 
 
Novel molecular targets for hepatocellular carcinoma 
B. Cavalluzzo1, A. Mauriello1, C. Ragone1, C. Manolio1, M.L. Tornesello2, F.M Buonaguro2, S.A. 
Tvingsholm3, S.R. Hadrup3, M. Tagliamonte1, L. Buonaguro1 
1National Cancer Institute 'PASCALE', Innovative Immunological Models LAB, Napoli, Italy, 2National 
Cancer Institute 'PASCALE', Molecular Biology and Viralo Oncology LAB, Napoli, Italy, 3Technical 
University of Denmark, T-Cells and Cancer, Experimental & Translational Immunology (XTI), Health 
Technology, Copenhagen, Denmark 
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Hepatocellular carcinoma (HCC) is the second leading cause of death from cancer globally. Only a few 
treatments are available, which are effective only in the early stages of the disease, while there are 
only two systemic therapies approved for advanced unresectable HCC, providing a very limited 
survival benefit. Therefore, there is an urgent need to identify new potential targets for developing 
innovative therapies. 
Candidate target proteins were selected from The Human Protein Atlas, Normal Tissue and Pathology 
datasets (https://www.proteinatlas.org/), in order to identify proteins overexpressed in HCC samples 
and not detected in normal tissues. The correlation between protein expression and the clinical 
prognosis was assessed. Epitope prediction and molecular docking were performed in order to assess 
the binding affinity of potential MHC class I associated antigens. Binding and stability assays were 
performed with TAP-deficient T2 cells and pMHC-specific multimers of HLA-A*02:01 were used to 
detect specific CD8+ T cell clones in PBMCs from healthy subjects and HCC. 
65 tumor-specific proteins, over-expressed in liver tumor samples, were identified and nine of them 
were related to a poor patients’ prognosis (p<0.05). They were found to be involved in 
immunological responses, cell migration and receptor signaling processes. Several potential CTL 
epitopes have been predicted in association with the HLA *0201 and *2402 alleles and homology to 
viral antigens have been found. Their binding to HLA molecules has been experimentally confirmed in 
vitro. 
Reactive CD8+ T cell clones have been identified in PBMCs from healthy subjects and HCC patients, 
able to cross-react with paired tumor-associated and viral-derived epitopes. 
Our findings suggest that HCC-specific overexpressed proteins and derived peptides can be identified 
and may serve as targets for novel immunotherapy strategies. Homology with viral antigens is found 
and cross-reactive T cell clones have been identified, suggesting the possibility of taking advantage of 
anti-viral memory immunity to elicit a potent and swift anti-cancer immune response. This paves the 
way for developing novel immunotherapies for the treatment of HCC (Cavalluzzo et al., Cancers 
(Basel). 2021 Dec 28;14(1):140. doi: 10.3390/cancers14010140) 
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FX-19 inhibits anti-tumor T cell effector functions 
F.C. Durst1, I. Benesova1, P. Pervan1, V. Jahn1, A.N. Menevse1, S. Stamova1, V. Volpin1, C. Zielinski2, R. 
Lohmayer1,3, M. Xydia1, P. Beckhove1 
1Leibniz Institute for Immunotherapy, Division of Interventional Immunology, Regensburg, 
Germany, 2Leibniz Hans-Knöll Institute Leibniz Institute for Natural Product Research and Infection 
Biology, Jena, Germany, 3University of Regensburg, Institute for Theoretical Physics, Regensburg, 
Germany 
 
In breast cancer, the accumulation of suppressive regulatory T cells (Treg) correlates with poor 
patient prognosis. Treg not only inhibit tumor cell eradication by tumor antigen (TA)-reactive effector 
T cells (Teff) but also produce cancer-promoting molecules. However, the underlying mechanisms of 
Treg repertoire formation in cancer are not yet completely resolved. Understanding this 
phenomenon is of major importance for the development of efficient immunotherapeutic strategies 
against cancer. To this direction, we performed single-cell transcriptome sequencing of Treg and Teff 
from peripheral blood and breast tumors of breast cancer patients. With this, we could recently 
show that tumor-killing Teff convert into tumor-promoting Treg upon activation following their entry 
into the tumor. Bioinformatic analyses revealed 1,662 candidate genes possibly involved in this 
decision. Among these genes, FX-19 (masked) was highly upregulated in intratumoral Treg compared 
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to Teff but also in a subset of circulating TA-reactive Teff with tumor-promoting properties. We, 
therefore, selected FX-19 for further investigation on its role in antitumor immunity and as a 
potential therapeutic target. FACS analysis showed that FX-19 intracellular protein expression is 
induced in healthy donor T cells upon polyclonal activation and is primarily produced by activated 
CD4+ T cells. Among these cells, several T cell subsets, in particular Th1, Th2 and Treg cells, express 
FX-19. In addition, ELISA revealed that FX-19 can be released by activated T cells into the culture 
supernatant. FX-19 release was mainly hindered by inhibitors of unconventional protein secretion 
pathways, indicating that polyclonally stimulated T cells actively secrete FX-19 bypassing the Golgi 
network. Interestingly, priming TA-specific T cells with exogenous FX-19 impairs the secretion of 
multiple cytotoxic molecules and inhibits T-cell mediated tumor eradication in vitro. In line with this, 
CRISPR/Cas9-mediated knockout of FX-19 in cytotoxic antigen-specific CD8+ T cells enhances their 
tumor cell killing capacity. Taken together, our results suggest that activated T cells express and 
secrete FX-19, which in turn, contributes to tumor progression by hindering anti-tumor T cell effector 
function. Based on this, FX-19 displays a possible target for an immunotherapeutic approach for 
cancer patients. 
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Tumor-derived GDF-15 prevents therapy success of checkpoint inhibitors by blocking T-lymphocyte 
recruitment 
M. Haake1, T. Schäfer2, B. Haack2, N. Vashist1, S. Genßler1, P. Harter3,4,5,6, A. Martens7, K. Wistuba-
Hamprecht7,8, F. Wedekink2, B. Fischer2, M. Mittelbronn9, M. Levesque10, P. Cheng10, R. Dummer10, B. 
Weide7, K. Klar1, E. Leo1, F. Nimmerjahn11, C. Schuberth-Wagner1, J. Wischhusen2 
1CatalYm GmbH, Planegg-Martinsried, Germany, 2Würzburg University Hospital, Department for 
Obstetrics & Gynecology, Section for Experimental Tumor Immunology, Würzburg, 
Germany, 3Neurological Institute (Edinger Institute) University Hospital, Frankfurt am Main, 
Germany, 4Frankfurt Cancer Institute (FCI), Frankfurt am Main, Germany, 5German Cancer 
Konsortium (DKTK) partner site Frankfurt/Mainz, Frankfurt, Germany, 6German Cancer Research 
Center (DKFZ), Heidelberg, Germany, 7University of Tübingen, Department of Dermatology, 
Tübingen, Germany, 8University of Tübingen, Interfaculty Institute for Cell Biology Department of 
Immunology, Tübingen, Germany, 9University of Luxembourg, National Center of Pathology (NCP), 
Laboratoire National de Santé, Dudelange, and Department of Oncology (DONC) and Luxembourg 
Center of Neuropathology (LCNP), Luxembourg Institute of Health (LIH), and Luxembourg Centre of 
Systems Biomedicine (LCSB), Esch-sur-Alzette, Luxembourg, 10University of Zürich /University of 
Zürich Hospital, Zürich, Switzerland, 11University of Erlangen, Institute of Genetics at the Department 
of Biology, Erlangen, Germany 
 
Growth and differentiation factor 15 (GDF-15), a divergent member of the TGF-β superfamily, has 
been linked to feto-maternal tolerance and anorexia, but also to potent local immunosuppression 
under physiologic and pathophysiologic conditions. GDF-15 is overexpressed in a wide variety of 
tumors. By preventing effective immune cell infiltration into the tumor, GDF-15 may enable tumors 
to escape from immune checkpoint inhibition. A proprietary GDF-15 neutralizing antibody (CTL-002) 
and recombinant human GDF-15 were used to analyze effects of GDF-15 on immune cell trafficking 
and activation in vitro. Effects of neutralizing antibodies and GDF-15 overexpression on immune cell 
trafficking and tumor growth were further explored in mouse models, including a humanized PDX 
melanoma model (HV18MK), huGDF-15-transgenic MC38 colon cancer cells and syngeneic models 
for pancreatic (Pan02) and bladder (MBT2) cancer. Infiltration and changes in the tumor 
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microenvironment (TME) were monitored by Flow cytometry and RNAseq analysis. Additionally, 
patient GDF-15 serum levels were correlated with immune infiltration and OS in cutaneous 
melanoma. Associations between GDF-15 serum levels, response to PD-1-based ICB and 
corresponding OS were assessed in two independent cohorts of melanoma patients. GDF-15 impairs 
adhesion of T and NK cells on activated endothelia. In HV18-MK bearing humanized mice, inhibition 
of GDF-15 strongly enhances infiltration of activated myeloid and lymphoid cells. In MC38 tumors, 
GDF-15 overexpression can abrogate tumor rejection upon anti-PD-1 therapy. 50% of the mice with 
GDF-15 overexpressing tumors were, however, rescued when anti-PD-1 was combined with anti-
GDF-15 (CTL-002). Anti-GDF-15 doubled responses to aPD-1 in Pan02 and altered the TME in MBT-2 
to an immunopermissive environment. Clinically, inverse correlations of GDF-15 levels with CD8+ T 
cell infiltration were shown for melanoma brain metastases. In two independent melanoma patient 
cohorts, low baseline serum GDF-15 levels predicted clinical response to anti-PD1 treatment and 
superior OS. Tumor-derived GDF-15 blocks the infiltration of immune effector cells into tumor 
tissues. Neutralizing GDF-15 with CTL-002 restores the ability of immune cells to extravasate blood 
vessels and enter the tumor microenvironment in vivo. Combining aPD-1 with aGDF-15 doubles 
response over aPD-1 alone. Antibodies against GDF-15 therefore support treatments with anti-PD-1 
and other immunotherapeutic agents. A clinical phase 2 trial combining anti-GDF-15 (CTL002) with 
anti-PD-1 (NCT04725474) is ongoing. 
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GT-001 – anti-Lewis Y antibody with superior fine-specificity as candidate for ADC development 
E. Hartung1, A. Jäkel1, T. Neumann1, T. Lischke1, L. Weiß1, J. Gellert1, A. Danielczyk1, P. Kehler1 
1Glycotope GmbH, Berlin, Germany 
 
The Lewis Y (CD174) carbohydrate antigen is widely expressed in primary and metastatic epithelial 
carcinomas like colon, lung, ovarian and breast – indications of high medical need. Targeting Lewis Y 
for cancer therapy was pursued before, however, other Lewis Y antibodies tested in clinical trials 
showed cross-reactivity to related carbohydrate structures expressed on blood cells and mostly failed 
for efficacy and/or safety reasons. We have developed a humanized anti-Lewis Y antibody (GT-001) 
and compared it to the clinically tested anti-Lewis Y antibodies BR96 and h3S193. 
The specificity and cross-reactivity of GT-001, BR96 and h3S193 were analyzed. Cross-reactivity 
binding to related carbohydrate PAA-conjugates was tested via ELISA and affinity towards Lewis Y-
PAA was measured using switchSENSE® technology (DRX2, Dynamic Biosensors). Functional binding 
to several tumor cell lines and healthy human leukocytes was analyzed via flow cytometry. Binding of 
GT-001 to different cancer indications and normal tissues was analyzed by immunohistochemistry. 
Functional testing was performed using toxin-coupled GT-001. 
Our results demonstrate that GT-001 is strictly specific for Lewis Y and does not cross-react with >90 
related carbohydrate structures tested. Our lead candidate shows stronger binding of Lewis Y 
compared to h3S193 as seen by affinity measurement and superior fine-specificity compared to 
BR96, for which we could confirm the reported cross-reactivity towards Lewis X. Further, GT-001 
shows no/weak binding to blood cells whereas BR96 and h3S193 significantly bind to different 
leukocyte subsets. An IHC study showed that GT-001 shows very little binding to normal tissues. In 
most cases where normal tissues are stained, staining is confined to immune privileged sites which 
are not accessible by a systemically administered antibody in vivo. Further IHC studies on tumor 
tissue reveal that GT-001 binds to tumor cells of different cancer indications (breast cancer, 
colorectal cancer, head and neck cancer, (non) small cell lung cancer and ovarian cancer) at a high 
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percentage of cases. In addition, we demonstrated in functional studies that GT-001 is suitable for 
therapeutic development as an ADC. 
In summary, Lewis Y is expressed on many epithelial tumor indications of high medical need. 
However, several approaches of targeting Lewis Y have failed in the past for efficacy and/or safety 
reasons. We have developed a humanized antibody that shows superior fine specificity and higher 
affinity compared to clinically tested anti-Lewis Y antibodies BR96 and h3S193. Due to the superior 
fine-specificity, GT-001 shows no/reduced binding of healthy leukocytes potentially reducing side 
effects as observed for BR96 in the clinic. The strong target binding and internalization properties 
combined with reduced off-target reactivity make GT-001 an ideal candidate for ADC development. 
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Impairing CNS and ocular metastasis of lymphoma in mice following maternal vaccination with a 
viral signal peptide 
J. Hochman1, O. Braitbard2 
1The Hebrew University of Jerusalem Institute of Life Sciences, Cell and Developmental Biology, 
Jerusalem, Israel, 2The Hebrew University of Jerusalem Institute of Life Sciences, Cell and 
Devlopmental Biology, Jerusalem, Israel 
 
Mouse Mammary Tumor Virus (MMTV) is a Beta-Retrovirus that causes lymphoma and mammary 
carcinoma in mice. The virus has also been implicated in about 30% of human sporadic breast cancer. 
Previously, we developed a murine model for CNS and Ocular metastasis by lymphoma. Following 
intraperitoneal inoculation of lymphoma cell variants, that harbor MMTV, into young (day 7 
postnatal) syngeneic hosts, these cells home to, and enter the brain, preferentially through the 
choroid plexus and cranial nerves. Once in the brain, the cells spread within it, as well as migrate 
along the optic nerve sheath into the eyes culminating at the anterior chamber. The Orbit is also 
infiltrated, albeit independent of the brain-optic nerve-intraocular route. 
Here we report that maternal vaccination with the signal peptide of the envelope precursor protein 
of MMTV, named p14, immunizes the offspring (via maternal nursing) against a challenge with the 
CNS and Ocular metastatic lymphoma. This is manifested through improved survival and impaired 
clinical signs such as growth retardation, ataxia of gait and hind leg paralysis, as well as diminished 
lymphoma cells accumulation in the ocular anterior chamber and orbit. 
These findings demonstrate that p14, in addition to its role as signal peptide, functions also as a 
tumor-associated antigen and a target, amenable to different immune therapeutic approaches in the 
context of malignant cell metastasis to the CNS. 
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Characterization of novel immune regulatory genes associated with pancreatic ductal 
adenocarcinoma (PDAC) 
A. Hussein1, A.N. Menevşe1, J. Sax1, A. Sorrentino1, M. El Tager2, A. Mahfouz2, M. Reinders2, P. 
Beckhove1 
1Leibniz Institute for Immunotherapy (LIT), Division of Interventional Immunology, Regensburg, 
Germany, 2Delft Bioinformatics Lab, Delft University of Technology, Delft, Netherlands 
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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive and prevalent exocrine tumor. An 
elucidation for the low survival rate associated with PDAC is the desmoplastic tumor 
microenvironment critical for its progression, metastasis, and drug resistance. In recent years, 
advances in cancer treatment have been achieved with the development of immunotherapies that 
exploit the immune system’s ability to recognize aberrant cells. Specific immune checkpoint 
molecules, that are upregulated by tumor cells resulting in the evasion of anti-tumor immunity, are 
therapeutically targeted to restore the immune response. Although nanovaccines show great 
potential for the improvement of cancer vaccine efficacy, long-term immunity to PDAC has proved 
elusive. By broadening the potentials of immunotherapy to PDAC, we hypothesize that this 
elusiveness is due to the presence of hitherto unknown immune regulatory genes (IRGs) expressed 
by PDAC. To systematically identify such genes, we have performed high-throughput RNA 
interference screens and secondary extensive validations with human PDAC cells as established by 
our group. The screen was followed by bulk and single-cell transcriptome analyses where we 
evaluated primary PDAC cell transcriptomes from multiple patients, investigating the degree of 
heterogeneity in between tumor subjects and in comparison to control pancreases, to prioritize 
candidates. By merging multiple single-cell RNA-seq datasets, we could infer several clusters of 
malignant ductal cells that reflect distinct biological states and are characterized by the co-expression 
of groups of IRGs. In addition, we compared datasets from the merged primary PDACs, patient-
derived organoid lines and commercially available cell lines to identify those representatives of 
immune resistant clusters and use them to genetically manipulate a selection of candidate genes in 
vitro. By adopting tools of gene network analysis on public RNA-seq data, we intend to explore the 
possible interactions between co-expressed IRGs and their engagement in common regulatory 
pathways. Furthermore, we plan to elucidate their modes of action and involvement in related 
signaling pathways, to therapeutically inhibit them in combination with a nanovaccine, for an 
enhanced treatment and suppression of pancreatic cancer. Our analysis facilitates the stratification 
of a vaccine-sensitive population of patients ahead of treatment as well as the identification of 
relevant IRGs. 
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The soluble HLA peptidome of pleural effusions is a valuable source for tumor antigens 
S. Khazan-Kost1, G. Cafri2, D. Melamed Kadosh1, N. Mooshayef2, S. Chatterji3, D. Dominissini2, S. 
Manor4, B. Zisser4, L. Broday5, E. Talalai5, A. Shemer2, O. Zadok6, E. Ofek7, A. Onn8, A. Admon1, M. 
Peled3 
1Technion, Faculty of Biology, Haifa, Israel, 2Sheba Medical Center at Tel HaShomer, Cancer Research 
Center, Ramat Gan, Israel, 3Sheba Medical Center at Tel HaShomer, Institute of Pulmonary Medicine, 
Ramat Gan, Israel, 4Ezer Mizion Bone Marrow Donor Registry, Petah Tikva, Israel, 5Tel Aviv University, 
Tel Aviv, Israel, 6Sheba Medical Center at Tel HaShomer, Institute of Oncology, Ramat Gan, 
Israel, 7Sheba Medical Center at Tel HaShomer, Pathology Department, Ramat Gan, Israel, 8Sheba 
Medical Center at Tel HaShomer, Ramat Gan, Israel 
 
Pleural effusions are excess fluids that accumulate within the pleural cavity of lungs, due to both 
malignant and benign diseases. The fluids contain cells and soluble molecules that could be used for 
diagnostic purposes. Our research goal is to analyze the soluble human leukocyte antigen (HLA) 
peptidome from pleural effusions in order to develop a better lung cancer diagnosis and to identify 
tumor antigens candidates for immunotherapy. HLA molecules are normally expressed on the 
surface of all nucleated cells but are also secreted to the plasma, and other body fluids, with their 
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original cargo peptides. The Admon lab has previously analyzed the soluble HLA peptidome of human 
plasma and here we extend this idea to pleural effusions. For this purpose, we used ~500 ml of 
pleural effusion samples collected from 14 patients, 5 suffering from heart and/or renal failure and 9 
cancer patients. Soluble and membranal HLA molecules were immunoaffinity purified from the 
effusions and from the effusion-isolated cells, respectively. Next, the bound peptides were recovered 
and analyzed by capillary liquid chromatography and tandem mass spectrometry (LC-MS/MS). Large 
HLA peptidomes, containing thousands of peptides, were identified from all patients. Most peptides 
were 8-14 amino acids long and fitted the consensus sequence motifs of the patients’ HLA, indicating 
that the peptides are likely true ligands. The membranal and soluble HLA peptidomes of each 
individual patient correlated to each other. Additionally, soluble pleural effusions HLA peptidomes 
from the same patient, obtained at different visits to the clinic, were highly similar. Compared with 
benign effusions, the soluble HLA peptidomes of malignant pleural effusions were larger and 
included HLA peptides derived from known tumor-associated antigens, including cancer/testis 
antigens, lung-related proteins, and VEGF pathway proteins. Importantly, selected tumor-associated 
antigens that were identified by the immunopeptidomics were able to successfully prime CD8+ T 
cells. We therefore suggest that pleural effusion HLA peptidome of patients with malignant tumors 
can serve as a source of biomarkers for tumor diagnosis and personalized immunotherapy. 
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A bifunctional fusion protein targeting a tumor associated antigen and locally blocking the innate 
immune checkpoint CD47 for the treatment of solid tumors 
A. Leutbecher1,2, A. Reischer1,2, B. Hiller3, E. Perini3, B. Czogalla4, F. Trillsch4, M. von Bergwelt1,5, N. 
Fenn3, K.-P. Hopfner3, M. Subklewe1,2,5 
1LMU Munich, University Hospital, Department of Medicine III, Munich, Germany, 2LMU Munich, 
Gene Center, Laboratory for Translational Cancer Immunology, Munich, Germany, 3LMU Munich, 
Gene Center, Department of Biochemistry, Munich, Germany, 4LMU Munich, University Hospital, 
Department of Obstetrics and Gynecology, Munich, Germany, 5German Cancer Consortium (DKTK) 
and German Cancer Research Center (DKFZ), Heidelberg, Germany 
 
Bispecific antibody (Ab) constructs are evolving as promising immunotherapy tools in various cancer 
entities. However, innate and adaptive inhibitory checkpoint (IC) molecules contribute to resistance. 
The innate checkpoint CD47, also known as marker of self, is expressed on most cells, and is 
upregulated in multiple tumor entities as an immune escape mechanism. The co-receptor signal 
regulatory protein alpha (SIRPα) is expressed on phagocytes and upon binding of CD47, a “don’t eat 
me” signal is triggered inhibiting phagocytosis. To overcome this signaling, CD47 blocking implies a 
beneficial approach and the application of IC blocking antibodies already showed promising results in 
hematological malignancies. Though, this treatment can be associated with severe to life-threatening 
systemic immune-related side effects. 
To combine IC blockade on tumor cells with targeting of a specific tumor associated antigen (TAA) to 
minimize the risk of side effects, we fused the extracellular domain of SIRPα to a TAA specific Ab 
(target antigen undisclosed). 
A bifunctional SIRPα-TAA Ab was generated by fusing the endogenous extracellular domain of SIRPα 
to a TAA IgG1 Ab. Therefore, the N-terminal Ig-like V-type domain of SIRPα was grafted to the N-
terminus of the anti-TAA light chain. Using ovarian and pancreatic cancer cell lines and primary 
patient material, we assessed the specific binding and CD47 blocking capacities of the SIRPα-TAA Ab. 
Furthermore, we evaluated the capability of cytotoxicity and phagocytosis in vitro. 
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The SIRPα-TAA Ab binds the target cells with higher affinity compared to a control TAA-specific Ab 
(MFI ratioSIRPα-TAA= 8.6 vs MFI ratioTAA= 5.9, n=5). In competitive binding assays, CD47 blockade by 
SIRPα-TAA Ab was shown despite the low affinity binding of SIRPα (*p=0.01, n=6). The fusion of 
SIRPα did not impair but even increased the ability of the SIRPα-TAA Ab to induce a dose-dependent 
cytotoxicity to cancer cell lines compared to a control Ab (EC50

SIRPα-TAA = 15.8 pM vs EC50
TAA = 49.5 pM, 

n=5). Additionally, the SIRPα-TAA Ab increased phagocytosis leading to a three- and five-times higher 
phagocytosis rate compared to a control Ab using primary cells or a cell line, respectively (n=4). In 
competitive targeting assays, specific binding to target cells was confirmed even in presence of 
excess of red blood cells or peripheral blood mononuclear cells (****p<0.0001; n=5 or n=3, 
respectively). 
The bifunctional SIRPα-TAA Ab has the potential to efficiently eliminate ovarian and pancreatic 
cancer cells in vitro. By combining high affinity binding to TAA-positive cells with low affinity blocking 
of locally expressed CD47, we effectively minimize the risk for CD47-related on-target off-cancer 
toxicity. In the next step in vivo data will be obtained to validate our preclinical findings. 
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Characterization of a TCR-like antibody for next generation cancer therapeutics 
O. Lie-Andersen1,2,3, F. Ferrara4, S. ’Angelo4, C. Leal Lopes4, M. Linder Hübbe1,2, D. Bisgaard Steen-
Jensen1, A. Bradburry4, S. Justesen1 
1Immunitrack ApS, Copenhagen, Denmark, 2National Center for Cancer Immune Therapy, Herlev, 
Denmark, 3Technical University of Denmark, Kgs. Lyngby, Denmark, 4Specifica, Specifica, United 
States 
 
Monoclonal antibody (MAb) therapy has recently become a first-line treatment for cancer patients 
with different malignancies, showing a great ability to enhance the body’s natural anti-tumor 
immune response. An unresolved difficulty in the design of cancer immunotherapies is to identify 
truly immunogenic and tumor-specific antigens that can be targeted with MAbs. Most cancer 
antigens are located intracellularly, which makes them unreachable to MAbs, that bind to antigens 
expressed on the surface of cells. A strategy to gain access to intracellular cancer antigens is to 
exploit the fact that shorter fragments of antigenic proteins are presented on the cell surface 
through human leukocyte antigen (HLA) molecules. This can be done using T cell receptor-like 
antibodies (TCRLAs or TCR mimics) which are antibodies that can recognize and bind to peptide/HLA 
complexes on tumor cell surfaces. TCRLAs can initiate strong anti-tumor immunity through several 
distinct molecular mechanisms. The success of this type of MAb therapy has been shown preclinically 
in several tumor models but has not translated into any clinically approved treatments. 
In the presented work, we have combined Specifica’s Gen3 antibody discovery platform with our 
best-in-class NeoScreen MHC detection platform to identify TCRLAs that bind strongly and 
specifically to cancer antigens including PRAME.We demonstrate that the TCRLAs bind to their 
targets with high affinity and high specificity. In conclusion, we have established an unique workflow 
for predicting antigenic targets and confirming specific binding of the TCRLA to the target epitope-
HLA complex. This is a workflow that can be applied to many types of cancer and ultimately can be 
used for designing next generation cancer immunotherapeutics. 
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First-in-human phase 1/2 trial to evaluate safety and initial clinical activity of DuoBody®-CD40x4-
1BB (GEN1042) in patients with advanced solid tumors 
M. Johnson1, J. Lopez2, P. LoRusso3, J. Bauman4, D. Haggstrom5, E. Lagkadinou6, G. Bajaj7, Ö. Türeci6, 
H.C. Adams III7, U. Şahin6, Y. Fu7, T. Ahmadi7, K.S. Rohrberg8 
1Sarah Cannon Research Institute, Nashville, United States, 2Royal Marsden NHS Foundation Trust, 
Sutton, United Kingdom, 3Yale Cancer Center, New Haven, United States, 4Fox Chase Cancer Center, 
Philadelphia, United States, 5Levine Cancer Institute, Charlotte, United States, 6BioNTech SE, Mainz, 
Germany, 7Genmab, Princeton, United States, 8Rigshospitalet, University Hospital of Copenhagen, 
Department of Oncology, Copenhagen, Denmark 
 
CD40 and 4-1BB have shown preclinical promise as immunooncologic targets; however, clinical 
efforts evaluating CD40 and 4-1BB agonists as monotherapies have found limited success due to 
minimal efficacy and/or severe toxicity. DuoBody®-CD40x4-1BB (GEN1042) is an investigational, 
novel, agonistic, bispecific antibody that combines targeting and conditional activation of CD40 and 
4-1BB on immune cells, resulting in enhanced priming and (re-)activation of tumor-specific immunity. 
Preclinical data suggest that combination of GEN1042 with anti–PD-1 can enhance antitumor activity. 
Here, we present preliminary data from the ongoing, first-in-human, open-label, phase 1/2 trial of 
GEN1042 in advanced solid tumors (NCT04083599). In the dose-escalation phase, patients with 
metastatic/unresectable non-CNS solid tumors who had exhausted standard therapies received flat-
dose GEN1042 (0.1–400 mg) intravenously every 3 weeks until disease progression or unacceptable 
toxicity. Dose-limiting toxicity (DLT) was the primary endpoint. Secondary endpoints included 
adverse events (AEs), pharmacokinetic (PK) parameters, and preliminary antitumor activity (RECIST 
v1.1). Pharmacodynamic (PD) biomarkers were assessed as exploratory endpoints. As of June 11, 
2021, 50 patients were enrolled (median age, 57 years). The most common cancer types were 
colorectal (22%), melanoma (20%), and NSCLC (8%). Patients received a median (range) of 2.5 (1–21) 
GEN1042 treatment cycles. GEN1042 Cmax was observed soon after end of infusion. Treatment-
related AEs in ≥10% of patients (all grades; grade ≥3) were fatigue (22%; 0%), pyrexia (16%; 0%), 
nausea (10%; 0%), and transaminase elevation (10%; 6%). The maximum tolerated dose was not 
reached. One DLT (grade 4 elevated transaminases) was observed at the 200-mg dose; it resolved 
with corticosteroid therapy. No drug-related grade ≥3 thrombocytopenia was reported. Disease 
control, defined as best overall response of complete/partial response and stable disease, was 
achieved in 51% of patients (n/N=25/49), including 2 confirmed partial responses per RECIST v1.1 in 
melanoma and neuroendocrine lung cancer. Modulation of peripheral biomarkers was observed 
across dose levels, with more pronounced effects near the 100-mg dose. Increases in peripheral IFN-
γ, TARC (monocyte/dendritic cell chemokine), and proliferating CD8+ total and effector memory T 
cells were observed during cycle 1. A physiologically based PK/PD model, along with available safety, 
efficacy, and PD data, identified 100 mg every 3 weeks as the expansion dose for further evaluation. 
In conclusion, GEN1042 showed biologic and preliminary antitumor activity with a manageable safety 
profile in patients with advanced solid tumors. Expansion cohorts are currently enrolling, including 
evaluation of GEN1042 in combination with PD-1 inhibitors. 
 
This trial was funded by Genmab A/S and BioNTech SE. 
This abstract was previously presented at the SITC Annual Mtg; Nov 10–14, 2021; Washington, DC. 
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Matrix metalloproteinase 7 and 12 levels in urothelial bladder cancer - predictors of disease stage 
and survival outcome following proteomic and transcriptional profiling 
I. Kerzeli1, P. Türker2, A. Kostakis1, P.-U. Malmström2, T. Hemdan2, D. Ward3, R. Bryan3, U. 
Segersten2, M. Lord1, S. Mangsbo1 
1Uppsala University, Department of Pharmacy, Science for Life Laboratory, Uppsala, 
Sweden, 2Uppsala University, Department of Surgical Sciences, Uppsala, Sweden, 3University of 
Birmingham, Bladder Cancer Research Centre, Institute of Cancer & Genomic Sciences, Birmingham, 
United Kingdom 
 
Urothelial bladder cancer (UBC) is the 10th most common cancer worldwide and the 4th among men. 
Primarily diagnosed at the early non-muscle-invasive stage (NMIBC), long-term surveillance, 
necessitating repeated cystoscopies and imaging of patients at risk of recurrence or progression, is 
both costly for healthcare providers and burdensome for patients. Consequently, there is an urgent 
and unmet need to in-depth identify accurate local and systemic biomarkers in liquid biopsies from 
UBC patients with the prospect of better patient stratification to prevent unnecessary interventions, 
or indicate when aggressive measures are required. 
Our aim with this study was to identify stage-specific and survival-associated proteins in plasma 
(n=90) and urine (n=40) from 90 newly-diagnosed and treatment-naïve UBC patients. A targeted 
screening of protein markers of important immune- and tumour-related processes was performed 
using Proximity Extension Assay (PEA), a method that combines high technical sensitivity and 
specificity with a high-throughput multiplex format, permitting the assessment of up to 92 protein 
markers. An independent UBC cohort (serum n=79) previously analysed with the PEA, and additional 
data processed from public single-cell and bulk transcriptional data derived from UBC patient tumour 
tissue (n=306), were used for validation. 
Protein levels of four markers, the chemokine CCL23 (p=0.03) and matrix metalloproteinase MMP7 
(p=0.028) in plasma, and the two TNF-receptor superfamily members CD27 (p=0.044) and CD40 
(p=0.04) in urine, were significantly different between the non-muscle (NMIBC) and muscle-invasive 
(MIBC) disease stage. Elevated plasma levels of CCL23 and MMP7 were found in MIBC patients, 
whereas CD27 and CD40 urine levels were significantly lower compared to NMIBC patients. Overall 
survival outcome by random survival forest and multivariate Cox regression models identified high 
MMP12 plasma levels as an independent marker associated with shorter overall survival 
(HZ=1.8,p<0.001, 95% CI:1.3-2.5); this finding was validated in an independent UBC PEA cohort. 
Single-cell transcriptomics analyses moreover indicated tumour-infiltrating macrophages as a 
putative source of increased systemic protein levels of MMP12 in MIBC. The percentages 
of MMP12 mRNA expressing cells also increased with disease progression. 
The local production, but systemic diffusion of MMP12, suggests that MMP12 could be an important 
biomarker to complement histopathology-based risk stratification. Additionally, it may represent a 
pharmacological target in bladder cancer. 
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Translocator protein 18 kDa (TSPO) acts as an immune resistance gene involved in the T-cell 
mediated immune control of glioblastoma 
A.N. Menevse1, L.-M. Ammer2, A. Vollmann-Zwerenz2, M. Kupczyk1, L. Weidner3, J. Lorenz3, A. 
Hussein1, J. Sax1, J. Mühlbauer1, N. Heuschneider1, C. Rohrmus2, B. Jachnik2, S. Stamova1, V. Volpin1, 
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F.C. Durst1, V. Milenkovic4, S. Bader4, C. Wetzel4, N.L. Albert5, J.-C. Tonn6, P. Bartenstein5, M.J. 
Riemenschneider3, P. Hau2, P. Beckhove1 
1Leibniz Institute for Immunotherapy (former RCI), Division of Interventional Immunology, 
Regensburg, Germany, 2University Hospital Regensburg, Wilhelm Sander-NeuroOncology Unit and 
Department of Neurology, Regensburg, Germany, 3University Hospital Regensburg, Department of 
Neuropathology, Regensburg, Germany, 4University of Regensburg, Department of Psychiatry and 
Psychotherapy, Molecular Neurosciences, Regensburg, Germany, 5University Hospital of Munich, 
LMU, Department of Nuclear Medicine, Munich, Germany, 6University Hospital of Munich, LMU, 
Department of Neurosurgery, Munich, Germany 
 
Glioblastoma is the most malignant and common type of primary brain tumor with a median survival 
of less than 21 months. Apart from molecular alterations, the pathogenesis of glioblastoma is largely 
dependent on immune escape mechanisms. Immune checkpoint blockade or CAR-T cell-based 
immunotherapies demonstrated limited efficacy due to the heterogeneous nature of glioblastoma 
and adaptive resistance mechanisms developed following the treatment. The ineffectiveness of 
current immunotherapeutic strategies for glioblastoma underlines the need for identifying novel 
targets. Translocator protein 18 kDa (TSPO) has been used as a prognostic biomarker for 
glioblastoma, due to its up-regulated expression compared to normal brain, positive correlation with 
malignancy, and inverse correlation with clinical outcome. TSPO expression in the tumor also 
positively correlated with immune infiltration. Nevertheless, the immunomodulatory role of TSPO in 
glioblastoma has never been reported. We hypothesized that TSPO is upregulated in the tumor as an 
adaptive resistance mechanism and might confer resistance against T-cell mediated immune control 
of glioblastoma. To understand whether TSPO can contribute to immune resistance of glioblastoma, 
we established co-cultures using primary brain tumor-initiating cells (BTICs) and autologous tumor-
infiltrating lymphocytes (TILs) as well as allogeneic Influenza-specific CD8+ T cells. We showed that 
TSPO expression in BTICs is induced upon contact with tumor-reactive T cells and T cell-derived 
factors. We could identify T-cell-derived IFNγ and TNFα as the main inducers of TSPO in BTICs. We 
could also confirm IFNγ- and TNFα-mediated regulation of TSPO by analyzing a single-cell RNA-Seq 
data set from glioblastoma. Downregulation of TSPO sensitized glioblastoma cell lines and BTICs 
against T cell-mediated cytotoxicity in both allogeneic and autologous settings. Based on our data, 
TSPO protects BTICs selectively against TRAIL-induced apoptosis by regulating both intrinsic and 
extrinsic apoptosis pathways. Our transcriptome analysis on TSPO deficient BTICs revealed 
downregulated genes that were associated with apoptosis-resistance of tumors. Among these genes, 
the silencing of two peptidase inhibitors sensitized TSPO-deficient BTICs synergistically towards 
TRAIL-induced apoptosis. Our data provided an indication that targeting TSPO may be able to 
sensitize glioblastoma to immune cell-mediated cytotoxicity by circumventing tumor intrinsic TRAIL-
resistance. Based on our findings, tumor-reactive T cells can induce TSPO expression in glioblastoma 
as an adaptive resistance mechanism; therefore, combinational strategies are needed to be 
developed where inhibition of TSPO activity may improve the efficiency of immunotherapy for 
glioblastoma. 
 
 
 
63 
 
Macromolecular strategies for enhancing immunotherapy responses by macrophage repolarization 
A. Huppertsberg1, L. Kaps2, D. Schuppan2, L. Nuhn1 
1Max Planck Institute for Polymer Research, Mainz, Germany, 2University Medical Center Mainz, 
Institute for Translational Immunology and Research Center for Immune Therapy, Mainz, Germany 
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Immunosuppressive macrophages are involved in several pathologic scenarios by generating an 
immunosuppressive microenvironment that prevents state-of-the-art immunotherapeutics from 
becoming active. Targeted delivery of small molecule immune modulators into those cells can be 
achieved by nano-sized carrier systems. We developed a macromolecular carrier by synthesizing 
nanogels based on polymeric squaric ester amides that circulate in the blood stream but fall apart 
under endolysomal pH conditions. During the fabrication process also small molecule immune 
modulators can be covalently conjugated to the nanogels: For the TLR7/8 agonist imidazoquinoline 
its systemic inflammation potential can be suppressed and focused to the spleen.Alternatively, for 
the bisphosphonate drug alendronate its biodistribution can be shifted into the liver, where a 
immune modulation of inflammatory cells can be achieved which prevents the progression of liver 
fibrosis. 
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The PD-L1/4-1BB bispecific antibody-Anticalin fusion protein PRS-344/S095012 elicits strong T-cell 
stimulation in a tumor-localized manner 
J. Peper-Gabriel1, A. Morales-Kastresana1, L. Pattarini2, M. Pavlidou1, T. Jaquin1, C. Gallou2, E.-M. 
Hansbauer1, R.S. Bel Aiba1, B. Bossenmaier1, A. Scholer-Dahirel3, C. Rothe1, V. Blanc2, S. Olwill1 
1Pieris Pharmaceuticals GmbH, Hallbergmoos, Germany, 2Institut de Recherches Servier, Croissy sur 
Seine, France, 3Institut de Recherches Internationales Servier, Suresnes, France 
 
Preclinical and clinical data suggest that the costimulatory immunoreceptor 4-1BB (CD137) is a 
promising therapeutic target in cancer. A combination of checkpoint blockade with T-cell stimulation 
mediated by 4-1BB agonism has the potential to increase response rates and durability of response in 
patients who don’t benefit from current immunotherapies. The PD-L1/4-1BB bispecific molecule PRS-
344/S095012 has been designed to potentiate the synergy of combinatorial therapy in a tumor-
localized manner via a bispecific format. By blocking the PD-1/PD-L1 axis and mediating a localized 
stimulation of antigen-specific T-cells in the PD-L1-positive tumor microenvironment, PRS-
344/S095012 could maximize antitumor immunity and increase the therapeutic window beyond 
what has been reported for anti-4-1BB monoclonal antibodies (mAbs). 
Anticalin® proteins are ~18 kDa protein therapeutics derived from human lipocalins. Using phage 
display technologies, we generated an Anticalin protein binding to 4-1BB with high specificity and 
selectivity. PRS-344/S095012 was generated by recombinant fusion of two 4-1BB-specific Anticalin 
proteins to an anti-PD-L1 mAb with an engineered Fc gamma receptor silenced IgG4 backbone. The 
activity and potency of PRS-344/S095012 were investigated in multiplein vitro assays and in a human 
4-1BB knock-in mouse model. 
PRS-344/S095012 was shown to bind to 4-1BB and PD-L1 simultaneously with high affinity and 
efficiently blocked the PD-1/PD-L1 pathway with similar potency to the parental anti-PD-L1 mAb. 
PRS-344/S095012 enhanced T-cell effector functions only in presence of PD-L1 positive cells, in line 
with the expected mechanism of action. In severalin vitro models, PRS-344/S095012’s activity was 
superior to the combination of clinically relevant anti-4-1BB and PD-L1 mAbs. PRS-344/S095012 
mediated strong dose-dependent antitumoral efficacy in an anti-PD-L1-resistant human 4-1BB knock-
in mouse model, resulting in complete tumor regression in the highest dose range. In this model, we 
detected soluble 4-1BB as an early marker for 4-1BB agonist activity. 
In this study we demonstrated that PRS-344/S095012 mediates potent PD-L1-dependent T-cell co-
stimulation via 4-1BB and efficiently combines checkpoint blockade with a tumor-localized 4-1BB-
mediated stimulation burst to antigen-specific Tcells. In addition, PRS-344/S095012 was more potent 
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than a combination of anti-4-1BB and PD-L1 mAbs and increased the therapeutic benefit in 
preclinical models. This approach has the potential to maximize antitumor immunity and reduce 
peripheral toxicity. We finally provide evidence that soluble 4-1BB is a potential biomarker of 4-1BB 
agonism in patients. Taken together our preclinical data outline proof of concept for the functionality 
of PRS-344/S095012 and support further clinical development of this drug candidate. 
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A multispecific antibody platform for optimal engineering of multiple myelomaimmunotherapies. 
B. Pouleau1, C. Grandclement1, C. Estoppey1, J. Frei1, J. Loyau1, C. Dreyfus1, E. Dheilly1, M. 
Panagopoulou1, E. Martini1, A. Laurendon1, T. Monnet1, P. Suere1, E. Nallet1, R. Turrini1, M. Pluess1, A. 
Rubod1, L. Mbow1, M. Dyson1, M. Doucey1, M. Chimen1, A. Drake1, A. Srivastava1, S. Sammicheli1, M. 
Perro1 
1Ichnos Science, Lausanne, Switzerland 
 
Despite significant advances in immunotherapy, many malignancies remain incurable. Bi- and multi-
specific antibodies offer innovative approaches to deliver promising clinical results. The development 
of new multi-specifics requires a robust platform technology that allows efficient heterodimerization 
of heavy and light chains, an half-life convenient for the use in clinic, an efficient purification process 
with high-yield manufacturing and flexibility in the format design. To address these points, we 
created the BEAT® platform, that allows efficient heavy chain heterodimerization by using the 
domain interface of the alpha and beta chains from the T-cell receptor, which is not solvent exposed. 
The BEAT platform was used to develop 1+1 or 2+1 bispecifics targeting multiple myeloma and 
designed to overcome two of the main mechanisms of resistance: CD38 downregulation and CD47 
upregulation. 
ISB 1342, a CD38xCD3 targeted T-cell engager, was engineered as a Fc silenced antibody with a single 
chain variable fragment arm that recognizes CD3 and a fragment antigen binding (Fab) arm which 
recognizes CD38. By co-engaging CD3 at low affinity on T cells and CD38 at high affinity on tumor 
cells, ISB 1342 achieves a higher killing potency than daratumumab for MM tumor cells across levels 
of CD38 expression. This potency is retained when used sequentially or concomitantly with 
daratumumab. Additionally, ISB 1342 potency was not impacted by soluble CD38. ISB 1342 induced 
complete tumor eradication in vivo, in a therapeutic model of subcutaneously established Daudi 
cells, in marked contrast to daratumumab, which induced only partial tumor control. A Phase 1 dose 
finding study of ISB1342 is underway (NCT03309111). 
ISB 1442 represents a second version of the BEAT platform. It is a first-in-class 2+1 biparatopic 
bispecific antibody targeting CD38 x CD47 that utilizes Fab constituted with common light chain to 
optimize heavy-light chain pairing. The CD38 binding arm consists of non-daratumumab competing 
biparatopic Fabs, preferentially driving binding to tumor cells and enabling blocking of proximal 
CD47, with a single low affinity Fab. This design enables ISB 1442 to have a more favourable on-
target profile, with no detectable hemolysis, red blood cell depletion or platelet aggregation in vitro 
relative to magrolimab. In addition, the Fc region of ISB1442 display enhanced Fc effector function 
through Fc engineering. ISB 1442 showed a higher potency to kill CD38low expressing tumor cells 
through ADCC and ADCP compared to daratumumab. In vivo, ISB 1442 shows higher inhibition of 
tumor growth relative to daratumumab and comparable tumor regression relative to magrolimab. 
In summary, we report two novel approaches for the treatment of MM using the BEAT technology to 
co-target either CD38 and CD3, or CD38 and CD47. The designs of ISB 1342 and ISB 1442 are 
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anticipated to enhance antitumor activity in MM patients by overcoming primary and acquired 
mechanisms of resistance. 
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A probe-based 3D co-culture screening platform to repolarize tumor-associated macrophages and 
cancer-associated fibroblasts 
M. Pfirrmann1,2, D. Tauriello2, M. Verdoes1 
1Radboud Institute for Molecular Life Sciences, Radboudumc, Tumor Immunology, Nijmegen, 
Netherlands, 2Radboud Institute for Molecular Life Sciences, Radboudumc, Cell Biology, Nijmegen, 
Netherlands 
 
Immunotherapy has revolutionized the treatment of cancer, yet many tumor types including 
colorectal cancer fail to respond due to the immunosuppressive tumor microenvironment (TME). 
Overcoming this immune evasion can dramatically improve cancer immunotherapies. Two of the 
main contributors to the suppressive TME are tumor-associated macrophages (TAMs) and cancer-
associated fibroblasts (CAFs). Re-education of these cell states may have a profound effect on the 
overall tumoral immune context and could boost therapeutic efficacy. 
Therefore, we aim to identify novel TAM- and CAF-modulating molecules to overcome their 
suppressive state. To assess the therapeutic effect of different compounds, we are implementing 
non-invasive fluorescent probes with TAM/CAF-specific features. To identify M2-like TAMs, the 
BMV109 quenched fluorescent activity-based probe1 is used to target cathepsins, which are highly 
expressed by M2-like TAMs but not by M1-like macrophages. To determine the polarization status of 
CAFs, we measure the activity of the serine protease FAPα located on the surface of CAFs, but not 
normal fibroblasts, using a specific activatable fluorescent peptide substrate probe, ANPFAP

2. To 
screen for immunomodulatory molecules, we model the TME by co-culturing patient-derived 
organoids (PDOs) from colorectal cancer patients with monocyte-derived macrophages and human 
colon fibroblasts in a layer of collagen to create a 3D environment. 
Here, we show that M2-like macrophages have higher BMV109 activity compared to M1-like 
macrophages, indicating that the BMV109 probe is able to specifically visualize macrophages with an 
immunosuppressive M2-like phenotype. We also show that the ANPFAPprobe is activated by cell-
bound FAPα in FAPα-overexpressing fibroblasts in a time-dependent manner. These results indicate 
the suitability of both probes for fluorescence-based readouts. 
Pending further validation of the TAM/CAF probes in our 3D co-culture system, we will screen 
compound libraries for blockade of polarization to an immunosuppressive phenotype and/or 
repolarization of the cells. 
1 Verdoes, M. et al. Improved quenched fluorescent probe for imaging of cysteine cathepsin activity. 
J. Am. Chem. Soc. (2013) doi:10.1021/ja4056068 
2 Li, J. et al. Activatable near-infrared fluorescent probe for in vivo imaging of fibroblast activation 
protein-alpha. Bioconjug. Chem. (2012) doi:10.1021/bc300278r. 
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Peripheral and tumoral immune activity in the expansion part of the first-in-human DuoBody®-PD-
L1x4-1BB (GEN1046) trial 
S. Ponce Aix1, E. Calvo2, V. Moreno3, E. Garralda4, A. Cervantes5, S.S. Ramalingam6, J.M. Trigo Pérez7, 
P. LoRusso8, M. Furqan9, D. Cho10, A. Muik11, E. Lagkadinou11, Ö. Türeci11, S. Couto12, N. Pencheva13, U. 
Forssmann13, U. Şahin11, T. Ahmadi12, B. Higgs12, M. Jure-Kunkel12, I. Melero14 
1Hospital Universitario 12 de Octubre, Madrid, Spain, 2START Madrid-CIOCC, Centro Integral 
Oncológico Clara Campal, Madrid, Spain, 3START Madrid-FJD, Hospital Fundación Jiménez Díaz, 
Madrid, Spain, 4Vall d’Hebron Institute of Oncology, Barcelona, Spain, 5University Hospital of 
Valencia, Valencia, Spain, 6Winship Cancer Institute of Emory University, Atlanta, United 
States, 7Hospital Universitario Virgen de la Victoria, Málaga, Spain, 8Yale Cancer Center, New Haven, 
United States, 9University of Iowa, Iowa City, United States, 10NYU Langone Health Tisch Hospital, 
New York, United States, 11BioNTech SE, Mainz, Germany, 12Genmab, Princeton, United 
States, 13Genmab A/S, Copenhagen, Denmark, 14Clínica Universidad de Navarra, Pamplona, Spain 
 
DuoBody®-PD-L1x4-1BB (GEN1046) is an investigational, first-in-class, bispecific immunotherapy 
designed to induce an antitumor immune response by simultaneous and complementary PD-L1 
blockade and conditional 4-1BB stimulation. In the ongoing phase 1/2a trial in patients with 
advanced solid tumors (NCT03917381), encouraging clinical activity and manageable safety were 
observed during dose escalation. Here, we report exploratory pharmacodynamic analyses and 
potential biomarkers of response in an expansion cohort of patients with PD-(L)1–
relapsed/refractory (R/R) NSCLC. Eligible patients had metastatic/unresectable NSCLC and had 
received multiple lines of prior systemic therapy, including a checkpoint inhibitor. GEN1046 100-mg 
flat dose was given intravenously every 3 weeks. Serial blood samples were collected in cycles 1–2 
for immunophenotyping of peripheral blood and measurements of soluble immune mediators. 
Tumor PD-L1 and 4-1BB expression and additional immune markers were evaluated by 
immunohistochemistry in core needle tumor biopsy specimens collected before treatment and at 
cycle 2. As of May 2021, 40 patients with PD-(L)1–R/R NSCLC were enrolled (median age: 63 years). 
GEN1046 elicited pharmacodynamic modulation of immune endpoints within the first 2 cycles. 
Induction of peripheral IFN-γ, CXCL9/10, and expansion of peripheral CD8+ effector memory T cells 
and activated NK cells were observed at cycle 1 (>2-fold from baseline) and maintained or increased 
through cycle 2. Following GEN1046 treatment, increased PD-L1 and 4-1BB expression and cytotoxic 
CD8+/GZMB+ cell density were detected in 9 paired tumor biopsy samples. In a subset of patients 
with clinical response (n=5 confirmed partial responses), a trend of greater induction of IFN-γ, 
CXCL9/10, and activated NK cells were observed compared with nonresponders. Disease control 
rates were higher (64% [n/N=16/25]) in patients who had progressed on prior anti–PD-1 therapy ≤8 
months from the first dose of GEN1046. In patients with evaluable baseline tumors (n=26), most with 
any degree of tumor reduction (best change, <0%) harbored PD-L1+ tumors (≥1% tumor positive 
score; 7/10) and showed close spatial proximity between PD-L1+ and 4-1BB+ cells, whereas most 
patients with no degree of tumor reduction presented with PD-L1− tumors (n/N=12/16). In 
conclusion, among patients with NSCLC who progressed on prior PD-(L)1 therapy, GEN1046 resulted 
in pharmacodynamic effects consistent with its proposed mechanism of action. Relationships were 
observed between achievement of disease control and PD-L1 tumoral expression as well as time 
since last prior anti–PD-1 therapy. These findings support that patient selection and/or anti–PD-1 
combination therapy may lead to improved clinical efficacy. Further analyses are ongoing and 
updated results will be presented. 
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This trial was funded by Genmab A/S and BioNTech SE. 
This abstract was previously presented at the STIC Annual Meeting; Nov 10–14, 2021; Washington, 
DC. 
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hnRNP-A1 binds to the IRES of MELOE-1 antigen to promote its translation in stressed melanoma 
cells. 
C. Rabu1, M. Charpentier2, E. Dupré2, A. Fortun2, F. Briand2, M. Maillasson3, E. Com4, C. Pineau4, N. 
Labarrière1, F. Lang1 
1INCIT, INSERM U1302, Labex IGO, University of Nantes, Nantes, France, 2Inserm, Labex IGO, 
University of Nantes, Nantes, France, 3Inserm, CNRS, SFR Santé, University of Nantes, Nantes, 
France, 4Inserm, EHESP, Irset, University of Rennes, Rennes, France 
 
The major challenge in antigen-specific immunotherapy of cancer is to select the most relevant 
tumor antigens to target. To this aim, understanding their mode of expression by tumor cells is 
critical. We previously identified a melanoma specific antigen, MELOE-1, coded for by a long non-
coding RNA, whose translation is IRES-dependant and restricted to tumor cells. This restricted 
expression is associated with the presence of a broad and shared specific T lymphocyte repertoire 
that is involved in tumor immunosurveillance in melanoma patients. In the present work, using pull 
down assay coupled to mass spec analysis, we explored the translation control of MELOE-1 and 
provide evidence that hnRNP-A1 binds to MELOE-1 IRES. We showed that this binding is functional 
and that hnRNPA1 acts as an ITAF to promote the translation of MELOE-1 in melanoma cells. In 
addition, we showed that Endoplasmic Reticulum stress induced by thapsigargin, known to promote 
hnRNP-A1 cytoplasmic translocation, enhances MELOE-1 translation and recognition of melanoma 
cells by a MELOE-1 specific T cell clone. These findings suggest that pharmacological stimulation of 
stress pathways may enhance the efficacy of immunotherapies targeting stress-induced tumor 
antigens such as MELOE-1. 
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Identification and validation of viral antigens sharing sequence and structural homology with 
tumor-associated antigens (TAAs) 
C. Ragone1, C. Manolio1, B. Cavalluzzo1, A. Mauriello1, M.L. Tornesello2, F.M. Buonaguro2, F. 
Castiglione3, L. Vitagliano4, E. Iaccarino4, M. Ruvo4, M. Tagliamonte1, L. Buonaguro1 
1National Cancer Institute 'PASCALE', Innovative Immunological Models LAB, Napoli, Italy, 2National 
Cancer Institute 'PASCALE', Molecular Biology and Viralo Oncology LAB, Napoli, Italy, 3National 
Research Council, Institute for Applied Computing, Roma, Italy, 4National Research Council, Institute 
for Biostructures and Bioimages, Napoli, Italy 
 
The host’s immune system develops in equilibrium with both cellular self-antigens and non-self 
antigens derived from microorganisms which enter the body during lifetime. In addition, during the 
years, a tumor may arise presenting to the immune system an additional pool of non-self antigens, 
namely tumor antigens (Tumor Associated Antigens, TAAs; Tumor Specific Antigens, TSAs). 
In the present study we looked for homology between published TAAs and non-self viral-derived 
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epitopes. Bioinformatics analyses and ex vivo immunological validations have been performed. 
Surprisingly, several of such homologies have been found. Moreover, structural similarities between 
paired TAAs and viral peptides as well as comparable patterns of contact with HLA and TCR α and β 
chains have been observed. Therefore, the two classes of non-self antigens (viral antigens and tumor 
antigens) may converge, eliciting cross-reacting CD8+ T cell responses which possibly drive the fate of 
cancer development and progression. 
An established anti-viral T cell memory may turn out to be an anti-cancer T cell memory, able to 
control the growth of a cancer developed during the lifetime if the expressed TAA is similar to the 
viral epitope. This may ultimately represent a relevant selective advantage for cancer patients and 
may lead to a novel preventive anti-cancer vaccine strategy (Ragone et al., J Immunother Cancer. 
2021 May;9(5):e002694. doi: 10.1136/jitc-2021-002694). 
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Targeting sphingolipid metabolism in glioblastoma: a low-dose combination of temozolomide with 
the sphingosine kinase inhibitor SKI-II overcomes glioblastoma cells resistance to temozolomide 
and affects glioblastoma stem-like cells under hypoxia. 
N. Sousa1, C. Geiß1, L. Bindila2, I. Lieberwirth3, E. Kim4, A. Régnier-Vigouroux1 
1Johannes Gutenberg University, Institute of Developmental Biology and Neurobiology, Mainz, 
Germany, 2Medical University Mainz, Clinical Lipidomics Unit, Institute of Physiological Chemistry, 
Mainz, Germany, 3Max Planck Institute for Polymer Research, Mainz, Germany, 4Medical University 
Mainz, Department of Neurosurgery, Mainz, Germany 
 
Glioblastoma tissues express higher levels of sphingosine kinase, an enzyme that controls the balance 
between the pro-apoptotic ceramide and the pro-survival sphingosine 1 phosphate. Consequently, 
they contain higher level of sphingosine-1-phosphate relative to normal tissue. Sphingosine kinase 
has thus emerged as therapeutic target and various inhibitors are under investigation. The small 
molecule SKI-II inhibits sphingosine kinase and dihydroceramide desaturase 1, leading to sphingolipid 
metabolism perturbation at various cellular locations. We have shown that human glioblastoma cells 
resistant to temozolomide, but not human primary astrocytes, were efficiently killed in vitro by the 
combination of temozolomide and SKI-II. These experiments however were performed under 
atmospheric oxygen conditions and with a dose of not-clinically relevant temozolomide. Tumors are 
characterized by low oxygen condition (hypoxia) which supports chemotherapy resistance and favors 
the expansion of glioblastoma stem-like cell (GSC), contributing to tumor relapse. These two issues 
are notorious road-blocks to effective therapy of glioblastoma. We therefore wanted to evaluate the 
combination in conditions that better mimic the tumor microenvironment and at doses compatible 
with a therapeutic use. Using the Chou-Talalay Combination Index method, we determined a 
combination of low doses showing a synergistic effect in inhibiting cell growth at 3% oxygen. Cell 
death mechanisms and autophagy were analyzed by flow cytometry and western blot, sphingolipid 
metabolism alterations by mass spectrometry and gene expression analysis. GSCs self-renewal 
capacity was determined by extreme limiting dilution assays and glioblastoma cells invasion with a 
3D spheroid model. Despite an increased resistance to temozolomide under hypoxia, treatment with 
the combination of temozolomide (48 µM) with SKI-II (2.66 µM) synergistically inhibited glioblastoma 
cell growth and potentiated glioblastoma cell death relative to single treatments under hypoxia. The 
low-dose combination induced a decrease in ceramide and its metabolites, oxidative and 
endoplasmic reticulum stress, and triggered caspase-independent cell death. It impaired the self-
renewal of temozolomide-resistant GSCs, and decreased glioblastoma cell invasion capacity. These 
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results indicate that the combination of low doses of SKI-II and temozolomide is a promising strategy 
to potentially overcome tumor growth and relapse by reducing hypoxia-induced resistance to 
chemotherapy and targeting of the glioblastoma stem-like cell population. Further evaluation in an in 
vivo glioblastoma model is warranted. 
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A combination of RNA vaccination and RNA-encoded IL-2 with extended half-life enhances vaccine-
specific T-cell responses against tumors 
D. Reidenbach1, L. Kranz2, M. Vormehr2, S. Witzel1, D. Eisel2, M. Diken1,2, S. Kreiter1,2, Ö. Türeci2, U. 
Sahin2 
1TRON – Translationale Onkologie an der Universitätsmedizin der Johannes Gutenberg-Universität 
Mainz gGmbH, Mainz, Germany, 2BioNTech SE, Mainz, Germany 
 
Cytokines are pleiotropic mediators of the innate and adaptive immune system, and shape the tumor 
microenvironment. Interleukin-2 (IL-2) is a key cytokine in T-cell immunity and supports cell 
proliferation, differentiation and survival. Efficient in vivo application of IL-2 is limited by its short 
half-life and peak dose-mediated toxicities. To overcome these limitations and enhance potency, we 
developed lipid/polymer-formulated nucleoside-modified RNA coding for a murine IL-2-albumin (Alb) 
fusion protein (mAlb-mIL2). Here, we characterize the pharmacokinetics and biodistribution of the 
translated fusion protein. In combination with a liposome-formulated RNA vaccine, we investigate 
the potential of mAlb-mIL2 to boost vaccine-specific T-cell responses and anti-tumor activity in mice. 
Administration of mAlb-mIL2 extended the serum half-life of the translated cytokine fusion protein in 
comparison to administration of RNA encoding mIL-2 only, or recombinant mIL-2. Formulated RNA 
encoding a similar-sized reporter-mAlb fusion protein promoted accumulation of the translated 
protein in tumors and tumor-draining lymph nodes. Treatment with mAlb-mIL2 significantly 
improved RNA vaccine-induced antigen-specific CD8+ T-cell responses against foreign and self 
antigens in mouse models compared to RNA vaccination alone. Remarkably, mAlb-mIL2 administered 
once weekly was as effective as the standard repetitive regimen with recombinant IL-2, while 
reducing the dose and number of injections. RNA vaccine and mAlb-mIL2 generated a substantially 
higher fraction of effector cytokine-producing splenic CD8+ T cells, and the induced CD8+ T cells 
displayed a stronger cytotoxic potential towards tumor cells ex vivo, compared to the RNA vaccine 
alone. In combination with RNA vaccine and anti-PD-L1 antibody, mAlb-mIL2 increased the number 
of complete rejections and survival of subcutaneous CT26 tumor-bearing mice. Overall, we 
demonstrate the potency of mAlb-mIL2 to improve antigen-specific T-cell responses in combination 
with RNA vaccination in mice. 
RNA-encoded, extended half-life IL-2 improves RNA vaccine-induced T-cell responses and is 
anticipated to enhance the tolerability of cytokine therapy, broaden its therapeutic window, and 
potentiate its anti-tumor efficacy in patients. Furthermore, the presented concept may find broader 
application in combination with other immunomodulatory agents. 
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Preclinical investigation of immune checkpoint blockade and anti-angiogenic therapy in malignant 
pleural mesothelioma 
S. Rovers1, C. Merlin1, S. Fisher2, A. Nowak2,3, P. Pauwels1,4, F. Lardon1, J. van Meerbeeck1,5, E. Smits1, 
E. Marcq1 
1University of Antwerp, Center for Oncological Research (CORE), Integrated Personalized and 
Precision Oncology Network (IPPON), Wilrijk, Belgium, 2Institute for Respiratory Health, University of 
Western Australia, National Centre for Asbestos Related Diseases (NCARD), Perth, 
Australia, 3University of Western Australia, School of Medicine, Perth, Australia, 4Antwerp University 
Hospital (UZA), Department of Pathology, Edegem, Belgium, 5Antwerp University Hospital (UZA), 
Department of Thoracic Oncology, Edegem, Belgium 
 
Malignant pleural mesothelioma (MPM) is a fatal cancer type that affects the membranes lining the 
lungs and is causally associated with asbestos exposure. Despite the effectiveness of conventional 
anti-cancer treatment, its prognosis remains very poor. We previously demonstrated a significant 
survival benefit for programmed death ligand-1 (PD-L1) blockade in preclinical models of MPM. Data 
from preclinical studies in other tumour models show that anti-PD-L1 and anti-angiogenic therapy 
can enhance each other’s efficacy, thereby supporting the investigation of combined blockade of PD-
L1 and vascular endothelial growth factor receptor-2 (VEGFR2) in MPM. In this study, we first used 
the AE17 C57BL/6 mesothelioma mouse model to identify a good dose for anti-VEGFR2 and to 
investigate the effect of concomitant treatment with anti-PD-L1. Tumour cells were injected 
subcutaneously. Treatment was given intraperitoneally every third day for a total of 3 doses (q3dx3). 
Tumour growth and survival were monitored over time. Dose titration of anti-VEGFR2 revealed 
statistically significant tumour growth delay and survival benefit compared to phosphate buffered 
saline (PBS) for all doses tested (100, 200, 400, 800µg). The highest concentration (800µg) also 
differed significantly from the other doses in terms of tumour growth. We therefore selected 800µg 
anti-VEGFR2 for combination with anti-PD-L1. Results from our preclinical evaluation of the 
combination therapy indicated a significant tumour growth delay and survival benefit for both anti-
PD-L1 monotherapy and its combination with anti-VEGFR2. However, no significant differences were 
observed between these two treatments. Therefore, we conducted additional experiments to 
evaluate the potential of different treatment schedules. Using the same mouse model, we 
investigated the effect of adjuvant, neo-adjuvant, and concomitant administration of anti-PD-L1 and 
anti-VEGFR2 compared to either monotherapy and PBS control. Treatments were administered as 
before, with a 5-day delayed start of the second treatment in the adjuvant and neo-adjuvant groups. 
Results from all treatment groups indicated a significant tumour growth delay, and a survival benefit 
was observed for the concomitant and neo-adjuvant groups. In conclusion, our in vivo investigation 
of combined anti-PD-L1 and anti-VEGFR2 therapy revealed significant effects for the concomitant 
administration of both antibodies as well as in the neo-adjuvant setting. However, in order to identify 
the best combined immunotherapeutic strategy, verification of these data in our second MPM 
mouse model is still ongoing. Future work will look into the impact of anti-VEGFR2 on the tumour 
microenvironment and vasculature. 
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ISB 1442, a first-in-class CD38 and CD47 bispecific antibody innate cell modulator for the treatment 
of CD38 positive hematologic malignancies. 
C. Grandclement1, C. Estoppey2, E. Dheilly1, M. Panagopoulou1, E. Martini1, J. Frei2, A. Drake2, A. 
Rubod2, G. Gudi3, J. Koch Olsen4, R. Giovannini4, M.A. Doucey2, E. Feldman3, C. Konto3, A. Srivastava2, 
M. Perro2, S. Sammicheli1 
1Ichnos Sciences, Innate Cell Engagers, Epalinges, Switzerland, 2Ichnos Sciences, Epalinges, 
Switzerland, 3Ichnos Sciences, New York, United States, 4Ichnos Sciences, La Chaux-de-Fonds,, 
Switzerland 
 
ISB 1442 is a fully human first-in-class 2+1 biparatopic bispecific antibody targeting CD38 x CD47 
using the BEAT®2.0 (Bispecific Engagement by Antibodies based on the TCR) platform to target CD38 
and CD47 as a treatment for CD38+ malignancies. ISB 1442 is designed with a bi-paratopic anti-CD38 
arm that strongly binds two CD38 epitopes on tumor cells which do not functionally compete with 
daratumumab. The anti-CD47 arm is made of a single Fab designed to block interaction between 
CD47 and the signal-regulatory protein alpha (SIRPα) with low affinity. This approach enables CD47 
binding only of proximal receptors on the same cell via avidity-induced binding of CD38 on tumor 
cells which is expected to induce minimal unintended effects on red blood cells (RBC) compared to 
anti-CD47 monoclonal antibody (mAb) magrolimab. The Fc portion of ISB 1442 is engineered to 
enhance antibody dependent cell phagocytosis (ADCP), antibody dependent cell cytotoxicity (ADCC) 
and complement dependent cytotoxicity (CDC). 
In vitro, ISB 1442 exhibited higher killing potency compared to daratumumab across a range of CD38-
expressing tumor cells. Additionally, ISB 1442 showedin vitro tumor killing potency through 
phagocytosis comparable to magrolimab, acting mostly through ADCP. To assess the complex 
mechanisms of action of ISB 1442 in a single system, a multiple mode of action of killing (MMoAK) 
assay was established to allow for simultaneous killing by natural killer cells (ADCC), autologous 
macrophages (ADCP), as well as complement from human serum (CDC). In the MMoAK assay, ISB 
1442 exhibited tumor cell killing that was twice as high as daratumumab. 
On-target specificity was evaluated in vitro by measuring binding to human RBCs, induction of 
hemagglutination and RBC depletion, hemolysis and platelet aggregation.ISB 1442 did not cause any 
detectable hemolysis, RBC depletion or platelet aggregationin vitroand showed a marked reduction 
in human RBC hemagglutination relative to magrolimab, suggesting a more favorable on-target 
specificity profile. 
Finally, the potency of ISB 1442 was assessedin vivo in a therapeutic model of subcutaneously 
established Raji tumor xenograft in CB17/SCID mice which have functional complement, 
macrophages and NK cells of murine origin. ISB 1442 induced higher tumor growth inhibition relative 
to daratumumab and comparable tumor regression compared to magrolimab. 
In summary, we report a novel approach for the treatment of CD38 positive hematologic 
malignancies by co-targeting CD38 and CD47with a single agent. Based on its unique design and 
multiple mechanisms of action, ISB 1442 is anticipated to enhance antitumor activity in patients 
relative to anti-CD38 mAbs by overcoming primary and acquired tumor escape mechanisms of 
resistance. 
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Unraveling molecular networks of resistance against immune checkpoint inhibition in melanoma 
J. Sax1, V. Volpin1, A.N. Menevse1, L. Bellersheim1, A. Paschen2, P. Beckhove1,3 
1Leibniz Institute for Immunotherapy (LIT), Interventional Immunology, Regensburg, 
Germany, 2University Hospital Essen, Department of Dermatology, Essen, Germany, 3University 
Hospital Regensburg, Department of Hematology and Internal Oncology, Regensburg, Germany 
 
As the majority of patients don’t respond to therapies like immune checkpoint blockade therapy 
(ICBT), the identification of novel immune resistance genes is a major focus in the field of 
immunotherapy. One association to unresponsiveness that can be made for melanoma is the 
expression of microphthalmia-associated transcription factor (MITF). A decrease of MITF is related to 
invasiveness and resistance to immunotherapies. We hypothesize that melanoma cells use so far 
unknown redundant pathways to evade immune response in the MITFlow phenotype. Identifying 
patterns of gene co-expression will facilitate the understanding of molecular circuits that these 
cancer cells might use. Our group established a high-throughput screen to identify genes that 
regulate tumor cell rejection by cytotoxic T cells. So far, in these screens more than 230 genes in 
tumor cell lines of six tumor entities were identified that showed an impact on tumor cell killing. This 
set of genes was subjected to different bioinformatics analyses using bulk and single cell RNAseq 
data from The Cancer Genome Altas (TCGA) and various publications. Weighted gene co-expression 
network analysis (WGCNA) enables network analysis to detect clusters of co-expressed genes. 
Expression of genes and clusters were compared in different patients to investigate individual 
differences. Here, we focused on differential expression between MITFhigh vs. MITFlow tumors and 
cells, respectively. In RNAseq data, WGCNA revealed clusters of immune regulatory genes in 
melanoma patients. We were able to correlate the expression of clusters to a MITFlow phenotype and 
single cell RNAseq data showed expression of co-expressed genes exclusively in patients with 
MITFlow melanoma cells. In general, we found largely homogeneous cluster usage in single tumor 
cells of the same tumor but strong inter-individual differences in the usage of specific co-clustered 
genes among different patients. Based on RNAseq data of patient-derived melanoma cell lines many 
immune resistance genes were found to be significantly correlated with low MITF expression. In 
total, we were able to find overlapping genes in several analyses being associated with a 
MITFlow phenotype. Especially these genes could impose immune resistance to therapies in the 
MITFlow subset and will need to be functionally evaluated. Taken together, we could find high 
homogeneity of co-expression of various immune resistance genes among cells of the same tumor 
and a strong heterogeneity in cluster formation in tumors of different patients. Furthermore, 
expression of clusters and single genes were correlated with a MITFlow phenotype of melanoma. 
These findings point to avenues towards a better understanding of individual differences in tumor 
resistance and patient responsiveness or unresponsiveness to ICBT and for their underlying 
molecular mechanisms. 
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Integrated multi-variate genomic, immunopeptidomic and functional analyses reveal RNA as a 
superior source for entity-agnostic neoantigen identification correlating with 
T-cell infiltration in the tumor 
C. Tretter1,2, N. de Andrade Krätzig3,4,5, M. Pecoraro6, S. Lange3,4,5, T. Engleitner4,5, P. Seifert2, C. von 
Frankenberg2, J. Untch2, F. Dreyer2, E. Bräunlein2, M. Hiltensperger2,1, M. Wilhelm7, D. Zolg7, S. 
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Uhrig1,8, M. Boxberg1,9, K. Steiger1,9, J. Slotta-Huspenina9, S. Ochsenreither1,10,11, N. von Bubnoff1,12, S. 
Bauer1,13, M. Boerries1,12, P.J Jost1,2,14, K. Riedmann2, I. Dresing2, F. Bassermann1,2,4, H. Friess15, D. 
Reim15, K. Grützmann1,16, K. Pfütze1, B. Klink1,16, E. Schröck1,16, B. Haller17, B. Küster1,8,18, M. Mann6, W. 
Weichert1,9, S. Fröhling1, R. Rad1,3,4,5, A.M Krackhardt1,2,4 
1German Cancer Consortium of Translational Cancer Research (DKTK) and German Cancer Research 
Center (DKFZ), Heidelberg, Germany, 2School of Medicine, Technical University of Munich, IIIrd 
Medical Department, München, Germany, 3School of Medicine, Technical University of Munich, IInd 
Medical Department, München, Germany, 4School of Medicine, Technical University of Munich, 
Center for Translational Cancer Research (TranslaTUM), München, Germany, 5School of Medicine, 
Technical University of Munich, Institute of Molecular Oncology and Functional Genomics, München, 
Germany, 6Max Plank Institute of Biochemistry, Department of Proteomics and Signal Transduction, 
Planegg, Germany, 7Technical University of Munich, Chair of Proteomics and Bioanalytics, Freising, 
Germany, 8NCT Heidelberg, Molecular Precision Oncology Program, Heidelberg, Germany, 9Technical 
University of Munich, Institute of Pathology and Pathological Anatomy, München, Germany, 10Charité 
– Universitätsmedizin Berlin, Charité Comprehensive Cancer Center, Berlin, Germany, 11Charité – 
Universitätsmedizin Berlin, Department of Hematology, Oncology and Tumor Immunology, Berlin, 
Germany, 12Medical Center - University of Freiburg, Faculty of Medicine, Institute of Medical 
Bioinformatics and Systems Medicine (IBSM), Freiburg, Germany, 13West German Cancer Center, 
University Hospital Essen, Department of Medical Oncology, Essen, Germany, 14Medical University of 
Graz, Division of Clinical Oncology, Department of Medicine, Graz, Austria, 15School of Medicine, 
Technical University of Munich, Department of Surgery, München, Germany, 16Institute for Clinical 
Genetics, Technical University Dresden, Dresden, Germany, 17School of Medicine, Technical 
University of Munich, Institute of Medical Informatics, Statistics and Epidemiology, München, 
Germany, 18Technical University of Munich, Bavarian Biomolecular Mass Spectrometry Center 
(BayBioMS), Freising, Germany 
 
Cancer immunotherapy has been demonstrated to be successful in a growing number of cancer 
entities although common tissue-agnostic determinants relevant for T-cell mediated 
immunoreactivity and survival are currently still ill defined. This study aims to identify such entity-
agnostic immunological features and targets relevant for tumor immunogenicity. We provide a 
comprehensive multi-omics data set for 32 patients across 25 tumor entities combining genomics, 
transcriptomics, mass spectrometry (MS)-based immunopeptidomics and immunophenotyping of the 
tumor microenvironment. Furthermore, MS-based neoantigen identification has been performed 
combining deep DNA and RNA sequencing data with immunopeptidomics followed by functional 
analysis of identified neoantigens. By using an optimized computational approach, we discovered a 
large number of novel tumor-specific and tumor-associated antigens including shared common 
target candidates within this cross-entity cohort. Moreover, MS-based neoantigens could be 
identified in the majority of patients (75%) and 23 of in total 91 neoantigens were immunogenic for 
autologous or matched healthy donors T cells. Most interestingly, the majority of total and 
immunogenic MS-based neoantigens originated from variants identified in the RNA dataset, 
illustrating the importance of RNA as a still understudied source of cancer antigens. The amount of 
these MS- and mainly RNA-based neoantigens in general, and the immunogenic neoantigen subset in 
particular, correlated positively with overall CD8+ T cell infiltration. In addition to tumor mutational 
burden, CD8+ T cell and NK cell infiltration with cytotoxic activity represented prognostic biomarkers 
for increased survival within this heterogeneous cross-cancer patient cohort. Thus, our study 
indicates the strength of these markers and outlines general aspects of effective anti-tumor 
immunity, highlighting the importance of common therapeutic strategies for the development of 
entity-agnostic immunotherapies. Furthermore, this study underlines the importance of RNA-
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centered variant detection as a rich base for identification of possible shared biomarkers and source 
of potential neoantigen candidates, and thus suggests further research efforts in this direction. 
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CD163hi tissue-resident macrophages drive primary and secondary cancer immunotherapy 
resistance 
M.J. van Elsas1, C. Labrie1, A. Etzerodt2, P. Charoentong3, J.J. van Stigt Thans1, T. van Hall1, S.H. van 
der Burg1 
1Leiden University Medical Center, Medical Oncology, Leiden, Netherlands, 2Aarhus University, 
Biomedicine, Aarhus, Denmark, 3University Hospital Heidelberg, Medical Oncology, Heidelberg, 
Germany 
 
One of the major hurdles in the immunotherapy of cancer is the occurrence of therapy resistance. 
Efforts to target the underlying mechanisms with additional therapeutic strategies are limited and 
have thus far proven to be largely ineffective. In this study, two mouse models of primary or 
secondary resistance against vaccine-induced tumor regression were studied. We analyzed the 
tumor microenvironment during different stages of tumor outgrowth following immunotherapy 
using high-dimensional flow cytometry and transcriptomics. Comparison of the immune infiltrate of 
tumors during early and late regression revealed a rapid change in the function of tumor-rejecting 
towards tumor-promoting macrophages, characterized by the loss of iNOS, CD40 and MHC-II and a 
gain in Arg1, PD-L1 and SIRPα expression. In concerta rapid exhaustion of the tumor-infiltrating T 
cells was observed, characterized by a loss of CD49a and Eomes, and a gain in the checkpoint 
markers CTLA4, NKG2A, TIGIT and CD39. Perturbation studies resulted in the identification of a small 
but discernible subset of CD163hi tissue-resident macrophages, with high expression of tumor-
promoting macrophage markers and a functional M2 transcription profile, but not other 
macrophages, to be responsible. In-depth analyses revealed that they localize at the tumor periphery 
and are more resistant to Csf1 inhibition when compared to other macrophages. Specific depletion of 
these CD163hi macrophages identified these cells as key modulators of immunotherapy resistance. By 
comparing the transcriptomic signature of these macrophages with other macrophages and by in 
vivovalidation, we identified the degradation of heme through Heme oxygenase-1 as the underlying 
mechanism of immunotherapy resistance. Finally, the transcriptomic profile of CD163hi macrophages 
is highly similar to the human immunosuppressive M2 macrophage population, indicating that they 
represent a target to improve immunotherapy efficacy. 
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Increased tumor cell recognition of colorectal cancer patients’ peripheral and tumor-infiltrating T 
cells stimulated by neoantigenic and cryptic peptides 
S. Wagner1, M.W Löffler2, J. Schmitz1, M. Ghosh2, E. Olshvang3, M. Markel3, N. Mockel-Tenbrinck3, A. 
Dzionek3, S. Krake4, B. Arslan4, R. Al-Ali4, M. Radefeldt4, P. Bauer4, A. Schlosser5, M. Linnebacher1 
1Molecular Oncology and Immunotherapy, Department of General Surgery, University Medicine 
Rostock, Rostock, Germany, 2Institute for Cell Biology, University of Tübingen, Department of 
Immunology, Tübingen, Germany, 3Miltenyi Biotec B.V. & Co. KG, Bergisch Gladbach, 
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Germany, 4Centogene GmbH, Rostock, Germany, 5Rudolf-Virchow Zentrum, University Würzburg, 
Würzburg, Germany 
 
Patients with cancers exhibiting extraordinary high numbers of somatic mutations are ideal 
candidates for immunotherapy. Therefore, we selected two microsatellite-instable colorectal cancers 
(HROC113 and HROC285) harboring thousands of genetic aberrations and preserved HLA class I 
expression (constitutive as well as interferon gamma (IFNγ)-inducible). Characterization of the cancer 
cells' ligandome by mass spectrometry, followed by predicting HLA class I binding affinity and 
comparison with the HLA ligand atlas allowed the choice of 100 candidate peptides – 97 cryptic 
peptides and 3 classical mutated neoantigens. The neoantigens originated from single nucleotide 
substitutions in the genes IQGAP1, CTNNB1 and TRIT1. The patient’s T cells (Tc) were isolated from 
peripheral blood or vitally frozen tumor material (tumor-infiltrating Tc, TiTc) and expanded applying a 
rapid expansion protocol. Furthermore, peripheral blood B cells were transformed by Epstein-Barr-
virus immortalization and resulting B-lymphoblastoid cells (B-LCLs) were used as antigen-presenting 
cells. Tc and TiTc were stimulated twice for seven days each with peptide pool-loaded B-LCLs and 
their IFNγ release was subsequently assessed by ELISpot assay. Cryptic and neoantigenic peptides 
leading to Tc response were selected for additional experiments. T cells were tested in degranulation 
assays taking advantage of autologous patient-derived cancer cell lines. Significantly more Tc 
released cytotoxic granules following stimulation with the IQGAP1-, CTNNB1- and TRIT1-derived 
neoantigens and selected cryptic peptides; substantiating an improved tumor cell recognition. 
Parallel tetramer staining revealed an increased number of Tc and TiTc specific for 
the IQGAP1neoantigen. Stimulation with autologous patient-derived cancer cells for 14 days also 
improved numbers of responding Tc. Subpopulation analysis after unspecific in vitro expansion but 
before peptide stimulation showed that peripheral Tc mainly consisted of memory Tc, whereas TiTc 
constituted primarily effector and effector memory Tc. This allows to conclude that TiTc reactive to 
neoantigens as well as cryptic peptides must have been present within the tumor. In summary, these 
results prove, that cells of the two analyzed colorectal cancer cases present both neoantigenic and 
cryptic peptides on their HLA class I molecules. Moreover, stimulation with such tumor-specific 
peptides can significantly increase tumor cell recognition by Tc. Since the overall number of 
neoantigenic peptides hitherto identifiable by ligandome analysis is very limited, our data emphasize 
the relevance of adding cryptic peptides for cancer-specific vaccine design. 
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Accurate detection of tumor-specific gene fusions with EasyFuse reveals strongly immunogenic 
personal neo-antigens 
D. Weber1, J. Ibn-Salem1, P. Sorn1, M. Suchan1, C. Holtsträter1, U. Lahrmann2, I. Vogler2, K. Schmoldt2, 
F. Lang1, B. Schrörs1, M. Löwer1, U. Sahin1 
1TRON – Translational Oncology at the University Medical Center of Johannes Gutenberg University 
Mainz gGmbH, Mainz, Germany, 2BioNTech, Mainz, Germany 
 
Cancers are driven by genetic alternation such as small variants (point mutations, small insertions 
and deletions) and large structural variants that can give rise to gene fusions. The random nature of 
these variants means that each patient's mutanome - the total set of mutations – is unique. While 
individual small variants are utilized in personalized therapy approaches, exploitation of gene fusions 
is currently limited by the lack of computational tools allowing transcriptome-wide identification in 
an accurate and sensitive manner. 
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Here, we investigated previously described bioinformatics tools for prediction of individual gene 
fusions in transcriptome data obtained from cancer cell lines and cancer patient samples and 
validated >1500 predicted candidates experimentally by qRT-PCR. Contrary to previous studies that 
focused benchmarking on recurrent driver gene fusions and with regard to individual events only on 
consensus prediction or simulated data, our approach allowed us to investigate the full range of gene 
fusions in clinically relevant samples. Our benchmarking studies showed that the performance of 
current prediction approaches is very limited in this challenging real-world dataset, missing to detect 
the majority of individual gene fusions. 
Building on our validation data, we developed EasyFuse, a machine learning computational pipeline 
to improve prediction accuracy over existing solutions. With EasyFuse we were able to improve 
prediction, especially for trans-like gene fusions associated with tumor specific expression. 
Nonetheless, with a sensitivity of just 40% many positive validated gene fusions were still missed by 
EasyFuse. Nonetheless, we could show for a breast cancer cohort that individual gene fusions are 
more frequent as previously described. We further investigated 30 selected gene fusion candidates 
for pre-existing immunogenicity in autologous blood lymphocytes from cancer patients. Here, we 
detected pre-established CD4+ and CD8+ T cell responses for 10 of 21 (48%), and for 1 of 30 (3%) of 
identified gene fusions, supporting their relevance as neo-antigens for immunotherapy. 
In conclusion, we demonstrate accurate detection of cancer-specific gene fusions from transcriptome 
sequencing data. Furthermore, the high frequency of T cell responses detected in cancer patients 
supports the relevance of individual fusion genes as neo-antigens for personalized immunotherapies, 
especially for tumors with low point mutation burdens. 
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In vivo T cell activation kinetics visualized by longitudinal OX40- and CD69-immunoPET during 
combination cancer immunotherapy 
S. Blaess1, I.S. Alam2, S. Pezzana1, B. Tako1, D. Seyfried1,3, J. Kinzler1, A. Maurer1,4, B.J. Pichler1,3,4, M. 
Kneilling1,4,5, D. Sonanini1,6 
1University of Tuebingen / Werner Siemens Imaging Center, Department of Preclinical Imaging and 
Radiopharmacy, Tuebingen, Germany, 2Molecular Imaging Program at Stanford (MIPS), Department 
of Radiology, Stanford University, United States, 3University of Tuebingen, German Cancer 
Consortium (DKTK) and German Cancer Research Center (DKFZ) partner site Tuebingen, Tuebingen, 
Germany, 4University of Tuebingen, Cluster of Excellence iFIT (EXC2180) Image-Guided and 
Functionally Instructed Tumor Therapies, Tuebingen, Germany, 5University of Tuebingen, 
Department of Dermatology, Tuebingen, Germany, 6University of Tuebingen, Department of Medical 
Oncology and Pneumology, Tuebingen, Germany 
 
Cancer immunotherapies (CIT) aiming to activate endogenous T cells have proven to be vital in the 
treatment of advanced tumor diseases. Thus, it is of particular interest to monitor the activation 
status of T cells during CIT. In this project, we investigated whether immunoPET of the T cell 
activation markers CD69 (early-) and OX40 (late expression) is applicable for monitoring activated T 
cells and CIT responses non-invasively in a syngeneic mouse tumor model for 7 days. 
Both αCD69 and αOX40 mAb were conjugated to the chelator deferoxamine and subsequently 
radiolabeled with zirconium-89 (89Zr). The radiolabeling efficiency was assessed by HPLC. The specific 
binding of both radiolabeled antibody conjugates in vitro was determined using activated murine T 
cells. For in vivo evaluation, murine MC38 colon carcinoma cells were injected subcutaneously in 
C57BL/6N mice. Tumor-bearing mice were either injected intravenously with [89Zr]Zr-Df-αCD69 or 
[89Zr]Zr-Df-αOX40 and were treated with a combination CIT of αPD-1/4-1BB or isotype control mAb 
24h and 120h post tracer injection. Serial PET imaging was performed directly before (baseline, day 
0) and on days 1-7 after CIT administration. For ex vivo validation, organs were harvested and tissue-
associated radioactivity was measured by у-counting after the terminal scan. Tumor growth ratios 
(calculated as the volume at the last imaging timepoint divided by the volume at the baseline scan) of 
<1.5 were considered responsive to treatment. 
High radiolabeling efficiencies of >95% were consistently achieved for both radiolabeled antibody 
conjugates with specific binding capacities of >60%. In the αPD-1/α4-1BB mAb treated group, 50% of 
mice showed significant inhibition in tumor growth when compared to the sham-treated control 
group. CD69-immunoPET revealed a significant increase in [89Zr]Zr-Df-αCD69 tumor uptake in 
responding (10.23% injected dose per cubic centimeter (%ID/cc) ± 2.19 SD) compared to non-
responding (6.88%ID/cc ± 2.11 SD) and control mice (6.74%ID/cc ± 0.79 SD) on day 4 post CIT start. 
Imaging of the later T cell activation marker OX40 revealed significantly higher tracer uptake in 
tumors of responding mice 7 days after onset of treatment (11.09%ID/cc ± 1.35 SD; non-responding: 
5.76%ID/cc ± 2.37 SD; control: 6.98%ID/cc ± 1.55 SD). Tumor-to-muscle ratios were significantly 
higher for both tracers in the responding mice at days 4 and 7, respectively whereas organ uptake 
values in the lymphatic and excreting organs were similar across all groups. Ex vivo biodistribution 
analyses at day 7 confirmed the in vivo PET results. 
To conclude, [89Zr]Zr-Df-αCD69 and [89Zr]Zr-Df-αOX40 immunoPET enable longitudinal monitoring of 
the T cell activation dynamics. The expression of each activation marker reflects a distinct activation 
state and temporal dynamic. Moreover, by identifying CIT responders at an early stage, [89Zr]Zr-Df-
αCD69 and [89Zr]Zr-Df-αOX40 immunoPET allow for immediate treatment adjustments which could 
potentially improve the therapy outcome of cancer patients. 
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Evaluating the performance of immune monitoring laboratories using MHC multimer assay 
A. Colella1, M.F. Weywadt1, K. Jacobsen1, C. Halgreen1, L. Brix1 
1Immudex, Virum, Denmark 
 
Monitoring disease-specific T-cell immune is becoming increasingly important in immunotherapeutic 
research and development. MHC multimer assays are reliable and accurate tools for monitoring 
antigen-specific T-cell immunity, thanks to the harmonization efforts by the CIC and CIMT. Supported 
by CIC and CIMT, Immudex is conducting Proficiency Panels allowing laboratories worldwide to 
assess their performance in enumerating antigen-specific T-cell responses using MHC multimer assay 
and flow cytometry. Comparing results generated by different laboratories is a powerful measure to 
ensure alignment and drive improvements within immune monitoring. 
In the MHC Multimer Proficiency Panel 2021, 9 laboratories from 6 countries participated. Each 
participant received pretested PBMC samples with low, medium, or high frequencies of T cells 
specific for predefined FLU- or EBV-epitopes. All laboratories analyzed samples using our instructions 
and their own MHC multimer assay protocol and reported their results as the number of MHC 
multimer-specific CD8+ T cells out of the total number of CD8+ T cells analyzed. 
We compared each participant's measurements to the reported average value to assess the 
participants' performance. Overall, 86% of all reported measurements were within the average range 
(relative accuracy of 0.66–1.5) or in the near average range (relative accuracy of 0.50 – 0.65 and 1.6 – 
2.0), similar to the results of the proficiency panels in 2018, 2019, and 2020. In the analyses of PBMCs 
with a low, medium, and a high number of antigen-specific CD8+ T-cell responses (Mean of low 
(0,08%), medium (0,16% and 0,66%), and High (1,4%), respectively), the participant's results were 
equally harmonized. 
This MHC multimer Proficiency Panel shows the MHC multimer assay harmonization across different 
laboratories. The MHC multimer assay is equally harmonized when looking at high-frequent T-cell- 
and low-frequent T-cell responses. It is a valuable tool for evaluating treatment response in 
immunotherapeutic research and development. 
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MDSC frequencies correlate with survival and routine blood counts under PD-1 blockade in 
melanoma 
A. Gaißler1,2, J. Bochem1,2, J. Spreuer1,2, A. Martens2, T. Amaral2,3, N.B. Wagner2,4, F. Meier5, P. 
Terheyden6, T.K. Eigentler7, C. Garbe2, G. Pawelec8,9, B. Weide2, K. Wistuba-Hamprecht1,2,8 
1University Hospital Tuebingen, Department of Internal Medicine I, Tuebingen, Germany, 2University 
Hospital Tuebingen, Department of Dermatology, Tuebingen, Germany, 3Cluster of Excellence iFIT 
(EXC 2180) Image Guided and Functionally Instructed Tumor Therapies, Tuebingen, 
Germany, 4Kantonsspital St.Gallen, Department of Dermatology, Venereology and Allergology, 
St.Gallen, Switzerland, 5University Hospital Carl Gustav Carus, Department of Dermatology, Dresden, 
Germany, 6University of Luebeck, Department of Dermatology, Luebeck, Germany, 7Charité, 
Department of Dermatology, Berlin, Germany, 8Eberhard Karls University Tuebingen, Department of 
Immunology, Tuebingen, Germany, 9Health Sciences North Research Institute, Sudbury, Canada 
 
Patients suffering from stage IV melanoma are now commonly treated with antagonistic antibodies 
targeting the programmed cell death receptor 1 (PD-1) administered either alone or in combination 
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with antibodies against cytotoxic T-lymphocyte-associated protein-4 (CTLA-4). Despite this approach 
achieving 5-year survival rates of roughly 50%, biomarkers to identify patients that will or will not 
benefit from immune checkpoint blockade (ICB) remain scarce. We and others have previously 
reported that high frequencies of myeloid-derived suppressor cells (MDSCs) in the peripheral blood 
represent a promising predictive biomarker-candidate for poor clinical outcome in melanoma. Here, 
we investigated MDSC frequencies in stage IV melanoma patients of the M-category M1c, treated 
with anti-PD-1 ± anti-CTLA-4 antibodies. Cryopreserved peripheral blood samples of patients before 
and during therapy (n=72) served as a discovery cohort to characterize MDSC and T cell subsets using 
flow cytometry. In order to determine a meaningful dichotomization of the cohort on the basis of 
baseline MDSC frequencies, we screened 4 cut-off points and their potential association with 
patients’ overall survival (OS) and progression-free survival (PFS) using log-rank testing with 
Bonferroni correction. Patients with a high baseline MDSC frequency (defined as >16.7%) 
experienced a significantly shorter OS and PFS (adjusted p=0.045 and p=0.002, respectively). This 
finding was validated in a second cohort, comprising 49 patients using the same cut-off (p=0.006 and 
p=0.013, respectively). Subsequent analyses of corresponding routine clinical blood parameters in 
both cohorts revealed a significantly lower neutrophil-to-lymphocyte ratio in patients with low rather 
than high MDSC frequencies. However, baseline frequencies of Tregs, CD4+ and CD8+ T cells, 
including subsets expressing checkpoint molecules, revealed no differences between the two groups 
in either cohort. Investigations of changes of these parameters from baseline during therapy will be 
presented. 
Taken together, these data confirm that frequencies of peripheral blood MDSCs predict clinical 
benefit of ICB in melanoma. 
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Robustness testing of an assay for flow cytometric CAR persistence determination 
I. Herfort1, S. Biedermann1, C. Siewert1, G. Lauer1, C. Dose1 
1Miltenyi Biotec B.V. & Co. KG, R&D Chemical Biology, Bergisch Gladbach, Germany 
 
Flow cytometric determination of CAR persistence by specific fluorescent labeling and detection of 
circulating CAR T cells upon infusion of the cellular drug product is used in clinical trials as part of 
immune monitoring and may be defined as a secondary endpoint in the clinical trial protocol. Due to 
the nature of rare cell analysis, a robust and reliable assay is the basis for longitudinal measurements 
on patient samples in this setting. According to the guidelines of the International Council for 
Harmonization (ICH) the robustness of an assay or method is defined as a method’s capacity to 
remain unaffected by small, but deliberate variations in method parameters and provides an 
indication of its reliability during normal usage. 
The experimental steps (bulk lysis of whole blood, fluorescence staining procedure and flow 
cytometric measurement) were evaluated individually using low level risk analysis. This method was 
used to identify the main parameters (factors, X) and parameter interactions to be investigated in the 
robustness study. The statistical Design of Experiments (DOE) approach was then used to define the 
group of parameters to be tested. Different responses (Y) were defined as readouts, which were then 
examined with regard to repeatability and accuracy. As another part of the robustness testing, the 
lot-to-lot consistency of 2 reagent sets was further investigated. 
Here we present results obtained during the robustness testing indicating a robust assay with 
suitable parameter optima and edge of failure ranges (design space). The lot-to-lot consistency 
testing revealed two highly comparable reagent sets suitable for the realization of the analyses of 
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one clinical trial. With the addition of on-site method validation in the clinical research organization's 
(CRO’s) laboratories, the assay is fit for purpose for immune monitoring of CAR persistence within 
clinical trials. 
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Investigation of tumor-infiltrating γδ T cells 
N. Herold1,2, S. Forchhammer1, P. Leber1, D. Wesch3, H.-H. Oberg3, D. Kabelitz3, S. Sebens4, T. 
Eigentler1, J. Spreuer1,2, C. Seitz5, M. Claassen2, K. Wistuba-Hamprecht1,2,6 
1University Hospital Tübingen, Department of Dermatology, Tübingen, Germany, 2University Hospital 
Tübingen, Section for Clinical Bioinformatics, Department of Internal Medicine I, Tübingen, 
Germany, 3University Hospital Schleswig-Holstein, Kiel University, Institute of Immunology, Kiel, 
Germany, 4Kiel University, Institute for Experimental Cancer Research, Kiel, Germany, 5University 
Children's Hospital Tübingen, Department of Pediatric Hematology and Oncology, Tübingen, 
Germany, 6University of Tübingen, Institute for Cell Biology, Department of Immunology, Tübingen, 
Germany 
 
The global incidence of melanoma, the deadliest form of skin cancer, has risen rapidly since the mid-
1950s. Although immune checkpoint therapy using the antagonistic Programmed Cell Death Protein 
(PD)-1 antibodies nivolumab and pembrolizumab significantly improved the survival of melanoma 
patients, prognosis for patients with distant metastasis remains poor. About 20% of γδ T cells express 
PD-1, making this numerically minor population of unconventional T cells a target of checkpoint 
blockade. Interest in γδ T cells is growing rapidly due to their diverse functions and involvement in 
tumor immunity, immunological disorders and infectious diseases. Unlike αβ T cells, γδ T cells are not 
HLA-restricted, and their ligands and mode of antigen-recognition are not yet well characterized. 
The γδ T cell population encompasses heterogeneous subsets with various different functions 
ranging from cytotoxic activity and cytokine secretion to antigen presentation and induction of 
immunoglobulin class switching. While the Vδ2 subset dominates in the peripheral blood, Vδ1 
and Vδ3 γδ T cells are more prevalent in tissues. Tumor-infiltrating γδ T cells have been described in 
a variety of cancers and have been positively associated with survival in melanoma. In previous 
studies, we have shown that higher frequencies of Vδ1 γδ T cellsin the peripheral blood were 
associated with poor overall survival of metastatic melanoma patients. TCR sequencing of peripheral 
blood mononuclear cells and corresponding tumor-infiltrating lymphocytes showed a clonal overlap 
between these compartments. In order to study the tumor infiltration of γδ T cells in more detail, we 
performed immunohistochemical staining of formalin-fixed paraffin-embedded tissue from 
metastases of late stage melanoma patients before the start of checkpoint blockade. Whole tissue 
slides were scanned and analysed based on cell segmentation and automatic counting of positive 
cells using the QuPath software. The majority of studied metastases showed γδ T cell infiltration, 
albeit at low numbers per area and such an infiltration was related to a positive clinical outcome. 
Currently we are establishing a high dimensional in situ proteomics imaging approach in order to gain 
a deeper insight into the subset distribution, marker expression and spatial distribution of γδ T cells 
in the tumor microenvironment. 
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Quantify T cell response in 3D tumor spheroids using advanced flow cytometry and live-cell 
analysis 
K. McBain1 
1Sartorius (Essen BioScience), BioAnalytics, Royston, United Kingdom 
 
Antigen recognition by T cells induces powerful effects, including infiltration and targeted killing, 
which aid in the elimination of cancer. Typically, therapeutic effects on T cell response have been 
evaluated using 2D cell models, which bear limited resemblance to the complex physiology of the in 
vivo tumor microenvironment. Here we provide two 3D spheroid-based solutions for monitoring 
immune-cancer cell interactions: immune cell killing (ICK) and tumor infiltrating lymphocytes (TILs). 
Single spheroids were co-cultured with PBMCs and CD3/CD28 Dynabeads. To measure the rate of 
ICK, labeled tumor cells were imaged using the Incucyte® Live-Cell Analysis System and quantified for 
spheroid fluorescence over time. For the TILs assay, spheroids were washed to separate non-
infiltrated immune cells from the TILs. Both assays required endpoint spheroid dissociation prior to 
analysis of cell subsets and cytokines using the iQue® Advanced Flow Cytometer and T cell 
characterization kits. 
Separation of the TILs and non-infiltrated T cells enabled comparison of their activation status. 
Infiltrated cells maintained high CD69 expression (67.1 ± 0.6%) regardless of the number of 
Dynabeads present. Non-infiltrated cells were more sensitive to external stimuli with CD69 
expression increasing from 2.3 ± 0.2% to 86.9 ± 0.7% with increasing 
Dynabead density. The effects of Dynabead activation were further profiled using the ICK assay. 
Incucyte data showed a 98.4% reduction in spheroid fluorescence in the presence of 50K Dynabeads 
compared to the non-activated control on day 4. Spheroid killing was accompanied by an increase in 
T cell activation and exhaustion marker expression (CD25 and PD-1) and cytokine production (IFNγ). 
These data demonstrate the study of complex 3D tumor models using advanced flow cytometry and 
live-cell analysis as a translational approach to in vitro profiling of immunotherapeutics. 
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Identification of AML relapse associated immune signatures in highly immunocompromised post-
HSCT patients 
J. Musil1, S. Vanikova1, M. Kroutilova2, K. Roubalova2, S. Nemeckova2 
1Institute of Hematology and Blood Transfusion, Immunomonitoring and Flow Cytometry, Prague, 
Czech Republic, 2Institute of Hematology and Blood Transfusion, Immunology, Prague, Czech 
Republic 
 
Acute myeloid leukemia (AML) is the most common type of leukemias affecting adults. The median 
age at diagnosis is around 60 years. Currently, the standard curative treatment includes 
chemotherapy followed by hematopoietic stem cell transplantation (HSCT). Despite advances in the 
field of transplantation medicine, disease relapse still represents a prominent cause of post-
transplant mortality as about 30-40% of patients relapse within the first year following HSCT. 
AML relapse is caused by multiple factors, including dysfunction of the transferred immune system, 
i.e. insufficient effector cell reconstitution or their functional exhaustion. Therefore, it is imperative 
to identify markers of a dysfunctional immune system to provide effective therapeutic intervention 
such as administration of modified or unmodified donor lymphocytes, NK cells, etc. 
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Deep immune profiling represents an attractive way to monitor immune cell reconstitution and 
evaluation of qualitative characteristics of effector cell populations. Here, we present preliminary 
results of ourcomprehensive immune system monitoring study. As part of this study, we have 
developed and optimized a 29 color cytometry panel that can be used to assess the qualitative and 
quantitative properties of NK and T cell subsets(Vanikova S. et al., 2022). We have used this panel to 
analyze PBMC samples of 50 patients transplanted at the Institute of Hematology and Blood 
Transfusion (Prague, Czech Republic) collected at time points 1, 3, 6, 9 and 12 months post-HSCT. For 
data analysis, we have developed an in-house workflow based on the novel EmbedSOM algorithm 
that allows the analysis of large datasets(Kratochvíl et al., 2020). Furthermore, we combined 
immunophenotyping data with measurements of soluble proteins such as cytokines, etc., in blood 
plasma. 
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Single-domain antibodies for in vivo imaging of human CD4+ T cells 
S. Pezzana1, B. Traenkle2, P. Kaiser2, S. Blaess1, D. Seyfried1,3, A. Maurer1,3, M. Kneilling1,3,4, B. 
Pichler1,3,5, U. Rothbauer2,3,6, D. Sonanini1,7 
1Werner Siemens Imaging Center, Department of Preclinical Imaging and Radiopharmacy, Tuebingen, 
Germany, 2NMI Natural and Medical Institute, Reutlingen, Germany, 3University of Tuebingen, 
Cluster of Excellence iFIT (EXC2180) Image-Guided and Functionally Instructed Tumor Therapies, 
Tuebingen, Germany, 4University of Tuebingen, Department of Dermatology, Tuebingen, 
Germany, 5German Cancer Consortium (DKTK) and German Cancer Research Center (DKFZ) partner 
site Tuebingen, Tuebingen, Germany, 6Pharmaceutical Biotechnology, University of Tuebingen, 
Tuebingen, Germany, 7University of Tuebingen, Department of Medical Oncology and Pneumology, 
Tuebingen, Germany 
 
CD4+ T cells play a crucial role in the development and regulation of autoimmune diseases and 
cancer. Nanobodies (VHHs, Nbs) are engineered fragments derived from camelids’ heavy chain-only 
antibodies. Due to their low molecular weight (~15 kDa), fast clearance, and high target affinity, Nbs 
can be introduced as advanced imaging agents, improving the signal-to-background ratio and 
reducing patients’ radiation exposure. Here, we developed and validated an anti-human CD4-Nb 
probe suitable for non-invasive immunoPET imaging, aiming to visualize endogenous CD4+ T cell 
distribution in vivo. 
An alpaca was immunized to generate CD4-specific Nbs, following an 87-day immunization protocol. 
Five lead candidates were identified and tested for their binding properties, recognized epitopes, and 
impact on T cell functions. A lower (135 nM) and a high-affinity (5 nM) Nb were fluorescently labeled, 
and their binding to hCD4+ cells was investigated in vivo by optical imaging (OI) in a hCD4+ HPB-ALL 
tumor xenograft model. The high-affinity CD4-Nb was radiolabeled with BCN-NODAGA and 64Cu 
(64Cu-CD4-Nb) and its specific accumulation in T cell-rich organs was validated in a hCD4 knock-in 
(hCD4KI) mouse model by simultaneous PET/MRI, dynamically performed over 24 hours. 
In vitro, all 5 lead CD4-Nb candidates showed specific binding to the target epitope, rapid 
internalization, and did not exhibit alterations in T cell proliferation, activation, and cytokine release. 
OI revealed fast accumulation (30-120 min) of the high-affinity hCD4-Nb in HPB-ALL tumors, but not 
of the low-affinity CD4-Nb or the control Nb. 
After approving high in vitro immunoreactivity, the 64Cu-CD4-Nb was injected (i.v.) into hCD4KI and 
wild-type (WT) mice. 
10 min post-64Cu-CD4-Nb injection (p.i.), we determined a 64Cu-CD4-Nb perfusion peak in hCD4KI and 
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WT mice before clearance from blood, lung, and liver. At 3h p.i. we observed the best discrimination 
between the specific 64Cu-CD4-Nb uptake and background in CD4 T cell-rich organs. Thus, we 
identified an increased 64Cu-CD4-Nb uptake in lymph nodes (3-fold), spleens (3-fold), and livers (1.4-
fold) of hCD4KI mice when compared to WT littermates. The obtained in vivodata were confirmed 
by ex vivo organ biodistribution 24hp.i. 
In summary, CD4+ T cells have a high impact on the development and treatment of several diseases. 
Non-invasive imaging approaches are of huge importance to monitor endogenous CD4+ cells and 
guide patient-specific immunotherapy. In this study, we successfully developed and characterized a 
Nb-based probe suitable for non-invasive immunoPET imaging, which specifically targets hCD4 
antigen allowing the visualization of T cell-rich organs. 
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SalmonellaTyphi ZH9 as a novel microbial immunotherapy for bladder cancer 
A. Sevko1, N. Glanville1, C. Prevosto1, M. Chol1, S. Domingos-Pereira2, L. Polak2, D. Nardelli-Haefliger2, 
L. Deban1 
1Prokarium Ltd, London, United Kingdom, 2Centre Hospitalier Universitaire Vaudois and University of 
Lausanne, Lausanne, Switzerland 
 
Recent advances in understanding of immunological processes and gene-editing technologies 
warrant renewed efforts in advancing the microbial immunotherapy field. Bacillus Calmette-Guerin 
(BCG) has been the standard-of-care for non-muscle invasive bladder (NMIBC) for 30 years. Despite 
having high initial efficacy, BCG treated patients can experience disease recurrence and progression 
within 5 years, ultimately requiring surgical bladder removal (cystectomy). Together with complex 
legacy manufacturing and a prolonged dosing schedule, there is a significant unmet clinical need for 
novel therapeutic approaches in NMIBC management. 
Here we present the live attenuatedSalmonella enterica serovar Typhi strain ZH9 (ZH9), as a novel 
microbial immunotherapy for NMIBC treatment. Leveraging the invasive, tumor-homing nature of S. 
Typhi whilst abrogating its ability for systemic spread provides a powerful new platform for cancer 
immunotherapy. 
Our preclinical data show that a single intravesical ZH9 installation, but not BCG, results in 
significantly improved survival and also protects cured animals from repeated tumor engraftment, 
both locally and distally, in the murine orthotopic MB49 tumor model. Furthermore, this treatment 
induces immune activation in the murine bladder, resulting in accumulation of dendritic cells, T cells 
and NK cells. 
Recent data suggest that intradermal BCG immunisation can improve clinical outcome of BCG 
treatment in NMIBC. Hence, we investigated the effect of systemic priming with ZH9, prior to 
intravesical ZH9 treatment, and observed further improvement of survival and enhanced cellular 
immune responses, without increasing bladder neutrophil infiltration. This finding suggests that the 
addition of a ZH9 prime to the clinical treatment schedule can warrant a reduced frequency of 
intravesical dosing without the loss of treatment effectiveness. 
Based on our preclinical findings and given the extensive safety record of orally administered ZH9 in 
several vaccine clinical trials, this program is preparing to enter clinical evaluation in NMIBC patients. 
In addition to the primary objective of determining the safety and tolerability of ZH9 administered 
intravesically following oral priming with ZH9 in patients with NMIBC, we will conduct an extensive 
translational and biomarker investigational package to explore the mechanism of action of ZH9 and 
the type and magnitude of local and systemic immune responses. The translational strategy will refer 
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to the lessons learnt from BCG treatment and inform us on both local and systemic immune 
responses, by analysing urine and blood, respectively, as non-invasive liquid biopsies. 
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Evaluating the proficiency of laboratories detecting T-cell responses using ELISpot assay 
M. Salem1, M. Weywadt1, K. Jacobsen1, L. Brix1 
1Immudex, Virum, Denmark 
 
Performing accurate, reproducible, and state-of-the-art 
T cell immune monitoring is becoming increasingly important in immunotherapeutic research and 
development. The ELISpot Proficiency panel is used to evaluate assay performance in any laboratory 
with a desire to perform reliable immune monitoring and accurate enumeration of antigen-specific T 
cells. Supported by CIC and CIMT, Immudex is conducting Proficiency Panels yearly, allowing 
laboratories worldwide to assess their performance in monitoring antigen-specific T-cell responses 
using direct human IFN-γ ELISpot assay. 
In the T-cell ELISpot Proficiency Panel 2021, 29 laboratories from 11 different countries participated. 
Each participating laboratory received an identification number, pretested PBMC samples, peptide 
pools, and instructions. Each participant conducted IFN-γ ELISpot assay to determine the number of 
IFN-γ secreting antigen-specific cells per 200.000 viable cells after stimulation with standardized 
peptide pools comprising CMV and mixed virus epitopes. 
To assess the proficiency of the participants, the relative accuracy (how close each participant's 
measurement is to the median of all participant measurements) was compared. For the PBMC 
sample with the highest frequency of antigen-specific cells (median of 342 spots/well), 66% of the 
participants obtained results within the average range 
(1.5 times lower or higher than the median). For the other two PBMC samples with a lower 
frequency of antigen-specific cells (median of 18 and 92 spots/well), the results were less aligned. 
Here, 44% and 28% of the participants were within the average range. Furthermore, a PBMC sample 
with no specific response was included in testing as a negative sample. 90% of the participants were 
within the average range of the panel median when analyzing this negative sample, which 
demonstrates a general alignment and low risk of false-positive measurements. 
Conclusively, the 2021 T-cell ELISpot Proficiency Panel showed that 
i) T-cell ELISpot assays are more harmonized across different laboratories when looking at high T-cell 
responses, 
ii) there is a low risk of detecting false positives when using ELISpot, and 
iii) Proficiency Panels are a valuable tool to evaluate proficiency in immune monitoring assays across 
different laboratories and ensure comparable results in e.g. multicenter trials. 
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Staining of activated ß2-integrins combined with extracellular activation markers for sensitive 
assessment of antigen-specific CD4+ and CD8+ T cells by flow-cytometry 
A. Schöllhorn1, F. Kimmerle1, A. Maia dos Santos Leite1, J. Schuhmacher1, H.-G. Rammensee1,2,3, J. 
Born4,5,6, S. Dimitrov4, C. Gouttefangeas1,2,3 
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Germany, 5German Center for Diabetes Research (DZD), Tübingen, Germany, 6Institute for Diabetes 
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(IDM), Tübingen, Germany 
 
Common flow cytometry-based methods used for functional assessment of antigen-specific T cells 
rely on de novo expression of activation markers and come with limitations: intracellular cytokine 
staining needs fixation and permeabilization steps and labelling of current surface markers is often 
associated with some background staining. ß2-integrins (e.g. LFA-1) are already expressed on the cell 
surface of resting antigen-experienced T cells in a steady-state, inactivated conformation. TCR-
mediated activation induces a conformational change to an open high-affinity form and clustering of 
LFA-1, leading to an increase in affinity and valency which allows interaction with its ligand 
intercellular adhesion molecule (ICAM)-1. 
We have previously shown that activated ß2-integrins can serve as an early activation marker that is 
detectable after minutes (CD8+ T cells) or few hours (CD4+ T cells) of stimulation with fluorescent 
multimeric ICAM-1 or with a conformational-specific monoclonal antibody (clone m24) on functional 
antigen-specific CD8+ T cells or CD8+ and CD4+ T cells, respectively. Combination of m24 Ab and 
intracellular cytokine staining allows identification of low frequencies of antigen-specific T cells after 
short in vitro stimulation. 
We have now modified our experimental setup to a more simple assessment of both antigen-specific 
CD8+ and CD4+ T cells by using solely extracellular activation markers. Staining of only extracellular 
receptors presents the advantage of shortening the staining procedure as well as rendering 
permeabilization redundant, thus giving the possibility to maintain cell viability. LFA-1 stays activated 
and detectable with m24 Ab after 14 hours of stimulation, allowing its detection together with 
CD137 and CD154. The combinatorial gating of m24 Ab with the individual activation markers 
reduces background and identifies low frequency antigen-specific T cell responses. For CD8+ T cells, 
extracellular staining of CD137 in combination with m24 Ab correlates with TNF and IFNγ expression. 
CD4+ T cells express both CD137 and CD154, and combination of m24 Ab with these two markers 
correlates with intracellular TNF, IFNγ, IL-2 and CD154 expression. As an exemplary application, we 
used this method for screening SARS-CoV-2 spike-specific CD4+ and CD8+ T cell responses in healthy 
individuals after covid-19 vaccination. 
In conclusion, detection of activated LFA-1 combined with extracellular activation marker staining is a 
simple method for sensitive and simultaneous identification of antigen-specific CD4+ and CD8+ T cells 
and is suitable for screening T cell reactivities and monitoring low-frequency antigen-specific T cell 
responses in viral infections or cancer. 
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64Cu-αGPIX-PET – anovel in vivo imaging tool for the detection of platelets in mice 
B.F. Schörg1, D. Stegner2,3, D. Seyfried1, A. Maurer1, B. Nieswandt2,3, B.J. Pichler1,4 
1Eberhard Karls University of Tübingen, Werner Siemens Imaging Center, Department of Preclinical 
Imaging and Radiopharmacy, Tübingen, Germany, 2University of Würzburg, Institute of Experimental 
Biomedicine, Würzburg, Germany, 3University of Würzburg, Rudolf Virchow Center, Würzburg, 
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and Functionally Instructed Tumor Therapies, Tübingen, Germany 
 
Platelets activation and aggregation can cause thrombosis and consequently serious diseases. 
Further, Platelets play a crucial role in the development of cancer metastasis. However, tools for the 
non-invasive examination and diagnosis of Platelets related pathologies remain limited and are 
urgently needed. We have developed a novel antibody-based PET tracer, 64Cu-NODAGA-anti-GPIX 
mAb (64Cu-αGPIX) which targets GPIX, a membrane glycoprotein expressed by human and murine 
platelets and progenitor cells. Radiolabeling efficacy, stability and immunoreactivity of 64Cu-αGPIX 
were tested in vitro before in vivo biodistribution analysis in naïve mice. 64Cu-αGPIX has a high 
radiochemical purity (>94%), remained stable in mouse serum for at least 24 h and exhibited an 
immunoreactive fraction of 50%. First in vivo PET scans of naïve mice (5 µg 64Cu-αGPIX, i.v.) revealed 
suitable whole-body 64Cu-αGPIX distribution from 3 to 25 h (n=2 each timepoint, TP) with 
comparatively low uptake in the brain (1.7±0.4 / 1.4±0.1 %ID/ml) and muscle (1.2±0.1 %ID/ml, both 
TP). Next, we evaluated the applicability of 64Cu-αGPIX-PET in a recent mouse model for cerebral 
(sinus) venous thrombosis (CVST), which is well suited to study the rapid dynamics of platelets 
accumulation in vivo. Thus, we performed dynamic (60 min) simultaneous PET/MRI scans. CVST was 
induced by administering an anti-CLEC-2 Fab-fragment (INU1-fab, i.v.) 19 h after 64Cu-αGPIX injection 
and 15 min after start of dynamic PET/MRI acquisition. The reconstructed dynamic PET images were 
colocalized to 2D-time-of-flight MR angiography (2D-TOF MRA) and anatomical MRI scans to 
determine the uptake in the brain (vessels) and peripheral organs (e.g. spleen and liver). After INU1-
fab injection mice rapidly developed CVST, which was accompanied by an immediate increase in the 
cerebral 64Cu-αGPIX signal (+1.0±0.5 %ID/ml, n=7). In comparison, sham-treatment resulted 
exclusively in a constant low background signal from circulating platelets in the brain (+0.1±0.1 
%ID/ml, n=4). Quantification of the final 20 min of the scan revealed a strong cerebral platelet-
aggregation due to CVST (2.4±0.2%ID/ml; sham-treatment: 1.2±0.1%ID/ml, P<0.04). Of note, we 
could clearly assign the 64Cu-GPIX-signal occurring from the small lesions in the brain to the (sinus) 
veins after colocalization with cerebral 2D-TOF MRA. In conclusion, this study revealed the enormous 
potential of 64Cu-αGPIX-PET to track platelet activities and even smallest lesions while maintaining a 
low background signal (confined to blood, spleen and the liver). Thus, 64Cu-αGPIX-PET is highly 
applicable to investigate platelets-related pathologies within the whole body and is a promising tool 
for non-invasive, longitudinal in vivo examination of thrombus formation. Moreover, we next aim to 
study the role of platelets in cancer immunotherapies non-invasively in vivo in mice to uncover the 
interplay between platelets, tumor growth and metastasis in a therapeutically setup. 
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CD16+ monocytes in patients with diffuse large B-cell lymphoma (DLBCL) before and under therapy 
with R-CHOP 
S. Zöphel1, N. Küchler1, J. Jansky1, C. Schormann2, F. Neumann2, C. Hoxha1, G. Schäfer1, E. Regitz2, P. 
Orth3, S. Stilgenbauer2, T. Rixecker2, M. Bewarder2, M. Hoth1, L. Thurner2, E.C Schwarz1 
1Saarland University, Biophysics, Homburg, Germany, 2Saarland University, Medical School, Internal 
Medicine I, Homburg, Germany, 3Saarland University, Medical School, Orthopedics, Homburg, 
Germany 
 
Diffuse large B-cell lymphoma (DLBCL) is the most frequent aggressive non-Hodgkin lymphoma. 
Despite the standard therapy R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and 
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prednisolone) using the therapeutic anti-CD20 monoclonal antibody, rituximab, refractory or 
recurrences occur in approximately 30-50% of all patients. For this reason, prognostic evaluation of 
patients is important for the development of personalized therapy in DLBCL. Therefore, numerous 
studies have been conducted to date, focusing on the proportion of different immune cells at time of 
diagnosis and their impact on the prognosis. Previous studies have shown that for example, low 
absolute lymphocyte and NK cell counts, along with increased monocytes all indicate poor outcome 
and shorter overall survival. In contrast, considerably less studies have looked at the number of these 
immune cells during the course of therapy. DLBCL patients receive standard combined immuno-
chemotherapy, R-CHOP, in a predetermined schedule of administration, 6 to 8 cycles, every 2-3 
weeks. Here, we analyzed the proportion and absolute numbers of PBMC subtypes during the course 
of R-CHOP therapy. For this purpose, the blood of 30 DLBCL patients was analyzed at each cycle 
before rituximab administration. We found that the number of NK and T cells significantly decreased 
whereas the number of monocytes and especially the number of CD16+ monocytes increased 
significantly during the course of therapy. CD16+ monocytes and their progenies are thought to have 
angiogenesis- and tumor-promoting properties, and we have shown that increased numbers 
(absolute and relative) of CD16+ monocytes at baseline is associated with a worse outcome in DLBCL 
patients. Interestingly, the number of CD16+ monocytes decreased with the first prednisone 
administration. Which factors are responsible for the further increase of monocytes and in particular 
CD16+ monocytes during the course of R-CHOP therapy needs further investigation. 
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In vivo monitoring of immune cell activation and ex vivo characterization of the tumor 
microenvironment during a combined immunotherapy using bioluminescence imaging (BLI) 
D. Stowbur1,2, P. Knopf1, B.F. Schörg1, R. Mehling1, S. Blaess1, H. Carlsen3, B.J. Pichler1,2,4, M. 
Kneilling1,2,5 
1Eberhard Karls University Tuebingen, Werner Siemens Imaging Center, Department of Preclinical 
Imaging and Radiopharmacy, Tuebingen, Germany, 2Eberhard Karls University Tuebingen, Cluster of 
Excellence iFIT (EXC 2180) Image-Guided and Functionally Instructed Tumor Therapies, Tuebingen, 
Germany, 3Norwegian University of Life Sciences, Biotechnology and Food Science, Department of 
Chemistry, Ås, Norway, 4German Cancer Consortium (DKTK) and German Cancer Research Center 
(DKFZ), Heidelberg, Germany, 5Eberhard Karls University Tuebingen, Department of Dermatology, 
Tuebingen, Germany 
 
Cancer research is engaged to understand how tumor cells evade the immune system resulting in 
different approaches. We have established a combined immunotherapy using tumor-antigen (TA) 
specific IFN-y producing CD4+ T cells (TA-Th1) in combination with anti-PD-L1 and anti-LAG-3 mAbs 
immune checkpoint blockade (ICB) and an initial 2 Gy whole body radiation (COMBO). Aim of our 
study was to identify the sites of immune cell activation upon COMBO-treatment by noninvasive in 
vivo determination of NFκB activation employing adenocarcinoma and melanoma bearing NFκB-
luciferase (NFκB-luc) reporter mice. 
NFκB-luc reporter mice which express luc upon NFκB activation were inoculated with ovalbumin 
expressing (OVA)-MC38 adenocarcinoma (ICB responder) or OVA-B16 melanoma cells (ICB non-
responder). Tumor volume was monitored with a caliper to determine treatment efficacy. COMBO-
treatment consisting of an initial 2 Gy total body radiation, one TA-Th1 cell administration (OT-II) and 
three ICB injections was initiated four days after tumor cell inoculation and in vivo BLI was performed 
daily to monitor NFκB-activation in the tumor and bone marrow (BM) until the end of the 
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experiment. We performed histopathology (H&E) and immunohistochemistry (CD3+ and B cells) of 
tumors and flow cytometry analysis of tumors and lymphatic organs focusing on lymphocytes, 
myeloid cells and activation markers. 
Exclusively OVA-MC38 tumors of COMBO-treated NFκB-luc reporter mice (n=4-5) yielded a 
significantly decreased relative tumor growth (p<0.001). COMBO-treatment responsive OVA-MC38 
tumors but not OVA-B16 melanomas exhibited an enhanced NFκB activity (signal intensity (SI): 5015 
p/s/cm2/sr) when compared to the Sham-treatment group (SI: 3432 p/s/cm2/sr) indicating immune 
cell activation within the tumor microenvironment (TME; p=0.0005). No differences in NFκB activity 
were detected in OVA-B16 melanomas of COMBO- and sham-treated mice. H&E staining and IHC 
confirmed inflamed and regressive OVA-MC38 tumors and immune cell excluded progressive OVA-
B16 melanomas. Flow cytometry analysis revealed an increased number of B cells within the TME 
(p<0.05) of OVA-MC38 tumors and the draining lymph nodes (p<0.05) of COMBO-treated mice. 
Moreover, the number of activated CD4+ T cell in the spleen and BM was more pronounced in OVA-
MC38 but not in OVA-B16 bearing COMBO-treated mice. 
COMBO treatment of NFκB-luc reporter mice efficiently suppressed the growth of OVA-MC38 
adenocarcinomas but not of OVA-B16 melanomas. Treatment efficacy was associated with an 
increasedNFκB activity and the presence of activated CD4+ T cells within the TME. In summary, we 
are the first group longitudinally monitoring NFκB activation within the TME of an ICB responsive and 
not responsive experimental tumor model. 
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Prediction and validation of murine MHC-class I epitopes of the oncolytic virus VSV-GP 
S.V Vijver1,2, S. Danklmaier1,2, L. Pipperger1,2, R. Gronauer3, G. Floriani3, H. Hackl3, Z. Trajanoski3, K. 
Das4, G. Wollmann1,2 
1Medical University of Innsbruck, Institute of Virology, Innsbruck, Austria, 2Medical University of 
Innsbruck, Christian Doppler Laboratory for Viral Immunotherapy of Cancer, Innsbruck, 
Austria, 3Medical University of Innsbruck, Institute of Bioinformatics, Innsbruck, 
Austria, 4ViraTherapeutics GmbH, Innsbruck, Austria 
 
Treatment with oncolytic viruses results in immune activation which may aid in anti-tumor immunity. 
However, the oncolytic virus treatment also raises anti-viral T cells, which can constitute the 
dominant activated T cell pool. Therefore, this study aimed to identify the anti-viral T cells raised by 
VSV-GP virotherapy in preclinical mouse models. To identify the VSV-GP epitopes to which mouse 
anti-viral T cells react, we used a multilevel adapted bioinformatic viral epitope prediction approach 
based on the tools netMHCpan, MHCflurry and netMHCstabPan, which are most commonly used in 
neoepitope identification. Predicted viral epitopes were ranked based on binding strength, prediction 
score, predicted stability and homology to the mouse genome. The top ranked epitopes were 
selected and included in the peptide candidate matrix in order to use a matrix reduction approach in 
C57BL/6J mice. Using ELISpot, we showed which viral epitopes presented on mouse MHC-I alleles 
H2-Db and H2-Kb trigger IFN-γ secretion due to T cell activation. Collectively, identification of the 
VSV-GP T cell epitopes enables monitoring of the full range of anti-viral T cell responses upon VSV-GP 
oncolytic virotherapy in preclinical mouse models. These findings contribute to preclinical 
development of novel VSV-GP variants by improving assessment of anti-viral immunity. 
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Rapid and efficient generation of antigen-specific isogenic T cells from cryopreserved blood 
samples 
A. Eerkens1, A. Vledder1, N. van Rooij1, F. Foijer2, H. Nijman1, M. de Bruyn1 
1University Medical Center Groningen, Obstetrics and Gynecology, Groningen, 
Netherlands, 2University Medical Center Groningen, European Research Institute for the Biology of 
Ageing, Groningen, Netherlands 
 
CRISPR/Cas9-mediated gene editing has been leveraged for the modification of human and mouse T 
cells. However, limited experience is available on the application of CRISPR/Cas9 electroporation in 
cryopreserved T cells collected during clinical trials. To address this, we aimed to optimize a 
CRISPR/Cas9-mediated gene editing protocol compatible with peripheral blood mononuclear cells 
(PBMCs) samples routinely produced during clinical trials. 
 
PBMCs from healthy donors were used to generate knockout T cell models for interferon-γ, Cbl 
Proto-Oncogene B, Fas cell surface death receptor and T cell receptor genes. The effect of CRISPR-
cas9-mediated gene editing on T cells was evaluated using apoptosis assays, cytokine bead arrays 
and ex vivo andin vitro stimulation assays. 
 
Our results demonstrate that CRISPR/Cas9-mediated gene editing of ex vivo T cells is efficient and 
does not overtly affect T cell viability. Cytokine release and T cell proliferation were not affected in 
gene edited T cells. Interestingly, memory T cells were more susceptible to CRISPR/Cas9 gene editing 
than naïve T cells. Ex vivo andin vitro stimulation with antigens resulted in equivalent antigen-specific 
T cell responses in gene-edited and untouched control cells; making CRISPR/Cas9-mediated gene 
editing compatible with clinical antigen-specific T cell activation and expansion assays. 
 
Here, we report an optimized protocol for rapid, viable and highly efficient genetic modification inex 
vivo human antigen specific T cells, for subsequent functional evaluation and/or expansion. Our 
platform extends CRISPR/Cas9-mediated gene editing for use in gold-standard clinically used 
immune-monitoring pipelines and serves as a starting point for development of analogous 
approaches, such as those including transcriptional activators and/or epigenetic modifiers. 
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Primary CD33-targeting CAR-NK cells for the treatment of acute myeloid leukemia 
N. Albinger1, R. Pfeifer2, M. Nitsche2, S. Mertlitz3, J. Campe1, K. Stein1, H. Kreyenberg4, R. Schubert4, M. 
Quadflieg2, D. Schneider2, M.W. Kühn5, O. Penack3, C. Zhang2, N. Möker2, E. Ullrich1 
1University Hospital Frankfurt, Childrens Hospital - Experimental Immunology, Frankfurt am Main, 
Germany, 2Miltenyi Biotec, Bergisch Gladbach, Germany, 3Charité, University Hospital Berlin, Berlin, 
Germany, 4University Hospital Frankfurt, Frankfurt am Main, Germany, 5University Hospital Mainz, 
Mainz, Germany 
 
CD33-targeting chimeric antigen receptor (CAR)-T cells already showed utility for the treatment of 
acute myeloid leukemia (AML). Yet clinical application of CD33-CAR-T cells remains challenging due 
to potential side effects and its restriction to autologous cell preparations. In contrast, natural killer 
(NK) cells can be safely given to HLA-mismatched recipients without severe side effects. Here, we 
report on the generation of primary CD33-CAR-NK cells, which are highly effective in combating AML 
in vitro and in AML xenograft models in vivo. 
CD33-CAR-NK cells were generated by transduction of fresh blood-derived NK cells using baboon 
envelope pseudotyped lentiviral vectors (BaEV-LV). NK cells were expanded under feeder cell-free 
conditions and activated through addition of IL-15 and IL-2. CAR-expression and cytotoxicity were 
analysed using flow cytometry. The in vivo-efficacy of CD33-CAR-NK cell products was evaluated in 
OCI-AML2 (GFP+, Luc+) xenograft NSG-SGM3 mouse models by bioluminescence imaging (BLI) of the 
leukemic burden as well as flow cytometric and chimerism analysis of persisting (CAR-)NK and AML 
cells. 
Transgene integration by BaEV-LV resulted in 35-60% CAR-expression and CD33-CAR-NK cells 
displayed unhampered ex vivo-expansion. CD33-CAR-NK cells were more potent in eliminating 
CD33+ OCI-AML2 and primary AML cells in a short-term killing assay, as well as by IncuCyte-based life-
cell imaging and in tumor rechallenge assays compared to untransduced (UTD)-NK cells. Using an 
OCI-AML2 NSG-SGM3 xenograft mouse model (n=7/group) a significant reduction of leukemic 
burden by day 21 post AML cell-injection could be observed following weekly injections (three in 
total) of 1x107 CD33-CAR-NK cells i.v. BLI-analysis of femur, tibia and spleen on day 22 revealed 
impeded AML engraftment in CD33-CAR-NK cell-treated mice which was confirmed by flow 
cytometry analysis of isolated bone marrow (BM) (GFP+ cells: untreated (UT): 17.6%, UTD: 9.1%, CAR: 
0%) and spleen (GFP+ cells: UT 7.6%, UTD 5.6%, CAR 0%). Furthermore, NK cell-infiltration in the BM 
or spleen on day 22 was significantly increased in mice which received CD33-CAR-NK cells 
(CD56+ cells: BM: UT 0.2%, UTD 0.4%, CAR 1.1%; Spleen: UT 0.3%, UTD 2.1%, CAR 17.7%) and most of 
the NK cells were identified as CAR-positive (>73%). Chimerism analysis of peripheral blood (PB) 
revealed higher persistence of NK cells and absence of AML cells in CD33-CAR-NK-treated mice (UTD: 
humanDNA 1.2% thereof 56% NK, 44% AML; CAR: humanDNA 17.9% thereof 100% NK). Behavior, 
weight and histological analysis of colon, liver and lung indicated no signs of therapy-induced side-
effects. 
In summary, primary CD33-CAR-NK cells possess a strong anti-tumor efficacy and highly improved 
presence in PB, BM and spleen compared to UTD-NK cells and therefore constitute a promising 
treatment option for AML, especially for patients who are not eligible for autologous cell products. 
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TIL enrichment in neoepitope-specific and tumor-reactive T cells 
M. Arnaud1,2, J. Chiffelle1,2, R. Genolet1,2, B. Navarro Rodrigo1,2, F. Huber1,2, P. Guillaume1,2, B.J. 
Stevenson1, D. Gfeller1,2, J. Schmidt1,2, V. Zoete1, L.E. Kandalaft1,2, M. Bassani-Sternberg1,2, S. 
Bobisse1,2, G. Coukos1,2, A. Harari1,2 
1Ludwig Institute for Cancer Research, Lausanne Branch - University of Lausanne (UNIL), Lausanne, 
Switzerland, 2Centre Hospitalier Universitaire Vaudois (CHUV), Department of Oncology, Lausanne, 
Switzerland 
 
The identification of clinically-relevant tumor antigens and their cognate tumor-reactive T cell 
receptors (TCRs) is a critical foundation for cancer immunotherapies. The discovery of patient-
specific tumor antigens typically involves in vitro expansion of autologous tumor-infiltrating 
lymphocytes (TILs) using antigen-agnostic cytokines, so-called the conventional strategy. However, 
the low frequency of T cells specific for each tumor antigen limits the sensitivity of these approaches. 
Here we describe NeoScreen, an in vitro TIL expansion and screening methodology, aiming at 
optimizing the sensitivity of antigen validation, but also of isolating rare tumor (neo)antigen-specific 
CD8 T cells for cloning of cognate TCRs from highly enriched tumor (neo)antigen-reactive TILs. This 
novel and accessible cell culture pipeline is based on early exposure of TILs from tumor samples to 
selected tumor (neo)antigens loaded on engineered antigen presenting cells. 
By expanding antigen-specific TILs, NeoScreen enables the sensitive identification of rare tumor 
(neo)antigens (n=19) in melanoma, ovarian, colorectal and lung cancers. For most epitopes 
identified, tumor antigen-specific TILs were exclusively found in NeoScreen TILs. In addition to the 
high number of neoepitope validated, the frequency of neoepitope-specific TILs was also significantly 
increased compared to conventional TIL cultures. Further, NeoScreen allows the isolation of a 
significantly larger number of (neo)epitope-specific TCRs. NeoScreen acts not only by increasing the 
frequency of tumor antigen-specific TCRs found with conventional methods but also by recruiting 
additional TCR clonotypes that can be newly detected with markedly enhanced sensitivity. We show 
that upon TCR cloning in primary activated T cells, all (n=31) NeoScreen-derived TCRs were tumor-
reactive (i.e. recognizing autologous tumors). Of note, NeoScreen-derived TCR-transduced T cells 
mediate regression of established tumors in patient-derived xenograft mice. Given the enrichment of 
the TIL repertoire in tumor-reactive, antigen-specific clonotypes, we then interrogated the antitumor 
reactivity of the conventional vs NeoScreen bulk expanded TILs. We found that the tumoricidal 
potential of bulk expanded TILs is increased with NeoScreen. 
We report an innovative pipeline allowing highly sensitive screening of tumor (neo)antigens and 
cognate TCRs, greatly improving the selection of candidates for personalized cancer vaccines and 
TCR-based cellular immunotherapies. Besides, NeoScreen enhances TILs’ antitumor reactivity and 
thus offers an attractive alternative to generate improved TIL products for adoptive cell transfer 
therapy. 
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High antileukemic efficiency of CD19-CAR NK cells engineered with non-viral Sleeping 
Beauty transposon vectors 
T. Bexte1,2,3, L. Botezatu4, C. Miskey4, J. Campe1, L.M. Reindl1, S. Mertlitz5, V. Gebel1,2,3, R. Schubert6, A. 
Cremer7, E. Rettinger8, S. Prommersberger9, O. Penack5, W.S Wels2,10,11, M. Hudecek9, Z. Ivics4, E. 
Ullrich1,2,3,11 
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1Experimental Immunology, Department for Children and Adolescents Medicine, Hospital of the 
Goethe University Frankfurt, Frankfurt am Main, Germany, 2Frankfurt Cancer Institute, Goethe 
University, Frankfurt am Main, Frankfurt am Main, Germany, 3University Cancer Center (UCT) 
Frankfurt, Frankfurt am Main, Germany, 4Division of Medical Biotechnology, Paul Ehrlich Institute, 
Langen, Langen, Germany, 5Charité Universitätsmedizin Berlin, Berlin, Germany, 6University Hospital, 
Goethe-University, Department for Children and Adolescents, Frankfurt am Main, Germany, 7Johann 
Wolfgang Goethe University, Department of Hematology and Oncology, Frankfurt am Main, 
Germany, 8Division of Stem Cell Transplantation and Immunology, Department of Children and 
Adolescent Medicine, Hospital of the Goethe University Frankfurt, Frankfurt am Main, 
Germany, 9University Hospital Würzburg, Department of Internal Medicine II, Würzburg, 
Germany, 10Georg-Speyer-Haus, Institute for Tumor Biology and Experimental Therapy, Frankfurt am 
Main, Germany, 11German Cancer Consortium (DKTK) partner site Frankfurt/Mainz, Frankfurt am 
Main, Germany 
 
Natural Killer (NK) cells are known for their high intrinsic cytotoxic capacity and the possibility to be 
applied as ‘off-the-shelf’ third party donor cell therapy. Expression of chimeric antigen receptors 
(CAR) constitutes a promising approach to enhance therapeutic efficacy of NK cells. 
Here, we demonstrate for the first time that primary NK cells can be engineered using the non-
viral Sleeping Beauty (SB) transposon/transposase system to stably express a CD19-CAR with a safe 
genomic integration profile, resulting in high anti-leukemic efficiency in vitro and in vivo models of B-
ALL and against primary patient-derived B-ALL cells ex-vivo. 
Human peripheral blood-derived CD56+NK cells were genetically engineered to express a CD19-CAR 
using lentiviral (LV) or non-viral vectors. For non-viral gene delivery, SB transposons vectorized as 
minicircles (MC), encoding a CD19-CAR and truncated epidermal growth factor receptor (tEGFR) were 
transfected in combination with hyperactive SB100X transposase. 
Primary NK cells displayed long-lasting CD19-CAR expression upon SB-mediated gene delivery by up 
to 40% of cells with similar viability as non-transfected (NT) NK cells and without a significant change 
in NK cell phenotype or loss of intrinsic natural cytotoxicity after IL-15 cytokine expansion under 
feeder-cell free conditions. 
Assessment of vector integration revealed a significantly higher frequency of insertion into genomic 
safe harbors (GSHs) and a more random distribution of vector integration sites in CAR-NK cells 
generated with the SB platform compared to LV-transduced CAR-NK cells. 
SB-CD19-CAR NK cells demonstrated significantly higher cytotoxicity compared to NT-NK cells against 
CD19-expressing SUP-B15 and NALM-6 leukemia cell lines. Furthermore, markedly enhanced 
antitumor potential of SB-CD19-CAR NK cells was confirmed in a systemic CD19-expressing leukemia 
xenograft model (NSG-NALM-6/Luc) using in vivo bioluminescence imaging. SB-CD19-CAR NK cells 
resulted in rapid leukemia eradication in all treated animals, whereas mice receiving NT-NK cells 
showed progressive leukemia growth comparable to untreated controls. Importantly, enhanced SB-
CD19-CAR NK cell-mediated killing capacity was also observed against primary patient-derived B-ALL 
blasts. 
The Sleeping Beauty transposon system represents an innovative, safe and relatively cost-effective 
gene therapeutic approach for non-viral engineering of highly functional CAR-NK cells that may also 
be suitable for a broad range of other applications in cancer immunotherapy. 
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GMP-compliant flow cytometric cell sorting and expansion of CD137+ tumor infiltrating T cells using 
MACS GMP Fluorochromes, MACSQuant® Tyto® Cell Sorter and CliniMACS Prodigy® TRT System 
S. Biedermann1, L. Schlahsa1, A. Kurowski1, P. Zjablovskaja1, L. Fischer1, L. Ehrhardt1, I.R. Hardy1, A. 
Dzionek1, C. Siewert1, G. Lauer1 
1Miltenyi Biotec B.V. & Co. KG, Bergisch Gladbach, Germany 
 
Adoptive cell therapy using tumor-infiltrating lymphocytes (TILs) has been shown to be a promising 
strategy for treatment of advanced metastatic melanoma. Exploitation of this potent therapeutic 
approach requires easy and effective isolation of TILs in compliance with GMP cell manufacturing 
requirements. Recent technological advances like the MACSQuant® Tyto® Cell Sorter, MACS® GMP 
Fluorescent Antibodies and CliniMACS Prodigy® Tumor Reactive T cell (TRT) System enable sterile, 
fast and user-friendly purification and expansion of target cells in a clinical setting. 
TILs outgrown upon initial cell culture of dissociated metastatic melanoma tissue and subsequent 
cryopreservation were thawed and used as starting material. TIL samples were stimulated overnight 
with autologous tumor cells. In order to enrich tumor-reactive T cells within the sample, cells were 
stained with MACS GMP CD4-VioBlue, MACS GMP CD8-APC, MACS GMP CD137-PE and sorted using 
MACS® GMP Tyto® Cartridge and MACSQuant® Tyto® Cell Sorter. Post sort, highly pure TRTs (95 %) 
were transferred to the cell culture unit of CliniMACS Prodigy® and expanded for 14 days using the 
CliniMACS Prodigy® TRT System. As control, non-sorted TRTs were expanded using the same 
methodology. At the end of the process, the ability of the cells to produce cytokines was assessed by 
re-stimulation with autologous and non-autologous tumor cells. 
The results showed a 2457-fold expansion of CD137+ sorted cells (from 7x105 to 1.7x109), exceeding 
the expansion rate of unsorted outgrown TILs. In addition, MACSQuant® Tyto® sorted CD137+ TILs had 
a higher reactivity against autologous tumor cells and none or low reactivity against non-autologous 
tumor cells. 
Here, we present a new workflow that allows the reliable generation and expansion of highly pure 
and tumor-reactive CD137+ TRTs within a GMP-compliant manufacturing environment. 
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Antibiotic treatment driven diversity shifts of gut microbial taxa are linked to kinetics and 
immunophenotypes of CD19-directed CAR T-cells in patients with r/r B-NHL 
V. Blumenberg1,2,3, S. Baumann1,2, G. Busch1,2, S. Schmidt4, M. Winkelmann5, T. Straub6, J. 
Klughammer7, L. Frölich1,3, F. Hildebrand1, K. Rejeski1,2,3, F.J. Vettermann8, W.G. Kunz5, M.v. 
Bergwelt1,3, V. Bücklein1,2, C. Stein-Thöringer3,4, M. Subklewe1,2,3 
1University Hospital LMU Munich, Department of Hematology - Oncology, Munich, Germany, 2Gene 
Center LMU Munich, Laboratory for Translational Cancer Immunology, Munich, Germany, 3German 
Cancer Consortium (DKTK) and German Cancer Research Center (DKFZ), Heidelberg, 
Germany, 4German Cancer Research Center (DKFZ), Research Division Microbiome and Cancer, 
Heidelberg, Germany, 5University Hospital LMU Munich, Department of Radiology, Munich, 
Germany, 6Biomedical Center of the LMU Munich, Core Facility Bioinformatics, Munich, 
Germany, 7Gene Center LMU Munich, Laboratory for Systems Immunology, Munich, 
Germany, 8University Hospital LMU Munich, Department of Nuclear Medicine, Munich, Germany 
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The gut microbiome has emerged as an important modulator T-cell mediated immunotherapies. 
Especially, we and others reported an antibiotic driven diversity loss of the gut microbiome in a 
multi-center study with CAR T-cell patients suggesting microbiome-based patient assessment. 
However, we still need to define causal relations between gut microbiome profiles and CAR T-cell 
characteristics determining treatment response. Here, we hypothesize that the post CAR T gut 
microbial dysbiosis with the abundance of certain gut microbes correlates with expansion and 
immunophenotypes of CAR T-cells in vivo. 
Patients with relapsed / refractory Diffuse-Large B-Cell Lymphoma or Mantle-Cell Lymphoma were 
treated with approved CD19 specific CAR T-cell products from April 2019 to September 2021. 
Peripheral blood and fecal biospecimens from 40 patients were collected before and after CAR T 
transfusion. CAR T-cell expansion in vivo and the expression profile of immune checkpoints and 
marker for memory were studied by flow cytometry. Effector : target (E:T) ratios were estimated as 
peak expansion of CAR T-cells (/ul) per tumor volume (sum of the product of diameters based on 
Lugano criteria in cm3). 16S rRNA gene sequencing was performed on 108 stool samples. Responder 
(R) were retrospectively assessed compared to Non-Responder (NR) according to PET-CT scans three 
months after CAR T-cell transfusion. Data has been integrated into machine-learning approaches and 
network analysis covering CAR T-cell surfaceome, gut microbiome metagenomics and clinical data. 
Alpha diversity of the gut microbiome decreased 7-14 days after CAR T-cell transfusion compared to 
baseline (p=0.0025 and p=0.0043) with outgrowth of distinct taxa (e.g. Enterococcus faecium). 
Interestingly, patients being pre-treated with antibiotics displayed greater diversity loss at baseline 
(p=0.0002) and outgrowth of Enterococci (q=0.0215). Next, we identified CAR T-cell 
immunophenotypes including marker for memory development and T-cell dysfunction being higher 
abundant in R. When combining information about taxa shifts, CAR T-cell kinetics and coexpression 
profiles Spearman correlation revealed distinct taxa signatures being associated with less 
differentiated and more dysfunctional CAR T-cell immunophenotypes. Notably, the abundance of 
some of these taxa (e.g. E. faecium) were driven by prior-antibiotic treatment. 
For the first time, we describe associations between the compositional changes of the gut 
microbiome and kinetics as well as immune characteristics of CAR T-cells in patients with r/r B-NHL. 
In the future, our findings need to be validated in a larger patient cohort and might serve as a 
predictive biomarker for microbiome-based patient assessment to identify benefiting patients and to 
improve outcome. 
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Impact of PD-1 and/or TIGIT deletion in melanoma-specific CD8+ T lymphocytes 
G. Cadiou1, T. Beauvais1, L. Marotte1, S. Rulli2, S. Simon1, M. Gantier3, N. Labarriere1 
1Nantes, INCIT, UMR 1302, Nantes, France, 2Qiagen, Frederick, United States, 3Nantes, Inserm, CR2TI, 
Nantes, France 
 
Among the arsenal of therapeutic strategies intended to cure cancer, adoptive cell transfer (ACT) 
represents a promising option. Starting from the blood of melanoma patients, our team has 
developed a method for the selection and in vitro amplification of melanoma-specific CD8+ T 
lymphocytes. Several clinical trials are currently evaluating the efficacy of ACT in combination with 
PD-1/PD-L1 blockade. However, a critical issue related to this combination is the occurrence of 
immune-related adverse events. Favoring PD-1 blockade directly within the tumor microenvironment 
(TME) through the infusion of tumor-specific T cells genetically inactivated for PD-1 expression 
should contribute to reduce those adverse events. CRISPR-Cas9-based deletion of thePDCD1gene in 
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melanoma-specific T cells prior to their infusion constitutes an alternative approach that has been 
used in preclinical models by our team. The T cells clones deficient in PD-1 (PD-1KO) we derived were 
characterized in terms of phenotype, function, and transcriptome and showed better anti-tumor 
reactivity in vitro and in a mouse model compared to the parental PD-1+ T cells clones. Interestingly, 
we observed a significant overexpression of TIGIT on the PD-1KOT cells clones as compared to wild-
type (WT) T cells clones, which could be a barrier to optimal anti-tumor activity. We thus plan to 
invalidate the TIGIT gene alone or in combination with PDCD1 edition in melanoma-specific T 
lymphocytes, and to decipher the properties and anti-tumor efficacy of such T cells. We thus used 
the same method to inactivate TIGIT and/or PDCD1 genes in melanoma-specific polyclonal CD8+ T 
cells, cloned these populations and selected T cell clones unable to express TIGIT and/or PD-1 (PD-
1KO, TIGITKO, PD-1KO/TIGITKO) and WT T cell clones, strongly expressing TIGIT and PD-1. We sequenced 
the TCR chains of each T cell clone and determined the editing event that occurred on the targeted 
genes, and further characterized these T cell clones in terms of phenotype, functions and 
transcriptomic features. Our results first demonstrate that IC-deficient T lymphocytes are no more 
inhibited by the expression of their respective ligands on target cells. However, functional and 
transcriptomic studies revealed a differential impact of PDCD1 or TIGIT deletion on pathways related 
to T cell division and proliferation, suggesting that IC deletion may also have consequences on 
intrinsic properties of T cells, besides its impact on anti-tumor function. In conclusion, we 
demonstrated the feasibility to inactivate PDCD1 and TIGIT genes in effector-memory melanoma 
specific T cell clones. The anti-tumor functions of edited T-cell clones and the impact of such gene 
editing on their intrinsic properties (proliferation, survival…) need to be further explored, before 
considering their interest as an alternative strategy for immunotherapeutic treatments, combining 
adoptive cell transfer and immune checkpoint blockade in a single approach. 
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X-irradiation of a 4T1 tumor in immunocompetent Balb/c mice causes an abscopal effect on a non-
Irradiated tumor not enhanced by anti-PD-L1 antibodies and suppresses metastasis to the lungs 
and liver 
Z. Cai1, R.C. Liu1, R.M. Reilly1,2,3 
1University of Toronto, Department of Pharmaceutical Sciences, Toronto, Canada, 2University of 
Toronto, Department of Medical Imaging, Toronto, Canada, 3University Health Network, Princess 
Margaret Cancer Centre, Toronto, Canada 
 
Our aim was to determine if X-irradiation (XRT) of a tumor causes an abscopal effect on a distant 
non-irradiated tumor in an immunocompetent mouse and if this effect is enhanced by anti-PD-L1 
(αPD-L1) antibodies. Female Balb/c mice were inoculated with metastatic 4T1 murine mammary 
carcinoma cells s.c. on the right shoulder at day 1 (Tumor 1) and on the left flank at day 6 (Tumor 2). 
Mice (n=5) were assigned to 1) untreated, 2) αPD-L1, 3) XRT and 4) αPD-L1+ XRT. αPD-L1 (200 μg i.p. 
3 times/week x 2 weeks) were administered starting on day 7. XRT was delivered as 6.0 ± 0.6 Gy/day 
x 5 days. Tumor 2 was outside the XRT field. GAFCHROMIC® dosimetry film was used to verify the XRT 
dose. The growth of Tumor 1 and 2 was monitored by measuring tumor volume (V = 0.5 x length x 
width2) 3 times per week and a tumor growth index (TGI) calculated as the volume divided by the 
pre-treatment volume. Normal tissue toxicity was assessed by monitoring body weight 3 times/week 
and hematology and serum biochemistry at day 21. Metastases in the lung and liver at day 21 were 
visualized by H&E staining. The doubling time of Tumor 1 in untreated mice (3.6 ± 0.2 days) or mice 
receiving αPD-L1 (3.8 ± 0.2 days) was not significantly different (p=0.237). XRT increased the doubling 
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time of Tumor 1 (15 ± 5 days) vs. untreated mice or mice receiving αPD-L1 (p<0.0001). XRT combined 
with αPD-L1 arrested the growth of Tumor 1. The growth of Tumor 2 was significantly slowed by XRT 
of Tumor 1 increasing doubling time to 3.1 ± 0.6 days vs. 2.6 ± 0.4 days for untreated mice (p=0.0003) 
but combining XRT with αPD-L1 did not further increase doubling time (3.4 ± 0.8 days; p=0.3952). 
Treatment of mice with αPD-L1 alone significantly increased the doubling time of Tumor 2 to 3.0 ± 
0.1 days vs. untreated mice (p=0.0026). Metastases to the lungs and liver were detected in 100% of 
untreated mice or mice receiving αPD-L1 but in only 40% of mice treated with XRT and 0% in mice 
receiving XRT + αPD-L1. Metastases to either the lungs or liver were found in 60% of mice receiving 
XRT and 66% of mice treated with XRT + αPD-L1. One third of mice treated with XRT + αPD-L1 had no 
evidence of metastases. No weight loss (>10%) and no changes in hematology or serum biochemistry 
were noted for any treatment. We conclude that XRT of a 4T1 tumor in Balb/c mice caused an 
abscopal effect on a distant non-irradiated tumor, but this effect was not enhanced by αPD-L1. αPD-
L1 alone did not inhibit the growth of well-established Tumor 1 but did slow the growth of non-
established Tumor 2. Metastasis suppression by XRT or XRT + αPD-L1 might be due to local control of 
Tumor 1 or possibly an abscopal effect on micrometastases preventing their establishment. 
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A new candidate CAR for B-cell malignancies 
N. Casey1, A. Fåne1, C.H Klee1, B. Caulier1, A. Graczyk-Jarzynka2, K. Fidyt2, M. Krawczyk2, P. Dillard1, M. 
Winiarska2, E.B Smeland3, G. Kvalheim1, E.M. Inderberg1, S. Wälchli1 
1Oslo University Hospital, Cell Therapy, Oslo, Norway, 2University of Warsaw, Immunology, Warsaw, 
Poland, 3Oslo University Hospital, Cancer Immunology, Oslo, Norway 
 
Chimeric antigen receptor (CAR) T cell therapy has had considerable success in the treatment of B 
cell malignancies. Targeting of CD19 has brought great success to the treatment of acute 
lymphoblastic leukemia (ALL), however relapse remains an issue in many cases. Such relapse can 
result from downregulation or loss of CD19 from the malignant cell population. In certain cases, this 
may also be achieved by expression of alternate isoforms of target antigens. Consequently, there 
remains a requirement to target alternative B-cell antigens, and to diversify the spectrum of epitopes 
within the same antigen; whether for use in isolation, or in combination with existing options. 
CD22 has been identified as a substitute target in cases of for CD19-negative relapse. One anti-CD22 
antibody, clone m971, targets a membrane-proximal epitope of CD22, and has been widely validated 
and used in the clinic. Here we have compared m971-CAR with a CAR derived from IS7, an antibody 
that targets an epitope with a more distal position. We first showed that the IS7-CAR has superior 
affinity and avidity, and is active and specific against CD22 positive targets, including primary patient 
samples. Side-by-side comparisons indicated that while IS7-CAR killed less rapidly than m971-CAR in 
vitro, it remains efficient in controlling lymphoma xenograft models in vivo. Thus, IS7-CAR presents a 
potential alternative candidate for treatment of refractory B-cell malignancies. 
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CD37CAR T cells exhibit potent activity against AML 
B. Caulier1, S. Joaquina1, P. Gelebart2, P. Wernhoff1, C.H. Klee1, N. Umesh Katyayini3, Y. Fløisand4, G. 
Kvalheim1, J. Enserink3, E. McCormack2, E.M. Inderberg1, S. Wälchli1 
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Clinical Science, Precision Oncology Research Group, Bergen, Norway, 3University of Oslo, 
Department of Molecular Cell Biology, Institute for Cancer Research, Oslo, Norway, 4Oslo University 
Hospital, Department of Haematology, Oslo, Norway 
 
Acute myeloid leukemia (AML) is a highly heterogeneous blood disease characterized by a wide 
range of genetic alterations. Due to this heterogeneity, AML has been challenging to treat using 
targeted therapy such as chimeric antigen receptor (CAR) redirected T cells. Indeed, almost all AML 
CAR targets exploited to date are expressed on normal hematopoietic stem cells (HSCs) which may 
induce long term adverse toxicity and sustain myeloablation. Therefore, there is still a clear unmet 
need to define restricted AML targets. We and others recently observed that the leukocyte-specific 
tetraspanin protein CD37 which is predominantly found in B cells was also expressed in AML samples. 
By interrogation of public databases, we first showed that CD37 was overexpressed at the 
transcriptomic level in high-risk AML compared to normal HSCs and progenitor cells. We confirmed 
this overexpression at the protein level using AML cell lines and patient biopsies. Further 
characterization of patient bone marrows showed that progenitor cells-containing leukemic stem 
cells also express CD37. Importantly, CD37 expression was present in all samples. We therefore 
tested our anti B cell lymphoma CAR targeting CD37 and compared it to the AML gold standard 
CD33CAR, in a series of pre-clinical experiments. We showed that CD37CAR T cells can specifically kill 
AML cell lines, secrete inflammatory cytokines and control tumor development in several xenograft 
animal models. We confirmed our observations of CD37CAR efficacy against AML patient cells and 
provide evidence that CD37CAR is safer than CD33CAR in terms of toxicity against healthy bone 
marrow. From our experiments we concluded that a CAR targeting CD37 is an attractive and safe 
solution to treat a broad range of AML patients and warrant further clinical development. 
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T cell dynamics in melanoma patients receiving TIL therapy 
J. Chiffelle1,2,3, D. Barras1,2, A. Orcurto4, S. Bobisse1,2,3, R. Pétremand1,2,3, A. Auger1,2,3, M. Arnaud1,2,3, R. 
Genolet1,2,3, E. Ghisoni1,2,4, I. Crespo1,2, M. Imbimbo4, B. Navarro Rodrigo4, M. Ochoa de Olza4, L.E. 
Kandalaft1,2,3, M. Bassani-Sternberg1,2,3, L. Trueb4, D. Dangaj Laniti1,2, A. Harari1,2,3, G. Coukos1,2,3,4 
1Lausanne University Hospital and University of Lausanne, Department of Oncology, Lausanne, 
Switzerland, 2Ludwig Institute for Cancer Research, Lausanne, Switzerland, 3Centre des Thérapies 
Expérimentales, Department of Oncology, Lausanne, Switzerland, 4Lausanne University Hospital, 
Immuno-oncology Service, Lausanne, Switzerland 
 
Adoptive cell therapy (ACT) using tumor-infiltrating lymphocytes (TILs) has demonstrated efficacy in 
certain cancer patients yet there is a need to discern the multifactorial mechanisms driving clinical 
response to develop next-generation TIL products and to identify predictive biomarkers to better 
select patients for ACT therapy. Of interest, the dynamics and profiles of TIL clonotypes that populate 
infusion products and then persist in blood or infiltrate tumors after ACT remain poorly understood. 
Here, we analyzed 13 metastatic melanoma patients enrolled in a TIL-ACT trial (NCT03475134) 
comprising 6, 3 and 4 patients with partial responses (PR), stable disease (SD) or progressive disease 
(PD), respectively (best overall response rate at 3 months by RECIST v1.1). Using bulk and single-cell 
(sc) T-cell receptor (TCR)-sequencing (seq), we tracked TIL clonotypes in tumors, in ACT products 
(ACTP) and in post-ACT blood and tumor samples. By mapping these TCRs to scRNA-Seq data, we 
identified transcriptomic signatures of TILs a) expanding in vitro, 2) persisting in blood post-ACT 
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and/or 3) infiltrating tumors post-ACT. Moreover, patient-derived tumor cell lines allowed the 
interrogation of tumor-specificity. A library of 141 tumor-reactive clones and 187 non-tumor-reactive 
ones allowed the investigation of their dynamics and profiles. 
TCR repertoires overlaps between baseline tumors and ACTP were variable, yet significantly higher in 
responders. Conversely, progressors ACTP minimally overlapped with tumors but significantly 
overlapped with blood clonotypes (i.e. blood obtained at the time of the surgery). Also, in 
responders, higher fractions of ACTP TILs persisted in blood and infiltrated tumors post-ACT. 
Furthermore, tumor-specific clonotypes were more abundant in responders tumors and 
preferentially expanded in vitro and persisted in vivo. Associating TILs dynamics to molecular profiles 
of cells, we found similarity in genes and transcription factors associated to tumor-specificity with in 
vitro expansion and in vivo persistence and infiltration. Finally, a gene signature of tumor-reactivity 
massively overlapped with the signatures of TILs dynamics as well as the signature of clinical 
response. 
These data indicate that the gene signature predictive of clinical response is associated to the global 
TILs dynamics (in vitro and in vivo) and TILs tumor-specificity. 
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Neoantigen-specific CD8 T cells with high structural avidity preferentially infiltrate and eliminate 
tumors 
J. Chiffelle1,2,3, J. Schmidt1,2,3, M.A. S. Perez1,2,4, M. Magnin1,2,3, S. Bobisse1,2,3, M. Arnaud1,2,3, R. 
Genolet1,2,3, D. Barras1,2, B. Navarro Rodrigo1,2,3, J. Cesbron1,2,3, F. Benedetti1,2,3, A. Michel1,2,3, L. 
Queiroz1,2,3, P. Baumgaertner1,2,3, P. Guillaume1,2, M. Hebeisen1,2, O. Michielin1,2, T. Nguyen-Ngoc1,2, F. 
Huber1,2,3, M. Irving1,2,3, S. Tissot1,2,3, B.J. Stevenson1,2,3,4, S. Rusakiewicz1,2,3, D. Dangaj Laniti1,2, M. 
Bassani-Sternberg1,2,3, N. Rufer1,2, D. Gfeller1,2,4, L.E. Kandalaft1,2,3, D.E. Speiser1,2, V. Zoete1,2,4, G. 
Coukos1,2, A. Harari1,2,3 
1Lausanne University Hospital and University of Lausanne, Department of Oncology, Lausanne, 
Switzerland, 2Ludwig Institute for Cancer Research, Lausanne, Switzerland, 3Centre des Thérapies 
Expérimentales, Department of Oncology, Lausanne, Switzerland, 4Swiss Institute of Bioinformatics, 
Lausanne, Switzerland 
 
Tumor neoantigen recognition is likely a major factor in the success of clinical immunotherapies. 
While neoantigen represent relevant targets associated with clinical benefit, little is known about 
structural and functional parameters of neoantigen-specific CD8 T cells relative to cells targeting 
tumor-associated (TAA) or viral antigens. Furthermore, how cell’s functionality affects tumor 
infiltration and control remains poorly understood. 
Using reversible pMHC multimers allowing measurement of monomeric pMHC-TCR dissociation 
kinetics (off-rates) on live CD8 T cells, we comprehensively profiled the structural (off-rates) and 
functional avidities (antigen sensitivity) of 371 peripheral (PBLs) and tumor-infiltrating (TILs) CD8 T 
cell clones targeting viral antigens, TAAs and neoantigens isolated from patients with melanoma, 
ovarian, colorectal or lung cancers as well as patients receiving TIL adoptive cell transfer (ACT). We 
also derived a structure-based logistic regression model to predict the structural avidity of TCRs of 
unknown specificity. 
Our data show that T cells from tumors exhibit stronger functional and structural avidity than their 
blood counterparts. Relative to TAA, neoantigen-specific T cells are of higher structural avidity and, 
consistently, are preferentially detected in tumors. High avidity T cells also express higher levels of 
CXCR3, known to be associated with tumor tropism. Tumor infiltration and control after ACT were 
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associated to high structural avidity TCRs and were prevented by CXCR3 blocking in vivo. In patients 
receiving TIL-ACT, CXCR3 expression by TILs from cell products significantly predicted tumor 
infiltration post-ACT. Furthermore, specific biophysical features in CDR3β sequences were enriched 
in high avidity TCRs. Guided by this observation, we developed a structure-based logistic regression 
model to predict T cells’ structural avidity. Preferential tumor infiltration by inferred high avidity TCRs 
was validated at steady-state but also in patients receiving TIL-ACT. 
Taken together, these observations indicate a direct relationship between neoantigen recognition, T 
cell functionality and tumor infiltration. These results delineate a rational approach to identify potent 
T cells for personalized cancer immunotherapy. 
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Cell avidity: a crucial biomarker to improve the predictability of T cell functionality for cellular 
immunotherapies 
K. Das1, Y. Bar-Ephraim1, A. Candelli1, P. Djali1, E. Fong1, Y. Patankar1, R. Reijmers1, I. Sarkar1, W. 
Singleterry1, Z. Yu1 
1LUMICKS CA B.V., Amsterdam, Netherlands 
 
Affinity provides useful information on the interaction strengths between a single ligand and 
receptor; however, it has shown poor predictability of T cell functionality for cellular 
immunotherapies. On the contrary, cell avidity is a more physiological relevant parameter that 
reflects the collective, non-covalent bond strength of all cell-cell interactions that drive 
immunological synapse formation. Here we present cell avidity data on chimeric antigen (CAR) T cells 
and T cell receptor (TCR) T cells using the z-Movi® Cell Avidity Analyzer. These results demonstrated 
the benefits of understanding cell avidity to predict and select potent CAR and TCR T cell candidates. 
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Optimizing CD70 specific nanobody based CARs for the treatment of solid and liquid malignancies 
S. De Munter1,2, A. Van Parys3, E. Pascal1,2, W. Danneels4,2, F. Offner4,2, T. Kerre4,1,2, E. Depla3, J. 
Tavernier3, B. Vandekerckhove1,5,2 
1Ghent University, Department of Diagnostic Sciences, Ghent, Belgium, 2Cancer Research Institute 
Ghent, Ghent, Belgium, 3Orionis Biosciences, Ghent, Belgium, 4Ghent University, Department of 
Internal Medicine and Pediatrics, Ghent, Belgium, 5Ghent University Hospital, GMP Unit Cell Therapy, 
Ghent, Belgium 
 
The adoptive transfer of T cells reprogrammed with a chimeric antigen receptor (CAR) has 
demonstrated great potential for treatment of various hematological malignancies. While response 
rates are high, relapses still occur due to the emergence of antigen escape variants or due to the lack 
of long term in vivo persistence of the CAR 
T cells. Furthermore, the efficacy in solid tumors has yet to be demonstrated as a result of the tumor 
suppressive micro environment and the lack of optimal target antigens. 
CD70 was selected as target antigen because it is expressed on a wide range of human malignancies. 
Expression has been reported on primary but also on metastatic tumor resections. Furthermore, 
CD70 expression was associated with decreased survival. It has great potential to exploit as a cancer-
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specific target. While CD70 expression is absent during homeostasis, there is expression on activated 
dendritic cells and highly activated B and T cells. This expression could interfere with the functionality 
of CD70 specific CAR T cells. 
We generated a 2nd generation CD70 specific CAR that consists of 4_1BB as co-stimulatory domain 
and a VHH as antigen binding domain. In NSG mice that were subcutaneously inoculated with the 
CD70+ cell line SKOV3, the CAR T cells were able to eliminate the tumor mass at varying CAR T cell 
doses. Furthermore, CD70 CAR T cells could still be detected 50 days after CAR T cell injection. When 
tested in the systemic Raji model (CD20+CD70+), the CD70 CAR T cells were much less potent than by 
CD20 specific CAR-T. These results were reproducible in a CD20+CD70+DLBCL PDX model. While CD70 
CAR T cells could prolong the life of treated mice, they eventually succumbed due to disease 
progression. On the other hand, the CD20 specific CARs could eliminate all the DLBCL cells and 
remained tumor free. Analysis at different time points in these mice showed CD70 expression on 
activated CD20 CAR 
T cells. We hypothesized that expression of CD70 on activated CAR-T cells may result in retention of 
the CD70 CAR in the endoplasmic reticulum and/or in continuous signaling leading to CAR T cell 
exhaustion, CAR-T diversion away from tumor cells with reduced CAR T cell efficacy. Using 
CRISPR/Cas9 genome editing, we knocked out CD70 in CD70 CAR T cells. When KO CAR T cells were 
tested in a long term cytotoxicity assay, we observed a significant increase in CD70 CAR T cell 
functionality. Further, we tested these KO CAR T cells in the Raji model and observed a complete 
restoration of CAR T cell functionality, comparable to the functionality seen in CD20 CAR T cells. 
In conclusion, endogenous CD70 expression has a negative effect on CD70 specific CAR T cells. This 
negative effect could be countered by knocking out CD70. 
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Universal prospects of cryopreserved “off-the-shelf” umbilical cord blood CD34+ progenitor cell-
derived NK cell therapeutics: clinical and preclinical evaluation of GTA002 and genetically modified 
candidates 
A.D. Duru1, A. van Vliet1, N. Lamers-Kok1, D. Özkazanç1, K. Nowek1, G. Shahini1, D. Vodegel1, D. 
Steenmans1, D. Panella1, A. Micciche1, D. Geerts1, V. Bonnamain1, M. Raimo1, A.-M. Georgoudaki1, L. 
Kuçerova1, K. Pinkernell1, J. Spanholtz1 
1Glycostem Therapeutics B.V., Oss, Netherlands 
 
Natural killer cells (NK) are promising candidates for cancer immunotherapy. However, considering 
larger clinical trials and potential product commercialization, limited quantities of NK cells or lack of 
sufficient cryopreservation methods highlights the need for development of “truly off-the-shelf” NK 
cell products. 
A proprietary ex vivo expansion and differentiation method in a fully closed, automated 
manufacturing platform was developed by Glycostem, to generate GTA002, an “off-the-shelf” 
(allogeneic), cryopreserved NK cell preparation, generated from umbilical cord blood-derived 
CD34+ progenitor cells. Safety and tolerability of a predecessor non-cryopreserved product was 
already demonstrated in an earlier Phase I trial in elderly AML patients (Dolstra et al. 2017). 
Preclinically, cryopreserved GTA002 is effective in targeting of both hematological cancers and solid 
tumors like AML and MM as well as glioblastoma (GBM), melanoma and colon cancer (CRC). 
Clinically, GTA002-based WiNK trial (NCT04632316) is ongoing in adults with AML who are in 
morphologic complete remission with measurable residual disease (MRD) and who are not 
proceeding to allogeneic hematopoietic stem cell transplantation. Within the first cohort, two 
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patients received a single dose and showed i) clearance of MRD by multiparametric flow cytometry 
and next generation sequencing (NGS) for 9 or 6 months in patient 1 and ii) clearance of a PTPN11 
clone for 4 and 6 months in bone marrow and peripheral blood of patient 2 (Heuser et al. 2021). The 
MRD results coincide with the detectable presence of GTA002 in peripheral blood by NGS-based 
chimerism analysis. 
Furthermore, we implemented lentiviral-based chimeric antigen receptor (CAR) expression to the ex 
vivo expansion and differentiation platform and generated CAR-NK cells demonstrating preclinical 
antigen-specific targeting of GBM and CRC while preserving innate NK cell characteristics. Overall, 
preclinical and clinical performance of cryopreserved “off-the-shelf” GTA002 cells as well as CAR-NK 
cells demonstrate great potential of multimodal targeting various cancers. 
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Automated ex vivo isolation, transduction and expansion of CD137-positive tumor-reactive T cells 
on the CliniMACS Prodigy® 
L. Fischer1, C. Völzke1, L. Ehrhardt1, P. Maul1, C. Wenzel1, M. Assenmacher1, A. Dzionek1, B. 
Heemskerk2, I.R. Hardy1 
1Miltenyi Biotec GmbH, Bergisch Gladbach, Germany, 2BioNTech SE, Mainz, Germany 
 
Adoptive cell transfer (ACT) of tumor-infiltrating lymphocytes (TILs) have shown remarkable 
therapeutic benefit in patients with solid cancers but have several challenges for wide-spread clinical 
application. These limitations include accessibility of tumor material for TIL-sourcing, low reactivity of 
the final TIL product and a complicated, laborious expansion methodology. To answer these 
challenges, we have developed the CliniMACS Prodigy Tumor Reactive T cell (TRT) System which 
enables the streamlined, flexible and automated generation of TILs and other antigen-reactive T cells 
sourced from tumor or peripheral blood. 
An increased reactivity of the final TIL product may increase the efficacy and robustness of TIL 
therapeutic products. The CliniMACS Prodigy TRT System has been optimized to enrich tumor-
specific or antigen-specific T cells expressing the activation marker CD137. Enrichment can be done 
from digested tumor material or from peripheral blood where CD137 expression has been induced 
with defined viral or shared cancer antigens using “PepTivator” peptide pools. 
Most TIL procedures rely on a rapid expansion protocol (REP), a laborious process which requires 
highly trained personnel and multiple potential entry points for contamination. The CliniMACS 
Prodigy TRT System has automated the REP expansion to allow large scaleex vivo T cell isolation and 
expansion under closed, GMP conditions. 
The CliniMACS Prodigy TRT System was used to expand virus-reactive cells sourced from healthy 
donor leukapheresis using peptide pools of common viruses (EBV, CMV, AdV). High purity of the 
enriched cells were attained. Cells underwent consistent and dramatic expansion following selection 
in the CliniMACS Prodigy. Further, the final product had significant reactivity against viral antigens 
upon restimulation. 
We also demonstrated the feasibility of the CliniMACS Prodigy TRT System for generating anti-tumor 
TRTs. T cells expressing CD137 were enriched from melanoma digest after a short stimulation culture 
and subsequently expanded. The CD137- fraction was also expanded. After the end of the expansion, 
the CD137+ isolated TRTs showed greatly increased tumor reactivity compared to the CD137- 
fraction and did not have significant off-target reactivity. 
In summary, these data provide proof of concept for the isolation and expansion of antigen-reactive 
T cells from tumor digest or peripheral blood in a closed, automated manner in the CliniMACS 



Poster Session II 
 
            Cellular Therapy 
 
 
Prodigy, allowing for the desired efficiency, simplicity and automated production of cellular products 
for ACT therapies against cancer. 
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CombiCAR design rescues low affinity CAR and provides enhanced selectivity 
C. Forcados1, H. Köksal1, R. Abrantes2,3, P. Dillard1, H. Duarte2,3, S. Josefsson4, C. Gomes2,3, E.B. 
Smeland4, J.H. Myklebust4, C. Reis2,3, E.M. Inderberg1, S. Wälchli1 
1Translational Research Unit, Section for Cellular Therapy, Department of Oncology, Oslo University 
Hospital, Oslo, Norway, 2IPATIMUP – Institute of Molecular Pathology and Immunology, University of 
Porto, Porto, Portugal, 3i3S, Instituto de Investigação e Inovação em Saúde, Universidade do Porto, 
Porto, Portugal, 4Institute for Cancer Research, Oslo University Hospital, Department of Cancer 
Immunology, Oslo, Norway 
 
Chimeric antigen receptor (CAR) T cells have led to remarkable improvements in therapeutic 
outcome for the treatment of B-cell malignancies. CD19 targeting CARs were the first approved CAR 
T cells for treatment of leukemia and lymphoma. Despite substantial rates of durable remission, a 
subset of patients relapsed mainly as a consequence of antigen loss. It is thus highly crucial to 
identify and characterize alternative targets. However, the quest for novel cancer markers has shown 
limitation due to their distribution in healthy tissues. Secondary modifications on exposed proteins 
are emerging as target of choice for some cancers: aberrant glycosylation leading to exposure of 
unusual carbohydrate residues are excellent antigens. Among those are N-glycans capped with α2,6-
linked sialic acid (α2,6NeuAc) overexpressed in lymphoma. Three decades ago, we isolated an 
antibody specific for -B cell lymphoma, HH2, which turned out to be specific towards α2,6NeuAc-
containing N-glycans. We identified the antibody coding sequence, designed an scFv molecule, and 
cloned it as a second generation CAR. HH2CAR showed cytotoxic activity against B cell lymphoma cell 
lines, however, the construct failed to induce detectable cytokine release. Consequently, CAR T cells 
could not control tumor progression in vivo. We undertook a screen of different CAR designs in order 
to boost the T cell response and found that combining HH2 with CD19 could improve T cell reactivity. 
In addition, this combinatorial CAR strategy rekindles the low efficiency HH2 targeting CAR while 
preventing potential off-tumor on-target toxicity induced by CD19 targeting. 
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Anti-mesothelin CAR.CIK lymphocytes are effective against advanced ovarian cancer in preclinical 
3D models of peritoneal carcinomatosis 
F. Galvagno1,2, V. Leuci2, R. Rotolo1,2, C. Donini1,2, E. Vigna1,2, S. Capellero1,2, G. Valabrega3, L. Primo1,2, 
A. Puliafito1,2, D. Sangiolo1,2 
1University of Torino, Department of Oncology, Candiolo, Italy, 2Candiolo Cancer Institute, FPO-IRCCS, 
Candiolo, Italy, 3University of Torino, Department of Oncology, Torino, Italy 
 
Peritoneal carcinomatosis (PC) frequently originates from ovarian cancer (OC) and displays a unique 
nature with both floating cell aggregates within ascites and solid-like masses invading the 
peritoneum. Such clinical condition associated with a poor prognosis is in high need for novel 
treatments. Chimeric antigen receptor (CAR) cell-based immunotherapy is a promising therapeutic 
strategy, but its successful application to solid tumors has been so far limited. A crucial issue to 
promote CAR-based immunotherapy in solid tumors is the definition of novel and reliable preclinical 
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models capable to reproduce and investigate the complexity and hurdles present in clinical settings. 
Here, we develop a reliable preclinical model of cellular immunotherapy based on mesothelin (MSLN) 
CAR-redirected cytokine-induced killer lymphocytes (CAR.CIK) to test this approach against OC and 
3D models resembling the structural complexity of PC. 
We successfully generated CAR.CIK from peripheral blood of tumor patients (n=6) by lentiviral 
transduction with a vector encoding the 2nd generation MSLN-CAR with 4-1BB co-stimulation. 
CAR.CIK immunophenotype was comparable to unmodified controls (NTD.CIK): (44±8)% CAR+, 
(28±8)% CD3+CD56+, (67±6)% CD3+CD8+ and (75±9)% NKG2D+. We found an intense (>75%) 
membrane expression of MSLN in 4/5 OC ascites cell lines that were all effectively killed by MSLN-
CAR.CIK in standard 2D assays. The observed tumor killing was significantly enhanced (n=11, p<0.05) 
as compared to NTD.CIK: 74% vs 32% (E/T 2.5:1), 52% vs 15% (E/T 1:2). 
In order to reproduce the complexity of peritoneal metastasis, we employed 3D tumor cell 
aggregates generated from different OC ascites cell lines. To mimic floating metastasis, spheroids 
were cultured in liquid medium, where a flow was enforced by mechanical shaking, resembling 
patient movement. The solid-like component was instead modeled by embedding spheroids in a 3D 
hydrogel. Semi-quantitative measurements of CAR.CIK accumulation on OC spheroids was performed 
by live-imaging techniques. 
Our kinetic data indicate that CIK localization on tumor targets is faster in shaking cultures than in 
absence of flow. Furthermore, CAR.CIK accumulated faster than NTD.CIK in shaking cultures. These 
results are consistent with the notion that fluid-flow mediated transport is faster than active CIK 
migration in a 3D matrix and that adhesion to target is more effective in CAR.CIK than in NTD.CIK. 
We report that MSLN-CAR.CIK are effective against OC ascites cell lines in both 2D assays as well as in 
3D models, mimicking the complexity of the clinical condition. Our findings can be exploited to 
provide reliable translational bases for clinical applications of CAR-based approaches in PC. 
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Ex vivo expanded NK cells show potent anti-tumor activity against melanoma using a combination 
of multiple activating mechanisms 
A. van Vliet1, E. Peters1, D. Vodegel1, D. Steenmans1, M. Raimo1, J. Spanholtz1, A.-M. Georgoudaki1 
1Glycostem Therapeutics, Research, Oss, Netherlands 
 
Current therapies for metastatic melanoma fail to cure patients since they develop resistance to the 
treatments. In addition, immune infiltrates are often found in melanoma, but inactive due to the 
immunosuppressive environment. Taken this together, it makes melanoma a good target candidate 
for adoptive cell therapies. We investigated whether melanoma is a good target for our stem cellex 
vivo generated Natural Killer (NK) cell product GTA002 and explored the killing mechanisms against 
melanoma. 
Cytotoxic capacity of the GTA002 NK cells from 9 different donors were determined against a panel 
of 9 different human melanoma cell lines during a 5-hour assay with an E:T ratio of 1:1. In parallel, 
degranulation together with intracellular levels of perforin and Granzyme B, as well as production 
pro-inflammatory cytokines IFNγ and TNFα were measured. To explore killing mechanisms, receptor-
ligand interactions were interfered with blocking antibodies that bind to NK cell receptors. The effect 
of blocking receptor-ligand interaction on killing of melanoma cell lines was followed over time using 
an impedance-based system. 
NK cell cytotoxic responses were observed towards all 9 melanoma cell lines in a 5-hour co-culture, 
with varying killing susceptibility ranging from 7.8% to 40.2% killing, depending on the melanoma cell 
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line. Intracellular levels of perforin and granzyme B in NK cells were decreased already after 5 hours 
of co-culture with the melanoma cell lines compared to no-target controls, indicating release of lytic 
granules quickly after target engagement. Increased levels of IFNγ and TNFα were observed in NK 
cells after co-culture to varying degrees depending on the melanoma cell line. Interestingly, the 
relative cytotoxic performance of an individual NK cell donor was consistent throughout the 
melanoma target cell panel and cytotoxic capacity of the donors correlated with IFNγ, TNFα, perforin 
and granzyme B levels, but not with degranulation. Blocking activating receptors such as NKG2D, 
DNAM-1, NKp44 and NKp46 as single target resulted in a minor reduction of the killing capacity of 
GTA002 whereas TRAIL blocking resulted in great inhibition of killing, indicating involvement of these 
receptors in melanoma killing. Interestingly, combinations of blocking multiple receptors at once led 
to more inhibition of killing than single blocking of receptors. 
Our data show that GTA002 NK cells exert efficient anti-tumour activity against melanoma cell 
lines in vitro. The killing mechanism of GTA002 is dependent on a combination of multiple activating 
receptors and seem to synergize their downstream activation signalling. 
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Novel ex vivo TIL stimulation improves cytotoxic potential of CD8+ TILs expanded from Ovarian 
Cancer and Renal Cell Carcinoma 
C. Heeke1, D. Radic2, C. Friese1, N. Kirketerp-Møller1,3, S. Færch1, L. Lund4,5,6, L. Kjeld Petersen7,8, K. 
Madsen2,4, M. Rabjerg2, N. Marcussen6,9, U. Cordes1 
1Cbio, Søborg, Denmark, 2Odense University Hospital, Department of Pathology, Odense, 
Denmark, 3University of Copenhagen, Biotech Research and Innovation Center, Copenhagen, 
Denmark, 4Odense University Hospital, Department of Cardiovascular and Renal Research, Odense, 
Denmark, 5Odense University Hospital, Department of Urology, Odense, Denmark, 6University of 
Southern Denmark, Institute of Clinical Research, Odense, Denmark, 7Odense University Hospital, 
Department of Gynaecology and Obstetrics, Odense, Denmark, 8University of Southern Denmark, 
Open Patient Data Explorative Network (OPEN), Odense, Denmark, 9Hospital of Southern Jutland, 
Department of Pathology, Sønderborg, Denmark 
 
Adoptive cell transfer (ACT) with autologous tumor-infiltrating lymphocytes (TILs) has proven to be 
one of the most successful immune therapy modalities with overall response rates of around 50% in 
patients with malignant metastatic melanoma including complete responses in up to 20% of the 
patients. 
Current protocols combine a first expansion of TILs from tumor fragments or tumor digest with high-
dose IL-2, followed by further expansion with a rapid-expansion-protocol (REP) using allogeneic 
feeder cells, αCD3 and IL-2. Following this protocol, TIL production takes 4-7 weeks, and many 
patients deteriorate before they can receive therapy. With success rates of TIL expansion ranging 
from 70-90%, a TIL product cannot be generated for every patient. Furthermore, clinical response to 
TIL therapy is lower in other solid tumor types such as Ovarian Cancer or Renal Cell Carcinoma, likely 
due to a lower number of expanded TILs, higher numbers of Tregs or lower frequencies of tumor 
reactive CD8+ T cells. 
Therefore, there is a clinical need for improvement of current TIL expansion protocols to make this 
therapy available to more cancer patients. 
In this project, theex vivo addition of various TIL stimulators has been tested in T cell expansion from 
tumor fragments of patients with Ovarian Cancer and Renal Cell Carcinoma in collaboration with 
Odense University Hospital. TIL composition, cytotoxic functionality, and reactivity against 
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autologous tumor digest were compared to TILs expanded following the standard protocol. 
Using this novel culture protocol, success rates of expansion across tumors from Ovarian cancer and 
Renal Cell Carcinoma patients increased from 46.4 to > 98%. Additionally, significantly higher 
frequency and total numbers of viable CD8+ T cells per fragment were obtained compared to 
standard expansion with IL-2 alone. The majority of these CD8+ T cells exhibit an effector (memory) 
phenotype that show an increase of highly functional CD8+ T cells defined as triple positive for 
reactivity markers IFNg, TNFa and CD107a after unspecific bead stimulation. Additionally, TILs 
expanded with TIL stimulators show reactivity against tumor digest, with a higher yield of reactive 
TILs compared to the expansion with IL-2 alone. 
With this study, we show that by adding a cocktail of different TIL stimulators, we can increase 
success rate and shorten expansion time while simultaneously improving the characteristics of the 
TIL product. 
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Development of anti-CD37 T cell Antigen Coupler (TAC) 
C.H. Klee1, C. Forcados1, E. Baken1, J. Hammill2, C. W. Helsen2, J. Bramson2, A. Fåne1, M.R. Myhre1, 
E.M. Inderberg1, S. Wälchli1 
1Oslo University Hospital, Translational Research Unit, Section for Cellular Therapy, Department of 
Oncology, Oslo, Norway, 2McMaster University, Department of Pathology and Molecular Medicine, 
McMaster Immunology Research Centre, Hamilton, Canada 
 
Chimeric antigen receptor (CAR) targeting CD19 have shown impressive results in patient with B-ALL, 
however, the treatment of B-cell non-Hodgkin lymphoma (B-NHL) was less effective. We and others 
have previously developed a CAR construct against an alternative target, CD37. This molecule is a 
surface protein present on B-NHL, which revealed to be more stably expressed than CD19 in patient 
samples. Our seminal report was based on transient expression of the CD37 CAR molecule as mRNA, 
but we and others observed that CD37 CAR when constitutively expressed showed some fratricide 
activity affecting CAR T cell manufacturing. We here show that this effect is not affecting the capacity 
of the CAR T cell to control tumour development in vivo, however, it might have a negative impact 
for clinical production. T cell antigen coupler (TAC) has been recently developed and shown to reduce 
unspecific activity; thus, we designed an anti-CD37TAC and compared it to our CD37 CAR. We 
followed the expansion and expression of primary T cells transduced with both constructs, assessed 
the T cell cytotoxicity and measured the release of cytokines in a coculture assay. Moreover, we used 
transduced Jurkat NFAT cells to evaluate the construct’s functionality. We observed a positive effect 
of the CD37 TAC design for the T cell production while maintaining similar functionalities than the 
CD37CAR, providing an original alternative to improve therapeutic antigen receptor-based therapies. 
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Novel tools for the selection and tracking of TCR-edited 
T cells used for cancer neoantigen-targeted immunotherapy 
X. Kong1, P. Kroon1, S. Eshuis1, A. Sareen1, R. Gomez-Eerland1, R. de Boer1, B. Van der Holst1, M. 
Sabatino1, T. Kuilman1, T. N.M. Schumacher1, C. Linnemann1, G. M. Bendle1, J. W.J. van Heijst1 
1Neogene Therapeutics, Amsterdam, Netherlands 
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Adoptive transfer of T cell receptor (TCR)-edited T cells to target cancer neoantigens is a promising 
new immunotherapy approach. We have developed a platform that can identify neoantigen-reactive 
TCRs in a high-throughput and patient-specific manner. To incorporate these TCRs into a clinical T cell 
product, we have simultaneously developed an engineering process that uses CRISPR gene editing to 
introduce neoantigen-reactive TCRs into the endogenous TCRα locus of a patient’s own T cells, with 
TCR knock-in efficiencies of >40% being achieved. However, editing efficiencies were highly variable 
across donors, which may limit therapeutic efficacy following clinical implementation. 
To address this, we have developed a novel drug-based selection method by incorporating a mutant 
dihydrofolate reductase (mDHFR) gene into the TCR DNA repair template and subsequently selecting 
cells with methotrexate, a cytostatic drug that inhibits wildtype but not mDHFR. With only three days 
of methotrexate treatment, efficient enrichment of TCR-edited T cells to an average purity of 80% 
was achieved across donors. Notably, TCR expression in the methotrexate-selected mDHFR–
expressing T cells was comparable with unselected control cells, and further analysis revealed 
equivalent proliferation, cytokine secretion and tumor cell killing capacities. 
In parallel, to identify and track successfully edited T cells, we aimed to characterize the minimal 
epitope of the anti-murine TCR Cβ antibody H57 and engineer it into human TCRs. We identified 10 
murine amino acids as potential antibody contact sites, which after incorporation into human TCR Cβ 
enabled H57 antibody binding. Subsequent swapping of the individual residues back to their human 
counterpart revealed the minimal epitope, which required only 6 murine residues (Mur6). 
Engineering of the Mur6 epitope into human TCR Cβ facilitated detection of TCR-edited T cells 
without impacting TCR expression or function. 
Taken together, we have developed a novel T cell engineering process that enables efficient selection 
and tracking of TCR-edited T cells that will be utilized for T cell product manufacturing in an 
upcoming clinical study of fully individualized neoantigen-specific TCR therapy. 
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Intratumoral interaction dynamics of CD4+ T cells with myeloid cells during tumor regression 
B. Kruse1, N. Shridhar1, A. Buzzai1, K. Knauth1, S. Gellert1, A. Braun1, J. Ruotsalainen1, T. van der Sluis1, 
C. Benkel1, S. Kahlfuss1, A.J. Müller1, T. Tüting1 
1Otto-von-Guericke-Universität Magdeburg, Magdeburg, Germany 
 
Current melanoma immunotherapies, such as immune checkpoint blockade, exploit cytotoxic 
effector functions of CD8+ T cells. However, tumors frequently evade immune control by loss of MHC-
I expression or becoming unresponsive to interferons (IFN), resulting in impaired CD8+ T cell control. 
In recent years, the potential of CD4+ T cells for melanoma immunotherapy has been increasingly 
recognized, as tumor-specific CD4+ T cells in the tumor microenvironment (TME) can facilitate tumor 
regression by both direct and indirect mechanisms. In this project, we developed an adoptive cell 
therapy (ACT) protocol that enables a direct comparison of CD8+ and CD4+ T cell anti-tumor effector 
functions. 
Using the transplantable mouse melanoma cell line HCmel12, we established an ACT therapy 
protocol for T cell receptor transgenic CD8+ and CD4+ T cells that specifically target the melanocytic 
antigens gp100 and TRP1, respectively. The ACT protocol includes chemotherapeutic preconditioning 
with cyclophosphamide, an adenoviral vaccine expressing both the TRP1 and gp100 antigens and 
local innate immune stimulation with TLR agonists poly(I:C) and CpG. Using this therapy regimen, we 
treated mice challenged with CRISPR/Cas9-induced HCmel12 knockout variants for TRP1, MHC-I, 
MHC-II or Jak1 and investigated T cell dynamics via intravital microscopy and single-cell RNA 
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sequencing in addition to standard immunological techniques. 
We found that CD4+ T cell ACT was able to control large established HCmel12 melanomas as 
efficiently as CD8+ T cell ACT. While tumor-derived antigen was crucial for CD4+ T cell-mediated 
tumor rejection, CD4+ T cell ACT worked independently from cytotoxic CD8+ T cells and tumor-
intrinsic IFN-signaling. Intravital microscopy revealed that CD4+ T cells in the TME decelerate and 
form stable contacts with CD11c-YFP+ cells in an antigen-dependent manner. We found a strong 
recruitment of inflammatory monocytes, which did not only serve as antigen-presenting cells, but 
also expressed inducible NO synthase (iNOS) dependent on type II IFN stimulation. Inhibition of iNOS 
led to loss of CD4+ T cell-mediated tumor control, specifically in IFN-unresponsive tumors. 
Our results highlight the pleiotropic role of anti-tumor CD4+ T cells. While tumor-specific CD4+ T cells 
can work independent of CD8+ T cells and direct tumor cell recognition, therapeutic success critically 
depends on tumor-derived antigen and type II IFN. Interestingely, IFN-unresponsive tumors can be 
controlled through an alternative mechanism. Here, inflammatory monocytes were recruited and 
activated, leading to iNOS-dependent tumor control in IFN-unresponsive tumors. These data 
demonstrate the vast potential of anti-tumor CD4+ T cells and could launch new strategies for cancer 
therapy, especially tumors that evaded standard CD8+ T cell-focused immunotherapies. 
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The triplebody SPM-2 (CD123-16-33) efficiently lyses MOLM-13 and pediatric AML blasts in 
combination with NK cells 
C.-P. Maier1, F. Heubach2, S. Herrmann2, P. Kümmerle2, A.-M. Arendt2, A. Rabsteyn2, G.H. Fey3, M. 
Peipp4, R. Handgretinger2, P. Lang2 
1University Medical Hospital, Department of Hematology and Oncology, Tuebingen, 
Germany, 2University Children’s Hospital, Department of Hematology and Oncology, Tuebingen, 
Germany, 3University of Erlangen, Biology Department/Genetics, Erlangen, Germany, 4University 
Medical Hospital, Department of Hematology and Oncology, Division of Stem Cell and 
Immunotherapy, Kiel, Germany 
 
Innovative drug developments like small molecules have enriched the therapeutic armamentarium in 
AML. However, they are unlikely to be curative. Therefore, new therapies targeting e.g. leukemic 
stem cells (LSCs) are urgently needed to achieve deeper and longer remissions. SPM-2 is a triplebody 
carrying single-chain variable fragments, targeting CD33 and CD123 on targets and CD16 on effector 
cells. Since the combined surface density of CD33 and CD123 is far greater on AML-LSCs than on non-
malignant hematopoietic stem cells, SPM-2 seems to be a promising drug. Here, we analyze the 
specific lytic capacity of SPM-2 using different NK cell preparations against MOLM-13 and AML blasts. 
ADCC mediated by SPM-2 was assessed in calcein release assays. Targets (T): calcein-labeled MOLM-
13; blasts from pediatric AML patients. Effectors (E): PBMCs; expanded NK (eNK) cells, generated by 
stimulation of PBMCs with IL-2 (50-100U/ml) and irradiated feeder cells (K562-mbIL15-4-1BBL); two 
preparations of cytokine-induced memory-like (CIML) NK cells (CD3-depleted/CD56-enriched). 
Expression of CD25, CD69, NKG2D (effectors) and of CD33/CD123 (targets) was determined by flow 
cytometry. 
We evaluated the capacity of different effectors to lyse tumor cells in concert with SPM-2. SPM-2-
mediated specific lysis of MOLM-13 using eNKs was concentration-dependent, plateauing at 40% (E:T 
10:1; EC50: 17,24pM). eNKs also efficiently lysed (range:15-30%) CD33+CD123+ blasts in the presence 
of SPM-2 (500pM); lysis was further enhanced by higher doses (10000pM) of SPM-2. Using patients’ 
PBMCs (E:T 30-40:1), specific lysis elicited by SPM-2 (500pM) against MOLM-13 ranged from 30-40%. 
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Generating potent effectors without the need for feeder cells is a prerequisite for potential adoptive 
transfers. Therefore, different cytokine combinations were used to produce CIML-NKs: CIMLs 
stimulated for 16h with IL-12/15/18 (10/50/50ng/ml) (“triples”); CIMLs stimulated with IL-15 high 
(10ng/ml), boosted with IL-21 (25ng/ml) on days 9-12 (“boosts”); NKs stimulated with high or low 
dose IL-15 (10 or 1ng/ml) (“controls”). 
“Triples” displayed high natural cytotoxicity (55-70%), only slightly increased by SPM-2 (70-75%; 
16h). In contrast, “controls” showed low natural cytotoxicity (3-25%), while specific lysis was 
substantially enhanced by SPM-2 (60-80%) (500pM; E:T 10:1). “Boosts” not uniformly showing higher 
natural cytotoxicity than their non-boosted counterparts displayed no higher ADCC than non-boosted 
controls (SPM-2 500pM; d+12). CD25 and CD69 were increased in all three preparations (16h), with 
the highest co-expression (almost 100%) on “triples”. 
SPM-2 elicits profound lysis of tumor cells in the presence of PBMCs, even without additional NK cell 
transfer. However, SPM-2-mediated specific lysis was drastically increased using mono-stimulated 
(IL-15) NK cells. Hence, SPM-2 seems to be a potent new agent in the treatment of AML, serving as a 
link between “dual”-targeted and immuno-therapy. 
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Expansion, cytotoxicity, and degranulation of immunotherapeutic NK cells 
E. Mašínová1,2, M. Jedlička1,2, L. Sládková1,2, T. Feglarová1, J. Dvořák1, J. Szabová1, J. Frič1,3 
1Institute of Hematology and Blood Transfusion, Modern Immunotherapy, Prague, Czech 
Republic, 2Faculty of Science, Charles University, Prague, Prague, Czech Republic, 3St. Anne´s 
University Hospital Brno, Cellular and Molecular Immunoregulation Group, Brno, Czech Republic 
 
Natural killer cells (NK) represent key components of immune system, responsible for identification 
and elimination of tumour transformed, virus infected, damaged, or stressed cells. Furthermore, NK 
cells serve as an important source of cytokines, that orchestrate other immune functions. Numerous 
clinical studies using NK adoptive immunotherapy have been performed, however, their 
implementation into the clinical practice remains limited. 
Within the adoptive cancer immunotherapy, about 1-10x107/kg of highly cytotoxic NK cells are 
administered to the patients in single or multiple doses. Thus, suitable donor´s NK cells need to beex 
vivo expanded in the presence of cytokines and other supportive factors, which may be supplied by 
feeder cells, activation antibodies, or commercial supplements. Cytotoxic functions of NK cells are 
mostly tested via various assays based on the chronic myelogenous leukemia cell line K562, which is 
permissive to NK cells killing due to the lack of HLA I molecules on their surface. We hypothesise, that 
this criterium of NK cells cytotoxicity is not sufficient and may comprise one of the reasons of NK 
immunotherapy failure. Our results show significantly lower NK cytotoxicity towards other leukemia 
cell lines. 
We have tested six different expansion conditions including cytokines IL-2 and IL-15, allogeneic or 
autologous irradiated PBMC feeder cells, and commercial expansion using anti-CD2 and anti-NKp46 
coated beads. Our data show expansion folds and purity of cultivated cells, and cytotoxicity and 
degranulation towards four, or five leukemia cell lines. We also report the data from non-expanded 
cells stimulated overnight with cytokines, which also represent one of the ways how the NK 
immunotherapy is executed. 
In conclusion, we report that cytotoxicity towards THP1 cell line, but not K562 distinguish a 
significant difference in killing between NK cells cultivated with and without feeder cells. This 
indicates, that irradiated PBMC may produce not only activation, but also inhibitory factors to 
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growing NK cells. Prolonged exposure of NK cells to these factors during cultivation may lead to their 
exhaustion, which may decrease their ability to survive and to kill the tumour cells in the patient´s 
body finally. More detailed research on expansion conditions, as well as setting up additional quality 
control criteria in terms of cytotoxicity and phenotype markers is strongly needed to improve the 
quality of NK immunotherapeutic product. 
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T cell receptor-based targeting of immune globulin constant domains for treatment of Multiple 
Myeloma 
M.H. Meeuwsen1, A.K. Wouters1, T.L.A. Wachsmann1, D.F.G. Remst1, R.S. Hagedoorn1, M.G.D. Kester1, 
D.M. van der Steen1, P.A. van Veelen2, A.H. de Ru2, J.H.F. Falkenburg1, M.H.M. Heemskerk1 
1Leiden University Medical Center, Hematology, Leiden, Netherlands, 2Leiden University Medical 
Center, Center for Proteomics and Metabolomics, Leiden, Netherlands 
 
Multiple myeloma (MM) is a malignancy of plasma cells characterized by the production and 
secretion of monoclonal immunoglobulins. The majority (54%) of MM cases produce an IgG heavy 
chain containing immunoglobulin, IgA heavy chains are less frequent (22%), but IgA production is 
associated with worse clinical outcomes. Therefore, we propose that the constant domains of the IgG 
and IgA heavy chains are promising targets for treatment of patients suffering from MM. In MM, 
surface immunoglobulin expression is absent, but peptides derived from immunoglobulins will be 
presented in HLA on the cell surface generating possibilities for T cell receptor (TCR)-based targeting 
of immunoglobulins. 
Using a previously established HLA-peptidome database of B-cell malignancies, four IgA and four IgG 
peptides derived from the constant domains presented in HLA-A2 and B7 respectively were 
identified. For these peptides, peptide-HLA-tetramers were generated and included in ten T cell 
isolations using complete buffy coats from HLA-mismatched healthy donors. Peptide-HLA-
tetramerpos, CD8pos T cells were isolated over an HLA-barrier to allow identification of high affinity T 
cells specific for these non-mutated peptides. For IgA in HLA-B7, nine T-cell clones recognizing 
endogenously processed and presented peptide on IgA and HLA-B7 transduced (Td) K562 cells were 
isolated, from which two T cell clones were selected based on potent recognition of IgApos MM cell 
line UM6. For IgG, four T-cell clones were identified that recognized IgG and HLA-A2 Td K562 cells of 
which one T-cell clone recognized IgGpos MM cell line UM3. The three selected IgA and IgG specific T-
cell clones demonstrated potent and Ig isotype specific killing of UM3 (IgG) and UM6 (IgA). TCRs of 
these clones were sequenced and functionality was confirmed by specific tetramer staining and 
peptide titration experiments after transfer to CD8 T cells. TCR Td CD8 T cells demonstrated 
comparable functionality to parental T cell clones. In addition, upon co-culture with healthy 
peripheral blood B cells, IgA and IgG B cells were specifically depleted by IgA and IgG TCR T cells 
respectively, while healthy cells from non B-cell lineages were not recognized. Furthermore, isotype 
dependent killing of MM cells in patient derived BM samples was shown and IgA TCR T cells induced 
significant reduction of MM tumor burden in vivo in a model for established MM using IgAlow U266 
cells. 
To conclude, we successfully identified TCRs specific for peptides from the constant domains of IgA 
and IgG that induced potent and specific lysis of Ig isotype positive MM cell lines as well as patient 
derived MM cells. The IgA HLA-B7 and IgG HLA-A2 specific TCRs identified in this study are promising 
candidates for further pre-clinical development for TCR gene therapy of patients with MM. 
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In vivo genome-wide CRISPR screens identify SOCS1 as intrinsic checkpoint of CD4+ Th1 cell 
response 
A. Sutra Del Galy1, S. Menegatti1, L. Menger2 
1Institut Curie, U 932, Paris, France, 2Gustave Roussy, Tumor Immunotherapy U 1015, Villejuif, France 
 
The therapeutic effects of adoptive T cell therapy are influenced by the limited clonal expansion of 
antigen experienced CD4+ T cells, which restrict their own proliferation after transfer. We performed 
in vivo genome-wide CRISPR screens and identified SOCS1 as a critical node, functioning downstream 
of IFNγ/IL-2 and TCR signaling and abrogating CD4+ T cell proliferation, survival, and effector 
function. Selectively affecting the two T-cell lineages, the targeting of SOCS1 restores CD4 CAR-T cell 
expansion and polyfunctionality while it increases CD8 CAR-T cell cytotoxicity, highlighting its 
capacity to improve CAR-T cell therapies composition and efficacy. 
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This abstract has been withdrawn. 
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Novel "prime-and boost" concept of T cell therapy using the synNotch circuit to overcome 
challenges of specificity, heterogeneity, and persistence in treating glioblastoma 
H. Okada1, P. Watchmaker1, M. Simic1, R. Almeida1, S. Sidhu2, W. Lim1 
1University of California, San Francisco, United States, 2University of Toronto, Toronto, Canada 
 
The development of safe and effective chimeric antigen receptor (CAR)-transduced T cell (CART) 
therapy for glioblastoma (GBM), needs to overcome multiple challenges, including on-target off-
tumor toxicity, heterogeneity of antigen expression, and exhaustion of CART cells. To date, there are 
no GBM-specific antigens that are uniformly present in the tumor tissue. On the other hand, while 
non-mutant GBM-associated antigens (GAAs), such as EphA2 and IL-13Rα2, are more uniformly 
expressed in GBM, they are also expressed in some non-central nervous system (CNS) organs, raising 
a concern of off-tumor toxicity. As a way to safely and effectively target GAAs, we have adopted a 
novel synthetic Notch “synNotch” receptor system and developed innovative T cell circuits that 
recognize tumor cells based on the “prime-and-kill” strategy. In this system, the first antigen, which is 
expressed exclusively on brain or GBM cells primes the T cells to induce expression of a CAR that 
recognizes IL-13Rα2 and EphA2, thereby eradicating GBM cells expressing either EphA2 or IL-13Rα2. 
We recently reported that EGFRvIII-synNotch primed EphA2/IL-13Rα2 CAR (E-SYNC) are effectively 
but restrictedly activated by EGFRvIII as the GBM-specific signal, thereby leading to complete 
eradication of patient-derived xenografts (PDX) with heterogeneous EGFRvIII expression (Choe JH et 
al. STM 2021). While EGFRvIII is a GBM-specific antigen, only 15-20% of adult GBM cases express 
EGFRvIII. To extend the applicability of the approach to EGFRvIII-negative populations of GBM and 
other glioma patients, including pediatric gliomas, we hypothesized that synNotch-CAR T cells might 
be primed by antigens that are restrictedly expressed on normal CNS and/or GBM cells but not on 
cells of non-central nervous system (CNS) systemic organs. This should work because EphA2 and IL-
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13Rα2 are expressed exclusively on tumor cells but not on normal CNS cells despite some expression 
on normal cells outside of CNS. We designed and evaluated multiple anti-CNS antigen synNotch-anti-
EphA2/IL-13Rα2 CAR circuits with CNS-specific antigens. Among those, we found BCAN (also known 
as Brevican) as the most promising priming antigen. BCAN is a neural proteoglycan implicated in a 
multitude of physiological and pathophysiological plasticity processes in the brain. When mice 
bearing intracerebral GBM6 PDX tumors received a single IV-infusion of T cells engineered with the 
anti-BCAN synNotch-anti-EphA2/IL-13Rα2 CAR (B-SYNC) circuit, all mice demonstrated complete 
regression of PDX without attacking EphA2/IL-13Rα2-positive cells outside of CNS. Furthermore, 
these B-SYNC T cells were significantly more efficacious than conventional, constitutively expressed 
EphA2/IL-13Rα2 CART cells, associated with excellent persistence (>100 days in vivo) and less 
exhausted phenotype compared to conventional CART cells. Based on these data, we are currently 
developing phase I studies of both E-SYNC and B-SYNC approaches. 
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Early mutations in introns as new mechanism of resistance to CART-19 therapy in B-ALL pediatric 
patients 
C. Paret1, N. Ziegler1, N. Lehmann1, M. Sprang1, L. Roth1, F. Alt1, K. El Malki1, J. Faber1 
1Center for Pediatric and Adolescent Medicine, University Medical Center of the Johannes 
Gutenberg-University Mainz, Department of Pediatric Hematology/Oncology, Mainz, Germany 
 
CART-19 therapy has revolutionized the treatment of pediatric B-ALL patients in relapse under 
standard therapies. However, about 50% of the patients eventually become resistant to the 
treatment. 30-60% of those relapses are characterized by the lack of the CD19 target antigen. Frame 
shift mutations and isoforms lacking the CD19 epitope have been described in this context, but the 
underlaying molecular mechanisms are not fully understood, also because analysis of the CD19 locus 
is generally limited to the coding region. Splicing events are mediated by RNA binding proteins (RBPs) 
that may bind also in intron regions. Here we analyzed the CD19 locus, including introns, in a cohort 
of B-ALL pediatric patients. 
Our cohort included 3 controls and 20 pediatric B-ALL patients at initial diagnosis and, out of them, 
15 samples in remission. A region of 2923 base, including exon 1 to 4 and intron 1 to 3 of the CD19 
locus, was analysed by Next generation sequencing. The minimum depth of coverage was 1000X in 
every sample. Reads were visualized using the IGV software. The effect of the mutations on RBPs 
binding sites was evaluated. 
We identified a small deletion with a low allele frequency in intron 2 in 35% of samples at initial 
diagnosis, both in common and pre-B-ALL, but not the control group. Moreover, the same patients in 
remission did not harbor this genetic variant, indicating that it is specific to leukemic blasts. 
Interestingly, the small deletion affected the binding site of the RBP PTBP1. No leukemic blasts 
specific mutations in the coding region were identified. 
In conclusion, leukemic blasts carry intron mutations that may change the binding site of RBPs, such 
as PTBP1. PTBP1 was recently shown to be required for the proper processing of CD19 exon 2, which 
carries the CART-19 epitope. Such mutations occur early as we detected them at diagnosis. Under 
the pressure of CART-19 therapy, clones carrying the intron mutation may be selected allowing the 
tumor cells to express CD19 isoforms lacking exon 2 and therefore to escape the CART-19 therapy. In 
contrast, mutations in the coding regions leading to frameshift mutations may occur later, and a 
possible correlation with the therapeutic regimens before CART-19 should be considered. Our results 
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identify mutations in introns as a putative biomarker for an early detection of patients at risk of 
relapse under CART-19 therapy. 
 
 
 
124 
 
Development of a non-viral TCR gene transfer platform for personalized neoantigen-specific TCR 
therapy for solid cancers 
B. Raud1, J. Heuvelmans2, W. Scheper1, C. Nijenhuis2, I. Jedema1, J.B. Haanen1,3 
1Netherlands Cancer Institute, Molecular Oncology and Immunology, Amsterdam, 
Netherlands, 2Netherlands Cancer Institute, Biotherapeutics Unit, Amsterdam, 
Netherlands, 3Netherlands Cancer Institute, Medical Oncology, Amsterdam, Netherlands 
 
The treatment of patients with solid tumors with adoptive cell transfer (ACT) of TCR gene-modified T 
cells recognizing shared tumor-associated antigens has shown limited therapeutic success so far. This 
is in part due to the expression of these target antigens on healthy cells, resulting in toxicity, or by 
the lack of high-affinity TCRs against these germline-encoded antigens, leading to lack of effectivity. 
Alternative targets are neoantigenic epitopes arising from tumor-specific mutations, which have 
been shown to drive potent immune responses, allowing for specific targeting of tumor cells. To 
generate neoantigen-specific ACT products, it is necessary to develop protocols to introduce desired 
TCR sequences in patient-derived T cells. To avoid competition and/or mispairing with endogenous 
TCR chains, simultaneous knockout of endogenous TCRs and introduction of neoantigen-specific TCRs 
in the TCR locus using CRISPR/Cas9-mediated gene editing and integration of DNA repair templates 
encoding neoantigen-specific TCRs is an attractive strategy. 
To identify the best target site for transgene integration, we electroporated Streptococcus 
pyogenes Cas9 (SpCas9) ribonucleoproteins (RNPs) directed to several different sequences in the 
upstream region of theTRAC gene into blood-derived T cells after 2 days of stimulation using 
antiCD3/CD28 T Cell TransAct™, and compared the efficiencies of endogenous TCR knockout and 
integration of a dsDNA repair template containing a GFP reporter. The best target sequence was then 
selected to introduce a bicistronic transgene containing a human TCRβ chain and the TCR-Vα domain, 
in frame with the endogenous TCR-Cα domain. Expression and functionality of the transgenic TCR 
was evaluated by tetramer staining and flow cytometry and recognition of peptide-loaded target 
cells. To translate this research-scale protocol to a GMP process suitable for clinical manufacturing, 
we performed electroporations with the recently released Miltenyi CliniMACS Electroporator 
coupled to the CliniMACS Prodigy® culture platform. 
When evaluating the efficiency of knockout, we observed that different target sites resulted in highly 
variable efficiency of TCR knockout, and that this efficiency often did not correlate with the insertion 
and expression of the GFP reporter in frame with theTRAC.gene. We could reproducibly obtain 
successful integration and proper expression of transgenic TCRs on 20-30% of electroporated T cells, 
which showed activation upon co-culture with peptide-loaded target cells at research scale. 
Moreover, we were also capable of introducing transgenic TCRs using the CliniMACS Electroporator, 
which paves the way for a fully integrated, closed system for selection, activation, electroporation 
and culture of T cells within the CliniMACS Prodigy® cell culture platform. 
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Pre-conditioning of the TME using RIG-I agonists facilitates CAR T cell infiltration and promotes 
antigen spreading in pre-clinical models of pancreatic cancer 
A.M. Senz1, S. Formisano1, B. Cadilha1, T. Lorenzini1, D. Kechur1, L. Delius1, S. Endres1, S. Kobold1, M. 
Schnurr1, L. Koenig1 
1LMU University Hospital, Munich, Germany 
 
The efficacy of chimeric antigen receptor (CAR) T cells against solid tumors remains unsatisfactory 
due to impaired CAR T cell trafficking into the tumor microenvironment (TME) and the presence of 
immunosuppressive factors and cells, as well as lack of CAR T cell persistence. Moreover, initially 
responsive tumors tend to relapse due to antigen loss and lack of antigen spreading. 
5’-triphosphate double-stranded RNA (3p-RNA) is recognized by the intracellular pattern recognition 
receptor retinoic acid-induced gene I (RIG-I). RIG-I activates a downstream signaling cascade 
triggering the expression of type I interferons (IFN), proinflammatory cytokines and chemokines 
enhancing immune surveillance in the TME. We hypothesized that priming the TME with RIG-I ligands 
increases the overall efficacy of CAR T cell therapy while promoting immunogenic cell death (ICD) 
leading to ade novo adaptive immune response and subsequent antigen spreading. 
We used T110299 pancreatic tumor cells engineered to express murine epithelial cell adhesion 
molecule (EpCAM) as CAR T cell target. Tumors were induced subcutaneously (s.c.) or orthotopically 
in C57BL/6J female mice and treated with intratumoral (i.t.) or intravenous (i.v.) injections of 3p-RNA, 
respectively, followed by i.v. injection of syngeneic murine T cells, retrovirally transduced to express 
anti-EpCAM CARs. Three, nine and fourteen days after CAR T cell injection, immune cell composition, 
CAR T cell infiltration in the tumor and persistence in the blood were assessed by flow cytometry. 
Additionally, tumor growth and survival was monitored. Using T110299 EpCAM+OVA+tumor cells we 
evaluated the induction of endogenous tumor reactive T cells against OVA, by stimulating spleen and 
blood cells with SIINFEKL peptide and measuring IFN-g spot forming units (SFU) by ELISpot. 
Our results indicate that i.t. injections of 3p-RNA reshaped the myeloid immune compartment in the 
TME. This was paralleled by an increase in the infiltration of CAR T cells into the TME and prolonged 
persistence in blood of the combination therapy-treated mice. Interestingly, anti-EpCAM CAR T cells 
alone failed to control the tumor growth of T110299 EpCAM+tumors, monotherapy with 3p-RNA 
slightly delayed tumor growth in the s.c. model, while the combination of 3p-RNA with anti-EpCAM 
CAR T cells lead to a clinical benefit with tumor regression in 50% of the treated mice in the s.c. 
tumor model and prolonged survival in the orthotopic model. Moreover, mice that receive the 
combination therapy showed higher numbers of IFN-g SFU upon peptide stimulation. 
In conclusion, the RIG-I agonist-induced cytokine and chemokine milieu facilitates CAR T cell 
activation and infiltration into solid tumors while eliminating immunosuppressive cell types resulting 
in an enhanced tumor control, even in immunologically cold tumors such as pancreatic cancer. In 
addition, ICD-induced antigen spreading may facilitate de novo immune responses for long-term 
tumor control. 
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Novel recombinant costimulatory receptor that enhances cytotoxicity of WT1-specific TCR-T cell 
against AML cells 
K. Šmilauerová1, M. Mucha1, M. Štach1, P. Otáhal1, J. Musil2, Š. Vaníková2, M. Petráčková1 



Poster Session II 
 
            Cellular Therapy 
 
 
1Institute of Hematology and Blood Transfusion, Gene Immunotherapy, Praha 2, Czech 
Republic, 2Institute of Hematology and Blood Transfusion, Immunomonitoring and Flow Cytometry, 
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Despite the discoveries of novel therapies, acute myeloid leukemia (AML) remains associated with a 
poor prognosis. Even high-intensity chemotherapy regimens with allogeneic hematopoietic stem cell 
transplantation lead to the 5-year overall survival rates less than 30% due to frequent relapses.For 
these patients, treatment options are limited, and novel therapies are urgently needed. Adoptive T-
cell therapies enable selective targeting of AML cells either via CARs recognizing surface antigens 
such as CD33 or CD123, or via transgenic T-cell receptors (TCRs) specific to intracellular tumor 
antigens such as Wilms tumor 1 (WT1). The targeting of tumor-specific antigens via TCR-T cell 
enables selective elimination of malignant cells compared to CAR-T cells which unfortunately target 
also healthy hematopoiesis since so far all know CAR targets are not specific for AML cells.However, 
the efficiency of TCR-T cells primarily depends on the avidity of recombinant TCR against 
HLA/peptide antigenic complex. Unfortunately, tumor tolerance mechanisms eliminate the best 
functioning high-avidity TCRs from the organisms of patients. 
Here, we have used piggyBac transposon platform to generate dual TCR-CAR T cells to constitutively 
expressed TCR specific to HLA A2/RMFNAPYL complex from WT1 tumor antigen (WT1-TCR) and a 
NFAT-promoter driven inducibly expressed GM-CSF ligand-based chimeric antigenic receptor (NFAT 
GM-CAR). Additionally, EGFR-based safety switch is co-expressed with the TCR. Generated NFAT GM-
CAR WT1-TCR T cells displayed significantly enhanced antileukemic activity compared to WT1-TCR T. 
During co-cultivation experiments with AML cell lines, the activation of WT1-TCR induced the 
expression of GM-CAR via calcium-signaling pathway and subsequently promoted the expansion of 
engineered T cells via the recognition of the GM-CSF receptor, which is commonly expressed by AML 
cells. Moreover, the dependency of NFAT GM CAR expression on NFAT activity enabled tight 
regulation of cytotoxicity of NFAT GM-CAR WT1-TCR T cells via cyclosporin (CsA). Additionally, the 
level of the expression of NFAT GM-CAR construct was lower than the constitutively expressed GM 
CAR and was insufficient to initiate killing of target cells via GM CAR alone. Thus, the cytotoxicity of 
NFAT GM-CAR WT1-TCR T cells can be pharmacologically regulated and remains restricted to the WT-
1. 
In summary, we have described a novel dual CAR-TCR transposon construct that boosts the WT1 TCR 
mediated activation via inducibly expressed ligand-based chimeric antigenic receptor. The described 
mechanism can be theoretically used to enhance the activity of various low-avidity TCR constructs 
and to increase their anti-cancer functions. 
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Point-Of-Care CAR T-cell production (UHKT-CAR19) using non-viral PiggyBac transposon 
technology: experience from an academic phase I clinical trial 
M. Štach1, P. Otáhal1, M. Mucha1, J. Rychlá1, M. Petráčková1, V. Šroller1, I. Kaštánková1, J. Vydra2, J. 
Babulíková2, L. Bielik2, P. Lesný2, V. Král3 
1Institute of Hematology and Blood Transfusion, Gene Immunotherapy, Praha 2, Czech 
Republic, 2Institute of Hematology and Blood Tranfusion, Praha 2, Czech Republic, 3Institute of 
Molecular Genetics, Praha 1, Czech Republic 
 
Production of commercial CAR T-cell products is complicated by high costs, long turnaround time 
from leukapheresis to infusion and necessity for transport of deep-frozen product over long 
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distances. In-house production of CAR T cells can overcome most of these obstacles, leading to a 
rising number of clinical centers generating their own CAR-T products today.Furthermore, non-viral 
technologies based on the transposons such as piggyBac and Sleeping Beauty enable to reduce the 
manufacturing costs due to the lower biohazard requirements, easier process for approval and the 
use of plasmid vectors instead of recombinant viral vectors. The commercial production of GMP-
certified viral vectors for ex-vivo gene therapies is not only extremely costly, but more importantly – 
takes several years from decision to delivery. In contrast, plasmid-based gene engineering platforms 
such as piggyBac transposon enable rapid production of GMP-grade CAR-T cells and are especially 
suited for on-site production in academic facilities where the time and costs are essential. 
Here, we present two cases of patients with relapsed B-ALL (subject 1) and relapsed follicular 
lymphoma (FL, subject 2) who were included into a clinical trial with locally produced autologous 
UHKT CAR19 T cells (NCT05054257). UHKT-CAR19 is a cryopreserved product generated from the 
whole-blood leukocytes by electroporation of piggyBac transposon plasmid DNA followed by 
expansion in G-rex flasks. Prior to infusion of UHKT-CAR19, both patients received FluCy 
lymphodepletion regimen followed by a dose of 0,5x10e6/kg CAR-T. 
The first subject was diagnosed with B-ALL in child age and subsequently underwent two alo-SCT and 
initially successful CAR-T therapy with commercial product (tisa-cel), but unfortunately relapsed 2 
years after. The treatment was well tolerated with only a grade 1 CRS at day 2 (fever), however, the 
patient experienced severe cytopenia resulting from a graft failure due to prior 
chemotherapies.UHKT-CAR19 were detected in the peripheral blood at day 26 postinfusion by flow-
cytometry in the peripheral blood. Next, detected CAR-T cells were analyzed by multiparameter flow 
cytometry to compare their immunophenotype with tisa-cell CAR-T cells detected in the blood. The 
second subject with FL relapsed after autologous SCT and developed chemo-resistant disease. The 
treatment was similarly well tolerated with only a minor signs of CRS (elevation of CRP) post infusion. 
The expansion of CAR-T in the blood was below the limit of detection by FACS, but the patient 
achieved complete remission of lymphoma by PET/CT. 
In summary, piggyBac transposon enables cost-efficient and feasible platform for the production of 
GMP-grade CAR-T cells.The piggyBac platform might be especially useful to rapidly test novel 
experimental CAR constructs in clinical trials prior to large-scale manufacturing using lentiviral 
vectors. 
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P329G-CAR T cells engineered to recognize the P329G-Fc part of effector-silenced tumor antigen-
targeting human IgG1 antibodies enable modular targeting of solid tumors 
S. Stock1,2,3, M.-R. Benmebarek1,4, A.-K. Kluever1, D. Darowski5,6, S. Endres1,3,7, C. Klein5, S. Kobold1,3,7 
1Division of Clinical Pharmacology, Department of Medicine IV, University Hospital, Ludwig 
Maximilian University (LMU) of Munich, Munich, Germany, 2Department of Medicine III, University 
Hospital, Ludwig Maximilian University (LMU) of Munich, Munich, Germany, 3German Cancer 
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Environmental Health (HMGU), Neuherberg, Germany 
 
Chimeric antigen receptor (CAR) T cell therapy has changed the treatment landscape of B and plasma 
cell malignancies. Treatment success is impaired by treatment-associated toxicities and antigen-
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negative relapse as well as by lack of efficacy in solid tumors. CAR T cells combined with CAR-adaptor 
molecules have the potential to mitigate severe adverse events and overcome antigen escape. 
Various modular platforms are currently under investigation. For an optimized modular CAR T cell 
platform, we developed a P329G-CAR targeting P329G L234A/L235A (LALA) mutations in the Fc part 
of effector-silenced tumor antigen-targeting human antibodies of the IgG1 isotype. P329G LALA 
mutations render the Fc part inactive for binding to Fc gamma receptors (FcgRs), and up to now, 
about 20 such Fc-silenced therapeutic antibodies including an approved bispecific antibody have 
been clinically validated. Compared to other modular CAR T cell platforms this approach does not 
rely on haptens or artificial tags fused to the targeting antibody. A scFv-based P329G-
CAR.CD28.CD3zeta CAR vector system was generated and used in primary human T cells. P329G-CAR 
T cells were combined with IgG1 antibodies that carry P329G LALA mutations in their Fc part and 
target epidermal growth factor receptor (EGFR), mesothelin (MSLN) or human EGFR 2 (HER2/neu). 
Mesothelioma, pancreatic cancer, and breast cancer cell lines expressing the respective target 
antigens were used as target cell lines. Unlike CD16-CAR T cells which are capable of binding human 
IgG in a non-selective manner, P329G-CAR T cells cannot be unspecifically activated in the presence 
of human IgG or soluble recombinant MSLN. P329G-CAR T cells combined with a MSLN-targeting 
antibody exhibited sufficient in vitro and in vivo effector functions against mesothelioma and 
pancreatic cancer cell lines compared to MSLN-CAR T cells. Combined with a HER2-targeting 
antibody, P329G-CAR T cells showed substantial in vitro activation, proliferation, cytokine production 
and cytotoxicity against HER2-expressing breast cancer cell lines as well as complete tumor 
eradication and survival of mice in a HCC1569 breast cancer xenograft mouse model. P329G-CAR T 
cells activated by recombinant HER2 showed no cytokine production in the presence of a MSLN-
targeting antibody. However, switching the antibody towards a HER2-targeting antibody led to CAR T 
cell activation. The modularity of the platform could also be confirmed in vivo. Taken together, 
P329G-CAR T cells combined with Fc-silenced tumor antigen-targeting IgG1 antibodies carrying the 
clinically validated P329G LALA mutations in the Fc part achieved profound in vitro and in 
vivo effector functions in different solid tumor models, highlighting the need for further clinical 
translation of this novel and modular CAR T cell platform. 
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Neoantigen-reactive CD8 T cells experience broadened and activated recognition profile following 
PD-L1 blockade and 1000-fold neoantigen-specific expansion using ImmPACT scaffolds 
J.S.H. Ternander1, S.A. Funt2,3, S.A. Tvingsholm1, A. Borch1, D.F. Bajorin2,3, S.R. Hadrup1 
1Technical University of Denmark, Department of Health Technology, Kgs. Lyngby, 
Denmark, 2Memorial Sloan Kettering Cancer Center, Department of Medicine, New York, United 
States, 3Weill Cornell Medical College, New York, United States 
 
Immune checkpoint blockade (ICB) induces peripheral CD8 T cell proliferation and facilitates 
mutation-derived neoantigen targets for CD8 T cell antitumor immunity but the kinetics of immune 
re-invigoration remain poorly understood. Adoptive Cell Therapy (ACT) by ex-vivo T cell expansion 
has proven effective in high-mutational cancers, yes approaches have largely been restricted to 
antigen-unspecific T cell expansion. Selective neoantigen-specific CD8 T cell (NART) expansion 
potentially warrants improved ACT prognosis. 
Here, we interrogated CD8+ T cell patient-specific neoepitope recognition using DNA barcode-
labelled pMHC multimers and phenotypic characteristics in pre- and post-treatment PBMCs (n = 85 
samples) in 24 patients (pts) with metastatic urothelial carcinoma (mUC) treated with PD-L1-
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blockade. To increase the number of NARTs, we then applied our synthetic neoantigen pMHC 
presenting and stimulatory (ImmPACT) scaffolds to direct neoantigen-specific proliferation of CD8 T 
cells from six pts. 
Predicted neoepitope libraries (n = 200-587 peptides per pt) were generated with 55% HLA-coverage 
(31 of 56 patient HLA types, mean = four HLAs per pt). Disease control pts (best RECIST 1.1 Stable 
Disease, Partial or Complete Response) experienced a significant increase in the number of NART 
responses from pre- to 3 weeks post-treatment while NARTs displayed a PD1+ Ki67+ effector 
phenotype 3 weeks post-treatment. Pre-, 3 weeks-, and 9 weeks post-treatment PBMCs were 
expanded towards neoantigens for which NARTs were detected, up to 8 neoantigen targets per pt 
using ImmPACT scaffolds. From 1.3 - 4.6 x 106 PBMCs, successful expansions (n = 13 of 16) yielded 
viable lymphocyte counts up to 3.2 x 107 cells, and up to 4.01 x 105 NARTs. Both previously un- and 
detected NART populations could be expanded, resulting in 100-1000-fold expansions. 
Providing novel insights into ICB-induced NART activation mechanistics this study suggests early-
stage NART recognition is associated with response to ICB in mUC patients, while sub-detection level 
NART populations can be antigen-specifically expanded 1000-fold using ImmPACT scaffolds. 
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TCR-engaging antigen-presenting scaffolds for targeted expansion of functionally improved T-cells 
for adoptive cell therapy 
S. Tvingsholm1, M.S. Frej2, V.M. Rafa1, M. Ormhøj1, U.K. Hansen2, M. Kadivar1, J.S. Holm2, A. Draghi3, 
A.W.P. Jensen3, T. Tamhane1, A.K. Bentzen1, J.W. Kjeldsen3, A. Kverneland3, Ö. Met3, M. Donia3, S.N. 
Jacobsen1, I.-M. Svane3, S.R. Hadrup1 
1Technical University of Denmark, Health Technology, Kgs. Lyngby, Denmark, 2BioInnovation 
Institute, PokeAcell Aps, Copenhagen, Denmark, 3Copenhagen University Hospital Herlev, National 
Center for Cancer Immunotherapy, Herlev, Denmark 
 
Precise targeting of tumors can be achieved through specific T-cells recognizing tumor antigens 
displayed on the surface of tumor cells in the context of major histocompatibility complexes (MHCs). 
Once the landscape of tumor antigens is defined, an additional challenge is to mount a functional T-
cell response against them. Current T-cell expansion techniques provide no efficient strategy for 
antigen-specific stimulation and result in terminally differentiated and exhausted T-cells. 
Here we present a new technology forex vivo peptide-MHC (pMHC)-directed expansion of T-cells 
using artificial antigen-presenting scaffolds (Ag-scaffolds). The Ag-scaffold is designed to support a 
favorable functional profile of the expanded T-cells, by providing both antigen-specific stimulation 
and growth and co-stimulatory signals via pMHCs, cytokines and co-stimulatory molecules co-
attached to a dextran-polysaccharide backbone. Unlike conventional adoptive cell therapy (ACT) with 
tumor-infiltrating lymphocytes (TILs), Ag-scaffolds can selectively expand tumor-specific T-cells 
directly from peripheral blood and therefore bypasses the need for tumor material. 
Comparing a various combinations of cytokines and co-stimulatory molecules, we identified an 
optimal Ag-scaffold for expansion of antigen-specific T-cells prior to ACT, containing pMHC and 
cytokines IL-2 and IL-21. This Ag-scaffold allows efficient expansion of both virus- and tumor antigen-
specific CD8+ T-cells from peripheral blood. The resulting T-cell product exhibits a favorable profile 
compared with conventional free peptide- and cytokine-based expansion, characterized by a high 
number of antigen-specific cells with high self-renewal capacity, low exhaustion, a multifunctional 
cytokine profile upon antigen-challenge and tumor killing-capacity. Furthermore, Ag-scaffolds allows 
the simultaneous expansion of multiple different antigen-specific T-cell populations in a single 
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culture. 
Taken together, Ag-scaffolds represent a new technology for targeted expansion of functionally 
enhanced antigen-specific CD8+ T-cells and a promising alternative to existing ACT strategies. Since T-
cell specificity, phenotype and functionality are known to be important determinants of clinical 
response to ACT, it is plausible that an Ag-scaffold-expanded T-cell product will improve treatment 
outcome. 
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Multi antigen targeting of multiple myeloma using TCR and CAR engineered T cells 
T.L.A. Wachsmann1, K. Buchner1, M.H. Meeuwsen1, D.F.G. Remst1, A.K. Wouters1, R.R. Reijmers1, 
J.H.F. Falkenburg1, M.H.M. Heemskerk1 
1Leiden University Medical Center, Hematology, Leiden, Netherlands 
 
Cellular therapy has emerged as an attractive treatment option for multiple myeloma (MM). B-cell 
maturation antigen (BCMA) targeting chimeric antigen receptor (CAR) 
T cells have produced promising clinical responses, but duration of response is often limited and 
antigen escape variants have been reported. Spatial heterogeneity of MM and non-uniform 
expression of BCMA further emphasize the need to identify additional antigens. Alternative MM 
surface antigens that can be targeted by CAR T cells include CD38 or SLAMF7, but off-tumor 
expression of these antigens on non-B-cells potentially compromises their safety profile. 
As an alternative to CAR T cells, T cell receptor (TCR) engineered T cells allow targeting of 
intracellular antigens, thereby broadening the range of potential MM associated antigens with a 
tolerable safety profile. We previously identified a TCR recognizing a peptide derived from the 
B cell lineage specific transcription factor BOB1, a MM associated antigen likely to be essential for 
the survival of MM cells. While this would make antigen escape an unlikely occurrence, the efficacy 
of TCR engineered T cells could still be compromised by defects in the antigen presentation 
machinery. 
We hypothesize that a potentially curative approach of cellular therapy of MM will require targeting 
of multiple antigens via multiple modes of recognition. 
We used CRISPR/Cas9 aiming to create B2M(-/-), BOB1(-/-) or BCMA(-/-) MM cell lines U266 and UM9. 
B2M(-/-) and BCMA(-/-) MM cells were mixed with wildtype cells to generate a model of a 
heterogenous tumor population. This heterogenous MM population was then subjected to 
recognition by TCR or CAR engineered T cell or a combination thereof in vitro and in a xenograft 
modelin vivo. 
BCMA(-/-) MM cell lines were successfully generated, showed no impairment of viability and readily 
engrafted in immunocompromised mice. In contrast, we were unable to generate BOB1 deficient 
MM cell lines, supporting the notion that BOB1 indeed is an essential antigen for MM survival. To still 
emulate immune evasion by TCR engineered T cells, we engineered MM cell lines lacking beta-2 
microglobulin (B2M) expression. Knockout of BCMA abolished recognition by BCMA targeting CAR T 
cells, but did not affect BOB1 TCR mediated killing. On the other hand, knockout of B2M rendered 
MM cells untargetable by BOB1 TCR expressing 
T cells, but did not affect CAR mediated killing. Effective population control of a heterogenous MM 
cell population required simultaneous treatment with TCR as well as CAR engineered T cells, while 
single treatment eventually led to outgrowth of tumor cells in vitro and as well in a xenograft 
modelin vivo. 
In conclusion, BOB1 is likely to be an essential MM antigen and poses an attractive target, also 
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beyond T cell therapy. Furthermore, combination therapy of MM using TCR and CAR engineered T 
cells is a rational approach to tackle intra-tumor heterogeneity and combat immune escape. 
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From bench to bedside: developing a PRAME-specific T cell receptor for an adoptive cell therapy 
approach 
C. Wagner1, A. Mohamed2, A. Mayer-Mokler1, A.-M. Tsimberidou3, A. Satelli2, C. Reinhardt4, C.M. 
Britten4, D. Araujo3, H. Singh4, J. Luke5, J. Fritsche1, K. Guenther1, M. Kalra2, M. Chatterjee6, M. 
Wermke7, N. Hilf1, O. Schoor1, R. Mendrzyk1, S. Bunk1, S. Walter2, T.A. Holderried8, T. Weinschenk4, W. 
Alsdorf9, D. Maurer1 
1Immatics Biotechnologies GmbH, Tuebingen, Germany, 2Immatics US, Inc., Houston, United 
States, 3MD Anderson Cancer Center, Houston, United States, 4Immatics N.V., Tuebingen, 
Germany, 5University of Pittsburgh, Pittsburgh, United States, 6University Hospital Würzburg, 
Würzburg, Germany, 7University Hospital Dresden, Dresden, Germany, 8University Hospital Bonn, 
Bonn, Germany, 9University Medical Center Hamburg-Eppendorf, Hamburg, Germany 
 
T cell receptor (TCR)-mediated immunotherapy has emerged as a promising therapeutic approach for 
the treatment of solid cancers. Identifying cancer-specific targets and developing matching TCRs are 
key requirements for TCR-based therapies. Our target discovery platform XPRESIDENT® integrates 
quantitative mass spectrometry, transcriptomics and proteomics data from thousands of tumor and 
normal tissues to identify and characterize peptide HLA targets that are highly overexpressed or 
exclusively expressed on tumor tissues. Our TCR platform XCEPTOR® is used to develop TCRs with 
high affinity and specificity towards the identified and validated targets, paving the way for 
subsequent clinical testing. ACTengine® IMA203 is our TCR-engineered T cell (TCR-T) approach 
utilizing a TCR directed against an HLA-A*02-restricted peptide derived from PRAME. PRAME is 
naturally presented on tumor tissue at a high target density (100-1000 copies/cell) and 
homogenously expressed across several solid tumor types. We will demonstrate how we identified 
PRAME-specific TCRs from the natural human repertoire and generated an affinity-improved TCR by 
enhanced TCR chain pairing. TCR enhancement led to an increased T cell response and anti-tumor 
activity against target-positive tumor cell lines with sub-physiological target peptide copy numbers in 
vitro. Our TCR characterization process embedding information from the large XPRESIDENT® 
collection of normal tissues to investigate on- and off-target specificity further demonstrated a highly 
specific binding pattern of the TCR that was retained during affinity-enhancement. For application as 
TCR-T, the IMA203 TCR is lentiviral engineered into a patient´s own T cells. In the ongoing 
ACTengine® IMA203 dose escalation trial, advanced solid cancer patients are treated with PRAME-
specific TCR-T cells. Interim data showed that infusion in HLA- and target-positive cancer patients 
achieved disease control in 15 out of 16 evaluable patients (94%), and 14 out of 16 patients (88%) 
had tumor shrinkage. Objective partial responses (RECIST 1.1) were observed in 8 out of 13 patients 
(62%) treated at intermediate dose levels 2 and 3. Treatment-emergent events were transient and 
manageable and no higher-grade cytokine release syndrome or neurological toxicities were 
observed. In addition, high levels of T cell engraftment, persistence and tumor infiltration were 
detected in all evaluable patients (cut off-date October 5, 2021). Here, we show our integrated 
approach from target discovery to development of a pairing enhanced, high-affinity TCR as well as 
clinical application, demonstrating multiple objective responses in patients with solid cancers at 
doses below 1 billion transduced CD8 T cells. 
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Enhanced preclinical anti-tumor activity of PRAME-specific next-generation TCR-T cells through 
CD8αβ co-expression 
G. Bajwa1, J. Gunesch1, I. Azoulay-Alfaguter1, M. Mata1, A. Mohamed1, M. Kalra1, S. Walter1 
1Immatics US, Inc., Houston, United States 
 
Targeting solid tumors with TCR-engineered T cells (TCR-T) directed against human leukocyte antigen 
(HLA)-presented peptides has demonstrated clinical responses in some solid cancers. To further 
enhance anti-tumor activity and achieve long-lasting clinical responses, several next-generation 
approaches, like co-transduction of a CD8 co-receptor to engage CD4 T cells, are being pursued in the 
field. CD4 T cells are multifaceted in their anti-tumor responses and can not only modulate other 
immune cell activity through CD4-derived cytokines and chemokines but can also mediate direct 
cytotoxicity. Here, we show preclinical data from our next-generation product candidate IMA203CD8 
utilizing the IMA203 TCR co-transduced with a CD8 co-receptor. IMA203 is a novel, high affinity, and 
specificity TCR directed against an HLA-A*02-presented peptide derived from PRAME and is currently 
being tested in an ongoing phase 1 clinical trial in patients with solid tumors. We evaluated the 
impact of co-expression of different types of CD8 co-receptors (CD8α homodimer, modified chimeric 
CD8α* homodimer, CD8αβ heterodimer) on the functionality of CD4 and CD8 T cells engineered with 
the IMA203 PRAME TCR and determined the depth and durability of anti-tumor response in vitro. 
Introduction of either type of CD8 co-receptor enabled HLA multimer-guided detection of the PRAME 
TCR on the surface of CD4 T cells. Genetic modification of cells with CD8αβ and CD8α* elicited a 
broader anti-tumor response towards a PRAME-positive tumor cell line as compared to CD8α. 
Further analysis showed that CD8αβ modified T cells are polyfunctional and secrete higher levels of 
Th1 cytokines and cytotoxic effector molecules in response to antigen stimulation as compared to 
CD8α* modified T cells. In addition, CD8αβ co-transduction conveyed improved cytotoxic potential to 
CD4 T cells and lead to superior and sustained suppression of tumor growth in long-term 2D killing 
assays and 3D spheroid models with PRAME-positive tumor cells in vitro. CD8αβ further induced 
more efficient engagement with antigen-presenting cells and consequently, modulation of cytokine 
response than CD8α*. In summary, we show that engaging CD4 T cells via CD8 co-expression 
enhances anti-tumor activity of HLA class I-specific TCR-T cells directed against PRAME in vitro. The 
differential functional profiles of TCR-T cells co-expressing different types of CD8 constructs suggests 
that optimizing the type of co-receptor is relevant to maximize anti-tumor response and reveals 
CD8αβ to be the optimal co-receptor for the IMA203 PRAME TCR. Harnessing the anti-tumor potency 
of CD4 T cells may enhance depth and durability of anti-tumor responses and potentially improve the 
clinical outcome of TCR-T in patients with solid cancer. 
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Evaluation of a workflow solution for the characterization of human PBMCs, enriched T cell 
fractions and anti-BCMA CAR-T cells 
R. Bowers1, G. Grazia2, M. Kapinsky3, A. Larbi4, V. Lacaille1, N. Weit3 
1Beckman Coulter Inc., Indianapolis, United States, 2Beckman Coulter SRL, Cassina de´Pecchi 
(Milano), Italy, 3Beckman Coulter GmbH, BioDiscovery Flow Cytometry, Krefeld, Germany, 4Beckman 
Coulter France SAS, Villepinte 95942 Roissy CDG Cedex, France 
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CAR-T cells are becoming a more common therapeutic approach and are setting forth to targeting of 
hematological disorders other than CD19+ entities and also solid tumors. However, the 
immunological determinants of CAR-T efficacy still need comprehensive investigation from starting 
material to final product, covering different CAR constructs, transfection methods and targets. 
Flow cytometry can provide multiparametric data at single-cell resolution, enabling simultaneous 
monitoring of critical method parameters and interrogating complex interrelated responses. 
Assessing cellular responses on multiple levels can lead to more efficient identification of critical 
quality attributes. DURAClone dry antibody panels in combination with the CytoFLEX and Cytobank 
platforms for data acquisition and analysis can help to overcome standardization issues and 
operator-dependent impact on accuracy and precision in multicentric flow cytometry studies. The 
aim of this study was to present a workflow with dry reagents, hardware and software for the 
characterization of PBMCs, derived T cell-enriched fractions as well as anti-BCMA CAR-T cells 
(ProMab Inc.), including MOCK-transfected controls. 
DURAClone dry antibody panels were used as pre-configured or extended with CAR-specific probes 
and further antibodies. Viable CD45+ leukocyte and CD3+ T cell count, leukocyte composition 
(CD3/CD19/CD56/CD14/CD16) and the T cell (CD3/CD4/CD8) maturation profile (CD45RA, 
CD197/CCR7, CD27, CD57) including expression of checkpoint markers (LAG-3, PD-1, TIM-3) were 
assessed. Data were acquired on a CytoFLEX flow cytometer and data analysis performed on the 
Cytobank platform with regular manual gating and advanced machine learning-assisted tools. 
Absolute counts and cellular composition were assessed using streamlined no-wash procedures. 
Typical staining patterns for the T cell maturation profile were observed, revealing unchanged 
proportions for the different stages between PBMCs and enriched T cell fractions, and strong 
skewing toward effector cell phenotypes with elevated expression of checkpoint markers in case of 
CAR-T cells. Our experiments demonstrate the flexible utility of the combination of DURAClone dry 
antibody panels with CytoFLEX and Cytobank platforms for the phenotypic characterization from 
starting material to final CAR-T cell product. We demonstrate an end-to-end data analysis pipeline 
that integrates unsupervised analysis and statistical inference to eliminate error-prone manual steps. 
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Clinical outcomes of solid cancer patients treated with autologous TCR-T cells targeting PRAME in 
the ongoing ACTengine® IMA203 phase 1 dose escalation trial 
M. Wermke1, A. Mohamed2, A. Mayer-Mokler3, A.-M. Tsimberidou4, A. Satelli2, C. Reinhardt5, D. 
Araujo4, D. Maurer3, H. Singh5, J. Luke6, K. Guenther3, M. Kalra2, M. Chatterjee7, N. Hilf3, R. Mendrzyk3, 
S. Walter2, T.A. Holderried8, T. Weinschenk5, W. Alsdorf9, C.M. Britten5 
1University Hospital Dresden, Dresden, Germany, 2Immatics US, Inc., Houston, United 
States, 3Immatics Biotechnologies GmbH, Tuebingen, Germany, 4MD Anderson Cancer Center, 
Houston, United States, 5Immatics N.V., Tuebingen, Germany, 6University of Pittsburgh, Pittsburgh, 
United States, 7University Hospital Würzburg, Würzburg, Germany, 8University Hospital Bonn, Bonn, 
Germany, 9University Medical Center Hamburg-Eppendorf, Hamburg, Germany 
 
T cell receptor (TCR)-based adoptive cell therapy holds great promise for the treatment of patients 
with solid cancers who continue to have a high unmet medical need. The ACTengine® IMA203 
product candidate utilizes a novel, pairing-enhanced TCR with high affinity and specificity against an 
HLA-A*02-presented peptide derived from PRAME. The selected PRAME target is cancer-specific, 
homogenously expressed, presented at high target density and has a high prevalence across a broad 
patient population. IMA203 is an ongoing first-in-human, dose escalation trial in patients with 
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recurrent and/or refractory solid cancers. HLA-A*02:01- and PRAME-positive patients undergo 
leukapheresis and an autologous TCR-T product is manufactured. IMA203 T cells are infused after 
lymphodepletion with fludarabine, and cyclophosphamide followed by low-dose IL-2. The primary 
objective of the trial is to assess the safety and tolerability of IMA203, secondary objectives are to 
evaluate anti-tumor activity and pharmacodynamics. We will present data from 18 heavily pre-
treated patients who received IMA203 T cells across multiple escalating dose levels (DL) (cut-off date 
October 05, 2021). Treatment-emergent adverse events were transient and manageable. Most 
common events were expected cytopenias (G1-4), CRS and ICANS (both G1-2). Patients with at least 
one post infusion tumor assessment (N=16) received 0.08 to 0.81 x109 (median 0.33) IMA203 T cells. 
Treatment with IMA203 led to disease control in 15 patients (94%) and 14 patients (88%) had tumor 
shrinkage. No objective responses were observed at the lowest dose level DL1. 8 patients (62%) 
treated at intermediate DL2/DL3 demonstrated PRs according to RECIST1.1 with 3 of these being 
confirmed at data cut-off. All patients with malignant melanoma (N=3) showed objective responses, 
further responses were seen in patients with synovial sarcoma (N=3), head and neck cancer (N=1) 
and uveal melanoma (N=1). Noteworthy, the latter patient was treated with IMA203 after failing 4 
prior lines of therapy incl. 2 lines of checkpoint inhibitors. Target lesions decreased at week 6 post 
treatment to -40% and deepened to -63% at week 12. IMA203 showed high levels of T cell 
engraftment, persistence and tumor infiltration in all evaluable patients. In summary, IMA203 shows 
a manageable safety profile and, to our knowledge, is the first TCR-T product candidate associated 
with frequent objective responses across multiple solid tumors at doses below 1 billion transduced T 
cells. Three expansion cohorts are currently being initiated to further study the safety and anti-tumor 
activity of IMA203 in solid tumors: IMA203 monotherapy at target dose, combination with a 
checkpoint inhibitor and a next-gen product candidate IMA203CD8 utilizing IMA203 co-transduced 
with a CD8 co-receptor. 
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CD4 T-cell derivedTCRs for cancer immunotherapy recognise universal antigen on multiple HLA-DP 
molecules 
A.K. Winge-Main1, P. Dillard1, S. Pollmann1, M.R Myhre1, G.M Mælandsmoe2, V.A. Flørenes3, G. 
Kvalheim1, S. Wälchli1, E.M. Inderberg1 
1Oslo University Hospital, Translational Research Unit, Department of Oncology, Oslo, 
Norway, 2Institute of Cancer Research, Department of Tumourbiology, Oslo, Norway, 3Oslo University 
Hospital, Department of Pathology, Oslo, Norway 
 
T-cell receptor (TCR) -engineered T-cell therapy is a promising treatment approach in solid cancer. 
Telomerase (hTERT) is overexpressed in the majority (85-90%) of tumours and a potential target for 
adoptive cell therapy. We previously isolated a novel hTERT-specific TCR sequence, named Radium-4, 
from a clinically responding pancreatic cancer patient vaccinated with a long hTERT peptide. Radium-
4 TCR was isolated from a CD4+ T cell clone, but redirected both CD4+ and CD8+ T cells. TCR-
modified T cells demonstrated in vitro efficacy producing inflammatory cytokines and killing hTERT+ 
melanoma cell lines, including when tested in 3D settings. Importantly, T cells expressing Radium-4 
TCR displayed no toxicity against bone marrow stem cells or mature hematopoietic cells and were 
shown efficacious in an in vivo melanoma model. 
It has been shown that HLA-DP molecules can have an important overlap in the peptides presented 
which is also the case for the hTERT epitope targeted here. We have isolated a second TCR (Radium-
15) from a responding, vaccinated lung cancer patient. Both of our hTERT-specific TCR´s (Radium-4 
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and Radium-15) recognise their peptide epitope on several different HLA-DP molecules (HLA-DP2, -
DP3, and -DP4), hence broadening the number of potential patient benefactors. CD4 T cells are 
important for broad and long-lasting immune responses, and CD4+ CAR-T persistence was recently 
shown to correlate with decade-long leukaemia remissions. 
As hTERT is a universal cancer antigen and the very frequently expressed HLA class II molecules 
presenting the hTERT peptide to these TCRs provide a very high (>90%) population coverage, these 
CD4+ T cell-derived TCRs represent attractive candidates for immunotherapy of solid tumours. 
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Disease-specific expression patterns of RNA binding proteins as a basis for immune evasion from 
CART-19 therapy 
N. Ziegler1, C. Paret1, M. Sprang1, F. Alt1, L. Roth1, J. Faber1 
1Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Zentrum für Kinder- und 
Jugendmedizin, Mainz, Germany 
 
B-cell acute lymphoblastic leukemia (B-ALL) is the most prevalent type of cancer in children, resulting 
in almost 500 new cases per year in Germany. Although immunotherapy based on chimeric antigen 
receptor-armed (CAR) T cells targeting the B cell antigen CD19 started a new era in the treatment of 
B-ALL, up to 50% of patients suffer a relapse, resulting in an extremely poor prognosis. Thereby, 
epitope loss that leads to immune evasion is one of the major reasons for therapy resistance. Among 
others, mutations in the CD19 genetic locus and alternative splicing events are being investigated as 
potential mechanisms underlying the appearance of epitope-negative CD19 isoforms. 
Pre-mRNA splicing is mediated by RNA binding proteins (RBPs), some of which could already be 
identified as important regulators of CD19 processing. Consequently, aberrant binding capabilities 
and altered expression of RBPs interfere with regular splicing of CD19 pre-mRNA and might lead to 
the accumulation of epitope-negative protein variants. 
CD19 epitope loss seems to be particularly attributable to the inadequate inclusion of exon 2. Thus, 
we employed algorithms predicting RBP binding sites in and around the CD19 exon 2 locus, namely 
exon 1 to exon 3. To investigate the relevance of the factors that were identified in this analysis for 
disease-associated splicing events, expression levels were analyzed in patient samples. We 
performed targeted RNA sequencing on leukemic blasts, remission samples from the same patients 
and on a control cohort. Additional qPCR analysis of sorted blasts of B-ALL patients as well as of B 
cells from healthy donors substantiated these data. We were able to identify a number of RBPs being 
deregulated in the disease state, qualifying them as probable mediators of exon 2 processing. 
In order to be able to correlate the disease-related expression profile of RBPs with the appearance of 
CD19 isoforms that affect regular exon 2 splicing, we analyzed the occurrence of CART therapy-
relevant CD19 variants in leukemic blasts at diagnosis and in normal B cells. Interestingly, all of them 
were already present at initial diagnosis and even in healthy donors, clearly proving that those 
isoforms are not disease-specific per se. However, we could show that one dedicated mis-spliced 
CD19 variant exhibits higher expression in blasts than in normal B cells, while the regular variant is in 
tendency decreased. 
Taken together, our data suggest that CD19 splicing-effective RBPs exhibit a disease- and patient-
specific expression profile. Genetic mutations in the CD19 locus affecting the binding capability of 
splicing factors as well as the treatment regimen likely contribute to the deregulation of RBP function 
and result in the clonal establishment and accumulation of CART therapy-resistant CD19 isoforms. 
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Modulation of the effector function of the endogenous immune cells in primary murine tumor 3D 
culture 
Y. Ahrberg1, E. Stanganello1, S. Linkenbach1, S. Zenner1, M. Brkic1, J. Sriha1, A. Kübler1, M. Diken1, S. 
Kreiter1, U. Sahin2, F. Vascotto1 
1TRON - Translational Oncology at the University Medical Center of the Johannes Gutenberg 
University gGmbH, Mainz, Germany, 2Research Center for Immunotherapy (FZI), University Medical 
Center at the Johannes Gutenberg University, Mainz, Germany 
 
In the last years, immunotherapies have become a very promising and important tool in order to 
treat cancer patients. Here, the patient’s immune response is specifically induced against cancer 
cells. Many patients could already be treated with immune modulators that activate immune cells or 
prevent inhibition of them and therefore enhance the effectivity of cancer therapy. However, not all 
patients could totally benefit from these treatments due to the complex and individual composition 
of the tumor microenvironment (TME) which leads to the development of resistance mechanisms. 
For this reason, it is important to establish platforms that allow to study and modulate the 
complexity of this microenvironment in order to test new therapeutic strategies but also to predict 
the eventual response of patients. Therefore, tumor 3D cultures, that reflect the TME in physiological 
conditions, have been proven to be a very promising and elegant tool for preclinical cancer models 
and allow to reduce the use of animals in preclinical studies. In this in vitro study, we show that we 
can maintain and activate tumor infiltrating immune cells of murine primary tumor cultures (PTC) 
derived from a metastatic lung tumor model (CT26-WT) in culture for 48 hours. Interestingly, we 
could show that treatment with antibodies against GITR leads to the activation of tumor infiltrated 
lymphocytes (TIL) within the PTC. Furthermore, we show that treatment with other 
immunomodulators such as antibodies against PD-L1 and OX40 prevents the exhaustion of TIL and 
results in a specific decrease in tumor cell number. In summary, we experienced that this novel 3D in 
vitro approach allows to screen and select immunomodulators in order to be able to reinvigorate the 
anti-tumor reactivity of TIL against cancers. 
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Dissecting the cross-talk between melanoma stem cells and neutrophils 
M. Anselmi1, F. Fontana1, M. Marzagalli1, P. Limonta1 
1University of Milan, Department of Pharmacological and Biomolecular Sciences, Milano, Italy 
 
Emerging evidence suggests that cancer stem cells (CSCs) are involved in melanoma progression by 
reshaping the tumor microenvironment. In melanoma patients, poor prognosis often correlates with 
high presence of neutrophils, suggesting that tumors can recruit these immune cells and promote 
their switch towards a pro-tumor phenotype (N2). However, the molecular mechanisms underlying 
the cross-talk between melanoma and neutrophils has not been completely elucidated yet. The aim 
of the present study was to unravel the role of melanoma SCs in neutrophil polarization. We 
generated a neutrophil-like model by differentiation of HL60 cell line. Neutrophils were then treated 
with conditioned medium from A375 melanoma SCs, and their phenotype was investigated through 
flow cytometry, immunofluorescence, western blot analysis and ELISA assay. Sphere formation ability 
and expression levels of stemness markers were assessed to explore A375 cell features after 
conditioning with N2 neutrophil medium. 
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Herein, we demonstrated that A375 CSC conditioned media (CSC-CM) can promote the switch of 
differentiated neutrophil-like HL60 (dHL60) cells from N1 to N2 phenotype, by inducing the activation 
of the ERK/STAT3 cascade via TGF-β and IL-6 secretion. Moreover, after exposure to CSC-CM, dHL60 
cells were shown to release NETs, associated with increased production of ROS and H2O2 in a cell 
death-independent manner. Finally, CSC-CM-treated neutrophils exhibited an increased expression 
of CXCR-2 and CD66b as well as the activation of the NF-kB pathway, followed by the production of 
several pro-tumor soluble factors, including TNF-α, IL6, IL8 and MMP9. In turn, CSC-CM-activated 
neutrophils endowed A375 cells with stemness traits, increasing both sphere formation and ABCG-2 
expression. 
Collectively, our results suggest that melanoma SCs can reshape the immune system by triggering the 
N2 phenotype in neutrophils, which in turn are able to modulate stemness properties in A375 cells. 
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CD47/SIRPα interference improves myeloid cell mediated killing of T-ALL cells by an IgA2 variant of 
daratumumab 
N. Baumann1, C. Arndt1, J. Petersen1, M. Lustig1, T. Rösner1, K. Klausz1, C. Kellner2, L. Bastian3, J.H.W. 
Leusen4, R. Burger1, D.M. Schewe5, M. Peipp1, T. Valerius1 
1University Medical Center Schleswig-Holstein, UKSH Kiel, Division of Stem Cell Transplantation and 
Immunotherapy, Department of Medicine II, Kiel, Germany, 2University Hospital, LMU Munich, 
Department of Transfusion Medicine, Cell Therapeutics and Hemostaseology, Munich, 
Germany, 3University Medical Center Schleswig-Holstein, UKSH Kiel, Department of Medicine II, Kiel, 
Germany, 4University Medical Center Utrecht, Center for Translational Immunology, Utrecht, 
Netherlands, 5University Medical Center Magdeburg, Department of Pediatrics, Magdeburg, 
Germany 
 
A broad spectrum of tumor entities from solid to hematological cancers can be treated with 
monoclonal antibodies, but no antibody has yet been approved for T-cell acute lymphoblastic 
leukemia (T-ALL). Among potential candidates is daratumumab, a CD38 targeting antibody which is 
approved for the treatment of multiple myeloma. Daratumumab is of immunoglobulin (Ig) G1 isotype 
(DARA-IgG1), which activates complement and recruits immune cells bearing Fcγ receptors FcγRI 
(CD64), FcγRIIa (CD32a) and FcγRIIIa (CD16a). Neutrophils, the most abundant immune cell 
population and a major component of tumor cell infiltrates in solid cancers, however, are poorly 
activated by IgG1 antibodies, particularly due to a lack of FcγRIIIa and weak FcγRI expression. 
However, they express the activating receptor for IgA (FcαRI CD89) which triggers more effective 
intracellular signaling compared to Fcγ receptors. In this study, our aim was to analyze the ability of 
myeloid cells for T-ALL cell killing when using an IgA2 variant of daratumumab together with 
blockade of the CD47/SIRPα axis. Three T-ALL cell lines, HSB-2, MOLT-13 and P12-ICHIKAWA, and 
three patient-derived leukemia samples were used as targets. The capacity of antibody dependent 
cellular cytotoxicity (ADCC) by GM-CSF stimulated neutrophils of healthy donors was investigated in 
classical 51Cr-release assay. While no effects with DARA-IgG1 were observed, specific tumor cell lysis 
could be achieved with the IgA2 isotype in one of the cell lines (22 % with P12-ICHIKAWA). The ADCC 
effect of DARA-IgA2 could be markedly increased after blocking CD47 on tumor cells with an Fc silent 
variant of the antibody 5F9 as IgG2 isotype: neutrophil-mediated cytotoxic activity was seen with all 
three cell lines, ranging from 17 % lysis with HSB-2 to 31 % lysis (MOLT-13) and 49 % lysis with P12-
ICHIKAWA. In contrast, CD47 blockade had only marginal effects on DARA-IgG1 induced tumor cell 
lysis. Different results were observed in antibody depended cellular phagocytosis (ADCP) assays as 
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measured by automated real time microscopy. Here, macrophages of the M0 type were generated 
by adherence using buffy coats of healthy donors and stimulated with M-CSF. While specific 
phagocytosis using both DARA-IgG1 and DARA-IgA2 was hardly seen, simultaneous blockade of CD47 
increased phagocytosis of all three cell lines, using either one of the daratumumab isotypes. Most 
importantly, the combination of DARA-IgA2 and CD47 blockade enabled the induction of ADCP with 
patient samples in this setup. Here, we demonstrate that switching the isotype of daratumumab 
from IgG1 to IgA2 in combination with CD47/SIRPα interference leads to effective T-ALL cell killing by 
macrophages and neutrophils. 
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TCR-QR: Identifying tumour-reactive TCRs for personalized T cell therapies 
F. Bieberich1, R. Vazquez Lombardi1, M. Trüb2, A. Zippelius2, S. Reddy1 
1ETH Zurich, BSSE, Basel, Switzerland, 2University Spital Basel, DBM, Basel, Switzerland 
 
Personalized immunotherapies such as adoptive cell transfer (ACT), from expanded tumor-infiltrating 
lymphocytes (TILs) have shown promising results across different tumor entities. Nonetheless, while 
it mediates complete regression in a fraction of some patients, many patients lack response to TIL 
therapy. 
One potential reason is that expanded TIL products include both tumor-reactive and bystander T 
cells, which thus may be leading to a lack of therapeutic efficacy and potency. Increasing the number 
of tumor-reactive TILs would substantially advance the efficacy of such personalized therapies. 
However, it is highly challenging to identify tumor-reactive TILs - and even more so in the limited 
timeframe needed for most personalized immunotherapies. 
Here, we use multi-dimensional data from single-cell transcriptome, epigenome, immune repertoire 
and functional reactivity assays to identify and eventually predict tumor-reactive TCRs. 
By introducing selected TCRs from TILs into our previously developed TCR testing platform (TnT, 
Vazquez et al. 2021 under revision at Cell), we identified enrichment of a subset of TCRs that showed 
expression of phenotypic markers that partly overlap with established markers of exhaustion and 
tumor reactivity such as CD39, CXCL13 and CD137. Combination with single cell chromatin 
accessibility sequencing (scATACseq) allowed us to project motif accessibility for TILs of interest and 
showed elevated motif activity of TCF7 and NFKB1. Future experiments will increase numbers of 
patient as well as tested TCRs per patient. 
In conclusion, TCR-QR consists of an integrated pipeline that exploits state-of-the-art methods in 
single-cell genomics, computational analysis, genome engineering and functional screening. This 
allows for new marker identification and patient sample integration on the multiOMIC level. 
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Use of luciferase-labeled target cells to explore immune cell killing in high throughput format 
C. Castro1, D. Feger1, S. Ulrich1, O. Siedentopf1, J.E. Ehlert1 
1Reaction Biology Europe GmbH, Freiburg, Germany 
 
Bispecific antibodies are being explored to modulate responses of the immune system to tumor 
infiltration. They are emerging as a growing class of immunotherapies with potential to further 
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improve clinical efficacy and safety. Besides tumor-targeted and dual immunomodulators, the most 
important class of therapeutically relevant bispecific antibodies are engagers of cytotoxic immune 
cells to kill tumor cells. These are mainly engager of T-cells (BiTE´s), but also NK-cell engager several 
of which have entered clinics with Blinatumomab (anti-CD3/anti-CD19) being FDA-approved for the 
treatment of Acute Lymphoblastic Leukemia. Several studies are under way to address potential 
combinatorial effects with other compounds in clinics. 
In order to facilitate analysis of the cytotoxic impact of BiTE´s in high throughput, we developed a 
384-well format assay system based on Luciferase-labeled tumor cells. This detection technology has 
many advantages. As only the tumor cells are labeled, the specific detection of luciferase exclusively 
correlates to the number of viable tumor cells, allowing for co-cultures with high excess of effector 
cells without them interfering in the detection. Due to high sensitivity, only few tumor cells are 
required for a decent signal/noise ratio, keeping the overall need for primary effector cells to the 
lowest, even at high effector/target cell ratios. That can be of great advantage when working with 
rare cytotoxic subpopulations (e.g. NK-cells), precious samples from patients, or simply saves 
resources when performing large exploratory studies. In addition, combination of low 384-well 
format volumes with nanodrop agent dispensing technology minimizes amounts of expensive 
antibodies and other agents. 
Applying this technology, we evaluated the combinatorial effects of Blinatumomab with immune 
modulators (e.g. Lenalidomide), kinase inhibitors (e.g. MEK-inhibitor, Selumetinib) and other 
clinically relevant agents (e.g. MCL1-inhibitor, S63845) on the Luciferase-labeled GCB-like DLBCL cell 
line OCI-LY1. Depending on compound combination, we observe synergistic but also antagonistic 
effects. Our data support the outstanding usefulness of this methodological approach for the 
exploration of bispecific cytotoxic immune cell engager agents. 
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Assessment of CIT-drugs MoA with in vivo and 3D in vitro imaging 
F. Cremasco1, E. Menietti1, D. Speziale1, K. Apostolopoulou1, L. Kunz1, S. Colombetti1 
1Roche Glycart AG, Discovery Oncology Pharmacology, Schlieren, Switzerland 
 
Cancer Immunotherapies (CITs) have shown unprecedented results in improving tumor control. 
However, many patients are still refractory to treatment. A deeper understanding of CIT-drugs mode 
of action (MoA) may help improve therapeutic approaches to reach better anti-tumor response. To 
this end, we developed a skinfold chamber model in humanized mice that allows, by multi-photon 
intra-vital microscopy, the in vivo study of the tumor microenvironment. Analysis at the single cell 
level upon treatment with a CD20-targeting T-cell bispecific antibody, CD20-TCB (Glofitamab), 
showed that CD20-TCB localizes in the tumor (diffuse large B cell lymphoma, DLBCL) and acts on 
tumor-resident T cell motility within 1 hour post treatment, causing a sharp reduction in their speed 
and an increase in tumor/T cell interaction time; those changes last up to 72h post-treatment. In 
addition, we show how the initial tumor/T cell interaction mediated by CD20-TCB leads to peripheral 
T cell recruitment into the tumor. This mechanism is dependent on the presence of tumor-resident T 
cells and on IFNg-CXCL10 pathway. Inhibiting any of these two pathways resulted in reduced T cell 
infiltration from the periphery and reduced anti-tumor efficacy. In order to expand and complement 
in vivo imaging for CIT-drug discovery e.g. for mid-throughput screening purposes, we further 
established a fully human mid-throughput 3D in vitro screening platform to image and quantify 
immune cell dynamics, trafficking and infiltration to tumors in response to CIT. To this aim, we have 
adopted the microfluidic OrganoPlate 3-lane 40 by MIMETAS. By combining endothelial tubules, 
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peripheral immune cells, solid or liquid tumors, extracellular matrix and stromal components, we can 
faithfully recapitulate the tumor microenvironment organization and physiological in vivo T cell 
dynamics. Indeed, the 3D in vitro platform allows faithful reproduction of T cell recruitment and 
immune synapses formation upon CD20-TCB as observed in vivo. Furthermore, we tested CD20-TCB 
MoA in the context of three diverse cell lines of DLBCL. We show that treatment of diffuse large B-
cell lymphomas leads to the formation of synapses between T cells and tumor cells, the stability of 
which correlates with tumor cell killing. Such findings offer fundamental observations for a better 
understanding of CD20-TCB MoA and how immunological synapses formation impacts T cell effector 
functions and tumor regression. 
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Targeting IL-38 triggers γδ T cell-dependent anti-tumor immunity 
P. da Silva1, J. Mora2, A. Ernst3, X. You1, V. Guerrero Ruiz1, B. Brüne1,4,5,6, A. Weigert1,4,5,6 
1Institute of Biochemistry I, Faculty of Medicine, Goethe-University Frankfurt, Frankfurt, 
Germany, 2Faculty of Microbiology, University of Costa Rica, San José, Costa Rica, 3Fraunhofer 
Institute for Translational Medicine and Pharmacology ITMP, Frankfurt, Germany, 4Frankfurt Cancer 
Institute, Goethe-University Frankfurt, Frankfurt, Germany, 5Cardio-Pulmonary Institute (CPI), 
Frankfurt, Germany, 6German Cancer Consortium (DKTK), Partner Site Frankfurt, Germany 
 
Interleukin-38 (IL-38) is a member of the IL-1 cytokine family, which are a group of proteins that 
predominantly regulate immunity. It has been shown that IL-38 suppresses auto-inflammatory 
reactions in a number of murine disease models, mainly by limiting IL-17 production by TH17 cells 
and γδ T cells. Given the connection between auto-immunity and anti-tumor immunity, we 
wondered if targeting IL-38 would affect the latter. To that end, the transgenic PyMT mammary 
carcinoma model was employed to target IL-38 genetically or with a neutralizing antibody. Moreover, 
signaling through the γδ-TCR was blocked with an antibody. IL-38 knockout (KO) mice in the PyMT 
background presented a marked delay in tumor growth compared to WT mice. This was 
accompanied by expansion of a number of anti-tumor immune cells, particularly γδ T cells, CD8+ T 
cells, NKT cells and NK cells. This pattern was largely recapitulated when using an in-house generate 
IL-38-neutralizing antibody. PyMT WT mice treated with anti-IL-38 antibody showed a dramatic 
decrease in tumor development compared to control IgG treated mice, accompanied by an increase 
in CD8+ T cells and γδ T cell numbers. This was also true in a therapeutic model of chemoresistance, 
where PyMT WT mice were treated with IgG or anti-IL-38 in combination with doxorubicin once 
tumors had reached a size of 1 cm in diameter. In contrast to control tumors, the IL-38 antibody 
prevented tumor relapse . This effect was also accompanied by increase in CD8+ T cells, CD4+ T cells, 
NK cells and γδ T cells. To analyze the involvement of γδ T cells in anti-tumor immunity induced by 
targeting IL-38, we used a γδ-TCR blocking antibody compared to the IgG control in IL-38 KO mice. IL-
38 KO PyMT mice treated with IgG showed a marked delay in tumor development, which was 
abolished upon γδ-TCR blockade. However, we observed two subgroups of mice, with strong 
responders (55%) and poor responders (45%) to γδ-TCR blockade. CD8+ T cells and NKT cells were 
strongly decreased in IL-38 KO tumors upon γδ-TCR blockade, with poor responders showing a minor 
decrease in CD8+ T cells compared to strong responders, suggesting a cross talking between γδ T 
cells and CD8+ T cells. Mechanistic studies exploring this link are under way. Taken together, these 
results provide evidence for a therapeutic potential of anti-IL-38 antibodies activate anti-tumor 
immunity in mammary carcinoma. 
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Modified vaccinia virus Ankara expressing IL-12 overcomes tumor resistance through the 
reprogramming of the tumor microenvironment 
M. De Lucia1, L. Infante1, L. Seclì1, G. Cotugno1, I. Garzia1, L. Nocchi1, G. Sdruscia1, E. Di Matteo1, F. 
Troise1, S. Allocca1, G. Romano1, E. Scarselli1, A.M. D'Alise1 
1Nouscom Srl, Roma, Italy 
 
Tumor microenvironment (TME) is one of the major obstacles in cancer immunotherapy due to its 
detrimental impact on tumor-infiltrating immune cells. For this reason, TME is considered an 
attractive target for new therapeutic approaches. Cytokines are known to pleiotropically affect 
different cell populations within the TME. Among them, IL-12 is a pro-inflammatory cytokine with 
remarkable antitumor effects against a range of malignancies. Unfortunately, the efficacy of 
tolerated doses of IL-12 has been minimal. Thus, local administration is considered a useful strategy 
to avoid dose-depending side effects, by reducing the systemic cytokine exposure whilst maximizing 
effective cytokine amount in the TME. MVA vector is a strong activator of pro-inflammatory response 
acting mainly through the STING pathway.Here we report on the generation of a Modified Vaccinia 
Ankara (MVA) virus encoding IL-12 as a novel approach of “Vector Aided Microenvironment 
Programing: VAMP” to turn immunologically cold tumors hot. Intratumoral injection of VAMP-IL-12 is 
highly effective in multiple preclinical tumor models resistant to checkpoint inhibitors (CPI), as stand-
alone treatment and, at low dose, in combination with anti-PD1. VAMP-IL-12 anti-tumor activity 
correlates with effective TME reprogramming, reduction of immunosuppressive M2 macrophages 
while increasing pro-inflammatory M1, and recruitment of dendritic cells to the TME. This switch 
from immunosuppressive into immunostimulatory TME enables CD8 T cells activity against the 
tumor. Our data strongly support the use of VAMP-IL-12 as a novel strategy to overcome TME 
mediated resistance to immunotherapy. 
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Tissue repair in the tumor microenvironment 
M. Delacher1 
1University Medical Center of the Johannes Gutenberg-University Mainz, Institute for Immunology, 
Mainz, Germany 
 
Regenerative wound healing and malignant tumor growth share common mechanisms. Regulatory T 
(Treg) cells in tissues have the intrinsic ability to promote tissue homeostasis and regeneration, but 
whether these mechanisms are exploited by tumor cells is unclear. A human tissue-repair Treg 
counterpart has been described, however the characterization of this Treg cell subset remains 
limited. In this project, we first characterized murine tissue-repair Treg cells using single-cell 
epigenetic landscapes, and defined a conserved, microbiota-independent tissue-repair Treg signature 
with a prevailing footprint of the transcription factor BATF. We used this signature and applied it to a 
single-cell epigenetic landscape of human healthy skin, fat and blood CD4 T cells, and combined our 
results with gene expression profiling and TCR fate mapping approaches. This strategy enabled us to 
identify a population of tissue-like Treg cells that expressed BATF, chemokine receptor CCR8 and 
HLA-DR. Human BATF+CCR8+ Treg cells from normal skin and adipose tissue shared features with 
nonlymphoid T follicular helper-like (Tfh-like) cells, and induction of a Tfh-like differentiation 
program in naive human Treg cells partially recapitulated tissue Treg regenerative characteristics, 
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including wound healing potential.In continuance of these findings, we are now determining 
frequency and epigenetic profile of human BATF+CCR8+ Treg cells isolated from various tumor-
bearing tissues, e.g. pancreas, colon, liver, lung, and kidney, from the tumor as well as the normal 
tissue adjacent to the tumor from the same patient. We are generating tissue-specific signatures to 
identify the homeostatic regeneration program in human organs, and calculate the changes 
associated with malignant transformation of those tissues. In addition, we aim to characterize 
effector molecules of BATF+CCR8+ Treg cells in the tumor and neighboring tumor-free tissue to 
identify commonalities and differences in the physiologic wound healing program and the impact of 
this program on tumor growth in-situ. These findings may enable us to directly target tumor growth-
promoting Treg cells while sparing the homeostatic regeneration potential of the immune system, 
further extending the immunotherapeutic options in precision-based medicine. 
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A humanized mouse model to evaluate the systemic adverse effects of cytokine release syndrome 
induced by immunoactivating drugs 
A. Flora1, H. Yang2, J. Jiao2, M. Cheng2, M. Brehm3, D. Grainer3, L. Shultz1, J. Keck2 
1Jackson Laboratory, Bar Harbor, United States, 2Jackson Laboratory, Sacramento, United 
States, 3University of Massachusetts Medical School, Worcester, United States 
 
There has been remarkable progress in developing antibody-based immune therapies for cancer due 
to their remarkable efficacy and specificity. However, due to the complex nature of the immune 
system, there are significant challenges predicting potential adverse effects induced by 
immunoactivating molecules. The lack of predictive preclinical models to evaluate antibody-
mediated adverse effects can lead to clinical failures, such as TGN1412, a humanized anti-CD28 
monoclonal antibody that caused life-threatening cytokine release syndrome (CRS) during the first-
in-man trial. Therefore, there is a critical need for translational preclinical assays that can predict 
immune toxicity more accurately. 
We have developed a sensitive and reproducible PBMC-humanized mouse model to measure CRS 
induced by bispecifics, CAR T, or checkpoint inhibitors in vivo. In this study, we demonstrate the 
utility of this platform with TGN1412 and bispecific antibodies. NSG™ mice or derivative strains were 
engrafted with human PBMCs for 6 days before being treated with the test article at various dosages. 
Peripheral blood from these humanized mice was collected at multiple time points post-dose for flow 
cytometry and cytokine analysis. Pathological evaluations of colon, liver, and kidneys were 
performed at 72 hours post-dose. We observed dose- and time-dependent increase of human 
proinflammatory cytokine levels in the serum following treatment, with TNFα peaking at 1 h and the 
others peaking at 2-4 h post-dose.The pathological investigation by H/E and caspase 3 staining of 
livers treated with Anti-CD28 or TGN1412 revealed significantly more portal, peripheral, and sporadic 
mononuclear cell infiltration, as well as apoptotic/necrotic cells compared to PBS control. Treatment 
of PBMC-humanized NSG™ mice with bispecific antibodies increased proinflammatory cytokines in a 
dose and molecule-dependent manner. The challenge of PBMC-humanized NSG™ mice engrafted 
with cells from different donors with a CD28 agonist leads to a heterogeneous CRS response, 
reflecting the natural variability in the human population. 
We have demonstrated that the novel mouse model using PBMC-humanized NSG™ or derivative 
strains can successfully detect CRS induced by immunoactivating antibodies in a dose- and time-
dependent manner. Our data support that the PBMC humanized mouse model for CRS assessment is 
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a valuable tool to assess in vivo safety of experimental human immunoregulatory therapies, including 
immune checkpoint inhibitors, CAR T, and bispecific antibodies. 
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Genomic HLA homozygosity is frequent in esophageal adenocarcinoma and related to low 
immunogenicity 
M. Garcia Marquez1, M. Thelen1, E. Bauer2, K. Wennhold1, J. Lehmann1, D. Keller1, L. Maas3, M. 
Nicolik3, J. George3, T. Zander4, W. Schroeder5, P. Müller6, C. Bruns5, R. Thomas3,6,7, B. Gathof2, A. 
Quaas6, A. Hillmer1,6, M. von Bergwelt-Baildon8,9,7, M. Peifer1,3, H. Schlößer1,5 
1University Clinic of Cologne, Center for Molecular Medicine Cologne, Cologne, Germany, 2University 
Clinic of Cologne, Institute of Transfusion Medicine, Cologne, Germany, 3University of Cologne, 
Department of Translational Genomics, Centre for Integrated Oncology Cologne–Bonn, Cologne, 
Germany, 4University of Cologne, Department of Internal Medicine I, Cologne, Germany, 5University 
Clinic of Cologne, Department of General, Visceral, Cancer and Transplantation Surgery, Cologne, 
Germany, 6University Clinic of Cologne, Institute of Pathology, Cologne, Germany, 7German Cancer 
Consortium (DKTK), Heidelberg, Germany, 8Ludwig Maximilians University, Gene Centre, Munich, 
Germany, 9University Hospital, LMU Munich, Department of Medicine III, Munich, Germany 
 
The human leukocyte antigen (HLA) genotype of an individual defines the repertoire of peptides 
which can be presented to cytotoxic T cells. This study aims to elucidate hereditary HLA-I 
homozygosity in oesophago-gastric adenocarcinoma (EGA) and to demonstrate its impact on the 
repertoire of immunogenic peptides derived from tumour associated antigens (TAAs) or mutation-
associated neoantigens (MANAs). To do so, high-resolution HLA-genotypes combined with the 
sequences of either 
(1) the ten most important TAAs in EGA (80 donors) or 
(2) patient-specific nonsynonymous mutations derived from whole exome sequencing (WES) data (38 
patients) were applied to predict high and moderate affinity binders using the “Immune Epitope Data 
Base” (iedb.org). Frequency of HLA homozygosity in EGA patients (n=80, 35%) was unexpectedly 
higher than that in the control population (n=7.615, 19%). Comparison of both cohorts revealed an 
odds ratio for homozygosity of at least one allele of 2.28 (p<0.001). We found that the overall 
mutational burden is similar in patients with and without hereditary HLA-homozygosity. However, 
analysis of the amount of tumour-specific high and moderate-affinity binders derived from MANAs as 
well as from shared TAAs confirmed a reduced repertoire of potentially immunogenic peptides in 
homozygous EGA patients. After in-silico restoration of HLA-heterozygosity, the diversity of 
potentially immunogenic peptides increased. Our results highlight the effect of HLA-I homozygosity 
on the immunopeptidome as important prerequisite of anti-tumour immunity. The high frequency of 
hereditary homozygosity observed in the EGA cohort may reflect an increased cancer risk for these 
patients. Our study suggests consideration of germ-line HLA-homozygosity for the design and 
interpretation of immunotherapeutic trials. 
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Characterization and manipulation of immunometabolic pathways in tumor-associated 



Poster Session II 
 
            Tumor Biology and Interaction with the Immune System 
 
 
macrophages for therapeutic applications 
C. Geiß1, R. Mora2, A. Régnier-Vigouroux1 
1Johannes Gutenberg-Universität Mainz, Institute for Developmental Biology and Neurobiology, 
Mainz, Germany, 2University of Costa Rica, Research Center in Cancer and Surgery (CICICA), Lab of 
Tumor Chemosensitivity, Faculty of Microbiology, Campus Rodrigo Facio, San José, Costa Rica 
 
Glioblastoma is the most frequent malignant primary brain tumor, still characterized by a low 
survival rate under standard of care, clearly demonstrating the need of alternative therapies. Up to 
now, even novel treatment strategies such as immune checkpoint inhibition failed in clinical trials. 
These failures are likely linked to the immune-suppressive conditions in the tumor microenvironment 
(TME). The TME of glioblastoma is defined by low oxygen concentrations, accumulation of specific 
metabolites, and abundance of immunosuppressive cells. Hereof, tumor-associated macrophages 
represent promising targets because of their capacity to swiftly shift from an anti- to a pro-
inflammatory state, thereby supporting the establishment of an immune-active TME. The manifold 
regulators of this shift include metabolites and micro-RNAs (miRNAs). Understanding the 
mechanisms whereby metabolites and miRNAs affect inflammatory phenotype and function of 
macrophages is essential to decipher their interaction with tumor cells. 
We showed that this interaction can be manipulated by the small molecule ONC201 as it induces a 
metabolic and inflammatory shift of macrophages and TME, in vitro. Using 3D spheroid models, we 
want to exploit this property of ONC201 to characterize relevant immunometabolic pathways in 
macrophages and to explore the therapeutic potential of ONC201, alone and combined with other 
immunometabolic-active compounds. We are especially interested in identifying combinations 
increasing ONC201 efficacy under hypoxic conditions and in exploring the role of mitochondria in 
mediating ONC201 effects on macrophage immunometabolism. 
This study indicates that specific manipulations of macrophage immunometabolism lead to a pro-
inflammatory TME that would support current and future tumor (immuno)therapies. However, the 
interactions regulating the TME-macrophage crosstalk are complex. We thus started a systems 
biology-based approach to characterize immunometabolic pathways and identify key regulatory 
elements (miRNAs and transcription factors) in macrophage activation pathways. We generated 
multi-omics data (RNA, miRNA, proteins, metabolites) from an in vitro model of pro-/anti-
inflammatory human macrophages, as well as macrophages exposed to glioblastoma cells. Data are 
integrated in the biocomputational platform BioNetUCR that we developed to model miRNA-
transcription factors interaction networks. 
This approach, combining in silico and in vitro works, will facilitate the identification of crucial 
miRNAs or transcription factors able to reprogram macrophages at the metabolic and inflammatory 
levels and thus, to serve as robust therapeutic targets for the treatment of macrophage-associated 
inflammatory diseases such as cancer. 
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mRNA-based COVID-19 vaccine in long-term responders to cancer immunotherapy 
M. Gonzalez cao1, M. Sisteré-Oró2, D. Wortmann2, N. Andrade2, A. Aguilar1, C. Mayo de las Casas3, F. 
Garcia Casabal1, S. Torres1, E. Bona Salinas1, L. Raventos1, A. Arcas1, C. Esparre1, B. Garcia3, J. 
Valarezo3, R. Güerri-Fernandez4, R. Rosell5, A. Meyerhans2 
1Hospital Universitari Dexeus, Oncology Department, Barcelona, Spain, 2Universitat Pompeu Fabra 
(UPF), Infection Biology Laboratory, Department of Experimental and Health Sciences, Barcelona, 
Spain, 3Hospital Universitari Dexeus, Pangaea Oncology, Laboratory of Oncology, Barcelona, 
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Spain, 4Hospital del Mar, Universitat Autònoma de Barcelona, Barcelona, Spain, 5Germans Trias i 
Pujol Health Sciences Institute and Hospital (IGTP), Badalona, Spain 
 
About 20% of patients with advanced solid tumors achieve long lasting responses with anti PD1/PD-
L1 antibodies (Ab). The effects of COVID-19 vaccination in cancer patients that have achieved these 
exceptional responses has not been explored. 
Immune response to mRNA COVID-19 vaccine was analysed in patients with cancer, including a 
cohort of long-term responders to anti PD-1/PD-L1 Ab. Participants received two doses of BNT162b2 
COVID vaccination following the standard schedule. Blood samples were prospectively collected pre-
vaccination and 3 weeks (w), 6 w, and 12 w after the first dose of COVID-19 vaccination. The primary 
endpoint was to describe the specific IgG serum antibody response, the virus neutralizing capacity of 
these antibodies, and the T cell response. 
Thirty-five people participated in the study, including 11 cancer patients with long lasting responses 
to anti PD1/PD-L1 antibodies (median duration of response was 36 months (m), range 12 m to 72 m), 
3 patients treated with adjuvant cancer immunotherapy, 6 cancer patients not treated with 
immunotherapy, and 15 healthy controls. After inclusion, all participants received two doses of the 
BNT162b2 vaccine (second boost after 21 days). There were no unexpected adverse events due to 
BNT162b2 vaccination, as well as no increase in the incidence of immune related adverse events due 
to cancer immunotherapy. The median ELISA IgG titters significantly increased after the prime-boost 
COVID vaccine regimen in all cohorts. However, at the post-prime time-point, only the healthy 
control group showed a statistically significant increase in antibody levels (P < 0.05). Importantly, not 
all cancer patients generated a high-level of antibody responses after the complete prime-boost 
regimen, while all individuals of the healthy controls did. There were participants that experienced a 
significant increase in neutralizing antibodies and cellular Th1 responses in all cohorts, but it was 
more variable in cancer patients, also including the long-lasting responders to cancer 
immunotherapy. There were two long lasting cancer responders to anti PD-1/PD-L1 therapy that did 
not respond properly to the prime-boost vaccination and did not generate S-specific IgGs, 
neutralizing antibodies or virus-specific T cells, although their cancer control through an effective 
immune response persisted for years. 
mRNA-based vaccines can induce both antibody and T cell responses in cancer patients including 
those long-lasting responders to immunotherapy. There was no increase in immune related adverse 
events due to anti PD-1/PD-L1 antibodies, nor higher vaccine toxicity. The immune response to Covid 
vaccine did not correlate with a previous immune response to cancer through ant PD-1/PD-L1 
antibodies. 
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Tumor-derived GDF-15 promotes immune escape of tumors by functional alteration of the myeloid 
compartment 
M. Haake1, B. Haack2, S. Genßler1, J. Weigandt1, M. Auer1, V. Thiemann2, W.M. Haq2, M. Haag2, F. 
Wedekink2, B. Fischer2, K. Klar1, M. Wölfl3, J. Wischhusen2, C. Schuberth-Wagner1 
1CatalYm GmbH, Planegg-Martinsried, Germany, 2Würzburg University Hospital, Department for 
Obstetrics & Gynecology, Section for Experimental Tumor Immunology, Würzburg, 
Germany, 3Würzburg University Hospital, Department for Pediatrics, Würzburg, Germany 
 
Growth and differentiation factor 15 (GDF-15), a divergent member of the TGF-β protein superfamily, 
shows low physiological baseline expression. GDF-15 is, however, strongly upregulated during 
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pregnancy. It is further induced in stressed and damaged tissues, where it limits immune infiltration 
and inflammation. In solid tumors, GDF-15 was shown to be a key inhibitor of T-cell infiltration. While 
this might already explain the strong correlation between GDF-15 overexpression and poor survival 
with or without checkpoint-based immunotherapy, effects of GDF-15 on dendritic cells and 
monocytes may further shape the tumor microenvironment. To analyse the impact of GDF-15 in 
murine tumor models, GDF-15 was either deleted by CRISPR/CAS9 gene editing in PDX or neutralized 
by administration of a blocking antibody in syngeneic settings. Effects on tumor growth were 
recorded and the composition of the tumor microenvironment was characterized by flow cytometry. 
More detailed insight into tumor-immune interactions was obtained via a mouse I/O RNA-Seq Panel. 
Specific effects on polarization of innate and on antigen-specific priming of adaptive immune cells 
were confirmed in cellular assays in vitro. It was shown that tumor-derived GDF-15 modulates the 
tumor microenvironment by inhibiting infiltration and activation of myeloid cells. GDF-15 thereby 
impairs the induction of antitumoral immune responses. Deletion of GDF-15 enhances infiltration of 
innate cells into immune-excluded tumors, supports the priming of naïve T cells by dendritic cells and 
generates a pro-inflammatory tumor microenvironment. In vitro, GDF-15 inhibits DC maturation and 
synapse formation, thus preventing successful T-cell activation. Moreover, GDF-15 interferes with 
M1 polarization of macrophages. In conclusion, GDF-15 secretion helps tumors to generate a 
microenvironment that is poorly infiltrated by immune cells. GDF-15 further polarizes myeloid cells 
towards a tumor-promoting, anti-inflammatory phenotype.Byinducing a more pro-inflammatory 
tumor phenotype, anti-GDF-15 antibodies may synergize with other immunotherapeutic agents. A 
clinical phase 2 trial combining anti-GDF-15 (CTL002) with anti-PD-1 (NCT04725474) is ongoing. 
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Novel bioluminescent bioassays for the discovery and development of molecular and cellular T cell-
redirecting cancer therapy 
A. Johann1, J. Gilden2, J. Grailer2, M. Slater2, P. Stecha2, J. Hartnett2, D. Lazar2, F. Fan2, M. Cong2, Z.J. 
Cheng2 
1Promega GmbH, Walldorf, Germany, 2Promega Corporation, Madison, United States 
 
This poster describes a platform of bioluminescent T Cell bioassays for the discovery and 
development of T Cell-redirecting cancer therapy: 
TCRαβ-Deficient Reporter T Cells for Screening and Characterizing Antigen-Specific Therapeutic TCRs 

• TCRαβ-deficient reporter T Cells can prevent the recombination of endogenous and 
transgenic TCRs. 

• CD4+ and CD8+ variants enable the screening of therapeutic TCRs designed against MHCI- or 
MHCII-dependent antigens. 

HiBiT-Based T Cell-Dependent Cytotoxicity (TDCC) Assay 

• The CD8 TDCC assay applies HiBiT complementation technology and can measure target cell-
specific killing in mixed culture. 

• Primary CD8 T effector cells are prequalified in TDCC assay and can be used in thaw-and-use 
format without the need for cell culture. 

• The assay is homogenous, sensitive and fast. 
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Lumit™ Immunoassays for Cytokine Detection 

• The assay applies NanoBiT™ complementation technology and uses NanoBiT-labeled 
antibodies for the cytokine. 

• The assay is homogenous, fast and sensitive. 
• It shows linear correlation between assay signal and cytokine level. 
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Novel reporter-based bioassays for evaluating FcγR-dependent functions of therapeutic antibodies 
A. Johann1, J. Grailer2, D. Garvin2, J. Mitchell2, J. Wang2, M. Beck2, P. Stecha2, J. Hartnett2, F. Fan2, M. 
Cong2, J. Cheng2 
1Promega GmbH, Walldorf, Germany, 2Promega Corporation, Madison, United States 
 
A comprehensive suite of FcγR-specific bioassays has been developed for determining ADCC and 
ADCP activity of Ab. The bioassays are homogeneous, easy to use, sensitive and robust, and include 
reagents and target cells to enable CDC assays. FcγRIIb CHO-K1 cells enable easy determination of 
agonist antibody dependence on FcγR crosslinking of Fc regions. Integration of a TCR Activator into 
FcγRIIb CHO-K1 cells enables analysis of costimulatory targets that require TCR activation. Together, 
these bioassay tools enable the comprehensive characterization of antibody Fc effector function. 
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Zymosan enhances anti-tumoral and anti-metastatic effects of radiotherapy in breast carcinoma 
cells metastasized to liver and brain. 
A.K. Koc1, N. Erin1, E. Tavsan1, N. Tuncel2, A.F. Korcum2 
1Akdeniz University - Faculty of Medicine, Department of Medical Pharmacology; 
Immunopharmacology and Immunooncology Unit, Antalya, Turkey, 2Akdeniz University - Faculty of 
Medicine, Department of Radiation Oncology, Antalya, Turkey 
 
Zymosan, which consists of beta glucan and mannan structures, stimulates innate immune response 
via dectin-1 and TLR2/6 receptors. It is largely believed that beta glucans in zymosan are responsible 
from immune stimulatory and anti-tumoral activity. Recent studies however, showed that mannan 
structures could also have anti-tumor effects. Radiotherapy (RT) is widely used in cancer treatment 
and effectiveness of RT can be increased when combined with immunotherapeutic strategies. Up to 
our knowledge, there is no study examining the effect of zymosan co-treatment on anti-tumoral 
effects of RT in metastatic breast carcinoma model. Hence our goal is to determine the possible 
therapeutic effects of zymosan alone and combined with RT on metastatic breast carcinoma in a 
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syngeneic mouse model. 
4TLM s and 4TBM cells were originally derived from liver and brain metastases of 4T1 cells 
respectively. 4TBM and 4TLM cells were injected (100000 cells/0.1 ml) orthotopically into upper right 
mammary gland of 7-8 weeks old female Balb-c mice. Zymosan (5 mg/kg) was given i.p. for five times 
every other day starting from one day before RT. Zymosan is dissolved in saline solution by boiling in 
the water bath for one hour as reported before.RT was given locally at sub-optimal dose (6 Gray) 6 
days after injection of tumor cells. Mice were sacrificed at the 26th day after injection of 4TLM and 
4TBM cells. Tumor growth, lung metastasis and immune responses were evaluated. 
Zymosan did not alter the proliferation of 4TLM and 4TBM cells in-vitro. Similarly, zymosan 
treatment alone did change the growth rate of primary tumor and the number of metastases. 
However, zymosan markedly increased the anti-tumoral and anti-metastatic effects of RT. In 
accordance zymosan markedly decrease baseline release (unstimulated) of TNF-a while increasing 
IFN-g from peritoneal macrophages and mix leucocyte culture. Zymosan also decreased IL-6 release 
when combined with radiotherapy. On the other hand, zymosan alone either did not alter IL-6 
release or enhanced it depending on the cell type and stimulation. Zymosan in combination with RT 
decreased tumor-infiltrating GR1+CD11b+ and increased CD3+CD4+ cells. In conclusion these results 
demonstrate that Zymosan enhances therapeutic effects of radiotherapy must likely by decreasing 
excessive inflammatory response and enhancing anti-tumoral immunity. 
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Transcriptomic, single-cell characterization of the tumor microenvironment in a novel murine 
model of urothelial bladder cancer 
I.K. Kerzeli1, A. Kostakis1, R. Elgendy2, A. Chourlia1, S. Nelander2, P.-U. Malmström3, M. Lord1, U. 
Segersten3, M. Doroszko2, S.M. Mangsbo1 
1Uppsala University, Department of Pharmacy, Uppsala, Sweden, 2Uppsala University, Department of 
Immunology, Genetics and Pathology, Science for Life Laboratory, Uppsala, Sweden, 3Uppsala 
University, Department of Surgical Sciences, Uppsala, Sweden 
 
Bladder cancer ranks among the top most commonly diagnosed cancers in men, but is not 
particularly prevalent in women. Surprisingly, the latter display more aggressive tumors, limited 
checkpoint inhibition benefits and overall adverse outcomes, possibly due to the innate variance in 
immune responses between the sexes. To investigate the sexual dimorphism of immunity, we 
developed an autochthonous, carcinogen-induced, urothelial bladder cancer model—utilizing 
immunocompetent mice—that highly mimics tumor initiation and progression in humans. We then 
harvested healthy and tumor-bearing bladders from early and late stage, male and female mice that 
subsequently underwent single-cell RNA-sequencing to elucidate the transcriptomic profile of the 
whole bladder. An influx of innate and adaptive immune cell populations was uncovered for both 
sexes of tumor-bearing mice, albeit with striking differences pertaining to the fractions of cell types 
present. Males were dominated by myeloid cells whereas females favored higher percentages of 
lymphocytes. Regarding gene expression, many key genes relating to chemokines and cytokines were 
found to be significantly differentially expressed between the sexes. Furthermore, we examined the 
major immune cell subpopulations in detail, and detected various T cell and B cell subsets, along with 
three DC clusters, five macrophage clusters with distinct expression patterns and eight phenotypic 
states of neutrophils. Interaction analyses between the identified subpopulations gave rise to 
intriguing possible ligand-receptor pairs between basal urothelial cells and myeloid cells, such as the 
immunosuppressive Anxa1-Fpr2 interaction, or the Cd6-Alcam axis between T cell subsets and basal 
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urothelial cells, a novel target for immunotherapy interventions. To conclude, this murine model is 
able to develop highly intricate, immune-infiltrated tumors with subtle, yet important sex-specific 
factors at play. Owing to the characterization of the model's tumor microenvironment, a great first 
step has been taken towards understanding the complex interplay between the tumor and the 
immune cells in its proximity. Nevertheless, further, more targeted approaches should be considered 
to truly illuminate the impact of sex in cancer progression and treatment consideration. 
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Impact of epigenetic regulators on CD1d expression in Ewing’s sarcoma cell lines 
N. Lehmann1,2, C. Paret1,2, L. Roth1,2, E. Porath1,2, K. El Malki1,2, J. Faber1,2 
1University Medical Center of the Johannes Gutenberg University Mainz, Center for Pediatric and 
Adolescent Medicine, Pediatric Hematology and Oncology, Mainz, Germany, 2University Medical 
Center of the Johannes Gutenberg University Mainz, University Cancer Center (UCT), Mainz, 
Germany 
 
Ewing’s sarcoma (ES) is an aggressive bone and soft tissue cancer that can arise in any part of the 
body and affects predominantly children and adolescents. Approximately 2% of all cancer cases 
under 18 years are diagnosed with ES. It is the second most common bone cancer in pediatric 
patients. In the last years, multimodal treatment options significantly increased the survival rate of 
ES patients. Nevertheless, the 5 year survival rate of patients with local disease relies on 70%, 
whereas patients with initial metastases have a 5 year survival rate of only 30%. Therefore, it is a 
matter of utmost urgency to discover and establish new treatment options for patients diagnosed 
with ES. 
In an immunotherapeutic context, most studies focus on conventional T cells while unconventional T 
cells have also a great immunotherapeutic potential. It is known that unconventional T cells like γδ T 
cells and invariant natural killer T cells can recognize and eliminate tumor cells either in a direct or in 
an indirect manner by recruiting other cytotoxic immune cells. Unlike conventional T cells, these cells 
recognize lipid antigens presented via CD1d independently from major histocompability complex. 
Thus, immunotherapeutic options based on unconventional T cells are very promising. 
Currently only a few solid tumor entities are known to express CD1d. However, it is also known that 
epigenetic regulators like histone deacetylase inhibitors and DNA methyltransferase inhibitors can 
induce CD1d expression in CD1d negative non small lung cancer cells. Furthermore, epigenetic 
regulators are under investigation in several clinical trials for pediatric cancer patients. The CD1d 
expression status in pediatric solid tumor entities is largely unknown and no data are available for ES. 
Since we expect no to low CD1d expression in ES, the main point in this study is the induction of 
CD1d expression in ES cell lines (e.g. A673 and TC-71) by treatment with epigenetic regulators. 
Therefore, ES cell lines were treated with different epigenetic drugs (entinostat, tazemetostat, and 
gemcitabine) in stimulation experiments. Afterwards, CD1d expression was analyzed on mRNA and 
protein level. The resulting data show no to low CD1d expression in untreated ES cell lines but a dose 
dependent increase of CD1d expression particularly when treated with entinostat. However, the 
treatment with tazemetostat and gemcitabine also resulted in a slight increase of CD1d expression. 
Our data suggest that epigenetic regulators induce CD1d expression in ES cell lines. Further studies 
are needed whether the induction of CD1d expression in ES cells may enhance the cytotoxic 
efficiency of unconventional T cells, and therefore offers new treatment options for patients 
diagnosed with ES. 
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VISTA is highly expressed on synovial sarcoma endothelial cells and selectively prevents T-cell 
extravasation 
S. Luk1, R. Schoppmeyer2,3, M.E. IJsselsteijn4, A. Somarakis5, D.F. Remst6, D.T. Cox6, C.A. Bergen6, I. 
Briaire-de Bruijn4, L.J. Hawinkels7, R.I. Koning8, E. Bos8, J.V. Bovée4, N.F. de Miranda4, K. Szuhai8, J.D. 
van Buul2,3, J.F. Falkenburg6, M.H. Heemskerk6 
1Leiden University Medical Center, Leiden, Netherlands, 2Sanquin Research, Molecular Cell Biology 
Lab, Department of Molecular Hematology, Amsterdam, Netherlands, 3University of Amsterdam, 
Leeuwenhoek Centre for Advanced Microscopy, Section Molecular Cytology at Swammerdam 
Institute for Life Sciences, Amsterdam, Netherlands, 4Leiden University Medical Center, Department 
of Pathology, Leiden, Netherlands, 5Leiden University Medical Center, Department of Radiology, 
Leiden, Netherlands, 6Leiden University Medical Center, Department of Hematology, Leiden, 
Netherlands, 7Leiden University Medical Center, Department of Gastroenterology-Hepatology, 
Leiden, Netherlands, 8Leiden University Medical Center, Department of Cell and Chemical Biology, 
Leiden, Netherlands 
 
Cancers evade T-cell immunity by several well-established mechanisms that include secretion of anti-
inflammatory cytokines, downregulation of antigen presentation machinery, exclusion of T cells and 
upregulation of immune checkpoint molecules. The distribution and function of immune checkpoint 
molecules on tumor cells and tumor infiltrating lymphocytes is well established but less is known 
about their expression and function on intratumoral endothelial cells (ECs). Here we demonstrate 
that V-domain Ig suppressor of T cell activation (VISTA) is highly expressed on ECs in synovial 
sarcoma, multiple other cancers and healthy immune-privileged tissues. We created an in 
vitro model of human vasculature to demonstrate that expression of VISTA on ECs selectively 
prevents T-cell transmigration over endothelial layers under physiological flow conditions, while it 
does not affect migration of other immune cell types. In ECs, VISTA was detected on the plasma 
membrane and in recycling endosomes and it’s expression was upregulated by synovial sarcoma 
secreted factors in a VEGF-A dependent manner. Our study reveals that VISTA expression on ECs can 
be upregulated by cancer secreted factors and is able to shape the immune cell composition in 
cancer and healthy tissues. These data identify a new immune escape mechanism that can be 
exploited to develop new treatment strategies. 
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Disruption of the sialic acid/Siglec-9 axis improves antibody-mediated neutrophil killing activity 
against tumor cells 
M. Lustig1, C. Chan2, M.A. Kölling1, N. Baumann1, C.L. Gehlert1, J.M. Jansen2, K. Klausz1, R. Burger1, T. 
Rösner1, M. Peipp1, J.H. Leusen2, T. Valerius1 
1Division of Stem Cell Transplantation and Immunotherapy, Department of Medicine II, Christian 
Albrechts University Kiel, University Medical Center Schleswig-Holstein, Kiel, Germany, 2Laboratory of 
Translational Immunology, University Medical Center, Utrecht, Netherlands 
 
Neutrophils are an abundant immune cell population in the microenvironment of many tumors and 
have a potential role as cytotoxic effector cells in antibody-mediated tumor cell killing. 
Immunoglobulin (Ig)G monoclonal antibodies targeting tumor associated antigens are powerful tools 
in cancer immunotherapy. However, they are often inefficient in engaging neutrophils. Altered sialic 
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acid glycosylation on the surface of cancer cells and interactions of sialic acids with sialic acid-binding 
Ig-like lectins (Siglecs) on immune cells transmit inhibitory signals and lead to suppression of the anti-
tumor response. Our goal was to improve trastuzumab induced neutrophil mediated killing of HER2 
positive breast cancer cells by disrupting the sialic acid/Siglec axis. 
The expression of Siglecs on neutrophils as well as Siglec binding ligands on breast cancer cells SK-BR-
3 was assessed by flow cytometry using Siglec-specific monoclonal antibodies or human Siglec-Fc 
chimera proteins, respectively. Antibody-dependent cell-mediated cytotoxicity (ADCC) was tested in 
classical 51Cr release assay with GM-CSF activated neutrophils from healthy donors and SK-BR-3 cells 
at an effector-to-target cell ratio of 40:1. To block the Siglec-9 receptor and interrupt its interaction 
with sialic acid, a Siglec-9 blocking antibody was produced as an IgG2-sigma variant with a non-
functional Fc part. 
The flow cytometric studies show that neutrophils express Siglec-5, -7, and Siglec-9, while Siglec-1, -
2, -3 and Siglec-8 were absent. Both Siglec-7-Fc and Siglec-9-Fc proteins, but not Siglec-5-Fc, bind to 
SK-BR-3 cancer cells. The binding capacity was significantly reduced by treating SK-BR-3 cells with 
neuraminidase or the sialyltransferase inhibitor (STi) 3Fax-Peracetyl Neu5Ac. Importantly, sialic acid 
depletion on the tumor cell improved the cytotoxic activity of neutrophils induced by different 
antibody isotypes against HER2. With IgG1 (10 μg/ml), ADCC was 57.0 ± 3.6 % using SK-BR-3 cells 
treated with the STi compared to 31.2 ± 3.9 % with untreated cells. The lysis rate of SK-BR-3 cells 
with trastuzumab-IgA2 (0.08 μg/ml) was increased from 14.6 ± 5.9 % to 36.4 ± 6.9 %. Improved ADCC 
with both isotypes of trastuzumab was also observed in the presence of a Siglec-9 blocking antibody. 
This effect, however, was less pronounced than sialic acid depletion, indicating that Siglec-9 is key 
player, but more Siglecs might be involved. 
Our findings demonstrate that the sialic acid-Siglec interaction between breast cancer cells and 
neutrophils suppresses the HER2-targeting IgG and IgA dependent immune responses and show that 
Siglec-9 is involved. Considering the fact that neutrophils are inefficiently activated in IgG-based 
therapies, simultaneous inhibition of the sialic acid/Siglec-9 interaction may have significant potential 
to improve neutrophil-mediated cytotoxicity. 
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IPSC knock-in model to study SAMHD1-mutations contributing to cancer 
C. Majer1, N.V. Fuchs1, M. Rall-Scharpf2, L. Wiesmüller2, R. König1 
1Paul-Ehrlich-Institut, Host-Pathogen-Interactions, Langen, Germany, 2Ulm University, Department of 
Obstetrics and Gynecology, Ulm, Germany 
 
SAM domain and HD domain-containing protein 1 (SAMHD1) is a cellular dNTPase and is thus crucial 
for normal cell homeostasis. Mutations in SAMHD1 are associated with an abnormal interferon (IFN) 
signature and can cause the hereditary autoimmune disease Aicardi-Goutières syndrome (AGS). 
SAMHD1 is frequently mutated in a wide variety of cancer types. The pattern of cancer-related 
mutations throughout the sequence of SAMHD1 together with the fact of its downregulation in 
several tumors indicates that SAMHD1 might act as a tumor suppressor. Additionally, SAMHD1 has 
been proposed to fulfill the requirements of a driver gene or might promote a so-called mutator 
phenotype. Besides its role as a dNTPase, SAMHD1 has been linked to a variety of cellular functions. 
Importantly, it was shown that SAMHD1 is involved in the resolution of stalled replication forks. In its 
absence, aberrant DNA fragments could accumulate in the cytoplasm thus inducing an IFN response. 
We aim to establish a relevant cell model to characterize SAMHD1 mutations, which result in 
autoinflammation and we aim to unravel the underlying mechanism causing this phenotype and how 
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this might contribute to inflammation-driven carcinogenesis. SAMHD1 mutationR145Q has been 
observed in AGS as well as in chronic lymphocytic leukemia and colon adenocarcinoma patients. 
Toinvestigate the impact of the mutation R145Q, we established a R145Q knock-in (KI) model in 
induced pluripotent stem cells (iPSCs) using a ribonucleoprotein-based CRISPR/Cas9 approach. 
Resulting KI clones were characterized with regard to SAMHD1 protein expression using western blot 
and immunofluorescence (IF) assays. Upregulated IFN marker expression was determined by qPCR in 
iPSC derived dendritic cells (DCs). Furthermore, replication dynamics of wild type (WT) vs. KI cells 
were analyzed using the DNA fiber-spreading assay. Several iPSC SAMHD1 R145Q KI clones were 
generated. We could show that SAMHD1 protein was expressed, although to reduced levels than WT 
protein. After directed differentiation towards DCs, the R145Q KI clones demonstrate increased IFN-
markers compared to the parent cell line. Furthermore, cycling R145Q KI iPSCs display altered 
replication patterns comparable to SAMHD1 KO cells overexpressing the plasmid-encoded SAMHD1 
R145Q mutant. Our findings demonstrate that iPSCs are a suitable model to study SAMHD1 
mutations connected to cancer and autoimmunity as they reliably display the autoinflammation 
phenotype. Furthermore, for the first time, we could demonstrate an upregulated ISG response in a 
SAMHD1 mutant linked to cancer that might contribute to inflammation-driven carcinogenesis. 
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High throughput screening methods reveal novel tumor marker combination THY1-EPCAM for 
adapter CAR T cell therapy in ovarian cancer 
M. Martinez-Osuna1, C. Herbel1, V. Dittmer1, S. Reiß1, P. Mallmann2, D. Ratiu2, M. Mallmann2, P. 
Praveen1, W. Müller1, D. Eckardt1, A. Bosio1 
1Miltenyi Biotec B.V. & CO. KG, RnD, Bergisch Gladbach, Germany, 2University Hospital Cologne, 
Department of Obstetrics and Gynecology, Cologne, Germany 
 
Major advances have been achieved in targeted-immunotherapy with significant clinical benefits for 
patients. However, immunotherapy associated toxicities as on-target/off-tumor toxicity are a major 
concern. This issue highlights the clinical need for new solutions to improve the safety profile of 
immunotherapies. 
On-target/off-tumor toxicity is mainly based on the expression of tumor-associated antigens (TAA) in 
healthy tissues under physiological conditions. Thus, the level of specificity of targeted-
immunotherapy towards cancerous cells needs to be addressed by new approaches. One way to 
increase target-specificity is multi-targeting of cancer cells, i.e. targeting more than one TAA on 
cancer cells. 
We developed an unbiased high-throughput flow cytometry-based screening workflow on primary 
ovarian cancer samples to identify new tumor markers. Co-expression of THY1, a marker for 
fibroblasts and hematopoietic stem cells, was revealed on cancer cells characterized by EPCAM 
expression, a marker of epithelial cells. These findings were further confirmed by multi-parameter 
imaging analyzing severalovarian carcinoma. Next we applied high content imaging to assess the 
safety profile of the target combination THY1-EPCAM expression across a multitude of healthy 
human tissue samples using. Cluster analysis showed correlation patterns within the datasets 
confirming the previous findings. 
In order to proof the functionality of THY1-EPCAM as therapeutic option for targeted-
immunotherapy we combined this target pair with the adapter CAR technology. This modular 
technology is composed of an CAR recognizing biotin, and biotinylated antibodies which are specific 
for a certain antigen. Furthermore, it combines the target flexibility and dose-dependent 
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controllability of antibodies with the performance of CAR T cells. Adapter CAR T cells targeting THY1-
EPCAM were shown to be highly specific and effective by in vitro characterizations. Moreover, we are 
going to conductin vivo studies with adapter CAR T cells to investigate the efficacy and safety of 
targeting THY1-EPCAM in a solid tumor model. 
In conclusion, by applying high-throughput flow cytometry-based screenings, multi-parameter 
imaging, and adapter CAR technology, we successfully identified a novel target combination in 
ovarian cancer and could obtain promising in vitro results indicating its potential use as future 
immunotherapy. 
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Identification of tumor immune microenvironment related prognostic signature coupled with 
immune infiltration in melanoma 
P. Pandey1, M. Lang1, U. Sahin1,2,3 
1BioNTech SE, Mainz, Germany, 2TRON, Translational Oncology at the University Medical Center of 
the Johannes Gutenberg University Mainz gGmbH, Mainz, Germany, 3Research Center for 
Immunotherapy (FZI), University Medical Center at the Johannes Gutenberg University Mainz, Mainz, 
Germany 
 
Melanoma is reported to be the leading cause of cancer-related death among cutaneous (skin) 
cancers. Tumor immune microenvironment (TIME) is known to influence tumor initiation, 
progression, and immunotherapy response. However, there is limited data on the effects of the TIME 
on melanoma tumorigenesis, prognosis, and metastasis. In this study, we aimed to develop a 
predictive tool for identifying immune phenotypes and construct an immune risk signature that could 
be used for melanoma prognosis by using and associating the gene expression profiles and clinical 
characteristics from three gene expression omnibus (GEO) datasets on metastatic melanoma and the 
cancer genome atlas (TCGA) database. We constructed the prognostic molecular signatures for 
metastatic potential using bioinformatics methods and evaluated and validated its predictive 
capability. Subsequently, immune cell infiltration, tumor mutation burden landscapes, stromal-
immune scores, cancer driver gene prediction and pathway analyses associated with each immune 
phenotype in melanoma were analyzed comprehensively. A risk score consisting of 10 immune-
related genes were computed using the Lasso-Cox model and aggregated to generate the immune 
risk signature based on the regression coefficients. The signature demonstrated robust prognostic 
potential for metastatic melanoma in both the discovery (GEO datasets) and validation datasets 
(TCGA). Immune infiltration analysis indicated that the high-risk signature subtype was enriched with 
M2 macrophages and T cell dysfunction markers. Our results suggested that patients with a low-risk 
signature harbored higher tumor mutation loads. Taken together, our constructed signature could 
predict prognosis and represent the TIME of melanoma, which could lead to the development of 
effective individualized treatments and provides a promising novel molecular marker for 
immunotherapy. 
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Immunomodulatory properties of Interleukin-1 in primary and metastatic colorectal cancer 
A. Pöchmann1, M. Suarez-Carmona1, U. Prüfer2, J. Wolf1, T. Bund3, N. Halama1 
1German Cancer Research Center (DKFZ), Division of Translational Immunotherapy (D240), 
Heidelberg, Germany, 2National Center for Tumor Diseases, University Hospital Heidelberg, 
Department of Medical Oncology, Heidelberg, Germany, 3German Cancer Research Center (DKFZ), 
Division of Episomal-Persistent DNA in Cancer- and Chronic Diseases (F200), Heidelberg, Germany 
 
The local tumor microenvironment, composed of diverse cells and cytokines, is both organ- and 
compartment-specific and critical for the overall efficacy of therapeutic interventions. It is shaped by 
inflammation, which can either fuel tumor growth or promote anti-tumor immunity. In this context, 
the role of the strongly pro-inflammatory cytokine Interleukin-1 (IL-1) and the possible benefits of its 
inhibition for cancer therapy are explored in primary and metastatic colorectal cancer, with a focus 
on liver metastases. 
To maximize translational value, a fully human pre-clinical explant model system is utilized. Surgically 
removed tissues and biopsies are sectioned into small pieces. In a nutshell, explants contain the 
entire and unselected set of cells and biomolecules, recapitulating the complex tumor 
microenvironment of a patient. The explants are cultured and treated with the clinically approved 
IL-1 receptor antagonist Anakinra (r-metHuIL-1ra, Kineret, Swedish Orphan Biovitrum) for different 
time points. To examine the effects of IL-1 inhibition, multiplex cytokine profiling and 
immunohistochemical analysis are performed. 
For this work, we focused on certain cytokine groups based on their immunological effect: antigen 
presentation (GM-CSF, M-CSF, and G-CSF), T cell chemoattraction (CCL5, CXCL9, CXCL10, and IL-16), 
and T cell expansion (IL-2, IL-4, IL-10, IL-12(p70), IL-13, and IFN-γ). In primary colorectal cancer, a 
time-dependent cytokine modulation pattern was observed upon Anakinra treatment. Remarkably, 
there was a strong IFN-γ induction at each time point. Besides T cells, DC-Lamp+ dendritic cells were 
identified as a second source of IFN-γ. Liver metastases of colorectal cancer treated with Anakinra 
showed a clear increase for the majority of cytokines important for antigen presentation, T cell 
chemoattraction, and T cell responses. Indeed, immunohistochemical staining confirmed an 
expansion of CD3+ T cells in tumoral areas, with DC Lamp+ cells increasing as well. Unaltered CD3 and 
DC-Lamp cell counts in the adjacent liver suggest a differential effect of Anakinra on adjacent and 
tumoral tissue. 
These preliminary results indicate that IL-1 inhibition targets both the T cell axis and dendritic cell 
differentiation/activation with a distinct effect on tumor tissue. The cytokine profile points towards a 
more favorable landscape with an enhanced activation of anti-tumor immune cells. Anakinra -as an 
already approved drug with a favorable safety profile- could be repurposed relatively easily for 
targeting advanced metastatic colorectal cancer. Potential synergistic effects with other clinically 
available drugs will be explored in forthcoming experiments. 
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Cancer-specific differences of tertiary lymphoid structures and cellular responses against 
frequently expressed cancer testis antigens 
E. Preugszat1, M. Thelen1, M. Garcia-Marquez1, J. Lehmann1, D. Keller1, M. von Bergwelt-Baildon2,3, 
H.A. Schlösser1,4 
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Germany, 2University Hospital, Ludwig Maximilian University, Department of Internal Medicine III, 
Munich, Germany, 3German Cancer Consortium (DKTK), Heidelberg, Germany, 4University Hospital 
Cologne, Department of General, Visceral, Cancer and Transplantation Surgery, Cologne, Germany 
 
Tertiary lymphocyte structures (TLS) can be detected in the tumor microenvironment across a wide 
range of cancer types and are associated with increased survival and susceptibility to immune 
checkpoint inhibition. However, evidence for a functional significance of TLS on humoral and cellular 
immunity is scarce. In this study, we combine assessment of abundance and spatial distribution of 
TLS with expression levels of 10 tumor associated antigens (TAAs) and functional analyses of T cell 
responses to these antigens. 
52 treatment-naïve cancer patients across 5 tumor types (NSCLC, CRC, RCC, HCC and BCA) were 
included. Presence and localization of TLS were assessed in immunohistochemical stainings (CD20) of 
whole section slides from FFPE embedded tumor samples. B cell clusters were quantified in the 
whole tumor region and in two different tumor margins (300 µm, 2000 µm). A panel of 30 cancer 
testis antigens was selected via GEPIA software (TCGA Database) and their expression in our cohort 
was determined using NanoString based RNA expression analysis of tumor samples and patient-
matched healthy tissue. The 10 peptide pools with the largest cross-cancer overlap were selected 
based on our NanoString results. 2-color Fluorospot (IFN-γ and IL-2) and protein-bound bead assays 
were applied to assess the frequency of tumor-specific responses in patient PBMCs. 
CD20 immunohistochemistry and enumeration of intra- and peritumoral TLS revealed different 
distribution patterns of TLS/mm2with the largest proportion in the 300 µm margin (p < 0.01) in most 
cancer types. This effect was particularly observed in patients with non-small cell lung cancer 
(NSCLC). The 10 tumor-associated antigens CEP55, CT83, GAGE1, IGF2BP3, MAGEA1, MAGEA3/6, 
PBK, PRAME, Survivin and TTK were selected as they showed the highest overlap across different 
cancer types and the most pronounced differential expression between tumor and matched normal 
tissue. While 31/52 (59.6%) patients showed an IFN-γ, only 11/52 (21.2%) patients exhibited an IL-2 
response against at least one of the tested TAAs. Survivin was the TAA inducing the highest 
frequency of responses (18/52 IFN-γ and 5/52 IL-2 responses). PBMCs of patients with NSCLC showed 
the highest frequency of T-cell responses (83.3% with at least one IFN-γ response) and patients with 
HCC and BCA the lowest proportion (40.0%). Although tumor-associated antigens and cellular or 
humoral immune responses against them are common, their co-occurrence was rare. 
The observed findings support cancer immunoediting rather than a lack of endogenous immune 
response as mechanism underlying immune tolerance. A combined targeting of a predefined or 
personalized set of included TAAs appears promising across the different cancer types. 
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Apoptotic tumor cell-derived microRNA-200c attenuates the tumor-infiltrating capacity of 
macrophages 
R. Raue1, A.-C. Frank1, D.C. Fuhrmann1, P. de la Cruz-Ojeda2, S. Rösser1, R. Bauer1, G. Cardamone1, A. 
Weigert1,3,4, S.N. Syed1, T. Schmid1, B. Brüne1,3,4,5 
1Goethe University Frankfurt, Faculty of Medicine, Institute of Biochemistry I, Frankfurt am Main, 
Germany, 2Institute of Biomedicine of Seville (IBiS), Hospital University "Virgen del 
Rocío"/CSIC/University of Seville, Seville, Spain, 3German Cancer Consortium (DKTK), Partner Site 
Frankfurt, Frankfurt am Main, Germany, 4Frankfurt Cancer Institute, Goethe-University Frankfurt, 
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The tumor microenvironment determines the prognosis and outcome for cancer patients. Herein, 
macrophages constitute a major part of the tumor-infiltrating immune cells and play a crucial role in 
shaping a tumor-supporting microenvironment. Both their recruitment to the tumor as well as their 
functional polarization toward a pro-tumorigenic phenotype are mediated by tumor-derived factors 
including microRNAs. However, the impact of most microRNAs on the tumor cell-macrophage 
crosstalk remains to be elucidated. Thus, we reached out to investigate the role of hsa-miR-200c-3p 
(miR-200c) in tumor cell-macrophage interactions, as it was shown to be differentially expressed 
during cancer progression and metastasis. To this end, we employed a coculture system of MCF7 
breast tumor cells, which express high levels of miR-200c, and primary human macrophages, with 
low basal miR-200c expression, to elucidate the underlying mechanism of the miR-200c-mediated 
crosstalk between tumor cells and macrophages. Interestingly, we observed elevated miR-200c levels 
in macrophages upon contact with apoptotic tumor cells. We further characterized the increase in 
macrophage miR-200c levels to be dependent on the expression of miR-200c in the apoptotic tumor 
cells and on intact CD36 scavenger receptor on the macrophages. In order to identify functional 
consequences of miR-200c in macrophages, we determined potential miR-200c targets in miR-200c 
overexpressing macrophages by mRNA-sequencing. Of note, elevated miR-200c levels reduced the 
expression of a panel of migration-associated genes. In line, elevated miR-200c levels in macrophages 
correlated with reduced infiltration of macrophages into 3-dimensional tumor spheroids, which was 
attributable to the reduced expression of a distinct signature of four predicted miR-200c targets 
(PPM1F, RAB11FIB2, RDX, MSN). Targeting the miR-200c transfer from dying tumor cells to 
macrophages might therefore provide the opportunity to specifically modulate tumor-associated 
macrophage recruitment. 
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Impact of checkpoint inhibitor therapy on somatic mutations: tumors become more stealth 
G. Richard1, G.D. Steinberg1,2, W.D. Martin3, A.S. De Groot3,4 
1EpiVax Therapeutics, Inc., Providence, United States, 2NYU Langone Health, New York, United 
States, 3EpiVax, Inc., Providence, United States, 4University of Georgia, Athens, United States 
 
We previously used an automated pipeline (Ancer) to establish a link between cancer survival and 
“self-like” neoepitopes in a cohort of bladder cancer patients. Here we apply the same pipeline to 
melanoma and describe the emergence of self-like epitopes in patients treated with checkpoint 
inhibitors. Checkpoint inhibitors directly influence T cells responding to neoantigens, as such, these 
therapies drastically affect the genomes of surviving tumor clones. Identifying changes that are 
unique to patients that respond to therapy offers valuable insight into tumor evolution and may lead 
to more accurate prognostic biomarkers. 
We analyzed a published cohort of Nivolumab-treated melanoma patients (n=41) for which tumor 
samples were collected from the same site prior ("Pre" samples) and during ("On" samples) 
Nivolumab therapy. The immunogenic and tolerance potential of mutations from the Pre and On 
samples were evaluated with the Ancer neoantigen screening platform, which includes the EpiMatrix 
algorithm to identify HLA class I and HLA class II neoepitopes and the JanusMatrix algorithm to 
evaluate neoepitopes for homology with the self genome. Prior work with JanusMatrix showed that 
neoantigens highly homologous to self might be inhibitory. 
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Tumor samples collected during Nivolumab therapy demonstrated increased homology (self-like) 
scores from their matched pre-therapy samples (paired t test, p=0.0475). While this increase in 
homology with self was significant across the cohort, the effect was more pronounced in patients 
exhibiting complete (CR) or partial responses (PR), compared to patients with stable (SD) or 
progressive disease (PD). An ANOVA analysis confirmed that increase in homology after initiation of 
Nivolumab therapy was significantly greater in CR/PR patients, as opposed to SD or PD patients 
(p=0.0005). This observation was supported by Receiver Operating Characteristic (ROC) analysis 
discriminating CR/PR patients from SD/PD patients based on differences in homology with self 
between Pre and On treatment samples (AUC=0.7484, p=0.0313). A comparative ROC analysis 
employing baseline patient tumor mutation burden (TMB) yielded non-conclusive results (AUC= 
0.5054, p=0.9613). 
Our Ancer analysis highlights that Nivolumab therapy affects the tolerance profile of tumors in a 
manner that is consistent with the concepts of immunoediting and immune camouflaging. 
Interestingly, tumors in patients with favorable outcomes demonstrated the greatest increase in self-
like neoepitopes. This observation suggests that collecting tumor biopsies shortly after the initiation 
of checkpoint inhibitor therapy and evaluating their tolerance profile may be employed as a 
prognostic biomarker. Furthermore, this approach highlights in silico tools may distinguish effector 
from tolerance inducing neoepitopes, a critical feature for designing novel neoantigen-based 
precision immunotherapies. 
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Long surviving vulvar cancer patients with active intratumoral immune infiltration and signaling 
are potential candidates for neoadjuvant checkpoint therapy 
S.J. Santegoets1, K.E. Kortekaas2, M.I. van Poelgeest2, S.H. van der Burg1 
1Leiden University Medical Center, Medical Oncology, Oncode Institute, Leiden, Netherlands, 2Leiden 
University Medical Center, Gynaecology, Leiden, Netherlands 
 
Vulvar squamous cell carcinoma (VSCC) comprise 3 molecularly defined subtypes of which the HPV-
induced VSCC display a better overall survival (OS) and recurrence-free survival (RFS) than the others. 
Yet, all VSCC are currently treated with radical surgery and/or (chemo)radiotherapy, often causing 
impressive discomfort and morbidity. To study whether the local immune response can play a role in 
these 3 subtypes with different clinical courses, we performed in-depth analysis of the tumor 
immune microenvironment in 109 patients by multispectral immunofluorescencent imaging 
(VECTRA), multiparameter flow cytometry and transcriptomic analysis using Nanostring. 
T cell infiltration pattern analysis revealed that about half of the VSCC could be classified as hot (i.e. 
inflamed or altered-excluded), and these patterns were found across all VSCC subtypes. Moreover, 
high intraepithelial CD4 and CD8 T cell infiltration was associated with longer RFS and OS, 
irrespective of molecular subtype and disease stage. Flow cytometry analysis and in vitro stimulation 
assays showed that VSCC were infiltrated with highly activated CD39+ CD4+ and CD8+ T cells, able to 
recognize tumor antigens. Strong T cell infiltrated VSCC displayed significantly higher expression of 
genes involved in antigen presentation, and cytokine and chemokine, co-stimulatory, JAK-STAT, 
MAPK, NFKB and IFN signaling, confirming that high intraepithelial T cell counts reflected an ongoing 
immune response, active immune signaling and strong effector T cell responses in VSCC. T cell 
infiltration was strongly correlated to the presence of NK cells, B cells, neutrophils, DC and 
macrophages, demonstrating a coordinated influx of several adaptive and innate immune cell 
subsets. Since a hot, T cell inflamed immune microenvironment is considered as an important factor 
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for superior response to immune checkpoint therapy, we calculated the pan-tumor-18 gene T cell 
inflamed GEP score. Although high T cell count was associated with a higher T cell inflamed GEP 
score, no relation with OS and RFS was observed. To define a gene expression signature specifically 
related to the T cell infiltration pattern, we tested the predictive value for survival of the 
differentially expressed genes (DEGs) between low and high T cell infiltrated VSCC. Only 6 (CD274, 
CXCL10, CXCL11, LILRB2, NDUFA4LG2 andLYZ) of 79 DEGs showed a (near) significant association with 
survival time, of which onlyCD274 demonstrated discriminatory ability and clinical usefulness. 
In conclusion, about 35% of primary VSCC display an immune profile associated with responsiveness 
to immune checkpoint therapy at diagnosis. Potentially, neoadjuvant PD-1/PD-L1 immunotherapy 
may prevent the extensive adverse events of surgery and radiotherapy. A trial to test this hypothesis 
is currently initiated. 
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Smac mimetic and BH3 mimetics sensitize rhabdomyosarcoma spheroids towards NK cell killing 
V. Särchen1, S. Shanmugalingam1, S. Kehr1, L.M. Reindl2,3, E. Ullrich2,3,4,5,6, M. Vogler1,4 
1Institute for Experimental Cancer Research in Pediatrics, Goethe-University Frankfurt, Frankfurt am 
Main, Germany, 2University Hospital Frankfurt, Department for Children and Adolescents Medicine, 
Goethe-University Frankfurt, Frankfurt am Main, Germany, 3Experimental Immunology, Goethe-
University Frankfurt, Frankfurt am Main, Germany, 4German Cancer Consortium (DKTK), Frankfurt am 
Main, Germany, 5University Cancer Center Frankfurt (UCT), University Hospital Frankfurt, Goethe-
University Frankfurt, Frankfurt am Main, Germany, 6Frankfurt Cancer Insitute, Goethe-University 
Frankfurt, Frankfurt am Main, Germany 
 
Cancer cells have developed several cell death evasion mechanisms. In particular, upregulation of 
Inhibitor of apoptosis proteins (IAPs) or anti-apoptotic B-cell lymphoma 2 (BCL2) proteins is 
frequently observed in cancer. IAPs can be degraded by Smac mimetics (SM), thus restoring 
sensitivity to cell death induction. Similarly, pro-apoptotic BH3-only proteins can be mimicked, using 
BH3 mimetics, leading to the neutralization of anti-apoptotic BCL2 protein family members and 
lowering the apoptotic threshold. In this study, we hypothesized that modulation of apoptosis 
signaling using SM or BH3 mimetics may increase the immune attack of cellular immunotherapy. We 
show that both strategies can restore cell death response of rhabdomyosarcoma (RMS) cells. 
Additionally, treatment with either form of apoptosis modulator leads to an enhanced sensitivity 
towards natural killer (NK) cell attack. 
Methodologically, we utilized a 3D cancer spheroid system for the co-cultivation with IL-15 activated 
NK cells. NK cell killing of GFP expressing RMS spheroids was assessed by a high throughput 
ImageXpress XLS fluorescence microscope. For that, GFP fluorescence was acquired and quantified 
for a duration of 5 days co-cultivation. Dead cells were counter stained with PI on day 5 and the PI to 
GFP ratio calculated. The killing mechanism was characterized by using the pan-caspase inhibitor 
zVAD.fmk and a TRAIL capturing antibody. 
To validate that NK cells were able to attack RMS spheroids, NK cells migration into the 3D spheroidic 
structure was analyzed. For that, NK cells were labelled with CellTraceTM Violet. Indeed, NK cells were 
able to infiltrate the RMS spheroid within the first hours of co-cultivation. NK cells infiltrated RD 
spheroids faster and seemingly deeper compared to RH30 spheroids. The difference is not only 
visible at migration properties, but also at different killing efficiency of untreated RMS spheroids. 
RH30 spheroids were more resistant to NK cell killing than RD spheroids. NK cells had a growth 
controlling effect on RD spheroids. 
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Pre-treatment of both RD and RH30 spheroids with the SM BV6 and the BH3 mimetic S63845 led to a 
higher NK cell killing, than with either BV6 or S63845 or NK cells alone. Using the related BH3 
mimetic compound A1331852, only RH30 spheroids showed an increased killing by NK cells. 
Inhibition of caspases by zVAD.fmk could completely block NK cell killing. However, neutralization of 
TRAIL, a pro-apoptotic ligand, did not affect NK mediated killing. 
In summary, pre-treatment with SM or BH3 mimetics induces a sensitizing effect towards a NK cell 
attack of several cell lines. The killing seems to be independent of TRAIL but highly dependent on 
caspase activation. Therefore, combining a cell death sensitizing agent with cytotoxic immune cells, 
opens the possibility for a novel cellular immunotherapeutic approach. 
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Single-molecule RNA sequencing reveals IFNγ-induced differential expression of immune escape 
genes in Merkel cell polyomavirus–positive MCC cell lines 
T. Sauerer1,2,3, C. Lischer1,2,3, A. Weich1,2,3, C. Berking1,2,3, J. Vera1,2,3, J. Dörrie1,2,3 
1Hautklinik, Universitätsklinikum Erlangen, Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Erlangen, Germany, 2Comprehensive Cancer Center Erlangen European Metropolitan Area of 
Nuremberg (CCC ER-EMN), Erlangen, Germany, 3Deutsches Zentrum Immuntherapie (DZI), Erlangen, 
Germany 
 
(T.S. and C.L. contributed equally, J.D. and J.V. share senior authorship.) 
Merkel cell carcinoma (MCC) is a rare, but highly aggressive skin cancer, which is predominantly 
caused by genomic integration of the Merkel cell polyomavirus and subsequent expression of a 
truncated form of one of its proteins, the large T (LT) antigen. MCC is highly immunogenic and under 
constant pressure to escape immune surveillance. This immune escape can occur via checkpoint 
receptors and their ligands or by a disturbance of the human leukocyte antigen (HLA) class I 
expression. Interferon gamma (IFNγ) is a key player in cellular immune response and can exert both 
anti-tumoral as well as pro-tumoral effects. Hence, a comprehensive understanding of the 
transcriptomic response of MCC cells to IFNγ is of high interest. 
In this study, we analyzed the transcriptomic alterations of MCC cells due to IFNγ treatment with a 
focus on immune modulatory effects of the tumor. Therefore, we incubated three MCC cell lines 
(WaGa, MKL-1, and MKL-2) with IFNγ and studied their mRNA profile by single-molecule RNA 
sequencing by the Oxford Nanopore platform. 
Our results showed several genes that were differentially expressed in a significant manner across all 
three cell lines, whereby the largest number of altered genes was observed in MKL-1. Subsequent 
pathway analysis and manual annotation showed a clear upregulation of genes involved in the 
immune evasion of the tumor due to IFNγ treatment as well as a large number of genes with anti- 
and pro-tumoral activities. To quantify the expression of the highly polymorphic HLA class I, we 
implemented an adapted mapping procedure and could show a precise increase of HLA after 
incubation with IFNγ. Furthermore, we confirmed our transcriptomic data on protein level by 
antibody staining and western blot analysis of selected representative genes. Interestingly, LT 
antigen expression was not altered on mRNA level while a small but significant change was seen on 
protein level in two of the three cell lines due to IFNγ treatment. We are currently sequencing MCC 
biopsies and ex-vivo tumor cultures to compare the transcriptomic program of primary MCCs with 
established cell lines regarding immune escape genes. 
Our results indicate that Nanopore sequencing is a suitable tool to study the mRNA profile of MCC 
and delivers detailed information about transcriptomic alterations under IFNγ influence. In the next 
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steps, the identified differentially expressed genes can be analyzed for their role in immune escape 
of MCC and their in vivo relevance. This may help to understand the immune evasion mechanism of 
MCC and to improve the treatment of MCC patients accordingly. 
 
(Parts of this study were published in Front. Microbiol., 22 December 2021, 
https://doi.org/10.3389/fmicb.2021.785662.) 
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Integrated single-cell profiling dissects cell-state-specific enhancer landscapes of human tumor 
infiltrating T cells. 
C. Schmidl1, D. Riegel1, E. Romero-Fernández1, M. Simon2,3, A. Raphael Adenugba4, K. Singer5,6, R. 
Mayr7, F. Weber8, C.D. Imbusch3, M. Kreutz1,5, B. Brors3,9,10, I. Ugele6, J.M. Werner4, P.J. Siska5 
1Leibniz Institute for Immunotherapy, Regensburg, Germany, 2Heidelberg University, Faculty of 
Biosciences, Heidelberg, Germany, 3German Cancer Research Center (DKFZ), Division of Applied 
Bioinformatics, Heidelberg, Germany, 4University Hospital Regensburg, Department of Surgery, 
Regensburg, Germany, 5University Hospital Regensburg, Department of Internal Medicine III, 
Regensburg, Germany, 6University Hospital Regensburg, Department of Otorhinolaryngology, 
Regensburg, Germany, 7University Hospital Regensburg, Department of Urology Caritas St. Josef 
Medical Centre, Regensburg, Germany, 8University Hospital Regensburg, Institute of Pathology, 
Regensburg, Germany, 9National Center for Tumor Diseases (NCT), Heidelberg, Germany, 10German 
Cancer Research Center (DKFZ), German Cancer Consortium (DKTK), Heidelberg, Germany 
 
Despite extensive studies on the chromatin landscape of exhausted T cells, the transcriptional wiring 
underlying functional and dysfunctional states of human tumor-infiltrating lymphocytes (TILs) is 
incompletely understood. Here, we identify tissue-specific and general gene-regulatory landscapes in 
the wide breadth of CD8+ TIL functional states covering four cancer entities using single-cell 
chromatin profiling. We map enhancer-promoter interactions in human TILs by integrating single-cell 
chromatin accessibility with single-cell RNA-seq data from tumor entity-matching samples and 
prioritize key elements by super-enhancer analysis. Our results reveal a human core chromatin 
trajectory to TIL dysfunction and identify key enhancers, transcriptional regulators, and deregulated 
target genes involved in this process. Finally, we validate enhancer regulation at loci encoding 
immunotherapy-relevant genes by targeting non-coding regulatory elements with potent CRISPR 
activators and repressors. In summary, our study advances the understanding of molecular 
regulation of TIL (dys-)function and provides a framework for modulating relevant TIL genes via their 
enhancers. 
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Visceral adipose tissue proximity as a biomarker of response to immunotherapy in epithelial 
ovarian cancer: insights from patient-derived tissue explants 
M. Suarez-Carmona1, D. Ferber2, M. Hampel2, S. Grauling-Halama1, S. Keß3, S. Schott3, N. Halama1 
1German Cancer Research Center, Division of Translational Immunotherapy, Heidelberg, 
Germany, 2National Center for Tumor Diseases, Heidelberg University Hospital, Medical Oncology, 
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Immunotherapy in epithelial ovarian cancer (EOC) improves patient outcome in a very small 
proportion of patients (12% responders to Nivolumab for instance), leaving most patients with 
chemoresistant relapse with no therapeutic option whatsoever. Therefore, stratifying patients who 
are the most susceptible to respond to immunotherapy addresses a real clinical need. 
Because the density of tumor-infiltrating T cells (TILs) and their distribution inside tumor epithelial 
islets predicts survival in EOC, we analyzed TIL density on whole tissue images in a cohort of n = 102 
human EOC specimens, using automated immunostaining and a virtual pathology software for semi-
automated detection and quantification of T cells on whole tissue images. We detected a significant 
enrichment of (CD3+ and CD8+) TILs in tumors exhibiting contact with the visceral adipose tissue 
(VAT) of the omentum, a preferred site for dissemination in EOC. Further analyses, including 
immunostains and multiplex cytokine profiling, revealed that tumors rich in VAT generally display a 
distinct immune landscape – characterized by inflammation, T cell abundance and fitness, and 
macrophage dysfunction associated with their lipid storage – that happened to be responsive to 
immunotherapy in patient-derived tissue cultures. 
Clinically, this susceptibility to immunotherapy response was confirmed in specimens from the 
UMIN000005714 clinical trial, where responders to Nivolumab are exclusively present in the group of 
patients with tumors harboring VAT content. Interestingly, the VAT content of tumors can be 
predicted by a non-invasive method thanks to a machine learning algorithm based on the imaging 
data (X-ray or PET-scans) of patients, as we demonstrated in a training (n = 30 patients) and a 
validation cohort (n = 30 patients). 
We have partially elucidated the mechanisms behind this connection between VAT content and 
successful immunotherapy. Indeed, in a proof-of-concept series or experiments with patient-derived 
tissue explant cultures, tampering with T cell chemokine traps (with CCR5 inhibition) or with the lipid 
content of macrophages (with CCR5 or CD36 inhibition) transforms the specific environment of 
tumors with VAT content into an environment prone to an anti-tumor cytotoxic immune response. 
The specificity of the response in tumors with VAT content rely on one hand on the abundance and 
fitness of T cells and on the other hand on the capacity of repolarizing foamy macrophages in 
situ, which in turn stimulates T cell expansion and activation. 
In summary, these results present a new rationale for the effective stratification of EOC patients that 
benefit from immunotherapy as well as a non-invasive method to achieve this stratification. 
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BXQ-350 for treatment of solid tumors: Modulating ceramide and sphingosine-1-phosphate 
G. Tapolsky1 
1Bexion Pharmaceuticals, Covington, United States 
 
Background: Sphingolipids are a class of bioactive signaling molecules implicated in multiple cellular 
processes and molecular pathways. A vast body of scientific literature has demonstrated that, 
amongst these sphingolipids, sphingosine-1-phosphate (S1P) is a key signaling lipid that promotes 
cancer cell survival and proliferation, activates oncogenic pathways, and stimulates immuno-
suppressor cell populations,. Similarly, medium chain-length ceramides have been shown to down 
regulate oncogenic pathways, expand immuno-effector cell populations, and promote tumor cell 
death. 
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Hence, compounds targeting enzymes involved in thede novo synthesis of S1P and ceramides have 
long been investigated as novel anti-cancer agents; and several are currently in preclinical and clinical 
development for cancer and other therapeutic areas (e.g., autoimmune diseases). 
BXQ-350 is a nanovesicle of Saposin C, an allosteric activator of sphingolipid metabolism, that has 
demonstrated broad anticancer activity, increasing ceramide production, and more recently, 
evidencing a reduction in S1P. BXQ-350 was investigated in a Phase 1 dose-escalation safety study in 
an all-comer cancer patients with advanced solid malignancies, including brain tumors 
(NCT02859857) to determine its safety profile and its potential clinical activity as a single agent in 
cancer patients. 
Methodology: Preclinical experiments (in vitro, in vivo andex vivo) and analysis of biomarker 
samples, collected during the Phase 1 clinical study in cancer patients, were performed to determine 
the impact of BXQ-350 on S1P and ceramide concentrations, cytokines, and immuno-effector and 
immune-suppressor cells. 
Results: The Phase 1 program showed that 8 patients (~11% of evaluable patients) had PFS> 6 
months with 2 patients still on study five years after enrollment, unexpected for this patient 
population. Preclinical and clinical results revealed that BXQ-350 decreases S1P levels and increases 
ceramide concentrations in many of the patients that experienced evidence of clinical benefit. Ex 
vivo results also have shown that BXQ-350 repolarizes macrophages towards the M1 phenotype, 
inhibits MDSC proliferation, and expands CD4/8+ T-cells. 
Conclusion: While these results are exploratory and preliminary in nature, and need to be further 
confirmed, they suggest that decreasing the concentrations of the immune-suppressor S1P and 
simultaneously increasing the concentrations of anti-tumor ceramides may be an effective strategy 
to treat a variety of solid tumors. 
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Tumour-associated antigens and cellular or humoral immune responses against them are common 
in esophago-gastric adenocarcinoma, but their co-occurrence is rare 
M. Thelen1, D. Keller1, J. Lehmann1, K. Wennhold1, H. Weitz1, E. Bauer2, B. Gathof2, M. Brüggemann3, 
M. Biehl-Kotrova3, A. Quaas4, C. Mallmann5, S.-H. Chon5, A.M. Hillmer4,1, C. Bruns5, M. von Bergwelt-
Baildon6, M. Garcia-Marquez1, H.A. Schlößer5,1 
1University of Cologne, Center for Molecular Medicine Cologne, Köln, Germany, 2University of 
Cologne, Institute of Transfusion Medicine, Köln, Germany, 3Universitätsklinikum Schleswig-Holstein, 
Klinik für Innere Medizin II, Kiel, Germany, 4University of Cologne, Institute of Pathology, Köln, 
Germany, 5University of Cologne, Department of General, Visceral, Cancer and Transplantation 
Surgery, Köln, Germany, 6Ludwig Maximilians University, Department of Internal Medicine III, 
München, Germany 
 
Specific immune response is a hallmark of cancer immunotherapy and shared tumour-associated 
antigens (TAAs) are important targets. Recent advances using combined cellular therapy against 
multiple TAAs renewed the interest in this class of antigens. Our study aims to determine the role of 
TAAs in esophago-gastric adenocarcinoma (EGA). 
RNA expression was assessed by NanoString in tumour samples of 41 treatment-naïve EGA patients. 
Endogenous T cell and antibody responses against the 10 most relevant TAAs were determined by 
FluoroSpot and protein-bound bead assays. Digital image analysis was used to evaluate the 
correlation of TAAs and T-cell abundance. T-cell receptor sequencing, in-vitro expansion with 
autologous CD40-activated B cells (CD40Bs) and in-vitro cytotoxicity assays were applied to 
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determine specific expansion, clonality and cytotoxic activity of expanded T cells. 
68.3% of patients expressed ≥5 TAAs simultaneously with co-regulated clusters, which were similar 
to data from The Cancer Genome Atlas (n=505). Endogenous cellular or humoral responses against 
≥1 TAA were detectable in 75.0% and 53.7% of patients, respectively. We found a correlation of T-cell 
abundance and the expression of TAAs and genes related to antigen-presentation. TAA-specific T-cell 
responses were polyclonal, could be induced or enhanced using autologous CD40Bs and were 
cytotoxic in-vitro. Despite the frequent expression of TAAs co-occurrence with immune responses 
was rare. 
We identified the most relevant TAAs in EGA for monitoring of clinical trials and as therapeutic 
targets. Antigen-escape rather than missing immune response should be considered as mechanism 
underlying immunotherapy resistance of EGA. 
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Oncolytic adenovirus-mediated expression of an anti-PD-L1 scFv induces recruitment and immune 
evasion inhibition 
M. Vitale1,2, F. Scialò3,2, L. Tripodi2, T. Patriciello4, A. Scogliamiglio4, V. Cerullo5,1, G. Castaldo1,2, L. 
Pastore1,2 
1Università degli Studi di Napoli Federico II, Medicina Molecolare e Biotecnologie Mediche, Napoli, 
Italy, 2CEINGE-Biotecnologie Avanzate, Napoli, Italy, 3University of Campania 'L. Vanvitelli', 
Dipartimento di Scienze Mediche Traslazionali, Naples, Italy, 4Università degli Studi di Napoli Federico 
II, Biotecnologie, Napoli, Italy, 5University of Helsinki, Faculty of Pharmacy, Helsinki, Finland 
 
Oncolytic virotherapy is an emerging therapeutic approach that could offer an attractive combination 
of tumor-specific cell lysis together with immune stimulation, therefore acting as potential in situ 
cancer vaccines. Furthermore, arming an oncolytic virus with immunomodulatory transgenes such as 
immune checkpoint inhibitors (ICIs) or other molecules can increase the virus ability to target the 
tumor microenvironment (TME) and, therefore, enhance immune-virotherapy. Adenoviruses (Ads), 
especially, oncolytic adenoviruses (Onc.Ads), can kill cancer cells in different ways by inducing 
immunogenic cell death. 
To increase their anticancer activity, we armed the previously published Ad5D24 to add the ability to 
block tumor immune evasion. The main pathway involved in immune evasion implicates the 
interaction between Programmed death ligand 1 (PD-L1) and its receptor PD-1. The PD-1/PD-L1 
interaction inhibits CD8+ T cell proliferation turning off the antitumoral T cell-mediated response. We 
previously isolated a single-chain variable fragment antibody (scFv) that binds to both human and 
murine PD-L1 with high affinity and developed an Onc.AdΔ24 (Onc.AdΔ24-scFv-anti-PD-L1) that 
expresses the scFv joining the blockage of PD-1/PD-L1 interaction with the antitumoral activity of 
Onc.Ads. Firstly, we evaluated onc.AdΔ24-scFv-anti-PD-L1 on B16.OVA melanoma cells, 
demonstrating the reduction of cell survival in vitro and slow down tumor growth in vivo in a 
melanoma mouse model. In addition, we observed an increase in the tumor-infiltrating lymphocytes 
(CD8+) in tumors from treated mice, indicating a favorable immune profile. Subsequently, we 
evaluated the effect of Onc.AdΔ24-scFv-anti-PD-L1 on TOM-1-GFP-Luc, a murine lung cancer cell line. 
At this aim, we developed an in vitro tumor model generating 3D spheroid to better mimic tumor 
structure; preliminary data reveal a significant reduction of spheroids diameter after Onc.AdΔ24-
scFv-anti-PD-L1 infection. Altogether, these data suggest that this innovative approach could be 
effective in the treatment of different tumors supporting and potentiating the available current 
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therapy and, in addition, the combination of immune cells and 3D spheroids can get us closer to 
obtaining an in vitro model that mimics the complexity of ’’ in vivo model’’. 
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Novel biosensors detect dynamic cellular cytokine secretion profiles in a 3D microenvironment at 
single-cell resolution: deciphering heterogeneity in IL-6 secretion and its kinetics in breast cancer 
R. Weingarten1, H. Kleine-Brüggeney1, K. Kirchhoff1, J. Franzgrote1, C. Engwer1, K. Fischer2, T. Fryer2, 
M. Rezaei1, F. Schulze Bockeloh1, S. Bühren1 
1EVORION Biotechnologies GmbH, Münster, Germany, 2University of Cambridge, Department of 
Biochemistry, Cambridge, United Kingdom 
 
Cell secreted molecules such as cytokines and chemokines play a crucial role in many physiological 
and pathophysiological processes. In particular, the tumor microenvironment promotes the secretion 
of different cytokines depending upon the type and stage of tumorigenesis. These cytokines mediate 
interactions between immune cells, stromal cells, and cancer cells in both autocrine and paracrine 
manners. Thus, the understanding of the cellular mechanism and temporal release of cytokines 
within the tumor microenvironment is pivotal in examining cancer progression. 
Currently available technologies to measure cytokine release are limited to single time point analysis 
or lack the relevant physiological 3D microenvironment. By applying microfluidic technology and 
biofunctional chemistry, we have developed novel biosensor gel beads to detect the secretion of 
cytokines with the CellCity System (evorion biotechnologies). This enables the time-resolved study of 
co-positioned single cells/cell pairs encapsulated in a 3D hydrogel matrix in a highly parallelized 
manner. 
Additionally, our method also allows correlation of the dynamic cytokine secretion profile with gene 
transcription (smRNA FISH) and protein expression (immunostaining) at single-cell resolution for full 
functional phenotypic characterization. 
To this end, we examined IL-6 secretion in MCF7 and MDA-MB-231 breast cancer cells after TNF-α 
stimulation on the chip. After stimulation, secreted IL-6 molecules were detected in real-time by the 
biosensor gel beads for 48 hours. As expected, the highly invasive MDA-MB-231 cell lines showed a 
higher secretion level of IL-6 compared to MCF-7 cells. Additionally, intra-population heterogeneity 
in IL-6 secretion kinetics could be resolved with our system. Furthermore, endpoint measurements 
revealed an inverse correlation of mRNA and protein expression of E-cadherin with IL-6 secretion. 
Thus, in this study, we present novel biosensors that can detect cytokine secretion in real-time from 
cells encapsulated in 3D gel beads at single-cell resolution. We are also designing next-generation 
biosensor gel beads for multiplex analysis of cytokine secretion for the study of immune-cancer cell 
interactions. 
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Semiflexible polymer brush beads provide a highly efficient T cell expansion platform 
L. Weiss1,2,3, L. Gerrits4, J. Weiden1,2,3, D. Voerman1,2,3, E. Grad1, M. Verdoes1,3, P. Kouwer4, R. 
Hammink1,2,3,4, C.G. Figdor1,2,3 
1Radboud Institute for Molecular Life Sciences, Tumor Immunology, Nijmegen, Netherlands, 2Oncode 
Institute, Immunotherapy, Nijmegen, Netherlands, 3Institute for Chemical Immunology, Nijmegen, 
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Netherlands, 4Radboud University - Institute of Molecules and Materials, Systems Chemistry, 
Nijmegen, Netherlands 
 
The therapeutic efficacy of many cancer immunotherapies depends on the quality and quantity of ex 
vivo expanded T cells. Antigen-presenting cells are widely used to expand T cells for adoptive 
therapy, but this approach suffers from a time-consuming and costly process and shows variable 
therapeutic outcomes. As an alternative to cell-based expansion strategies, biomaterials 
functionalized with activating cues can be used to boost T cell proliferation in an efficient and well-
defined manner. Here, we introduce a potent T cell activating polyisocyanopeptide (PIC) polymer 
brush magnetic bead system. We site-directedly conjugated semiflexible PIC polymers decorated 
with T cell activating anti-CD3 or peptide-loaded major histocompatibility complexes and anti-CD28 
antibodies to magnetic microbeads to form brush surfaces. We demonstrate that brush surfaces are 
a key factor in driving T cell activation, likely through facilitating favorable receptor rearrangement 
and mechanotransduction during T cell binding. When compared to current benchmark expansion 
techniques, stimulation with PIC brushes leads to higher numbers of T cells that present beneficial 
characteristics, such as increased cytokine secretion. All in all, our work underlines the great 
potential PIC brush beads hold as a novel T cell expansion platform to make T cell-based 
immunotherapies more effective. 
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Loss of lymphotoxin alpha-expressing memory B cells correlates with metastasis of human primary 
melanoma 
F. Werner1, C. Wagner1, M. Simon1, K. Glatz2, K.D. Mertz3, H. Läubli4, E. Richtig5, J. Griss6, S.N. 
Wagner1 
1Medical University of Vienna, Department of Dermatology, Laboratory of Molecular Dermato-
Oncology and Tumor Immunology, Vienna, Austria, 2University Hospital Basel, University of Basel, 
Institute of Medical Genetics and Pathology, Basel, Switzerland, 3Cantonal Hospital Baselland, 
Institute of Pathology, Liestal, Switzerland, 4University Hospital Basel, Laboratory for Cancer 
Immunotherapy, Department of Biomedicine and Medical Oncology, Department of Internal 
Medicine, Basel, Switzerland, 5Medical University of Graz, Department of Dermatology, Graz, 
Austria, 6Medical University of Vienna, Department of Dermatology, Vienna, Austria 
 
Activated antigen-experienced B cells play an unexpected complex role in anti-tumor immunity in 
human melanoma patients. However, correlative studies between B cell infiltration and tumor 
progression are limited by the lack of distinction between functional B cell subtypes. In this study, we 
examined a series of 59 primary and metastatic human cutaneous melanoma specimens with B cell 
infiltration. Using seven-color multiplex immunohistochemistry and automated tissue imaging and 
analysis, we analyzed the spatiotemporal dynamics of three major antigen-experienced B cell 
subpopulations expressing lymphotoxin alpha (LTA/TNFSF1) or interleukin-10 (IL-10) outside tertiary 
lymphoid structures. The expression of both LTA and IL-10 was not restricted to a particular B cell 
subtype. In primary melanomas, these cells were predominantly found at the invasive tumor-stroma 
front and, in metastatic melanomas, they were also found in the intratumoral stroma. In primary 
melanomas, decreased densities of LTA+ memory-like and, to a lesser extent, activated B cells were 
associated with metastasis. Compared with metastatic primary tumors, B cell infiltrates in melanoma 
metastases were enriched in both LTA+ memory-like and LTA+ activated B cells, but not in any of the 
IL-10+ B cell subpopulations. Melanoma disease progression shows distinct dynamics of functional B 



Poster Session II 
 
            Tumor Biology and Interaction with the Immune System 
 
 
cell subpopulations, with the regulation of LTA+ B cell numbers being more significant than IL-10+ B 
cell subpopulations. 
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CD39 is highly expressed with TIGIT by CD8+ and regulatory CD4+ tumor infiltrating T cells in 
ovarian cancer 
M. Witt1, F. Brauneck1,2, L. Oliveira-Ferrer3, T. Sturmheit4,1, C. Bokemeyer1, S. Menzel5, W. Fiedler1, J. 
Wellbrock1 
1University Medical Center Hamburg-Eppendorf, Department of Oncology, Hematology and Bone 
Marrow Transplantation with Section Pneumology, Hubertus Wald University Cancer Center, 
Hamburg, Germany, 2University Medical Center Hamburg-Eppendorf, Mildred Scheel Cancer Career 
Center HaTriCS4, Hamburg, Germany, 3University Medical Center Hamburg-Eppendorf, Department 
of Gynecology, Hamburg, Germany, 42cureX GmbH, Hamburg, Germany, 5Medical Faculty University 
Bonn, Core Facility Nanobodies, Bonn, Germany 
 
Ovarian cancer (OvCa) is a highly aggressive disease with a 5-year survival rate of 48% of all stages. 
The presence of cytotoxic T cells in ovarian tumors correlates with survival, indicating that ovarian 
cancer patients benefit from immunotherapeutic strategies. Upregulation of CD39 on T lymphocytes 
is an efficient mechanism to escape antitumor strategies by depleting immune-stimulatory ATP and 
together with CD73 generate immunosuppressive adenosine in the tumor microenvironment. In 
addition, it was recently found that the inhibitory receptor TIGIT on T cells is associated with a poorer 
prognosis in multiple cancer entities. 
In this study, the expression of the ectonucleotidases CD39 and CD73 as well as the inhibitory 
receptor TIGIT was assessed on peripheral blood lymphocytes (PBL), malignant ascites (MAL) and 
tumor infiltrating lymphocytes (TIL) using multiparameter flow cytometry. CD3+ T cells of PBL (n=22), 
MAL (n=22) and TIL (n=14) aspirates were obtained from patients with diagnosed high-grade serous 
ovarian cancer and were compared with the blood from healthy donors (HDs, n=12). Using a blocking 
anti-CD39 nanobody or isotype control nanobody proliferation was evaluated on PB-derived T cells in 
vitro. 
In comparison to HDs CD8+ T cells of the PBLs, MALs and TILs from OvCa patients displayed 
significantly increased frequencies of TIGIT+ cells (p=0.0001, p=0.0001, p=0.0013). Unlike TIGIT, CD39 
was exclusively expressed by CD8+ TILs in OvCa (TILs vs. MALs p=0.09, TILs vs. PBLs p=0.018, TILs vs. 
PBLs of HDs p=0.0014). Surprisingly we observed also an increased frequency of regulatory 
(CD25+CD127-CD4+) TILs expressing TIGIT and CD39 in comparison to regulatory CD4+ PBLs from 
patients with OvCa or HDs (for TIGIT p=0.0172, p=0.0282 and for CD39 p=0.0436, p=0.0106). Even if 
we did not detect co-expression of both markers on CD8+ T cells in OvCa, our analyses revealed a 
significantly increased frequency of CD39+TIGIT+ regulatory TILs in comparison to the regulatory PBLs 
from patients with OvCa or HDs (p=0.0416, p=0.0057). Hypothesizing CD39 is potentially involved in 
mediating the suppressive abilities of tumor-infiltrating CD8+ T cells and of CD4+ Tregs, we assessed 
the effect of its enzymatic blockade. We blocked the enzymatic activity of CD39 using a newly 
engineered inhibitory nanobody in the presence or absence of exogenous ATP or AMP. For healthy 
PB-derived CD3+ T cells, we observed a dose-dependently increased proliferation of the CD8+ and 
CD4+ (mainly FOXP3+CD25+ regulatory CD4+) T cells and an increased activation (CD25 expression) 
following blockade of the enzymatic activity of CD39 in vitro. 
We are currently expanding these experiments using primary mononuclear cells and combine the 
blockade of CD39 with that of TIGIT. Our current findings suggest that the immunosuppressive 
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molecules TIGIT and CD39 represent additional potential targets to improve T-cell mediated 
cytotoxicity in OvCa patients. 
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Discovery of Rpl18 neoantigen-specific TCRs and their functional validation 
I.G. Yildiz1, K. Reinhard2, M. Vormehr3, K. Wunsch2, Y. Ouchan2, L. Kolb1, N. Correia1, T. Bukur1, A. 
Cortini2, T. Omokoko2, M. Diken1, S. Kreiter1, U. Sahin4,3 
1TRON-Translational Oncology at the University Medical Centre of the Johannes Gutenberg University 
Mainz, Mainz, Germany, 2BioNTech Cell and Gene Therapies GmbH, Mainz, Germany, 3BioNTech SE, 
Mainz, Germany, 4University Medical Centre of the Johannes Gutenberg University Mainz, Mainz, 
Germany 
 
Mutations arising during tumorigenesis can give rise to neoantigens, which are uniquely expressed in 
tumor cells enabling neoantigen-reactive T cells to bypass central thymic tolerance unlike self-
antigen-reactive T cells. Hence, discovery of neoantigens and induction of neoantigen-specific T cell 
responses have gained significant importance for cancer immunotherapy. Both our preliminary work 
and literature revealed neoantigen specific T cells might possess anti-tumoral activities especially for 
tumors with high mutational burden. One of the most frequently used murine colorectal cancer 
tumor model MC-38 was revealed to possess neoantigens presented by MHC class I, which triggered 
strong CD8 T cell responses. Among different neoantigens tested, Ribosomal protein L18 (Rpl18) 
neoantigen was shown to dominate CD8 T cell responses. We established a platform for rapid and 
efficient isolation of neoantigen-specific cells, cloning of neoantigen-specific T cell receptor (neoTCR) 
sequences and ex vivo engineering of T cells with desired TCR sequences. Following in vivopriming 
and expansion, Rpl18 neoTCR sequences were identified via 10X V(D)J sequencing, cloned and 
evaluated for their functionality based on IFNγ secretion upon antigen specific stimulation. 
Functionally top ranked TCRs were used to reprogram T cells for further investigation of anti-tumoral 
activities both in vitro and in vivo. Rpl18 neoTCR sequences we identified and validated might 
contribute to the development of more effective therapeutic strategies against widely used MC-38 
tumor model. 
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A chimeric oncolytic virus vector as a novel and potent platform for cancer immunotherapy 
J. Marek1, L. Hanesch1, S. Glauß1, T. Krabbe1, J. Altomonte1 
1Klinikum rechts der Isar, TU München, Innere Medizin II, München, Germany 
 
Over the past decade, monumental advances in the field of oncolytic virus (OV) therapy have led, not 
only to the first approval of an OV drug, but to a general consensus that OV therapies represent an 
important pillar of cancer immunotherapy. Despite this achievement, there remains the ongoing 
challenge to engineer the ideal OV platform that offers optimal oncolytic and immune stimulatory 
effects without the introduction of adverse off-target effects. We have recently reported a novel 
chimeric VSV-NDV vector, which exploits the rapid life cycle of vesicular stomatitis virus (VSV), while 
eliminating the detrimental neurotoxic side effects and simultaneously introducing the therapeutic 
aspect of cell-cell fusion through the use of a modified, hyperfusogenic fusion protein (F(L289A)) 
from Newcastle disease virus (NDV) Hitchner B1. This approach leads to efficient and rapid spread of 
the virus, as well as a highly immunogenic tumor cell death, marked by membrane localization of 
calreticulin and release of ATP, Hsp70, and HMGB1, and maturation and activation of dendritic cells 
and NK cells. These results translate to substantial tumor responses and prolonged survival in various 
preclinical tumor models in immune-competent rodents, as compared to PBS and wtVSV treatment. 
Evidence of abscopal effects in uninjected contralateral flank tumors and increases in tumor-
infiltrating and peripheral populations of tumor-specific cytotoxic T cells indicate that the therapeutic 
mechanism of VSV-NDV-mediated oncolysis is at least in part mediated by immune-stimulatory 
effects. Furthermore, by heating up the tumor microenvironment through oncolytic viral therapy, 
combinations with immune checkpoint inhibitors lead to synergistic therapeutic effects. Virus 
modification to express immune-stimulatory cytokines similarly leads to enhanced immune-mediated 
effects and prolonged survival in syngeneic tumor-bearing mice. Together with the exceptional safety 
profile of this chimeric virus, these data strongly support the further development of VSV-NDV for 
clinical translation and the use of this vector as a platform for the development of novel cancer 
immunotherapeutic approaches. 
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ZH9: a live bacterial immunotherapy that reprograms suppressive macrophages and induces 
trained immunity 
M. Besneux1, T. Oke1, M. Chol1, N. Glanville1, L. Deban1 
1Prokarium, London, United Kingdom 
 
Depending on the local environment, macrophages can differentiate into pro-inflammatory (M1) 
phenotype or into anti-inflammatory (M2) suppressive cells. Tumor-associated macrophages (TAMs) 
are one of the major types of innate immune cells infiltrating tumors. They principally display a M2-
like phenotype and are associated with tumor growth and metastasis. Their immunosuppressive 
effect is mediated by secretion of suppressive cytokines or surface expression of immunomodulatory 
proteins. TAMs are therefore important therapeutic targets in cancer and immunotherapies have 
aimed to deplete them. However, their unique plasticity offers the possibility to re-educate them 
towards an anti-tumor M1 phenotype and dampen their pro-tumoral functions. Prokarium is 
developing a live attenuated Salmonella enterica serovar Typhi strain (ZH9) to be the next cancer 
immunotherapy leveraging Salmonella’s unique biology. Based on the plastic characteristics of 
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macrophages, we hypothesized that ZH9 can revert M2 macrophages into M1 cells capable of 
supporting T cell proliferation. Through a series of in vitro assays using human monocytes cultured 
under M2-inducing conditions, we demonstrate that ZH9 repolarizes M2 macrophages. ZH9 
treatment of M2 cells induced pro-inflammatory cytokine and chemokine release (IL12, IL18, CXCL10) 
and upregulated the expression of key costimulatory molecules (CD40, CD80 and CD86), indicating 
that ZH9 hinders macrophage skewing towards the suppressive phenotype. In addition, M2 cells 
demonstrated higher ZH9 uptake than monocytes cultured under M1-inducing conditions. To 
determine whether ZH9-induced macrophage repolarization translates into reduction of suppressive 
functions, T cell proliferation assays were performed. T cells cultured with untreated M2 
macrophages showed limited proliferation and IFNg secretion. In contrast, ZH9-treated M2 cells 
supported T cell activity and proliferation. These data indicate that ZH9 reprograms fully 
differentiated M2 cells toward an anti-tumor phenotype. We next explored whether ZH9 can also 
have direct and long-term effects on undifferentiated monocytes, a process known as trained 
immunity. Lymphocytes proliferated to a significantly greater extent when cocultured with ZH9-
trained monocytes in combination with anti-PDL1 antibodies. Taken together, these data 
demonstrate that ZH9 effect on monocytes/macrophages is two-fold. Firstly, ZH9 repolarises M2 
macrophages and, secondly, it sensitizes monocytes to checkpoint inhibitors. These unique 
properties allow ZH9 to target local TAMs and at the same time to render tumor-recruited 
monocytes resistant to immunosuppression, elucidating an important part of the mechanism of 
action leveraged by ZH9 to orchestrate immune-driven anti-tumor responses. 
 
 
 
183 
 
Low CD8 expression by human cytotoxic T lymphocytes under mTOR-dependent starvation: 
Implications for anti-cancer immune response? 
T. Burkard1, A. Weigert2, C. Dreis1, M. Herrero San Juan1, J.M. Pfeilschifter1, H.H. Radeke1 
1Goethe-University Frankfurt, Institute of General Pharmacology and Toxicology, Frankfurt am Main, 
Germany, 2Goethe-University Frankfurt, Institute of Biochemistry I, Frankfurt am Main, Germany 
 
Cytotoxic CD8+ T lymphocytes are key to an effective anti-cancer immune response and are affected 
by conditions of the tumor microenvironment. The metabolic stress of immune cells is caused by 
local nutrient starvation, which is common to many solid tumors and can severely limit the potent 
immune response of cytotoxic effector cells. Few clinical studies report on low CD8 expression by 
tumor-infiltrating T lymphocytes. In this study, we assessed the role of low CD8-expressing (CD8Low) 
human T lymphocytes found under starvation conditions in vitro, when the activity of mechanistic 
target of rapamycin (mTOR) was restrained. We found that CD8Low T cells showed enhanced 
expression of the alarmin IL-33 surface receptor (ST2L) together with induced CD39 expression as 
regulatory T cell marker, as well as increased levels of transcription factors Helios (IKZF2) and LEF1. 
Moreover, the co-culture with proliferating responder T cells indicated a suppressive capacity of 
these cells. In contrast to CD8Low, high CD8-expressing T lymphocytes (CD8High) showed higher 
expression of T-cell effector-related genes (KLRD1, PRF1 and GZMB). Initial clinical data from human 
breast cancer patients suggests that the frequency of tumor-infiltrating CD8Low T lymphocytes 
correlates with a poor prognosis and with enhanced cancer progression. In summary, our results 
show that low CD8 expression by cytotoxic T lymphocytes might be relevant for cancer immunity and 
could influence the T-cell effector response in many tumor entities. 
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Synergistic effects of Intratumoral mRNA transfer of single chain interleukin 12 and a decoy-
resistant variant of interleukin 18 
A. Cirella1,2, E. Bolaños1,2, A. Teijeira1,2,3, C. Luri1,2, C.A. Di Trani1,2, I. Olivera1,2, J. Gonzalez Vaz1,2, B. 
Palencia1, I. Melero1,2,3,4,5 
1Universidad de Navarra, Immunology and Immunotherapy, Pamplona, Spain, 2Navarra Institute for 
Healy Research (IDISNA), Pamplona, Spain, 3Clinica Universidad de Navarra, Department of Oncology, 
Madrid, Spain, 4Centro de Investigación Biomédica en Red de Cáncer (CIBERONC), Madrid, 
Spain, 5Clinica Universidad de Navarra, Immunology and Immunotherapy, Pamplona, Spain 
 
Interleukin 12 (IL-12) is a heterodimeric cytokine known to enhance antitumor immune responses. IL-
12 is able to synergize with IL-18 at enhancing the production of IFNγ by T cells. There exists an IL-18 
high-affinity decoy receptor (IL18BP) which expression is enriched in the tumor microenvironment 
(TME), acting as a negative regulator of the IL-18 pathway. Despite the great potential of 
recombinant IL-12 as a cancer therapeutic agent, its application has been limited due to IFNγ-related 
toxicity. Since IL-12 and IL-18 synergize to induce IFNγ from T and NK cells, systemic combinations of 
both cytokines are likely to be toxic. Therefore local intratumoral (i.t) delivery of mRNAs encoding IL-
12 and IL-18 makes sense as an alternative therapeutic strategy. 
We designed mRNAs encoding a single chain IL-12 (scIL-12) and a decoy resistant IL-18 (DR-18) which 
sequence was previously described. Mice were intravenously injected with lipocomplex-formulated 
mRNAs and plasma samples were collected to assess IFNγ levels. Mice engrafted with B16OVA-
derived tumors received i.t injection of GFP-RNA formulated in saline solution and GFP+ cell subsets 
were determined by flow cytometry. Bilateral tumor-bearing mice were treated with repeated i.t 
RNA injections and tumor growth was followed up. Tumors and tumor draining lymph nodes (TDLN) 
were analyzed by flow cytometry. To determine the immune cell contribution to the anti-tumor 
effect, depletions of immune cells were performed. 
The combination of scIL-12 and DR-18 synergistically induced the production of IFNγ from murine 
splenocytes. When injected intravenously, the combo mRNA treatment induced extremely high 
levels of circulating IFNγ that caused death of more than 80% of mice. By using a reporter gene, we 
identified mRNA expression mainly in CD45- tumors cells but also in macrophages and dendritic cells. 
Intratumoral injection of combo mRNA in B16OVA bilateral tumor-bearing mice resulted in the 
complete regression of treated tumors in 67% of mice as compared to a 20% of scIL-12 single 
treatment. Of note, a significant delay of controlateral tumors was achieved. Combined treatment 
induced changes in the immune composition of the TME, and in particular, increased expression of 
activation markers on CD8+ TILs in the untreated tumor and in the TDLNs. The antitumor activity was 
strongly dependent on CD8+ T cells as it was significantly reduced after the depletion of this cell 
subset. The i.t treatment with IL-12+DR18 mRNA was shown to accelerate the efficacy of systemically 
given immune checkpoint inhibitors as shown in the combination with anti-PD1 antibodies. 
In conclusion, we show that the i.t coadministration of mRNAs encoding scIL-12 and a decoy resistant 
version of IL-18 synergizes in terms of therapeutic efficacy and immune changes in the tumor tissue 
microenvironment. 
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Targeting NKG2A to boost anti-tumor CD8 T-cell responses in human colorectal cancer 
K. Ducoin1,2, R. Oger3,2, L. Bilonda Mutala3,2,4, C. Deleine1,2, N. Jouand5, J. Desfrançois5, J. Podevin6, E. 
Duchalais6, J. Cruard3, H. Benlalam1,2, N. Labarrière1,2, C. Bossard3,2,6, A. Jarry1,2, N. Gervois-Segain1,2 
1Nantes Université, Univ Angers, INSERM, Immunology and New Concepts in ImmunoTherapy, INCIT, 
UMR 1302, Nantes, France, 2LabEx IGO, Université de Nantes, Nantes, France, 3Nantes Université, 
Univ Angers, INSERM, CRCINA, UMR 1232, Nantes, France, 4Institut Roche, Boulogne-Billancourt, 
France, 5Université de Nantes, CHU Nantes, Inserm, CNRS, SFR Santé, Inserm UMS 016, CNRS UMS 
3556, Nantes, France, 6CHU Nantes, Department of Digestive Surgery and IMAD, Nantes, France 
 
Recently, the inhibitory CD94/NKG2A receptor has joined the immune checkpoint (IC) group and its 
expression has been documented on NK cells and CD8+ T lymphocytes in several cancers and some 
infectious diseases. In colorectal cancer (CRC), we previously reported that NKG2A+ tumor-infiltrating 
lymphocytes (TILs) are predominantly CD8+ αβ T cells and that overexpression of CD94 or its ligand 
HLA-E was associated with a poor prognosis. This study aimed to thoroughly characterize the 
NKG2A+ CD8+ TIL subpopulation and document the impact of NKG2A on anti-tumor responses in 
CRC. Ex vivo multiparametric flow cytometry followed by unsupervised analysis was performed on 35 
colorectal tumor tissues. RNA seq analysis and in vitro functional assays were carried out on CRC-
derived sorted NKG2A- and NKG2A+ CD8+ TILs (n=6 pairs), including blocking assays on a colorectal 
cell line-reactive NKG2A+ CD8 T-cell clone. Our findings highlight novel features of this subpopulation: 
(i) enrichment in colorectal tumors compared to paired normal colonic mucosa, (ii) their character as 
tissue-resident T cells and their majority terminal exhaustion status, (iii) co-expression of other ICs 
delineating two subgroups differing mainly in the level of NKG2A expression and the presence of PD-
1, (iv) their high functional avidity despite reduced proliferative capacity and finally (v) an inhibition 
of anti-tumor reactivity that is overcome by blocking NKG2A (or HLA-E). From a clinical point of view, 
these results open a promising alternative for immunotherapies based on NKG2A blockade in CRC, 
which could be performed alone or in combination with other IC inhibitors, adoptive cell transfer or 
therapeutic vaccination. 
 
 
 
186 
 
Radioimmunotherapy with carbon ions and CTLA4-blockade improves growth control of local and 
distant tumors in a preclinical mouse model 
L. Hartmann1, W. Osen1, O.L. Eichmüller2, T. Kordaß1, E. Dickes1, M. Moustafa3, J. Furkel3, J. Debus3,4, 
S. Brons4, A. Abdollahi3, S. Rieken5, S. Eichmüller1 
1German Cancer Research Center (DKFZ), Research Group GMP & T Cell Therapy, Heidelberg, 
Germany, 2Institute of Molecular Biotechnology (IMBA), Vienna, Austria, 3Heidelberg University 
Hospital, Department of Radiation Oncology, Heidelberg, Germany, 4Heidelberg University Hospital 
(UKHD), Heidelberg Ion-Beam Therapy Center (HIT), Heidelberg, Germany, 5University Medical 
Center Göttingen, Department of Radiation Oncology, Göttingen, Germany 
 
Irradiation can act as an in situ vaccine creating a pro-inflammatory tumor microenvironment thus 
offering great potential for the initiation of therapeutic anti-tumor immune responses. Radiotherapy 
with heavy ions such as carbon ions holds great promise due to its favorable physical features 
minimizing collateral damage to healthy tissue and organs. While the majority of preclinical and 
clinical studies have focused on conventional photon irradiation, the immunomodulatory potential of 
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carbon ion irradiation is still under investigation. In the present study, we transplanted EO771 tumor 
cells bilaterally onto the flanks of C57BL/6 mice. Following randomization, one tumor was directly 
irradiated (iF; in-field), while the contralateral tumor was spared (oF; out-of-field). We performed 
fractionated irradiation applying biologically equivalent doses of carbon ions (3×3.08 Gy) or photons 
(3×5 Gy) combined with three injections of antibodies against either CTLA4 or PD-L1. We could 
demonstrate for the first time that CTLA4-based radioimmunotherapy with carbon ions or photons is 
equally effective in inducing rejection of both iF tumors and distant oF tumors, as well as generating 
protective immunological memory against EO771 tumor re-challenge. Comprehensive scRNAseq 
analyses of tumor infiltrating immune cells following carbon ion irradiation combined with anti-CTLA-
4 antibody administration revealed that i) myeloid cells predominate in iF tumors and might develop 
into a distinct TAM cluster that is constantly replenished by TRMs and infiltrating monocytes; ii) 
TAMs in iF tumors upregulate genes involved in chemotaxis and responses to TNF-α and IL-1; iii) NK 
cells are activated in iF tumors and iv) T cells are increased and activated in oF tumors, possibly via 
abscopal effects. Furthermore, we show in this bilateral EO771 tumor model that 
radioimmunotherapy with CTLA4-blocking is clearly superior to combined radiotherapy with anti-PD-
L1 antibodies in mediating tumor regression. Notably, the strongest immunological benefits were 
found in out-of-field tumors, which is of clinical relevance, since non-irradiated metastases can drive 
disease progression and mortality. Thus, estimation of the comprehensive therapeutic potential of 
applied radioimmunotherapy regimens requires careful investigation of radioimmunotherapy 
mediated effects exerted on both iF and distant oF tumors. 
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Apolipoprotein A-I-mediated tumor targeting enhances the antitumor immune response of mRNA-
encoded 4-1BBL fusion proteins. 
M. Fernández-Sendin1,2, M. Alvarez1,2,3, A. Bella1,2, C.A. Di Trani1,2, L. Arrizabalaga1,2, J. Russo1,2, C. 
Gomar1,2, F. Aranda1,2, I. Melero1,2,3,4,5, P. Berraondo1,2,3 
1CIMA, University of Navarra, Immunonology and immunotherapy, Pamplona, Spain, 2Navarra 
Institute for Health Research (IDISNA), Immunonology and immunotherapy, Pamplona, 
Spain, 3Centro de Investigación Biomédica en Red de Cáncer (CIBERONC), Madrid, Spain, 4Clinica 
Universidad de Navarra, Oncology, Pamplona, Spain, 5Clinica Universidad de Navarra, Immunonology 
and immunotherapy, Pamplona, Spain 
 
4-1BB (also named CD137 and TNFRSF9) is a costimulatory receptor belonging to the tumor necrosis 
factor receptor superfamily, which surface expression is upregulated upon activation on effector T 
and NK cells. 4-1BB binds to 4-1BB ligand (4-1BBL) expressed on the surface of professional antigen-
presenting cells (APCs) to promote T cell activation and survival. In recent years, agonist 4-1BB 
monoclonal antibodies (mAbs) are being clinically developed to boost anti-tumor responses and have 
shown promising results. However, despite achieving a strong anti-tumor efficacy, these strategies 
may induce liver inflammation, which limits their clinical use. To enhance the anti-tumor effects 
while limiting liver toxicity, we evaluated the feasibility and anti-tumor efficacy of 4-1BBL chimeric 
protein fused to apolipoprotein A-I (ApoA-I) expressed on the liver by messenger RNA (mRNA). ApoA-
I is the main component of high-density lipoprotein (HDL) particles and a ligand for the Scavenger 
receptor class B type 1, (SR-B1), which is frequently overexpressed on tumor cells. Consequently, the 
presence of ApoA-I might promote a direct delivery to the tumor site. We have seen that the fusion 
with ApoA-I preserved the 4-1BBL bioactivity in vitro. In vivo,4-1BBL half-life was increased as 
compared to 4-1BBL alone and ApoA-I/4-1BBL fusion protein achieved a prominent antitumor 
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activity in different murine tumor models when given as monotherapy; efficacy that was further 
increased when combined with immune checkpoint blockade agents. More importantly, ApoA-I/4-
1BBL fusion protein did not induce liver toxicity unlike an agonist 4-1BB mAb, as shown by 
histological and pathological characterization of the hepatic tissue. Thus, these results provide 
preclinical evidence for the benefits of this therapeutic strategy with important clinical ramifications 
given its anti-tumor efficacy and protection against treatment-related side effects. 
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Investigating the therapeutic potential of monoclonal antibodies targeting human GITR 
S. Maguire1, J. Willoughby1, R. French1, K. Cox1, M. John1, V. English1, L. Dunning1, M. Widdess1, C. 
Penfold1, J. Kim1, T. Inzhelevskaya1, I. Mockridge1, C. Chan1, Y. Bogdanov1, M. Cragg1 
1University of Southampton, Antibody and Vaccine Group, School of Cancer Sciences, Southampton, 
United Kingdom 
 
The goal of this project is to investigate the immunomodulatory and anti-tumour activity of a series 
of novel monoclonal antibodies (mAbs) targeting human Glucocorticoid-induced TNFR-related 
protein (GITR). GITR is a cell surface co-stimulatory receptor constitutively expressed at high levels on 
T regulatory cells (Tregs) and at low levels on naïve and memory T cells. Its activation results in the 
increased survival, proliferation and function of effector T cells as well as inhibiting the suppressive 
capacity of Tregs. GITR is therefore an attractive target for anti-tumour immunotherapies. To explore 
this, a panel of novel anti-human GITR mAbs were generated and investigated. To characterise these 
mAbs, both in-vitro and in-vivo methodologies were utilised. Surface plasmon resonance identified 
the binding affinities and binding domains of different antibody clones. Human GITR (hGITR) 
expressing Jurkat/NF-KB/GFP reporter cells were generated to understand how these mAbs influence 
intracellular signalling pathways. Furthermore, CFSE-labelled human peripheral blood mononuclear 
cells (PBMCs) were co-cultured with sub-optimal concentrations of anti-CD3, alongside anti-hGITR 
mAbs, to determine their ability to alter human T cell proliferation in-vitro. To investigate these 
mAbs in-vivo, a novel hGITR knock-in (hGITRKI) transgenic mouse model was developed and 
characterised. The generated mAbs bound to either hGITR domain 1 or 2 with a range of affinities, 
and the majority of mAbs increased intracellular NF-KB. Two of the antibody clones reduced the 
proliferation of CD3-stimulated CD4 and CD8 T cells demonstrating their ability to influence cellular 
function of human T cells in-vitro. The hGITRKI mice, which displayed a hGITR expression pattern 
similar to that of human PBMCs, were then used to determine the therapeutic efficacy of anti-hGITR 
mAbs in-vivo. One of the anti-hGITR mAbs was shown to reduce tumour size and increase survival in 
EG.7 tumour-bearing hGITRKI mice. Interestingly, this therapeutic benefit was dependent on 
antibody isotype, indicating a potential mechanism of action. Future work will seek to define this 
mechanism of action and the underlying properties that mediate its therapeutic activity in 
comparison to other antibodies directed to hGITR or other immune stimulatory receptors. In 
summary, this work has generated and characterised a novel panel of mAbs targeting hGITR and will 
aid in the development of new therapeutics that can be used to activate host immune responses to 
evoke anti-cancer effects in patients who do not respond to current immunotherapies. 
 
 
 
 



Poster Session II 
 
            Improving Immunity 
 
 
189 
 
Reprogramming of tumor-associated macrophages to improve immunotherapy of solid tumors 
L.VC Marques1, A.-K. Schlosser1, W. Osen1, T. Kordaß1, S. Eichmüller1 
1German Cancer Research Center (DKFZ), Research Group GMP & T Cell Therapy, Heidelberg, 
Germany 
 
Most cancer immunotherapies currently applied focus on strategies to boost T cell immunity, e.g., 
upon application of immune checkpoint inhibitors, adoptive T cell therapy or chimeric antigen 
receptor (CAR) Tcell therapy. However, the immunosuppressive tumor microenvironment (TME) 
often counteracts the effect of tumor-targeting Tcells, thereby limiting the success of the 
aforementioned immunotherapy approaches against solid tumors. Macrophages, displaying high 
functional plasticity ranging from immunostimulatory M1-like to immunosuppressive M2-like 
subtypes, represent an essential component of the TME. Unfortunately, these tumor-associated 
macrophages (TAMs) often display an M2-like phenotype suppressing T cell effector function while 
promoting their differentiation into regulatory Tcells. Reprogramming of TAMs into M1-like 
macrophages therefore represents a crucial task in order to neutralize the immunosuppressive tumor 
milieu and facilitate tumor attack by native or genetically modified T cells as well as by the M1-like 
macrophages themselves. Here, we performed QIAGEN Ingenuity Pathway Analysis (IPA) on murine 
and human mRNA sequencing data and determined candidate genes essential for retention of the 
M2 phenotype. Based on this data, appropriate small-molecule inhibitors and small non-coding RNAs 
(sncRNAs) were tested in vitro on murine bone marrow-derived macrophages (BMDMs) and on 
human peripheral blood monocyte-derived macrophages (MDMs). The polarization status was 
monitored by assessment of M1 and M2 markers as well as the transcription factor (TF) expression 
via flow cytometry and quantitative real-time PCR. Thus, PPARG, STAT3, STAT6, MYC, and the HDAC 
family were identified as candidate genes involved in maintenance of the M2 phenotype in both 
mouse and man. Application of inhibitors and sncRNAs (siRNAs/miRNAs) specific for the 
aforementioned TFs to M2-polarized BMDMs as well as MDMs resulted in a change towards M1-like 
marker and TF expression. This effect could even be enhanced upon pooled application of the most 
promising inhibitors. Next, selected inhibitors and sncRNAs will be validated in vitro on murine TAMs 
isolated from explanted tumors. Subsequently, effective molecules will be incorporated into lipid 
nanoparticles and tested for their M1 polarizing capacity in vivo using various transplantable tumor 
models in mice. In conclusion, our work might open a way to achieve repolarization of 
immunosuppressive M2-like TAMs into inflammatory M1-like macrophages thereby improving the 
tumor-reactive immune response against solid tumors. 
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CD3-bispecific antibody therapy is effective in solid tumors after increased T cell infiltration 
induced by vaccines 
J. Middelburg1, M. Sluijter1, B. Goynuk1, G. Schaap1, K. Lloyd2, V. Ovcinnikovs2, K. Kemper2, J. 
Schuurman2, T. van Hall1 
1LUMC, Medical Oncology, Leiden, Netherlands, 2Genmab, Utrecht, Netherlands 
 
CD3-bispecific antibody therapy is an approved treatment modality for hematological cancers, but is 
lagging behind for solid tumors. One of the main hurdles for solid tumors is the lack of tumor-
infiltrating T cells, which are essential for efficacy of CD3-bispecific antibody therapy. We aimed to 
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improve the efficacy of CD3-bispecific antibody therapy by recruiting more T cells into solid tumors. 
In this study, we treated B16F10 melanoma and KPC3-Trp1 pancreatic carcinoma with CD3xTA99, 
targeting the surface antigen Trp1, in combination with an OVA vaccine and adoptive cell transfer 
with traceable OT-1 T cells to visualize T-cell dynamics in a fully syngeneic mouse model. First, we 
tested if CD3-bispecific therapy depended on the influx of new circulating T cells by using CXCR3-
knockout mice or FTY720, an inhibitor of T-cell infiltration. The results demonstrated that 
recruitment was essential for the anti-tumor response. Activating CD8 T cells and thereby enhancing 
the chemokine receptor CXCR3 expression in order to increase immune cell influx was initiated by 
injecting synthetic long peptide (SLP) vaccines. Administered luciferase-transgenic OT-1 T cells were 
used to track T-cell homing during OVA peptide vaccinations. Even though the OT-1 T cells were not 
tumor-specific, they efficiently infiltrated the tumors. CD3-bispecific treatment following vaccination 
led to strong activation and accumulation of intratumoral OT-1 T cells. Importantly, vaccination 
before the administration of CD3-bispecific antibody resulted in delayed tumor outgrowth and 
increased the proportion of long-term survival in mice. Unexpectedly, we found that endogenous 
immune cells were very important for promoting survival with this combination therapy, as CXCR3 
KO hosts transferred with wild type OT-1 T cells showed reduced anti-tumor efficacy. Therefore, we 
removed the adoptive OT-1 cell transfer and only used SLP vaccination to induce T-cell responses 
from the endogenous T-cell repertoire and observed similar results, including increased infiltration of 
activated T cells in the tumor and delayed tumor outgrowth. In conclusion, we found that systemic 
administration of tumor-aspecific SLP vaccination increased T-cell infiltration in solid tumors and 
engaging these T cells with CD3-bispecific antibodies delayed tumor outgrowth and improved 
survival in syngeneic mouse models. The results indicate that combining vaccination with CD3-
bispecific therapy could be explored in the clinic in solid tumors to improve anti-tumor responses. 
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Combining structure-guided mutations and in vivo T cell development to make better MART-1 
reactive T Cells 
S. Quinn1, A.V. Dalheim1, A.B. Plum1, K. Foley1, M.I. Nishimura1 
1Loyola University Chicago, Maywood, United States 
 
An area of cancer immunotherapy with therapeutic promise is the use of T cell receptor (TCR) gene 
modified T cells for adoptive cell transfer. TCR gene modified T cells alter the specificity of T cells to 
targets. However, the immune system is sensitive to change and modifying the affinity of the T cell 
receptor to its target often results in crossreactivity to non-target antigens and adverse events in 
patients. We have previously utilized structure-guided mutations to modify the DMF5 TCR in 
controlled ways to reduce the crossreactivity against non-target tumors. These mutations were 
designed to increase TCR recognition of the MART-1 target antigen (D26Y) or reduce interaction with 
the α2 helix of the MHC (Y50A). This method showed a reduction in crossreactivity against peptide-
loaded targets, however, when tested against tumors, crossreactivity increased, potentially due to 
tumors presenting a spectrum of antigens on their surface. These structural modifications are not 
sufficient to prevent crossreactivity, potentially due to utilizing mature T cells rather than 
incorporating in development to select against those cells with potential to be crossreactive. Our 
system isolates the α or β chain of the TCR heterodimer with structural mutations and introduces 
these chains into a development system where cells must undergo selection processes to result in 
mature T cells. We hypothesize expression of a single α chain of the TCR in developing human 
hematopoietic stem cells (HSCs) undergoing mouse T cell development will result in mature human T 
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cells with MART-1 reactive TCR pairings with better on-target reactivity. 
This hypothesis was tested by transducing HSCs with a DMF5 TCR α chain, either the WT chain, D26Y 
mutant chain, or Y50A mutant chain. These transduced HSCs were engrafted into NSG-A2 mice, and 
the peripheral blood was monitored for human T cell markers (CD7, CD3, MART-1 tetramer binding). 
10 weeks post-engraftment, experiments (N=23) demonstrate that on average, 46.3% of cells 
expressed human CD7, 30.8% expressed human CD3, and 26.5% bound MART-1 tetramer. These cells 
were identified in the spleens of these mice, allowing for isolation of human cells for further 
characterization and identification of TCR rearrangements in higher frequencies than in the 
peripheral blood. The presence of these cells demonstrate hHSCs were able to undergo T cell 
development within the mouse and β chain rearrangements were able to pair with the WT or mutant 
α chain and lead to potentially MART-1 reactive T cells. Functional assays will be performed to assess 
the specificity of these T cells. 
The combination of structure-guided mutations and T cell development may lead to a better 
approach for creating TCRs with better on-target reactivity, allowing us to study the crossreactivity of 
the receptors. These T cells also demonstrate TCR rearrangement can overcome a high affinity 
mutation to produce a TCR that is MART-1 reactive but can mature through TCR selection. 
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The role of dendritic cells in tumor immunity during tumor-targeted therapy 
F. Hornsteiner1, C.H. Tripp1, M. Sykora2, H. Strandt1, S. Sopper2, P. Stoitzner1 
1Medical University of Innsbruck, Dermatology, Venereology & Allergology, Innsbruck, 
Austria, 2Medical University of Innsbruck, Internal Medicine V, Hematology and Oncology, Innsbruck, 
Austria 
 
Melanoma is characterized by high mutational burden and driver mutations affecting genes that 
regulate proliferation and cell growth. Half of the melanoma patients carry a specific point mutation 
in the BRAF gene, which constitutively activates the MAPK pathway. Targeted therapy using 
inhibitors specific for mutant BRAF (BRAFi) is compromised by frequent relapses within the first year 
of treatment due to the development of therapy resistance, which led to development of a 
combination therapy with MEK inhibitors (MEKi) to delay resistance. 
Besides inducing programmed cell death of BRAFV600E-mutant melanoma cells, BRAFi modulates the 
tumor immune microenvironment and induces anti-tumor immune responses. Until now, the studies 
on immunological effects of tumor-targeted therapy mainly focused on effector T cells and NK cells. 
However, the functional role of dendritic cells (DC) in anti-tumor responses by BRAFi remains elusive. 
As DC are crucial to initiate T and NK cell responses, we want to understand which DC subsets are 
involved in immune modulation during treatment. We hypothesize that tumor-targeted therapy 
boosts T cell responses by improving DC function. In order to understand the complexity and 
functionality of these cells, we designed a multicolor flow cytometry panel to clearly discriminate the 
DC compartment from other myeloid cells. Using this optimized panel, we can show that treatment 
with BRAFi decreases immunosuppressive myeloid cells in the tumor microenvironment. 
Furthermore, this targeted therapy recruits activated DC to the highly inflammatory tumor milieu 
which subsequently migrate in an increased frequency to the tumor draining lymph nodes. By using a 
DC-specific reporter mouse strain (Zbtb46-GFP mice), we identified a CD64+DC population in tumor-
draining lymph nodes which shows an activated migratory phenotype. We are currently investigating 
the function of this cell population in more detail to gain insights about the relevance in anti-tumor 
immunity, e.g. antigen presentation and cytokine production. 
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The detailed phenotypcial and functional characterization of tumor-infiltrating DC as well as 
migratory DC subsets in the draining lymph nodes will give us valuable insights whether alterations in 
DC function contribute to resistance development. With this knowledge novel combinatorial 
therapies can be developed. 
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MHC-optimized peptide scaffold for improved antigen presentation and anti-tumor response 
M. Tagliamonte1, A. Mauriello1, B. Cavalluzzo1, C. Ragone1, C. Manolio1, A. Luciano2, A. Barbieri2, G. 
Palma2, G. Scognamiglio3, A. Di Mauro3, M. Di Bonito3, M.L. Tornesello4, F.M Buonaguro4, L. 
Vitagliano5, A. Caporale5, M. Ruvo5, L. Buonaguro1 
1National Cancer Institute 'PASCALE', Innovative Immunological Models LAB, Napoli, Italy, 2National 
Cancer Institute 'PASCALE', Animal Facility, Napoli, Italy, 3National Cancer Institute 'PASCALE', 
Pathology Lab, Napoli, Italy, 4National Cancer Institute 'PASCALE', Molecular Biology and Viralo 
Oncology LAB, Napoli, Italy, 5National Research Council, Institute for Biostructures and Bioimages, 
Napoli, Italy 
 
Tumor Associated Antigens (TAAs) may suffer from an immunological tolerance due to expression on 
normal cells. 
In order to potentiate their immunogenicity, heteroclitic peptides (htcPep) were designed according 
to prediction algorithms. In particular, specific modifications were introduced in peptide residues 
facing to TCR. Moreover, a MHC-optimized scaffold was designed for improved antigen presentation 
to TCR by H-2Db allele. 
The efficacy of such htcPep was assessed in C57BL/6 mice injected with syngeneic melanoma B16F10 
or lung TC1 tumor cell lines, in combination with metronomic chemotherapy and immune checkpoint 
inhibitors (MCT + ICI). 
The immunogenicity of htcPep was significantly stronger than the corresponding wt peptide and the 
modification involving both HLA and TCR binding residues scored the strongest. In particular, the H-
2Db-specific scaffold significantly potentiated the peptides’ immunogenicity and control of tumor 
growth was comparable to wt peptide in a therapeutic setting. 
Overall, we demonstrated that modified TAAs show higher immunogenicity compared to wt peptide. 
In particular, the MHC-optimized scaffold can present different antigen sequences to TCR, retaining 
the conformational characteristics of the corresponding wt. Cross-reacting CD8+ T cells are elicited 
and efficiently kill tumor cells presenting the wild-type antigen. This novel approach can be of high 
clinical relevance in cancer vaccine development  
 
 
 
 


