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Abstract List (001 - 021) 
Therapeutic Vaccination

No.:	 Short talk:	 Title:	

001	 -	 Dendritic cell vaccination as adjuvant therapy after radical lymph node dissection prolongs 
overall survival in melanoma patients with regional lymph node metastasis

002	 -	 IVAC MUTANOME - individualized vaccines for treatment of malignant melanoma - first feasi-
bility assessment of on demand vaccine manufacturing

003	 -	 Developing an oncolytic virus “armed” to deliver antibodies to tumours

004	 -	 Cancer vaccine development for hepatocellular carcinoma - HEPAVAC

005	 -	 Alphavirus-based vaccines encoding nonstructural proteins of Hepatitis C virus induce robust 
and protective T cell responses

006	 -	 Development of a unique anti-AML immune therapy consisting of cord blood hematopoietic 
cell transplantation and cord blood stem cell-derived dendritic cell (CBDC) vaccination

007	 -	 Optimization of peptide-based vaccines using advanced technology

008	 -	 A transcriptomic approach to generate better designer DC for clinical application

009	 -	 Depleting the suppressors for the benefit of immunotherapy against cervical cancer

010	 -	 Temozolomide promotes an increase in the proportion of regulatory T cells over effector T cells 
in patients with glioma

011	 -	 Is the IMA950 multi-peptide vaccine applicable for grade II and III glioma patients?

012	 -	 Towards a personalized immunotherapy by vaccination with exosome-loaded dendritic cells

013	 -	 Integrated computational pipeline for epitope characterization for use in personalized genomic 
vaccination in solid tumors

014	 -	 Vaccination of melanoma patient with native peptide promotes the early onset development of 
a dominant T cell repertoire

015	 -	 Vaccination against the large T antigen as a model for immunotherapy of virally induced  
cancer

016	 -	 ASET study: Predictive parameters and immunological data of patients with locally recurrent 
or metastatic renal cell carcinoma (RCC) treated with the cell-based therapeutic cancer vaccine 
MGN1601

017	 -	 The interaction of Antigen-Antibody complexes with complement functional human whole 
blood reveals promising features for a novel therapeutic long peptide conjugate vaccine

018	 -	 Targeting lymph node medullary macrophage with immunologically stealth nanogel vaccine 
induces enhanced anti-tumor T cell response

019	 -	 The Mutanome Engineered RNA Immuno-Therapy (MERIT) consortium

020	 -	 Patients treated with oncolytic adenovirus Ad5/3-hTERT-E2F-GMCSF induce immunological 
responses against the tumor

021	 -	 Development and characterization of TNF-alpha armed oncolytic adenovirus for treatment of 
solid tumors



3

CIMT | Abstract List

Abstract List (022 - 041) 
Therapeutic Vaccination

No.:	 Short talk:	 Title:	

022	 -	 Photochemical Internalisation (PCI) - a new adjuvant technology for stimulating cytotoxic  
T-cell responses

023	 -	 MultiPro: Development of multipeptide-based immunotherapy for prostate cancer patients 
independent of their HLA type

024	 -	 Oncolytic measles virus for tumor vaccination 

025	 Yes	 Vaccination with long NY-ESO79-108 peptide in combination with CpG leads to robust  
activation of CD4 and CD8 T cell responses in stage III and IV melanoma patients

026	 -	 Expanded γδT-APC - Vehicle for cancer immunotherapy

027	 -	 MicOryx - a phase I/IIa clinical trial evaluating vaccination of MSI-H colorectal cancer patients 
with frameshift peptide antigens

028	 -	 Sequential intra-nodal immunotherapy with low-dose rituximab and dendritic cells in  
irradiated lymph nodes induces systemic anti-tumor immunity and regression of disseminated 
follicular lymphoma

029	 -	 Mining sequencing data to identify targets for cancer immunotherapy

030	 -	 Self-adjuvanted RNActive® vaccine induces innate immune response at the site of injection 
that leads to a potent adaptive immunity in both mice and humans

031	 -	 CpG conjugation to model tumour antigen ovalbumin leads to enhanced CD8+ T-cell  
proliferation

032	 Yes	 Characterization of the IFNα response upon systemic administration of targeted mRNA  
vaccine delivery

033	 -	 Development of a high throughput protein production system for the efficient generation, 
screening and production of chimeric virus-like particles as cancer vaccines

034	 Yes	 Targeting of antigen into XCR1+ dendritic cells combined with a non-viral boost regime  
induces massive CD8+ T cell cytotoxicity capable of eradicating established tumors

035	 -	 The GAPVAC consortium: Translating the concept of actively personalized cancer  
immunotherapy into the clinic

036	 -	 iVacALL: Personalized peptide-vaccination for pediatric acute lymphoblastic leukemia  
patients based on patient-individual tumor-specific variants determined by whole exome  
and transcriptome sequencing

037	 -	 Targeting c-MET and RIG-I with 5‘ppp-modified siRNA for immunotherapy of hepatocellular 
carcinoma (HCC)

038	 -	 Cripto-1 encoding DNA vaccine elicits tumor protective immune response in vivo

039	 -	 Gene optimization can generate cryptic epitopes that induce T cell responses

040	 -	 Immunotargeting human melanoma (MM) stem cells using combination of therapeutic  
vaccination and surgery

041	 -	 AdCD40L immunostimulatory gene therapy in combination with cyclophosphamide prolongs 
6-months survival in a phase I/II trial for malignant melanoma 
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No.:	 Short talk:	 Title:	

042	 -	 Novel promising anti-cancer vaccine candidate based on HBcAg virus-like particles 

043	 -	 Antitumor activity and immunogenicity of recombinant vaccinia virus expressing HPV 16 E7 
protein SigE7LAMP is enhanced by high-level coexpression of IGFBP-3

044	 -	 Randomized phase II study of personalized peptide vaccination in patients with advanced 
bladder cancer progressing after chemotherapy

045	 -	 Robust induction of type-1 CD8+ T-cell responses in WHO grade II low-grade glioma patients 
receiving peptide-based vaccines in combination with poly-ICLC

046	 -	 A phase I/II trial of TG01 and Gemcitabine as adjuvant therapy for treating patients with  
resected adenocarcinoma of the pancreas

047	 Yes	 Characterization of tumor-infiltrating lymphocytes following intratumoral administration of a 
chimeric adenovirus Ad5/3-D24-GMCSF (ONCOS-102) for refractory cancer patients with solid 
tumors

048	 -	 Immunostimulatory cancer therapy using dendritic cell-tumor cell hybrids

049	 Yes	 Innovative vaccination of melanoma patients with a plasmacytoid dendritic cell line - a phase I 
clinical trial

050	 -	 Combined chemoimmunotherapy of castrate-resistant prostate cancer with dendritic-cell based 
vaccine DCVAC/Pca

051	 Yes	 Common mutations in oncogenes/tumor suppressor genes as targets for long peptide anti- 
cancer vaccination

052	 -	 Development of a next generation dendritic cell-based immunotherapy for patients with 
castration-resistant prostate cancer

053	 Yes	 Induction of anti-tumor CD8+ T cells and prominent infiltration of lymphocytes with a Th1 
polarizing signature to pleural mesothelioma tumor following intratumoral injection of  
ONCOS-102

054	 -	 Evaluation of a combinatorial cancer immunotherapy approach

055	 -	 Phase II clinical trial of personalized peptide vaccination for previously treated advanced  
colorectal cancer

056	 -	 The immunogenicity of NY-ESO-1 peptides is primarily determined by the stability of their 
MHC-peptide complexes

057	 Yes	 Next-generation dendritic cell vaccination as postremission therapy in AML

058	 -	 Soluble MHC-dimer molecules activate antigen-specific T cells in vivo

059	 -	 Autologous tumor cells and SW742 allogeneic cell line have comparable stimulating effect on 
PBMCs of Gastrointestinal malignant patients In vitro

060	 -	 Idiotype vaccines produced with a non-cytopathic alphavirus vector induce potent antitumoral 
responses in a murine model of B-cell lymphoma

061	 -	 Combined immunotherapy against cancer: Limited efficacy of transcutaneous immunization 
and low-dose Cyclophosphamide

Abstract List (042 - 061) 
Therapeutic Vaccination
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Abstract List (062 - 082) 
Therapeutic Vaccination

No.:	 Short talk:	 Title:	

062	 -	 Personalized pancreatic cancer vaccine

063	 -	 Closing the gap between bench and bedside: Manufacturing individual multi-peptide vaccines 
for phase I/II clinical trials in cancer immunotherapy

064	 -	 Integrating clinical and genomics data - challenges and opportunities

065	 -	 Towards an actively personalized cancer therapy: Patient specific multipeptide vaccination for 
primary liver cancers

066	 -	 A TLR agonist-based combination treatment enhances T cell recruitment into gastric tumors

067	 -	 Cancer vaccines with hTERT and Survivin mRNA transfected fast DCs - a simplified and  
effective cancer vaccine 

068	 -	 Exploring dendritic cell (DC) vaccines targeting Wilms‘ tumour gene 1 (WT1) and survivin for 
uterine cancer

069	 -	 Protein transfer vectors: an efficient tool to induce antigen-specific cytotoxic T cell responses 

070	 -	 Role of NK cells in antitumor immunization strategies

071	 -	 A mutated melanoma epitope identified by mutanome screening confers CD4 driven  
antitumoral immunity

072	 -	 Alphavirus-based immunization strategies targeting cervical cancer

073	 -	 Vaccine-induced cytokine-producing T cells synergize with cisplatin to cause massive  
infiltration of tumoricidal leukocytes 

074	 -	 Re-vaccination after first vaccination for patients with high grade glioma: does it make sense?

075	 -	 Repeated intratumoral administration of ONCOS-102 leads to robust cellular and  
transcriptional immune activation at tumor site in an ovarian cancer patient

076	 -	 VicOryx - A therapeutic phase I/IIa vaccination trial with a p16INK4a peptide plus Montanide® 
ISA-51 VG in patients with human papillomavirus-associated cancer

077	 -	 Tumor-specific mutations as targets for individualized mRNA therapy in the murine 4T1 breast 
cancer model

078	 -	 A novel cell penetrating peptide-based vaccine for efficacious therapy of solid tumors

079	 Yes	 Synergistic effects of properly timed HPV16 synthetic long peptide vaccination during standard 
carboplatin-paclitaxel chemotherapy in animals and patients with metastatic cervical carci-
noma

080	 -	 Vigorous T cell responses to neoantigen frameshift-derived peptides in Lynch syndrome  
patients treated with monocyte-derived dendritic cells

081	 -	 The src kinase Lyn impacts TLR4-triggering in human myeloid cells

082	 Yes	 Randomized phase II study of personalized peptide vaccination with cyclophosphamide  
pretreatment in refractory advanced biliary tractcancer patients
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Abstract List (083 - 104) 
New Targets & New Leads 

No.:	 Short talk:	 Title:	

083	 -	 Identification of unique HLA peptides presented on Glioblastoma cells and recovered from the 
plasma soluble HLA

084	 -	 Induction of tumor-specific cytotoxic CD4+ T cells by 4-1BB agonist therapy

085	 -	 Development of a T cell activating bispecific antibody targeting carcinoma cells expressing the 
tight junction molecule CLDN18.2 

086	 -	 Expression and turnover of proteins govern their sampling for HLA class I presentation

087	 -	 Treatment of melanoma with a serotype 5/3 chimeric oncolytic adenovirus coding for GM-CSF: 
results in vitro, in rodents and in humans

088	 Yes	 TRON Expression Atlas (TEA): A web - based platform for archival, retrieval, filtering and 
visualization of high throughput gene expression profiles

089	 -	 A novel synthetic Toll-like-receptor 7 agonist for tumor therapy

090	 -	 Rapid mimotope optimization for pharmacokinetic analysis of therapeutic antibody IMAB362

091	 -	 Fast and accurate identification of disease related variants using amplicon based targeted  
re-sequencing.

092	 -	 Effect and pharmacokinetics of ADC-1013, an agonistic CD40 antibody optimized for local  
immunotherapy of cancer, in hCD40tg mice

093	 Yes	 CetuGEX™, a novel anti-EGFR monoclonal antibody (mAb) with optimized glycosylation and 
antibody dependent cellular cytotoxicity - First in human experience

094	 -	 PankoMab-GEX™, a novel anti-TA-MUC1 monoclonal antibody (mAb) with optimized  
glycosylation - First in human experience

095	 -	 T-cell responses to oncogenic Merkel cell polyomavirus proteins distinguish patients with 
Merkel cell carcinoma from healthy donors

096	 -	 Treg-associated suppressor molecules are highly expressed on melanoma: New ways for  
immunotherapy

097	 -	 Treating tumors by targeting overexpressed Wilms´ Tumor protein 1

098	 -	 IMAB362, a novel first-in-class monoclonal antibody for treatment of pancreatic cancer

099	 -	 Understanding T cell responses against leukaemic fusion proteins

100	 -	 The HLA peptidome of small cell lung cancer cells 

101	 -	 Identification of a new biomarker for ovarian cancer?

102	 Yes	 A new PD1-CD28 chimeric receptor overcomes PD-1-mediated immunosuppression in adoptive 
T cell therapy

103	 -	 HLA ligandome profiling identifies a novel category of frequently recognized CLL associated 
antigens

104	 -	 Refined targets for the peptide based immunotherapy of RCC
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Abstract List (105 - 125) 
New Targets & New Leads 

No.:	 Short talk:	 Title:	

105	 -	 Targeting leukemic stem cells in AML using the Bispecific CD33/CD3 BiTE® antibody AMG 330

106	 -	 Enabling variant detection in single cell transcriptomics using half cell sequencing

107	 Yes	 LTX-315 treatment induces complete and specific regression of disseminated tumors in a novel 
mesenchymal three tumor rat model

108	 -	 Identification of novel immune checkpoints as targets for cancer immunotherapy 

109	 -	 Ratio of intratumoral macrophage phenotypes predicts local tumor outgrowth in malignant 
pleural mesothelioma patients 

110	 -	 Novel oncolytic alphavirus vectors with increased tumor specificity

111	 -	 Novel T helper epitope peptides derived from Lck can induce cytotoxic T lymphocytes in  
HLA-A2+ cancer patients

112	 -	 High-throughput identification of immune-checkpoint molecules expressed by melanoma  
using patient-derived tumor-infiltrating lymphocytes

113	 -	 Preclinical rationale for the combination of IMAB362 with standard chemotherapy regimens 
for the treatment of gastro-esophageal cancer and pancreatic cancer

114	 -	 Diacylglyerol kinase: a reversible checkpoint blockade in CD8 T and NK cells from human 
carcinoma acting downstream of currently targeted checkpoint molecules

115	 -	 T cells from non-tolerized repertoires provide tools to discover the immunopeptidome for use 
in immunotherapy and vaccination

116	 -	 CXorf61 is a therapeutic vaccine target in triple negative breast cancer

117	 -	 HLA ligandome analysis identifies Histone Deacetylases as novel targets for T-cell mediated 
immunotherapy of ovarian carcinoma

118	 -	 A new method of testing T-cell reactivity to tumor antigens without prior knowledge of the  
T-cell epitopes

119	 -	 Selective stimulation of RIG-I with a novel synthetic 5`triphosphorylated RNA induces superior 
anti-tumor immunity in primary and transplanted mouse melanomas

120	 -	 Characterization of a genetic mouse model of lung cancer: A promise to identify non small cell 
lung cancer therapeutic targets and biomarkers

121	 -	 Identification of mutated neoantigens in the human melanoma model Ma-Mel-86 combining 
exome and transcriptome sequencing

122	 -	 Dual murine CT26 subclone model of heterogeneous cancer reveals dominance of interferon-
sensitive clones in oncolytic alphavirus therapy

123	 -	 pMHCI-IgG redirect HCMV-specific CD8+ T-cells to eradicate cancer cells

124	 -	 Ex vivo therapy simulation of multivalent adenoviral immunotherapy in the human urinary 
bladder carcinoma microenvironment

125	 Yes	 A vaccine targeting mutant isocitrate dehydrogenase 1 induces anti-tumor immunity
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Abstract List (126 - 135) 
New Targets & New Leads 

No.:	 Short talk:	 Title:	

126	 -	 Developing a warehouse for off-the-shelf and personalized ovarian cancer peptide vaccination 
immunotherapy

127	 -	 Selective activation of ubiquitously expressed immune receptor RIG-I as novel target in solid 
tumors

128	 -	 From bedside to bench: Molecular benchmarking of an FcOptimized CD19 antibody used in 
treatment of relapsed and refractory pediatric B-lineage acute lymphoblastic leukemia

129	 -	 Identification of novel, naturally presented, immunogenic peptides of human cytomegalovirus 

130	 Yes	 Efficient elimination of carcinoma cells expressing the tumor exclusive target CLDN6 with a 
bispecific antibody

131	 -	 Identification of novel tumor associated antigens in colorectal cancer

132	 -	 NLRP3 inflammasome-dependent contact hypersensitivity against pigmented cells by 
monobenzone-induced memory NK cells

133	 -	 Wet peptide HLA binding assay has added value in the selection of candidate CD8+ T cell 
epitopes

134	 -	 The antigenic identity of human class I MHC phosphopeptides is critically dependent upon 
phosphorylation status

135	 -	 CD44v10, osteopontin and leukemia growth retardation by a CD44v10-specific antibody
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Abstract List (136 - 156) 
Tumor Biology & Interaction  
with the Immune System 

No.:	 Short talk:	 Title:	

136	 -	 New approaches of cancer vaccination and cancer immunotherapy based on the optimal  
stimulation of tumor-specific, MHC class II-restricted CD4+ T helper cells

137	 -	 Treatment of pancreatic ductal adenocarcinoma with bifunctional siRNA targeting the  
immunosuppressive molecule galectin-1 and the cytosolic helicase RIG-I

138	 Yes	 Plasmacytoid dendritic cells support melanoma progression by promoting Th2 and regulatory 
immunity through OX40L and ICOSL

139	 -	 Oxidative burst produced by the NOX2 complex does not play a role in methylcholanthrene 
induced sarcoma development

140	 -	 Establishment of a NY-BR-1 expressing breast cancer tumor model in HLA-transgenic mice

141	 -	 RIG-I stimulation induces the release of tumor-suppressing exosomes from melanoma cells

142	 Yes	 Activation of RIG-I-like helicases induce immunogenic cell death of pancreatic cancer cells 
leading to protective and therapeutic immunity in vivo

143	 -	 The abstract is withdrawn

144	 -	 Change in infiltration of immune cells during rejection after radioimmunotherapy in a  
syngeneic rat colon carcinoma

145	 -	 Study on the relation between heme oxygenase-1 and metallothionein expression and the 
tumour-associated local immune response in human cutaneous malignant melanoma

146	 -	 Attenuation of RIG-I-induced immune activation by hypoxia in murine melanoma cells

147	 -	 BRaf and MEK inhibitors differentially regulate cell fate and microenvironment in human 
hepatocellular carcinoma

148	 -	 Increased myeloid derived suppressor cells in glioblastoma patients

149	 -	 Modulation of the tumour microenvironment by the local delivery of an IL-12 expressing  
lentivirus to the lung promotes rejection of established tumours

150	 -	 A mouse tumor transplantation model mimicking the immune response to sporadic cancer

151	 -	 Local and systemic immune response in pancreatic cancer: multi-scale approach to tumor-
immune interactions

152	 Yes	 MDA5-based immunotherapy can reprogram tumor myeloid-derived suppressor cells (MDSC) 
from a M2/G2 phenotype to a M1/G1 phenotype and reduce suppressive function

153	 -	 Enhanced immunogenic cell death and immune activation by synergism between therapeutic 
irradiation and RIG-I activation in murine melanoma cells

154	 -	 Tumor microenvironmental studies indicate controlled trafficking and preferential homing of 
immune cells towards the tumor

155	 Yes	 Myeloid-derived suppressor cells inhibit NK cell activity through prostaglandin-E2-regulated 
TGF-beta production

156	 -	 A new anti-ICOS monoclonal antibody prevents graft-vs-host disease but has no impact on a 
breast tumor growth in humanized mice
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No.:	 Short talk:	 Title:	

157	 -	 Immunogenic cell death specific danger associated molecular patterns induced by modulated 
electrohyperthermia in colorectal adenocarcinoma model

158	 -	 GMCSF armed oncolytic vaccinia virus induces anti-tumor immune response in immunocom-
petent Syrian hamster model

159	 -	 Characterizing tumor-specific memory stem like T cells in blood and bone marrow of breast 
cancer patients 

160	 -	 Efficient lysis of malignant B lymphoid cells mediated by the T cell-recruiting triplebodies  
[19-3-19] and [33-3-19]

161	 -	 Ipilimumab and hypofractionated brain radiotherapy for brain metastases of malignant  
melanoma

162	 -	 Unrestricted T cell functionality in newly diagnosed and relapsed AML patients

163	 -	 Systematic analysis of changes in the antigen processing machinery in HPV transformed cells

164	 -	 Dysregulated glucose metabolism inversely correlates with CD8+ T-cell infiltration in head and 
neck squamous cell carcinoma

165	 -	 Hormone induced tolerance of tumor associated dendritic cells

166	 -	 Standardized immunostaining and evaluation of HLA class I expression in tumor tissues -An 
impact on peptide-based cancer immunotherapy-

167	 -	 Role of immune effector cells in metastatic sites during the progression of breast cancer

168	 -	 Phenotypic characterization of the immune infiltrate in gynaecological tumours

169	 -	 Intraepithelial macrophage infiltration and high number of regulatory T cells promote whereas 
activated CD8 T cells prevent a progressive course of HPV-induced vulvar disease

170	 -	 Preclinical study on a new developed TLR7 agonist shows potent anti-tumor therapeutic ef-
fects

171	 -	 The relevance of differential expression of tolerogenic enzymes IDO-1, IDO-2 and TDO in com-
monly used mouse tumor models for testing novel therapeutics

172	 -	 HLA quantification in multiple myeloma reveals high and robust HLA class I and II expression 
on primary myeloma cells

173	 -	 Investigation of the spatial heterogeneity of specific immune cell phenotypes in the tumor 
microenvironment of follicular lymphoma

174	 -	 Interleukin-6 receptor and its ligand interleukin-6 are opposite markers for survival and infil-
tration with mature myeloid cells in ovarian cancer

175	 Yes	 Comparison of tumor infiltrating lymphocyte signatures across six cancer types and their  
association with disease prognostic factors

Abstract List (157 - 175) 
Tumor Biology & Interaction  
with the Immune System 
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Abstract List (176 - 195) 
Immunomonitoring

No.:	 Short talk:	 Title:	

176	 Yes	 Survival of melanoma patients correlating with DTH skin reactions and CD8 T cell/Treg ratios 
in PBMC after vaccinations with CpG & peptides

177	 -	 TCR-Engineered Reference Samples (TERS) to control T-cell assay performance - towards an 
immuno-control kit 

178	 -	 HLA typing from RNA-Seq sequence reads: a catalog of HLA type, HLA expression, and HLA 
presented somatic mutations in human cancer cell lines

179	 -	 Assessment of vaccine-induced immunity following intra lymph node administration of  
RIBOLOGICAL IMMUNOTHERAPY targeting NY-ESO-1 and tyrosinase in patients with  
advanced melanoma

180	 -	 Stability of peptides in long term -80°C storage

181	 -	 HLA-A2 multimer staining validation

182	 -	 Managing multi-center flow cytometry data for cancer immune monitoring

183	 -	 User vs. software-dependent variability of ELISPOT counts obtained from ten different  
laboratories

184	 -	 Skewed distribution of IL-7 receptor-α-expressing effector memory CD8(+) T Cells with  
distinct functional characteristics in oral squamous cell carcinoma

185	 -	 Validation of immunomonitoring of circulating myeloid-derived suppressor cells as a potential 
predictive tool for response to Ipilimumab treatment in melanoma patients

186	 -	 A xenograft model for studies of anti-leukemic effects of histamine dihydrochloride in acute 
myeloid leukemia

187	 Yes	 Resetting circulating CD8 T-cells to a tissue-like status permits sensitive detection of their 
responses to virus- and tumor-associated antigens

188	 -	 A bioinformatics platform for prediction and reporting of drug sensitivity from sample specific 
genomic data

189	 -	 MHC Multimer Proficiency Panel 2014: Consistent data obtained by the large majority of  
participants

190	 Yes	 Reversible NTAmer technology enables rapid and direct detection of monomeric TCR-pMHC 
kinetics at the cell surface and predicts tumor-specific T cell responsiveness

191	 -	 Expression of carbohydrate deficient bone sialoprotein compared to various tumor markers in 
metastatic cells and non-metastatic cells in vitro

192	 -	 Accurate detection of NKT cells using CD1d Dextramers

193	 Yes	 Presence of circulating Her-2-reactive CD8 T-cells is associated with lower frequency of MDSCs 
and better survival in elderly breast cancer patients.

194	 -	 Phenotyping of peripheral blood mononuclear cells of patients with advanced heavily pre-
treated adenocarcinoma of the stomach and gastro-esophageal junction

195	 Yes	 High numbers of differentiated effector CD4 T cells are found in cancer patients and correlate 
with clinical response after neo-adjuvant therapy of breast cancer



12

CIMT | Abstract List

Abstract List (196 - 212) 
Immunomonitoring

No.:	 Short talk:	 Title:	

196	 -	 Results of a multi-peptide vaccination trial for high risk renal cell carcinoma

197	 -	 CD14+CD11b+HLA-DR-/low MDSCs indirectly impact on the prognosis of late-stage melanoma 
patients by impairing the frequency and function of NY-ESO-1- and Melan-A-reactive periph-
eral T cells

198	 -	 The effect of glucocorticoids on the chromatin landscape

199	 -	 Immunomodulation induced by Stereotactic Ablative Radiotherapy (SABR) in oligometastatic 
breast cancer patients as a source of predictive biomarkers

200	 -	 ZO-1 as a potential prognostic marker in B cell lymphoma

201	 -	 Belatacept can inhibit allo-specific T cell responses in a donor-dependent manner but  
preserves virus-specific memory T cell-responses

202	 -	 The rapid antigen-reactive T Cell enrichment procedure enables direct ex vivo BKV-specific 
CD4+ T cell characterization

203	 -	 Immune monitoring of absolute cell numbers and functional capacity of circulating γδ T cells 
and other immune cells from cancer patients

204	 -	 Egress of regulatory T cells from bone marrow of breast cancer patients

205	 -	 Dipeptides mediate peptide exchange on MHC class I molecules

206	 -	 Detection and functional assessment of regulatory T cells in blood of cancer patients

207	 -	 Immune status of patients with localized prostate carcinoma during primary radiotherapy

208	 -	 Early granulocyte effector function is not impaired by cyclosporin A

209	 -	 Identification of biomarkers for the response of patients with advanced gastroesophageal  
cancer to IMAB362 treatment

210	 -	 Thymic NK cells display a specific phenotype and functional profile

211	 -	 HTCC allows the characterization of differential CD8+ T cell responses against 20+ antigens 
in a single patient sample

212	 -	 Investigation of humoral immune response towards persisting Epstein-Barr virus infections in 
multiple sclerosis and chronic fatigue syndrome using peptide microarrays
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Abstract list (213 - 233) 
Cellular Therapy 

No.:	 Short talk:	 Title:	

213	 -	 Redirection of T cells towards acute myeloid leukemia blasts via bispecific antibody-releasing 
human mesenchymal stem cells 

214	 -	 Targeting melanoma and multiple myeloma using a high-affinity TCR specific for human 
MDM2 tumor-associated antigen

215	 -	 Optimisation of the isolation and expansion of tumour infiltrating lymphocytes from renal cell 
carcinoma

216	 -	 T-cell receptor transfer into human T-cells with ecotropic retroviral vectors

217	 Yes	 First clinical experience with a new generation of fast DCs transfected with mRNA from 
hTERT, survivin and autologous tumour

218	 Yes	 A photosensitizer delivered by bispecific antibody retargeted human T lymphocytes boosts 
cytotoxicity against carcinoma cells upon light irradiation

219	 -	 IL-12 enhances T-cell receptor-dependent and -independent tumor cell recognition by human 
effector T-cells

220	 -	 In vitro model for immunotherapy - Generation of a long-term growth factor-dependent DC 
culture

221	 -	 In depth analysis of in vitro isolated T cell receptors with specificity for HER2/neu-derived 
peptides

222	 -	 G-CSF directly affects CD8+ cytotoxic antigen-specific T cells and impairs their functionality

223	 Yes	 One U-CAR - multiple targets: a new approach to provide multiple antigen specificities to  
genetically engineered T cells for cancer treatment

224	 -	 Generation of patient-individualized AML-reactive donor CD8+ T cells under GMP-compliant 
conditions for adoptive transfer in leukemia patients after allogeneic hematopoietic stem cell 
transplantation

225	 -	 Analysis and applicability of different in vitro models of Glioblastoma multiforme

226	 -	 Characterization of a new T-cell subset specific for tumors with antigen processing defects

227	 -	 T-cell donor registry for third party adoptive immunotherapy in hematopoietic cell and solid 
organ transplantation

228	 -	 Allogeneic lymphocyte-licensed DCs expand TCR/CAR-engineered T cells, which are insensi-
tive to oxidative stress and immunosuppressive factors

229	 -	 Generation of T-cell lines with broadened antigenic specificities to improve adoptive immuno-
therapy protocols for the treatment of nasopharyngeal carcinoma

230	 -	 GMP compliant expansion of CMV- and EBV-specific, donor derived, peptide-stimulated T-cells 
from G-CSF mobilized stem cell grafts

231	 -	 Genetically modified natural killer cells targeting EGFR-expressing malignancies

232	 -	 The mode of activation impacts on the differentiation status of gene modified T cells used in 
adoptive immunotherapy

233	 Yes	 New genetic adjuvants for improving T cell function in adoptive cell therapy of cancer
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Abstract list (234 - 253) 
Cellular Therapy 

No.:	 Short talk:	 Title:	

234	 -	 A novel form of dendritic cell (DC) for immunotherapy: CD137 ligand-generated DCs are more 
potent than conventional DCs in inducing cytotoxic T-cell responses

235	 -	 NY-ESO-1 108-116 and NY-ESO-1 120-128 are not epitopes for TCR gene therapy

236	 -	 TCRs from CD4+ T cells are expressed and functional in both CD4+ and CD8+ T cells upon  
T-cell redirection

237	 Yes	 High-affinity CD20-specific TCRs suitable for adoptive immunotherapy can be readily isolated 
from the allo-repertoire using reverse immunology

238	 -	 CD40L+ CD8+ T cell-dependent antitumor immunity

239	 Yes	 Neo-antigen enriched TIL therapy mediates superior tumor eradication in a patient-derived 
xenograft model of human melanoma

240	 -	 Generation of T cell receptor transgenic antigen-specific HLA-A*0201-restricted cytotoxic T 
cells directed against Ewing Sarcoma associated target antigens

241	 -	 Isolation of a TCR with specificity for a naturally presented ITGA2B epitope for the treatment 
of therapy refractory myeloid leukemias by TCR-transgenic T cells

242	 -	 Leukoreduction system chambers as a novel and highly economic source of viable and  
functional monocyte-derived dendritic cells and lymphocytes

243	 -	 A new bispecific T cell recruiting antibody enhances anti-tumor activity of adoptive T cell 
transfer

244	 -	 Combination of adoptive T cell therapy with an EGFR x EpCAM-specific antibody for the  
treatment of a murine melanoma model

245	 -	 Pre-clinical models for the development of HER2-directed T-cell therapy

246	 Yes	 The influence of binding affinity and receptor density of chimeric antigen receptors on target-
cell recognition after transfer by RNA electroporation

247	 -	 Towards clinical γδTCR gene therapy: a broadly applicable T cell product for cancer patients

248	 -	 Placenta-derived stem cells inhibit tumor progression on rat dimethylhydrazine-induced colon 
cancer model

249	 -	 T helper TCRs isolated from long term survivors after cancer vaccination for use in adoptive 
cell therapy 

250	 -	 In vivo expansion of Epstein-Barr virus epitope-specific T lymphocytes following donor  
lymphocyte infusion for anti-CD20-refractory EBV-driven post-transplant lymphoproliferative 
disease

251	 -	 Human CD19 as a T-cell target antigen in the non tolerant host 

252	 -	 Targeting Claudin-6 with CAR-engineered T cells for individualized immunotherapy of  
ovarian cancer

253	 -	 Invariant NKT cells generated by the TIL 1383I T cell receptor gene transfer with retroviral 
vectors allows efficient redirection of human antigen specificity
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Abstract list (234 - 273) 
Cellular Therapy 

No.:	 Short talk:	 Title:	

254	 -	 Establishment of GMP compliant process for the expansion of therapeutic doses of genetically 
modified NK-92 cells

255	 -	 Natural killer cells modified to express a targeted granzyme B fusion protein for enhanced 
antitumoral activity

256	 -	 Selective expansion of educated NK cells for cancer therapy

257	 -	 Genetically modified cytokine-induced killer (CIK) cells for targeted cancer therapy

258	 -	 T cells engineered to express two allo-restricted T cell receptors recognizing CD20/HLA-
A*02:01 specifically and efficiently kill malignant B-lymphoid cells - a preclinical study

259	 -	 Dual specific cytotoxic potential and memory phenotype of IL-15-activated cytokine-induced 
killer cells targeting virus infection and leukemia in pediatrics

260	 -	 Human HLA-DR4-restricted high affinity T cell receptors against tumour-associated antigens

261	 -	 Characterization of freshly isolated and expanded tumor-infiltrating lymphocytes from  
pancreatic cancer patients

262	 -	 Targeting telomerase in B-cell chronic lymphocytic leukemia

263	 -	 HAdV-specific γ/δ and CD8+ T cells generated by TCR transfection to treat adenovirus infec-
tion after allogeneic stem cell transplantation 

264	 -	 Generation of transgenic antigen-specific, allogeneic HLA-A*0201-restricted cytotoxic T cells 
directed against Ewing Sarcoma specific target antigen STEAP1 

265	 -	 Functional WT1-reactive T cells are present in the natural naïve and memory repertoire of 
healthy donors

266	 -	 Induction of CD4+ stem cell-like memory T cells by inhibition of mTOR complex 1 and  
concomitant activity of mTOR complex 2

267	 -	 Natural human BDCA1+ myeloid dendritic cells induce immunological and clinical anti-tumor 
responses in metastatic melanoma patients 

268	 -	 Artificial antigen presenting cells, aAPC, a new approach for generating prostate cancer  
specific T cells

269	 -	 CD47+ artificial APC demonstrate enhanced immune cell interaction

270	 -	 Recognition of fully processed Hepatitis C virus antigen and naturally occurring mutant HCV 
epitopes by HCV TCR gene modified T cells in the context of hepatocellular carcinoma

271	 -	 How is melanoma escaping us? An assessment of melanoma associated antigens before and 
after immunotherapy

272	 -	 The abstract is withdrawn

273	 -	 Lentivirus-induced dendritic cells accelerate de novo adaptive immune reconstitution against 
HCMV/pp65 in humanized mouse models of stem cell transplantation and are making  
progress in clinical development
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Abstract list (274 - 285) 
Cellular Therapy 

No.:	 Short talk:	 Title:	

274	 -	 Alteration of tumor microenvironment using immunomodulatory cytokines for combination 
treatment with adoptive T-cell therapy

275	 -	 Plasmacytoid dendritic cells - new killers for melanoma treatment

276	 -	 Rapid generation of clinical-grade antiviral T-cells: T-cell donor selection and manufacturing 
of T cells

277	 -	 Optimizing the efficiency of TCR transfer against malignant melanoma 

278	 -	 Inhibition of CSF-1R supports T-cell mediated melanoma therapy

279	 -	 In vitro generation of mature, naive tumor antigen-specific CD8+ T cells with a single T cell 
receptor from mobilized peripheral blood precursor cells

280	 -	 Generation of tumor specific T cells using DC-based vaccine for adoptive T cell therapy

281	 -	 Co-stimulation with CD40(L)Ligand enhances the immunostimulation of human dendritic 
cells (hDC) and induces apoptosis towards hepatocellular carcinoma cells

282	 -	 Membrane-attached cytokines expressed by mRNA electroporation: potent T cell adjuvants for 
adoptive cell therapy

283	 -	 The Xuri W5 cell expansion system can produce clinically relevant cells

284	 -	 Efficient strategy to overcome immunosuppression of the stromal composition on γδ T cell 
activity in pancreatic disease

285	 -	 ErbB2/HER2-specific natural killer cells for adoptive immunotherapy of glioblastoma
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Abstract List (286 - 306) 
Improving Immunity 

No.:	 Short talk:	 Title:	

286	 -	 Molecular dynamics studies of the role of protein flexibility in immunological molecular  
recognition

287	 Yes	 Immune-cell poor Hgf-Cdk4 mouse melanomas benefit from antibody mediated PD-1 blockade 
after targeted activation of the type I IFN system

288	 -	 Transfer of a protective anti-tumor immunity from immunized mothers to the offspring: First 
evidence

289	 -	 Macrophage-dependent tumour immune rejection induced by local low dose irradiation

290	 -	 Response of monocytes and macrophages to temozolomide in mice

291	 -	 Modulation of heme oxygenase (HO)-1 enzyme activity by metalloporphyrins affects the  
antiviral T-cell response

292	 -	 Effect of local tumor irradiation on migration of antigen-specific CTLs and tumor growth

293	 -	 Reovirus activation of NK cells increases the efficacy of rituximab for the treatment of CLL

294	 -	 Impact of CTLA-4 antibodies Tremelimumab and Ipilimumab on the human immune system. 
Results of an ex vivo human melanoma model with the oncolytic parvovirus H-1 or cytotoxic 
drugs

295	 -	 Promiscuous HPV16-derived T-helper epitopes for improving HPV targeted immunotherapy

296	 -	 Oncolytic virotherapy as emerging immunotherapy - Influence of GM-CSF encoding vaccinia 
virus JX-594 on cell death and human immune system in the human ex vivo melanoma model

297	 -	 Engineering T-cell receptors to optimize anti-tumor immunity

298	 -	 Stimulated versus non-stimulated lymphocytes: Do they differ in radiation sensitivity?

299	 Yes	 ImmTACs: Bi-specific TCR-anti-CD3 fusions for potent re-directed killing of cancer cells

300	 Yes	 Tumor bearing humanized mice: Identification of a novel feature of anti-EGFR antibodies in 
cancer therapy

301	 -	 Human IL-2 Mutein with higher antitumor efficacy than wild Type IL-2

302	 -	 Oncolytic immunotherapy with an adenovirus coding for trastuzumab for the treatment of 
HER2-positive cancer 

303	 -	 Characterization of a novel human IL-15 superagonist to promote engraftment and long-term 
persistence of human virus- and alloantigen-specific CD8+ T cells in humanized NOD/Scid 
IL2Rcg-null mice

304	 -	 AFM13 - a bispecific anti CD30/CD16A TandAb® for the treatment of CD30+ malignancies: 
Preclinical and first clinical results in patients with relapsed/refractory (R/R) Hodgkin  
Lymphoma (HL)

305	 Yes	 Microtubule-depolymerizing agents used in antibody-drug-conjugates induce anti-tumor im-
munity by stimulation of dendritic cells

306	 -	 Combining antibody-directed presentation of IL-15 and 4-1BBL in a trifunctional fusion protein 
for cancer immunotherapy
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Abstract List (307 - 321) 
Improving Immunity 

No.:	 Short talk:	 Title:	

307	 -	 Development of recombinant bispecific antibodies for selective stimulation of the CD95 death 
receptor on activated B cells and lymphoma cells

308	 -	 Betulin - a plant-derived cytostatic drug - enhances antitumor immune response

309	 -	 Enhanced humoral responses following antigen delivery to different receptors on murine  
dendritic cells

310	 -	 DNA vaccination in combination with an RNAi-based genetic adjuvant silencing STAT3 pro-
motes migration of mature dermal dendritic cells and antitumor T cell responses against B16 
melanoma

311	 -	 Protein Kinase B (PKB/Akt) limits the expression of Cbl-b via Glycogen Synthase Kinase-3 
(GSK-3) and converts T cell tolerance to activation

312	 -	 Antigen-specific T cell Redirectors (ATR): a nanoparticle based approach for antigen-specific 
redirection of T cells to tumors

313	 -	 Allo-reactive CD8+ T cell clones specific for the self-protein CD20 show superior avidity com-
pared to autologous T cell clones of the same specificity

314	 -	 Combinatorial strategy to improve immune response to cancer vaccine for hepatocellular  
carcinoma

315	 -	 Autophagy within the antigen donor cell facilitates efficient antigen cross-priming of virus-
specific CD8 T cells

316	 -	 Natural killer cells are potently activated by interleukin-15 dendritic cells

317	 -	 Stimulation of cytotoxic activity by killer dendritic cells and natural killer cells against HPV-
positive tumor cells by a HPV vaccine

318	 -	 Antitumor efficacy of anti-CTLA4 antibody is dependant on gut microbiota.

319	 -	 Bacillus Calmette-Guérin (BCG) as an adjuvant immunotherapy for HPV-associated tumors

320	 Yes	 The human cationic amino acid transporter 1 (hCAT-1) is crucial for efficient T cell function 

321	 -	 Engineering dendritic cells to secrete interferonα by mRNA transfection enhances their ability 
to promote tumor antigen-specific Tcell and antitumor NKcell effector functions
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Purpose: Currently, there is no effective adjuvant 

treatment in early stage melanoma at high-risk for 

recurrence and metastatic disease. We investigated 

the immunologic response and clinical outcome to 

adjuvant dendritic cell (DC) vaccination in melano-

ma patients with regional metastatic disease who 

underwent radical lymph node dissection (RLND). 

Experimental design: In this retrospective study, 

78 melanoma patients with regional lymph node 

metastasis who underwent RLND and received 

autologous DCs loaded with gp100 and tyrosi-

nase were analyzed for tumor antigen-specific T 

cell responses in skin-test infiltrating lymphocyte 

cultures. Clinical outcome was compared with 

matched historical controls. 

Results: Adjuvant DC vaccination in melanoma 

patients with regional lymph node metastases 

induced tumor-specific CD8+ T cell responses in 

72% of the patients. Overall survival was signifi-

cantly improved compared to matched historical 

controls, 79 months versus 29 months. Five-year 

survival rate improved from 37% to 51%. The pres-

ence of tumor-specific CD8+ T cells was highly cor-

related with a better overall survival. 

Conclusion: Adjuvant DC vaccination in melano-

ma patients with regional lymph node metastases, 

who are at high risk for recurrence and metastatic 

disease after RLND, is extremely well tolerated 

without notable side effects and induced tumor-

specific immune responses in the vast majority 

of patients, which were highly related to clinical 

outcome. Overall survival was improved signifi-

cantly compared to matched historical controls. 

Bol K.F.1, Aarntzen E.J.1, in ‚t Hout F.E.1, Schreibelt G.1, Creemers J.H.1, Lesterhuis J.W.1,2, 
Gerritsen W.R.3, Punt K.J.2, Bonenkamp H.J.4, de Wilt H.H.4, Figdor C.G.1, de Vries J.M.1

1	Radboudumc - Radboud Institute for Molecular Life Sciences, Tumor Immunology, Nijmegen, 
	Netherlands, 
2	Academic Medical Center, Medical Oncology, Amsterdam, Netherlands, 
3	Radboudumc, Medical Oncology, Nijmegen, Netherlands, 
4	Radboudumc, Surgical Oncology, Nijmegen, Netherlands 

Dendritic cell vaccination as adjuvant therapy after radical 
lymph node dissection prolongs overall survival in melanoma 
patients with regional lymph node metastasis
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Cancer is a primary cause of mortality in Europe. 

It arises from the accumulation of genomic altera-

tions and epigenetic changes that constitute a hall-

mark of cancer. Owing to the molecular heteroge-

neity in cancer, only a minor fraction of patients 

profit from approved therapies. Available targeted 

therapies can only address alterations common to 

a particular type of cancer and induce transient 

effects due to the generation of resistant sub-clones. 

In contrast, the IVAC MUTANOME project aims to 

immunologically target multiple cancer mutations 

uniquely expressed in a given patient‘s tumor. The 

clinical translation of this approach is now being 

realized by collaboration of the Translational Re-

search Center TRON and BioNTech RNA Pharma-

ceuticals. 

A phase I study was approved and initiated in 

2013 (NCT02035956). The objectives of the clinical 

trial are to study the feasibility, safety, tolerabil-

ity and immunogenicity of the IVAC MUTANOME 

approach for malignant melanoma. Feasibility 

will be shown by the proven ability to provide 

the fully personalized IVAC MUANOME vaccine 

to patients within a time period of 155 days.  

Recruitment of a patient in the trial repetitively 

triggers the IVAC MUTANOME process covering (i) 

the receipt of tumor and blood sample specimens, 

(ii) the identification, prioritization and confirma-

tion of mutations, (iii) testing of pre-existing im-

munity against private tumor mutations, (iv) the 

final selection of mutated sequences, (iv) design, 

production of a DNA lead structure, (v) GMP manu-

facturing and release of the patient-specific mRNA, 

(vi) shipment to the clinical trial site, and (vii) the 

administration of the IMP to patients. 

The timelines for the IVAC mutanome process for 

the first 4 patients recruited to this first in man trial 

will be presented. 

Britten C.M.1, Kloke B.-P.1, Löwer M.2, Bukur V.2, Diekmann J.2, Diken M.2, Heesch S.3, 
Kemmer-Brueck A.3, Loquai C.4, Luxemburger U.3, Müller F.3, Ortseifer I.1, Otte B.1, Petri S.1, 
Küchlcke K.5, Spieß K.3, Utikal J.6, Tadmor A.2, Vogler I.1, Kreiter S.2, Kuhn A.N.1, Castle J.2, 
Türeci Ö.7, Sahin U.1,2,3

1	BioNTech RNA Pharmaceuticals GmbH, Mainz, Germany, 
2	TRON-Translational Oncology at the University Medical Center of the Johannes Gutenberg  
	University Mainz gGmbH, Mainz, Germany, 
3	BioNTech AG, Goldgrube, Germany, 
4	University Medical Center, Department of Dermatology, Mainz, Germany, 
5	EUFETS GmbH, Idar Oberstein, Germany, 
6	German Cancer Research Center (DKFZ), Skin Cancer Unit, Mannheim, Germany, 
7	University Medical Center of the Johannes Gutenberg University, III. Medical Department, 
	Mainz, Germany 

IVAC MUTANOME - individualized vaccines for treatment 
of malignant melanoma - first feasibility assessment of on 
demand vaccine manufacturing
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Enadenotucirev (ColoAd1) is a chimeric Ad11p/

Ad3 adenovirus, developed by bio-selection from 

a library of chimeric adenoviruses for the ability 

to replicate and exit rapidly from tumour cells. The 

virus is active against a broad range of cancer cell 

lines demonstrating a shorter time-to-lysis than 

either wild type Ad11p, Ad3 or Ad5. In normal 

cells, ColoAd1 is attenuated and shows little or no 

activity by either cytotoxicity or by quantitative 

PCR. In vivo, ColoAd1 shows efficacy in a range 

of subcutaneous and orthotopic metastatic tumour 

models following intra-tumoral, intravenous and 

intra-peritoneal injection (Kuhn et al, PLoS One, 

3:e2409, 2008), and is currently being evaluated 

clinically for treatment of several different epithe-

lial cancer types.

To develop ColoAd1 virus variants which are 

‚armed‘ for delivery of therapeutic genes that 

should enhance ColoAd1 anti-tumour activity, we 

have developed a novel, efficient cloning system 

that enables rapid generation of modified vectors. 

To exemplify the utility of this approach, we chose 

to first encode anti-VEGF antibodies since targeting 

VEGF is clinically efficacious against several differ-

ent types of cancer that are permissive to ColoAd1. 

We have successfully produced ColoAd1 variants 

encoding full-length (NG-135) and scFv (NG-76) 

forms of anti-human VEGF antibodies. These two 

variants exhibit similar virus activity profiles to 

ColoAd1 following infection of a variety of differ-

ent colon cancer cell lines in vitro, in terms of virus 

replication, virus gene expression and oncolytic 

action, but in addition express and release the re-

spective anti-VEGF antibody forms into the culture 

supernatant. In vivo tumour xenograft studies, 

using either HCT-116 or DLD human colon carci-

noma cell lines implanted in CD1 nu/nu mice, have 

shown that following intra-tumoral injection the 

virus infection profile is similar to ColoAd1 (virus 

replication and Hexon gene expression). Anti-VEGF 

antibody expression by these tumours can be de-

tected in the tissue as both mRNA and antibody 

protein which is able to bind its ligand VEGF in 

ELISA. Antibodies can be detected early (within 3 

days of infection) and expression is sustained over 

several weeks. Furthermore, anti-VEGF antibody 

production levels are sufficient to allow detection 

in the blood. Studies to evaluate the impact of these 

anti-VEGF armed oncolytic viruses on tumour 

properties such as growth and their microenviron-

ment are in progress. 

Kodialbail P.1, Illingworth S.1, Rasiah N.1, Beadle J.1, Seymour L.2, Fisher K.1,2, 
Champion B.R.1, Brown A.C.1

1	PsiOxus Therapeutics, Oxford, United Kingdom, 
2	University of Oxford, Oxford, United Kingdom  

Developing an oncolytic virus “armed” to deliver antibodies to 
tumours
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Hepatocellular carcinoma (HCC) is the most fre-

quent primary liver cancer and represents the third 

and the fifth leading cause of cancer related death 

worldwide in men and women, respectively. Poor 

prognosis is due to the low efficacy of currently 

available treatments. In order to address such high 

a unmet medical need, the HEPAVAC Consortium 

aims to develop a highly innovative, novel cancer 

vaccine approach for HCC. The international project 

consortium consists of 9 European Partners from 

academia and the biotech industry with comple-

mentary and substantial expertise in developing 

immunotherapeutic strategies to treat cancer. The 

project is supported by the European Commission‘s 

7th Framework Program (www.hepavac.eu).The 

main objective of HepaVac is to develop a novel 

cancer vaccine approach for HCC based on epitopes 

naturally processed and presented by HLA class I 

and II on primary liver cancer tissue. Combined in a 

multi-target, multi-peptide vaccination strategy, the 

aim is to elicit effective CD4+ T helper and CD8+ 

CTL responses able to target and kill hepatocellular 

carcinoma cells. The HEPAVAC strategy combines 

an off-the-shelf multi-peptide vaccine cocktail, suit-

able to treat HLA-A*02 and/or A*24 positive HCC 

patients, with an actively personalized approach 

(APVAC), targeting the individual immunopepti-

dome (HLA-ligandome) and mutanome of a specific 

patient and tumor. The latter step aims to take per-

sonalized medicine to a new level. Vaccines will 

be adjuvanted by the immune-stimulator RNAd-

juvant® targeting toll-like receptor (TLR) 7. A ran-

domized multi-center phase I/II clinical trial will 

be conducted to assess the HEPAVAC vaccine ap-

proach. Primary endpoints will include feasibility, 

safety and induction of specific cellular immune re-

sponses.The project has started in September 2013. 

Identification of specific HCC-associated target an-

tigens is in progress by investigating the HLA I and 

II immunopeptidome of primary liver cancer. This 

is pursued using an integrated approach combining 

mass spectrometry, gene expression analysis and 

immunogenicity prediction through in vitro analy-

sis of the human T-cell repertoire in HLA-matched 

healthy donors (XPRESIDENT® antigen discovery 

platform). To date, we have identified previously 

unknown HCC-associated target antigen candi-

dates which are now entering a multi-step valida-

tion process. In parallel, the HEPAVAC Consortium 

is preparing its GMP facility at the University of 

Tuebingen, for customized manufacture of actively 

personalized treatment as well as to address logisti-

cal challenges of a personalized treatment approach. 

Preclinical studies assessing the formulation and 

combination of the immunological RNA-based ad-

juvant with peptide cocktails are underway. 

Kutscher S.1, Accolla R.2, Adams D.3, Ayyoub M.4, Heindenreich R.5, Izzo F.6,  
Koenigsrainer A.7, Loeffler M.8, Mueller P.1, Rammensee H.-G.8, Sangro B.9, Francque S.10, 
Valmori D.4, Weinschenk T.1, Singh-Jasuja H.1, Buonaguro L.11

1	 Immatics Biotechnologies GmbH, Tuebingen, 
	 Germany, 
2	Univ. of Insubria, Varese, Italy, 
3	Univ. of Birmingham, Birmingham, United  
	 Kingdom, 
4	 INSERM UMR 1102, Nantes, France, 
5	Curevac GmbH, Tuebingen, Germany, 
6	National Cancer Institute PASCALE, Napoli,  
	 Italy, 

7	Univ. of Tuebingen, Tuebingen, Germany, 
8	Univ. of Tuebingen, Tuebingen, Germany, 
9	Univ. of Navarra, Pamplona, Spain, 
10	Antwerp Univ. Hospital, Antwerp, Belgium, 
11	National Cancer Institute PASCALE,  
	 Experimental Oncology, Napoli, Italy 

Cancer vaccine development for hepatocellular carcinoma - 
HEPAVAC
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An absolute prerequisite for a therapeutic vaccine 

against hepatitis C virus (HCV) infection is the 

potency to induce HCV-specific vigorous and 

broad-spectrum T cell responses. Here, we gener-

ated three HCV vaccines based on a Semliki Forest 

virus vector (rSFV) expressing all- or a part of the 

conserved non-structural proteins (nsPs) of HCV. 

We demonstrated that an rSFV vector was able to 

encode a transgene as large as 6.1 kb without af-

fecting its vaccine immunogenicity. Prime-boost 

immunizations of mice with rSFV expressing all 

nsPs induced strong and long-lasting NS3-specific 

CD8+ T cell responses. The strength and functional 

heterogeneity of the T-cell response was similar to 

that induced with rSFV expressing only NS3/4A. 

Furthermore this leads to a significant growth 

delay and negative selection of HCV-expressing 

EL4 tumors in an in vivo mouse model. In general, 

as broad-spectrum T cell responses are only seen 

in patients with resolved HCV infection, this rSFV-

based vector, which expresses all nsPs, inducing 

robust T cell activity has a potential for the treat-

ment of HCV infections. 

Ip P.P.1, Boerma A.1, Regts J.1, Meijerhof T.1, Wilschut J.1, Nijman H.W.2, Daemen T.1

1	University of Groningen, University Medical Center Groningen, Medical Microbiology,  
	Groningen, Netherlands, 
2	University of Groningen, University Medical Center Groningen, Gynecologic Oncology,  
	Groningen, Netherlands 

Alphavirus-based vaccines encoding nonstructural proteins of 
Hepatitis C virus induce robust and protective T cell responses
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Background: Development of novel (immune) ther-

apies is of utmost importance to improve survival in 

relapsed pediatric-AML (acute myeloid leukemia). 

We aim to develop a powerful and safe therapy con-

sisting of two potentially synergistic components: 

Cord Blood (CB) hematopoietic (stem) cell trans-

plantation (HCT) and vaccination with CB-derived 

Wilms Tumor 1 (WT1) mRNA-electroporated den-

dritic cells (DCs). 

Materials and methods: After isolation, the CD34+ 

CB stem cells were cultured using a two-step pro-

tocol. First, they were expanded using a combi-

nation of (growth) factors (Flt3L, SCF, IL-3 and 

IL-6). Next, the cells were differentiated towards 

DCs for one week using medium containing Flt3L, 

SCF, GM-CSF, IL-4 and human serum followed by 

a CYTOMIX (IL-1β, IL-6, TNF-α and PGE2)-induced 

maturation for the last 24 hours. Finally, the CBDC 

culture was electroporated with WT1-mRNA and 

both their phenotype (cell surface markers) and 

function (migration and antigen presentation) were 

assessed.

Results: Using the two-step protocol a total cell 

expansion of 300-500 fold was achieved. Based on 

surface marker expression, different DC subsets 

could be distinguished in our CBDC cultures. 

Since no differences in antigen presentation ca-

pacity between the DC subsets were detected, the 

whole CBDC culture was used in all phenotypic and 

functional assays. The maturation using CYTOMIX 

induced upregulation of costimulatory molecules 

(CD80, CD83 and CD86) and the chemokine recep-

tor CCR7 on the CBDCs. These matured CBDCs 

showed enhanced CCR7-dependent migration 

towards CCL21 in a trans-well migration assay. The 

presentation of WT1 peptides by the CBDC culture, 

matured using CYTOMIX and electroporated with 

WT1 mRNA, was confirmed by the stimulation of 

a WT1126-134 peptide-specific T cell clone . Further-

more, this same CBDC culture was able to induce 

expansion of the WT1-specific T cells from their 

autologous pool of naïve T cells in cord blood.

Conclusion: We have developed and tested an in 

vitro system for culturing large amounts of DCs 

from the CD34+ CB stem cells. Both the phenotypic 

and functional data support the use of the whole 

CBDC culture as vaccine. We are currently translat-

ing our preclinical protocol to GMP production of a 

clinical grade vaccine.

de Haar C.1, Plantinga M.1, Blokland N.1, Spel L.1, Boes M.1, Nierkens S.1, Boelens J.J.1

1	UMC Utrecht, Laboratory of Translational Immunology, Utrecht, Netherlands 

Development of a unique anti-AML immune therapy consisting 
of cord blood hematopoietic cell transplantation and cord blood 
stem cell-derived dendritic cell (CBDC) vaccination
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Immune responses to Biologics are a major concern 

for the successful development of investigational 

products. PLATINE PHARMA SERVICES has devel-

oped a proprietary Immuno‘Line™ technology to 

predict the immunogenicity in humans of proteins, 

protein-bound small chemicals or peptides, encom-

passed in therapeutic or prophylactic vaccines. This 

technology is based on quantitative and predictive 

T cell amplification assays using T cells harvested 

from naïve healthy donors displaying various al-

lotypes, to address the immunogenicity prediction 

of peptide or protein candidates. 

PLATINE notably worked with VAXEAL to select the 

optimal formulation of long synthetic peptides (LSP) 

encompassed in a therapeutic cancer vaccine devel-

oped by this company. In this study, Immuno‘Line™ 

technology were used to determine the immuno-

genicity of the three LSP candidates either in their 

native form (S1, S2 and S3), after modification of 

their sequence (Mod-S1 and Mod-S2) or combined 

as a single long peptide containing the Mod-S1, 

Mod-S2 and native S3 peptides (LP). CD4+ T cell 

lines from 12 naïve healthy donors, representative 

of the HLA II diversity encounter in the Caucasian 

population, were generated by restimulation with 

the different tested peptides. T cell reactivity was 

then tested against the naturally expressed native 

peptides, except for LP-stimulated T cell lines that 

were tested both against native and LP. 

Results demonstrated that all 12 donors responded 

to at least one native peptide. The magnitude of 

the immune response was variable with mean fre-

quencies of CD4+ T cell precursors reactive to S1, 

S2 and S3, of 0.8, 0.5, and 0.7 per million of CD4+ 

T cells respectively, corresponding to a moderate 

immunogenicity. Nevertheless, pooled together 

the native peptides are potentially able to induce T 

cell lines in all the tested donors associated with a 

high frequency of specific CD4+ T cell precursors 

(1.9). This predicts a high immunogenicity of this 

pool of peptides in humans and this irrespective of 

individual‘s HLA class II type. The modified pep-

tides were also capable of inducing peptide-specific 

immune response. However, the precursor fre-

quency to Mod-S2 (0.1 per million) was drastically 

reduced compared to native S2 (0.5 per million). By 

contrast, Mod-S1 displayed equivalent to slightly 

higher immunogenicity compared to S1 with re-

spectively 0.9 vs 0.8 CD4+ T cell precursors per 

million. The long peptide appeared to be less im-

munogenic compared to the pool of corresponding 

individual peptides. This, combined with reactiv-

ity to neo-epitopes detected in 5 of 12 donors, sug-

gested that the long peptide may not be the optimal 

candidate for vaccination. 

In conclusion, based on Immuno‘line™ analysis, 

the optimal vaccine-candidate proposed to Vaxeal 

was the pool of Mod-S1/ native S2 / native S3. In-

terestingly, Vaxeal observed equivalent results in 

subsequent in vivo preclinical studies. 

Delluc S.1, Bouzidi A.2, Kerzerho J.2, Legastelois S.1

1	Platine Pharma Services, Lyon, France, 
2	Vaxeal, 4 Rue Pierre Fontaine, Evry, France 

Optimization of peptide-based vaccines using advanced 
technology
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Therapeutic vaccination aims to induce an immune 

response against the tumor in cancer-bearing pa-

tients. Dendritic cells (DC), representing “nature‘s 

own adjuvant”, are frequently used in this context. 

DC for this purpose are usually generated from au-

tologous monocytes and are matured and loaded 

with tumor-related antigen. Unfortunately, the 

clinical responses induced by the first generation 

of DC-vaccines fell behind the high expectations 

- nevertheless these trials showed immunogenic-

ity and induction of specific T-cell responses. DC 

vaccines have since been optimized and improved, 

finally resulting in the generation of so called “de-

signer DC” specifically equipped with features and 

molecules to increase their immunogenic efficien-

cy. Several different approaches to achieve this are 

momentarily subjected to intensive research. We 

here present an approach to find candidate proteins 

suitable to improve the DC‘s capability to induce 

more effective and longer lasting immune respons-

es in cancer immunotherapy. We and others ob-

served that standard cytokine-cocktail-matured 

DC are unable to repetitively stimulate autologous 

naïve CD8+ T cells in absence of additional activat-

ing stimuli. This deficiency could be overcome by 

different means, including antigen-specific CD4+ 

help, CD40-activation on the DC, or activation of 

the NF-kappaB pathway within the DC, while all 

these signals had to be active during the DC-CTL 

encounter. To find effector molecules, which are 

induced by these different stimuli in a similar 

fashion, or which display an expression that corre-

lates with observed differences in the induced CTL 

responses, we are now performing transcriptome 

analyses of the differentially treated DC. As a first 

prerequisite for these experiments, we showed that 

mRNA-electroporation per se does not affect the cy-

tokine production pattern, surface marker expres-

sion, and transcriptome of cytokine-matured DC. 

Preliminary results of DC obtaining an additional 

activation stimulus already reveal that IL-12 is a 

relevant effector, which is not new, but reassuring 

that our approach is valid. We expect other candi-

dates to emerge, which will help to further improve 

designer DC for clinical application and which will 

also contribute to a better understanding of the  

DC / T-cell interaction in CTL memory induction.

(authors StH, IP, KG, SP, SaH, and LB contributed equally)  
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A transcriptomic approach to generate better designer DC for 
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Background: Cancer vaccines aim at inducing tu-

mor-specific immune responses. However, in clini-

cal studies so far these approaches have limited 

antitumor effect. Evidence is accumulating that 

MDSC (myeloid-derived suppressor cells) can sup-

press the antitumor immune response. Reversal of 

MDSC-mediated immune suppression by treatment 

with the tyrosine kinase inhibitor sunitinb can 

therefore possibly increase the efficacy of cancer 

vaccines.

Material and methods: We developed a method 

to assess MDSC depletion in a preclinical model 

of HPV-induced neoplasia. TC-1 (cells expressing 

HPV16-E7) tumor-bearing mice were injected with 

different dosages of sunitinib daily, for 9 days, with 

and without immunization with SFVeE6,7 (Semliki 

Forest virus encoding human papilloma virus E6,7 

tumor antigens). Intra-tumoral, intra-splenic and 

circulating MDSC and CD8 T cell levels were as-

sessed after treatment.

Results: Upon sunitinib treatment, the absolute 

numbers of intra-tumoral, intra-splenic and cir-

culating MDSC decreased in a dose-dependent 

manner. Combined sunitinib and immunization 

therapy led to a marked decrease of intra-tumor-

al, intra-splenic and circulating MDSC levels as 

compared to non-treated control or immunization 

alone. The bi-therapy regimen markedly enhanced 

intra-tumoral, intra-splenic and circulating levels 

of CD8 T cells. The highest number of circulating 

CD8 T cells undergoing degranulation (CD107ab+) 

was observed after combined treatment. Most im-

portantly, this combined sunitinib and immuniza-

tion treatment regimen abrogated tumor growth.

Conclusions: In summary, we demonstrated that 

sunitinib alone or in combination with immuni-

zation can decrease intra-tumoral, intra-splenic 

and circulating MDSC levels. Also, combination of 

sunitinib treatment with immunization enhanced 

levels and degranulating activity of CD8 T cells, 

thus resulting in reversal of tumor growth. This 

study indicates that SFV-based immunotherapy 

combined with sunitinib treatment could improve 

treatment outcome. 

Draghiciu O.1, Hoogeboom B.N.1, Meijerhof T.1, Nijman H.W.2, Daemen T.1
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Depleting the suppressors for the benefit of immunotherapy 
against cervical cancer
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Glioma is a dreadful disease with very poor prog-

nosis and current treatments are not able to prolong 

life more than a few months. In an effort to propose 

new therapeutic options for glioma patients, anti-

tumor vaccination is currently being tested in clini-

cal trials. However, inducing an immune response 

in patients may be comprised by concomitant or 

previous temozolomide, an alkylating agent ad-

ministered in most patients. Indeed, the impact 

of temozolomide on different immune cell subsets 

and, in particular, on T regulatory cells (Tregs), is 

controversial. Here, we assess this issue by analyz-

ing in detail the phenotype and function of differ-

ent subpopulations of immune cells in 25 patients 

with grade IV astrocytoma throughout their first 

line treatment (irradiation and temozolomide). 13 

healthy individuals tested over the same period of 

time (i.e. 9 months) were included as controls. Our 

results show that temozolomide induces a severe 

and long-lasting decrease in T cells together with 

a concomitant increase of the T regulatory to T ef-

fector cell ratio (Treg/Teff ratio). However, patients 

were capable of mounting a T cell response to an 

influenza vaccine similar to that elicited in healthy 

individuals. Our results indicate that prophylactic 

vaccination is feasible in these patients despite an 

increase in the Treg/Teff ratio induced by temozo-

lomide. A strict monitoring of Treg numbers during 

ongoing and future immunotherapy trials will be 

necessary to confirm whether successful therapeu-

tic vaccination can be achieved in patients with dif-

ferent Treg levels. 

Dutoit V.1, Migliorini D.1, Schaller K.2, Walker P.R.1, Dietrich P.-Y.1

1	University of Geneva, Geneva, Switzerland, 
2	Neurosurgical Unit, Faculty of Medicine, Geneva University Hospitals, Geneva, Switzerland 

Temozolomide promotes an increase in the proportion of 
regulatory T cells over effector T cells in patients with glioma
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IMA950 is a vaccine encompassing multiple pep-

tides which have been isolated from glioblastoma, 

and clinical trials are ongoing. In parallel to this 

clinical development for high grade glioma pa-

tients, it could be of high interest to investigate the 

value of IMA950 multi-peptide vaccine for patients 

with a less aggressive disease. Indeed, patients 

with grade II and III astrocytoma are younger, 

healthier and have longer survival then high-grade 

patients. However, their disease invariably re-

lapses, with ultimate progression to glioblastoma 

in most cases. Here, we investigated expression at 

the mRNA level of the IMA950 glioma antigens in 

grade II and III astrocytoma and in other low grade 

brain tumors using the Nanostring nCounter tech-

nology. We observed a similar pattern of expres-

sion of the antigens in grade II and III astrocytoma 

as in glioblastoma, with 6 out of 9 antigens being 

expressed in more than 50% of samples (N= 20 for 

both grade II and III astrocytoma). The antigens 

were also expressed in a significant proportion of 

oligodendroglioma grade II and III and in epend-

ymoma samples. Our results suggest that 6 among 

9 peptides of IMA950 are appropriate candidates 

for clinical trials investigating the therapeutic po-

tential of this vaccine composition for grade II/III 

astrocytoma patients 

Dutoit V.1, Ranzanici G.1, Migliorini D.1, Schaller K.2, Walker P.R.1, Herold-Mende C.3, 
Dietrich P.-Y.1
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Is the IMA950 multi-peptide vaccine applicable for grade II and 
III glioma patients?
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Introduction: Leukemia immunotherapy frequent-

ly does not meet expectation, one of the handicaps 

being tumor exosome (TEX)-promoted immuno-

suppression. We here asked, using the mouse leu-

kemia WEHI3B, whether dendritic cell (DC) vac-

cination suffices to counterregulate TEX-induced 

immunosuppression and whether TEX could serve 

as tumor antigen for DC-loading.

Methods: DC were generated from bone marrow 

cells and were loaded with tumor lysate or TEX. 

TEX were isolated by standard protocols including 

sucrose density gradient purification from WEHI3B 

culture supernatant. WEHI3B-bearing mice were 

vaccinated with tumor lysate- or TEX-loaded DC or 

with TEX. Survival time and rate as well as immune 

response induction were monitored ex vivo. Lysate 

and TEX processing by DC were analyzed in vitro.

Results: DC-vaccination significantly prolonged the 

survival time of WEHI3B-bearing mice, TEX-load-

ed DC (DC-TEX) being superior to lysate-loaded 

DC (DC-lys), even an excess of TEX not interfer-

ing with immune response induction. The supe-

rior response to DC-TEX was accompanied by an 

increase in WEHI3B-specific CD4+ T cells, evalu-

ated by trogocytosis and proliferation. TEX had no 

negative impact on bone marrow cell-derived DC 

maturation in vitro and supported CD11c, MHCII 

and IL12 upregulation. Importantly, TEX were 

more efficiently taken up by DC than tumor lysate 

and uptaken TEX were recovered for a prolonged 

period and were, at least partly, recruited into the 

MHCII-loading compartment.

Conclusion: TEX did not drive DC into a suppres-

sive phenotype and were a superior antigen due to 

highly efficient TEX-presentation that is supported 

by prolonged persistence in DC and preferential 

processing in the MHCII-loading compartment. As 

TEX can easily be recovered from patients´ sera, 

they provide an optimized, individual-specific 

antigen source for DC-loading 

Erb U.1, Gu X.1, Zöller M.1
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Towards a personalized immunotherapy by vaccination with 
exosome-loaded dendritic cells
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Background: Antigen-directed immunotherapy, 

such as anti-tumor vaccination, is a promising ap-

proach to treatment of solid tumors. Despite limited 

success in a subset of tumors with defined target 

antigens, therapeutic vaccine platforms have not 

yet achieved routine clinical efficacy. To expand 

the scope of antigen-directed immunotherapy the 

field will require computational approaches that 

accelerate antigen discovery. To this end, we com-

bined sequencing data with a suit of bioinformatic 

tools to create an integrated antigen discovery plat-

form, which may be used to identify targets for use 

in personalized immune-based therapeutics for pa-

tients with solid tumors.

Methods: We performed whole exome sequenc-

ing (WES) on DNA derived from a representative 

sample of primary tumor and matched normal 

tissue from a patient with pancreatic adenocarci-

noma (PAAD). We identified all somatic non-syn-

onymous mutations in the tumor-normal pair. We 

translate each tumor-specific variant in silico into 

a 21mer sequence corresponding to the variant 

residue plus symmetric flanking regions. Each 

variant peptide was then analyzed with a suite 

of algorithms which model peptide-MHC class I 

(pMHC) binding affinity. The results were filtered 

based upon absolute binding affinity (IC50) or rela-

tive binding rank to identify high affinity pMHC 

pairs. We then ranked candidate epitopes by pre-

dicted immunogenicity using a HLA and peptide 

sequence length invariant classifier. Our classifier 

translates amino acid strings to a reduced alphabet, 

transforms each string to n-gram frequencies, and 

then uses an ensemble of random forests to predict 

immunogenicity. Candidate peptides that ranked 

highly in both the pMHC binding and immuno-

genicity model were retained for further validation. 

Results: WES of the tumor-normal pair identified 

23 somatic non-synonymous mutations including 

a series of characteristic substitutions common in 

PAAD. We observed a G12D substitution in KRAS 

which is found in greater than 50% of all PAAD 

cases, and is known to confer constitutive signaling 

activity; as well as mutations in SMAD4, and TP53 

both of which are observed in greater than 25% 

of all PAAD. The integrated ranking system identi-

fied few peptides of particular interest including: 

TEYKLVVVGADGV, GADGVGKSA derivatives of 

the observed KRAS substitution; as well as peptides 

WRWPDLHKNERK, and NERKHVKYCQYAF deriv-

atives of variant SMAD4; and MCNSSCMGW from 

variant TP53—all of which are predicted to bind 

to non-competing MHC-I isoforms with good con-

cordance in our immunogenicity scoring system.  

Conclusion: We have developed an informatics-

based approach that utilizes WES data to identify 

candidate peptides suitable for use in personalized 

vaccination. In future work, we will apply this 

analysis to additional solid tumors and to verify the 

quality of our predictions of using patient-derived 

autologous T cells exposed to synthetic peptides 

in vitro. 
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Integrated computational pipeline for epitope characterization 
for use in personalized genomic vaccination in solid tumors
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Objective: Therapeutic vaccination against cancer 

aims at activating tumor-specific cytotoxic CD8+ 

T cells while concomitantly inducing long-lasting 

memory responses. Previously we demonstrated 

that vaccination of advanced stage melanoma 

patients with low dose of native Melan-AMART-1
26-35 

peptide (“EAA”) induces immune responses with 

superior memory and effector functions compared 

to the analog (A27L) peptide (“ELA”). However, 

major questions remain regarding the establish-

ment of the increased polyfunctionality observed 

following native peptide vaccination. For instance, 

are there significant differences in clonotype selec-

tion between native and analog peptide-vaccinated 

patients? Can T cells display high levels of poly-

functionality already before vaccination? Or how 

early post-vaccination can one observe polyfunc-

tionality?

Methods: We have studied three EAA- and four ELA-

vaccinated patients from whom we obtained pre-

vaccination, early (< 3 months or after ≤ 4 monthly 

vaccinations) and late (> 3 months or ≥ 4 monthly 

vaccinations) post-vaccine blood samples. From 

these PBMCs, individual Melan-AMART-1
26-35-specific 

CD8 T cells were sorted by flow cytometry, fol-

lowed by direct cell lysis and reverse transcription. 

The resulting cDNA was precipitated, globally am-

plified and subjected to semi-quantitative PCR for 

gene expression and TCR BV clonotype repertoire 

analyses.

Results: We observed that vaccination with the 

native/EAA peptide promoted the development 

of a dominant TCR clonotype repertoire earlier 

than with the analog/ELA peptide. Interestingly, 

there was an increased proportion of dominant 

clonotypes in the less-differentiated tumor-spe-

cific EM28+ T cell subset. Using single-cell gene 

expression analyses, we then characterized poly-

functionality by evaluating the co-expression of 

memory/homing-associated genes (CD27, IL7R, 

EOMES, CXCR3 and CCR5) and effector-related 

genes (IFNG, KLRD1, PRF1 and GZMB). Prior to 

vaccination, T cells from both vaccination cohort 

displayed similar gene expression patterns, i.e. low 

effector and high memory gene expression. At early 

time point, we did not observed significant gene 

expression difference between EAA- and ELA-vac-

cinated patients. However, at late time points, EAA-

vaccinated patients displayed augmented memory/

effector gene co-expression.

Conclusions: These findings reveal the early onset 

of the establishment of a dominant T cell clonotype 

repertoire following vaccination with the native 

peptide when compared to patients vaccinated 

with the analog peptide. Conversely, the level of 

memory/effector T cell polyfunctionality appears 

to be established in time possibly through repeated 

boosting vaccination, likely through maturation of 

the tumor-specific T cell response. 
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Vaccination of melanoma patient with native peptide promotes 
the early onset development of a dominant T cell repertoire
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One cancer that comprises a viral involvement is 

the Merkel cell carcinoma (MCC). MCC is a neu-

roendocrine skin tumor, which is relatively rare, 

but highly aggressive and its incidence rates have 

increased over the last decades. Aside from surgical 

excision no standard treatment exists for already 

established tumors. Recently the Merkel cell poly-

omavirus (MCV) was discovered to be associated 

with MCC (80 % of MCC tissues contain MCV, but 

only 8 % of healthy tissues). Under certain circum-

stances, this virus integrates into the host genome. 

Thereby, the production of most viral proteins is 

switched off, but a truncated form of one of its viral 

proteins, the large T antigen (LT) is still expressed. 

This protein contains conserved tumor suppres-

sor-targeting motifs, e.g. the Rb binding domain, 

and serves as oncogenic driver. Moreover, LT is a 

foreign antigen (Ag) and similar in a large number 

of patients. Thus, LT seems to be an appropriate 

target for the immunotherapy of MCC.In contrast 

to overexpressed self-Ag, targeting a foreign Ag, 

such as truncated LT, does not require the breach 

of central tolerance and does not confer the risk of 

establishing autoimmunity against healthy tissue. 

Hence, the aim of this study is to develop an im-

munotherapeutic DC vaccination approach for the 

treatment of virally induced cancers by employing 

MCC with its LT as a model disease. These DC will 

be generated by the electroporation with truncated 

LT (truncLT)-RNA, but to improve the DC‘s im-

munogenicity, we will co-transfect constitutively 

active mutants of IkB kinases (caIKK) of the NF-kB 

signaling pathway. The introduction of caIKK - i.e. 

caIKKa and caIKKb - led to the up-regulation of 

maturation markers and co-stimulatory molecules 

and to an increased TNF, IL-6, IL-8, and IL-12p70 

secretion. These caIKK-DC are highly immuno-

genic and potent stimulators for the generation 

of antigen-specific memory-like CD8+ T cells. To 

further improve the DC‘s stimulatory capacity, we 

codon-optimized the caIKK constructs and com-

pared the DC transfected with the optimized and 

standard constructs concerning surface expression 

of DC maturation markers, co-stimulatory mol-

ecules, and cytokine secretion in a time-dependent 

manner. We also intend to compare the changes 

induced by codon-optimized caIKKDC compared to 

standard caIKK-DC in their stimulatory potential. 

We will design the ongoing study either with the 

optimized or the standard constructs after further 

corroboration of the preliminary results. Thereby, 

we will assess whether the LT is a suitable target 

antigen for the DC vaccination therapy of MCC.  

Gerer K.F.1,2, Pfeiffer I.A.1,2, Schuler-Thurner B.1, Schuler G.1, Dörrie J.1, Schaft N.1,  
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Vaccination against the large T antigen as a model for 
immunotherapy of virally induced cancer
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Background: MGN1601, a cell-based therapeutic 

cancer vaccine, is a fixed combination of allogeneic 

tumor cells modified via MIDGE® vectors to express 

IL-7, GM-CSF, CD80, and CD154 plus the immu-

nomodulator dSLIM®. In the ASET trial heavily pre-

treated patients with RCC were enrolled to assess 

safety, clinical efficacy, and immunological effects 

of MGN1601.

Methods: The treatment phase of the multicenter, 

single-arm phase 1/2 ASET study consisted of 8 in-

tradermal vaccinations over 12 weeks. Following 

evaluation, patients with at least disease stabili-

zation entered an extension phase (EP, 5 vaccina-

tions until week 120). Overall, 19 patients were in-

cluded and received at least one MGN1601 injection 

(ITT); the majority (N=17) had ≥3 lines of previous 

therapy.

Results: Ten out of 19 patients (53%) completed 

the treatment phase per-protocol (PP); 9 patients 

discontinued the study due to disease progression 

(PD) or rapid deterioration. Only 10 of 109 adverse 

events (9.2%) were drug-related and no drug-relat-

ed serious adverse event was reported. Two patients 

achieved disease control (PR, SD) after 12 weeks 

and continued in the EP: One had PD during EP, the 

other remains in sustained partial remission after 

completion of the EP. Median OS was 24.8 weeks 

for ITT and 115.3 weeks for PP. Univariate analysis 

of pre-treatment characteristics revealed absolute 

lymphocyte counts, neutrophil to lymphocyte ratios, 

platelets, MSKCC score, and liver metastasis as pu-

tative predictive factors of longer overall survival. 

Upon stimulation with different recall antigens 

patients‘ PBMC showed a significant increase in 

IL-2 secretion in 7 of 10 analyzed patients in an 

LTT - including 2 patients with SD and PR. ELISpot 

assay using re-stimulation of patients‘ PBMC with 

MGN1601 cells or peptide mixes of tumor associ-

ated antigens resulted in at least two-fold increase 

of IFN-gamma secreting cells in 4 of 9 patients 

suggesting a cytotoxic anti-tumour response in the 

course of MGN1601 vaccination. Four of 5 patients 

showed an increase of single activation marker 

(CD169, CD86 or CD69) 48 hours after vaccination. 

All 5 patients developed vaccine cell binding an-

tibodies. These immunological in-vitro analyses 

revealed improved cellular and humoral immune 

function during MGN1601 treatment.

Conclusions: MGN1601 administration was safe 

and showed promising OS in a population of heavily 

pretreated RCC patients who could receive therapy 

over 12 weeks (PP population). These results 

warrant further evaluation in a larger, controlled 

clinical trial. Baseline biomarkers and factors may 

allow identifying patients more likely to benefit 

from this innovative vaccination approach. 
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ASET study: Predictive parameters and immunological data 
of patients with locally recurrent or metastatic renal cell  
carcinoma (RCC) treated with the cell-based therapeutic 
cancer vaccine MGN1601
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The great ability of antigen presenting cells, such as 

dendritic cells (DCs), to boost an immune response 

against an antigen is employed in new cancer im-

munotherapy strategies. One novel approach is 

therapeutic vaccination using long peptides (LPs) 

with overlapping sequences that span whole or 

parts of tumour-associated antigens (TAAs). LP 

vaccination has shown promising results when 

treating patients harbouring a HPV induced neo-

plasia; however, improvements are needed with 

respect to antigen uptake and optimal activation 

of DCs.

To improve LP vaccination we have linked LPs 

to a B cell epitope facilitating complex formation 

with specific antibodies. In vivo antigen-antibody 

complex formation has previously been shown to 

enhance antigen uptake and activate DCs which 

subsequently prime antigen-specific T cells[1]. We 

have therefore linked three identical linear pep-

tides derived from tetanus toxin to a LP of interest. 

The linear tetanus derived peptide was chosen as 

we found that the majority of tested healthy indi-

viduals display IgG specific antibodies towards this 

epitope, as a result of tetanus vaccination, thereby 

facilitating in vivo conjugate-antibody complex 

formation. In a murine system conjugate-antibody 

complexes are superior, compared to conjugate 

alone, in activation of DCs that subsequently cross-

present and activate LP-specific T cells (unpub-

lished results).

We have recently evaluated our conjugate vaccine 

in a whole human blood loop system that uniquely 

contains intact complement system. Monocytes 

were found to internalise the conjugate in an an-

tibody dependent manner but FcγRs appeared less 

important for the internalisation process. The clas-

sical pathway of the complement system on the 

other hand was found involved and especially 

the C1q component as the conjugate uptake was 

reduced when blocking C1q. Clearance of the con-

jugate vaccine via erythrocytes (possibly through 

CR1) could not be detected. Nor did the conjugate 

induce rapid cytokine release in our blood loop 

system which could have been predictive, as we 

have seen with certain therapeutic monoclonal 

antibodies, of a future cytokine storm when en-

tering a clinical trial. The conjugate was further 

demonstrated to activate LP-specific T cells in the 

loop system, a feature not found when using the 

LP alone, illustrating the potential of the conju-

gate as a therapeutic vaccine. Considering our 

promising results in the human blood loop system 

we anticipate that our novel conjugate vaccine 

can be brought into the clinic in the near future. 

Reference: 

[1] van Montfoort, N., et al., Circulating specific antibodies 
enhance systemic cross-priming by delivery of complexed 
antigen to dendritic cells in vivo. Eur J Immunol, 2012. 
42(3): p. 598-606.
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The interaction of Antigen-Antibody complexes with  
complement functional human whole blood reveals promising 
features for a novel therapeutic long peptide conjugate vaccine
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Because existing therapeutic cancer vaccines only 

provide a limited clinical benefit, a novel vaccina-

tion strategy is necessary to improve vaccine ef-

ficacy. The primary target for cancer vaccines are 

professional antigen-presenting cells (APCs) such 

as dendritic cells (DCs) and macrophages, and 

recent accumulating data demonstrate that vaccine 

delivery system targeting these professional APCs 

is a key for the enhancement of vaccine efficacy. 

Especially, the use of synthetic nanoparticulate 

carriers has emerged as an effective strategy for 

vaccine delivery. We developed a novel nanopar-

ticulate cancer vaccine by encapsulating long 

peptide antigen within an immunologically inert 

nanoparticulate hydrogel (nanogel) of cholesteryl 

pullulan (CHP). After subcutaneous administration 

to mice, the CHP nanogel vaccine was efficiently 

transported to the draining lymph node. Inter-

estingly, the vaccine was preferentially engulfed 

by medullary macrophages, but was ignored by 

other lymphocytes including other macrophages 

and dendritic cells (“stealth”). Although the in-

volvement of medullary macrophages in T cell 

immunity has been unclear, these macrophages 

effectively cross-primed vaccine-specific CD8+ T 

cells in the presence of Toll-like receptor (TLR) 

agonist such as CpG ODN or poly-IC RNA as an 

adjuvant. The stealth CHP nanogel vaccine mark-

edly inhibited in vivo tumor growth as compared 

to a vaccine formulation using conventional de-

livery system such as incomplete Freund‘s ad-

juvant. A mechanism underlying the enhanced 

immunogenicity of the vaccine is under investiga-

tion. These results indicate that the stealth CHP 

nanogel is useful for selective delivery of vaccine 

to a certain subset of lymph node macrophages 

with high cross-presentation activity, providing 

a new opportunity to improve vaccine efficacy. 
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Targeting lymph node medullary macrophage with  
immunologically stealth nanogel vaccine induces enhanced 
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The Mutanome Engineered RNA Immuno-Therapy 

(MERIT) consortium will clinically and industrially 

validate a pioneering RNA-based immunotherapy 

concept that targets individual tumor antigens and 

tumor-specific mutations in triple negative breast 

cancer (TNBC) patients. This biomarker-guided, 

personalized therapy is a collaborative effort of five 

partners from academia and industry and is funded 

by the European Commission‘s Seventh Framework 

Programme. 

Medical need in TNBC: TNBC is an aggressive, 

molecularly heterogeneous cancer that accounts 

for 20% of all breast cancer patients. The five-year 

survival rate is less than 80%. The molecular heter-

ogeneity across TNBCs results in a lack of common 

targetable molecular alterations, and thus targeted 

therapies frequently fail to provide clinical benefit. 

Novel Therapeutic Concept: The MERIT concept 

attempts to address this unmet medical need. The 

vaccines include “off the shelf” RNAs selected from 

a pre-synthesized RNA vaccine warehouse (MERIT 

WAREHOUSE) that target tumor specific antigens 

expressed in the respective patient‘s tumor. These 

selected warehouse RNAs will be further com-

bined with in vitro transcribed RNAs engineered 

on-demand that encode patient-specific sequence 

stretches incorporating non-synonymous muta-

tions identified by next generation sequencing 

(NGS) and ranked by predicted immunogenicity 

(MERIT MUTANOME).

The project: The central part of the MERIT project, 

a multi-center first in human trial, will assess the 

feasibility, safety and biological efficacy of this in-

novative personalized immunotherapy in TNBC pa-

tients. In the clinical trial, five academic centers in 

Europe will recruit thirty TNBC patients. Further-

more, the project includes a comprehensive T-cell 

immunomonitoring and biomarker program to 

assess the mechanism-of-action (MoA). Moreover, 

an extensive research program will address the op-

timization of algorithms for improved prediction of 

immunogenic mutations. Additionally, compounds 

to enhance vaccine efficacy will be developed and 

improved to support further clinical development.

Results: We have established a MERIT WARE-

HOUSE containing a selection of TNBC specific an-

tigens. Additionally, we have built a multi-discipli-

nary clinical workflow and trial design tailored to 

this unique therapeutic concept. We will describe 

the therapeutic concept and the critical skills, and 

methodologies required for this project, includ-

ing cancer genomics, NGS, bioinformatics, tumor 

immunomics, industrial drug development, GMP 

manufacturing, clinical immunotherapy and im-

munological monitoring. 

Heesch S.1, Britten C.M.1, Castle J.1, Diekmann J.1, Diken M.2, Kreiter S.1, Kuhn A.1, 
Kuehlcke K.3, Schmidt M.4, André F.5, De Greve J.6, Kuendig T.7, Lindman H.8, Pascolo S.7,  
Sjöblom T.9, Thielemans K.6, Zitvogel L.5, Sahin U.1
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The Mutanome Engineered RNA Immuno-Therapy (MERIT) 
consortium
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Background: Oncolytic viruses that selective-

ly replicate in tumor cells can be used to treat 

cancer. Accumulating data suggest that virus 

induced oncolysis can enhance anti-tumor immu-

nity and break immune tolerance. To capitalize 

on the immunogenic nature of oncolysis, we gen-

erated a quadruple modified oncolytic adenovirus 

expressing granulocyte-macrophage colony-stim-

ulating factor (GMCSF).

Results: Ad5/3E2FΔ24GMCSF (CGTG-602) was 

engineered to contain a tumor specific E2F1 pro-

moter and 24bp deletion enabling replication only 

in tumor cells. The fiber features a knob from 

serotype 3 for enhanced gene delivery to tumor 

cells. The virus was first tested preclinically in 

vitro and in vivo and then 13 patients with solid 

tumors refractory to standard treatments were 

treated. Treatments were well tolerated and often 

tumor- and adenovirus-specific T-cell immune re-

sponses were seen. Overall, with regard to tumor 

marker or radiological responses, signs of antitu-

mor efficacy were seen in 9/12 evaluable patients 

(75%). The radiological disease control rate with 

positron emission tomography was 83% while the 

response rate (including minor responses) was 

50%. Tumor biopsies indicated accumulation of 

immunological cells, especially T-cells, to tumors 

after treatment. RNA expression analyses of 

tumors indicated immunological activation and 

metabolic changes secondary to virus replication. 

In blood samples responding patients showed 

changes in the amount/activity of circulating 

anti-cancer immunological cells and decrease in 

anti-tumor antigens were seen.

Conclusions: Ad5/3E2FΔ24GMCSF was found 

well tolerated in treatment of cancer patients and 

signs of immune activation and anti-tumor effi-

cacy were seen. Clinical trials are needed to in-

vestigate its clinical utility further.

Hemminki O.1, Hemminki A.1,2

1	University of Helsinki / CGTG, Helsinki, Finland, 
2	Oncos Therapeutics, Helsinki, Finland 

Patients treated with oncolytic adenovirus Ad5/3-hTERT-E2F-
GMCSF induce immunological responses against the tumor
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Tumor necrosis factor alpha (TNFa) has long been 

recognized to have anti-cancer characteristics, 

however, its systemic toxicity has limited its us-

ability in clinics. Oncolytic viruses, selectively 

cancer-killing viruses, have shown great potency 

but still their efficacy needs to be improved to op-

timize clinical impact. Local production of TNFa 

from an oncolytic adenovirus would be a way to 

increase concentration of the molecule at tumors 

while limiting systemic exposure. The anti-tumor 

effects of TNFalpha include apoptotic cell death 

as well as activation of the host immune system 

against the tumor. 

We generated a novel chimeric oncolytic adenovi-

rus expressing human TNFa, Ad5/3-d24-hTNFa, 

whose efficacy and immunogenicity were tested 

in vitro and in vivo. TNFa has also been shown to 

sensitize cells to radiation and since the combina-

tion of adenoviruses and radiotherapy has shown 

synergistic antitumor effects in many studies, we 

also performed some studies to test the virus in 

combination with radiation. 

We observed that hTNFa expressing virus had 

increased cancer eradicating potency both in 

vitro and in vivo compared to virus without the 

transgene. The potency of the virus to kill cancer 

cells was shown in vitro by MTS cell viability 

tests and in mouse models. Interestingly, we saw 

increase in immunogenic cell death markers (ex-

tracellular ATP, HMGB-1 and calreticulin expo-

sure) in Ad5/3-d24-hTNFa treated cells. Moreover, 

the amount of tumor-specific T-cells was elevated 

in Ad5/3-d24-hTNFa treated B16-OVA tumors of 

C57BL/6 mice. We also observed that the sizes of 

tumor draining lymph nodes of Ad5/3-d24-hTNFa 

treated mice were notably larger than in control 

groups indicating immune activation. When tumor 

cells were treated in vitro with Ad5/3-d24-hTNFa 

and irradiated 24h later, the combination resulted 

in increased tumor cell death. In vivo, the combina-

tion of Ad5/3-d24-hTNFa with irradiation showed 

almost complete eradication of PC-3MM2 tumors 

in nude mice.

According to our knowledge this is the first report of 

an oncolytic adenovirus expressing human TNFa. 

Enhanced tumor eradication and anti-tumor immune 

responses mediated by Ad5/3-d24-hTNFa offer a 

new potential drug candidate for cancer therapy. 

Hirvinen M.1,2, Rajecki M.2, Kapanen M.3, Parviainen S.2, Rouvinen-Lagerström N.2,  
Diaconu I.2, Nokisalmi P.2, Tenhunen M.3, Hemminki A.2, Cerullo V.1
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Development and characterization of TNF-alpha armed 
oncolytic adenovirus for treatment of solid tumors
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For generating a proper anti-tumour immunologi-

cal response it is essential to stimulate cytotoxic 

T-cells (CTLs) to attack the tumour cells. Activation 

of CTLs is typically mediated through MHC Class 

I antigen presentation by antigen presenting cells 

(APCs), but unfortunately vaccines aimed at stimu-

lating CTL responses are often ineffective because 

exogenously added vaccine antigens are primarily 

processed by the MHC class-II and not the MHC 

class-I pathway. The latter requires cytosolic deliv-

ery of antigen and this is often difficult to achieve 

with exogenously added antigens, making it impor-

tant to develop new technologies for cytosolic deliv-

ery of such antigens. Photochemical Internalisation 

(PCI) is a technology for inducing cytosolic delivery 

of endocytosed molecules by illumination. In PCI 

a photosensitising molecule is used to make en-

docytic membranes light sensitive, with illumina-

tion inducing permeabilisation of the membranes. 

Fluorescence microscopy studies has shown that 

the photosensitiser TPCS2a (disulfonated tetraphe-

nyl chlorin) co-localises with antigen in endocytic 

vesicles and that illumination releases the antigen 

into the cytosol. Thus, PCI has a clear potential 

for enhancing CTL responses by rerouting antigen 

presentation from MHC class II to MHC Class I, 

making access for the antigen to the MHC Class 

I presentation machinery in the cytosol of APCs. 

This principle has been investigated with ex vivo 

treatment of mouse bone-marrow-derived murine 

dendritic cells (DCs). After light activation, the 

DCs were cultured with antigen (ovalbumin)-spe-

cific CD8 T cells or used for immunisation of mice. 

PCI induced CD8 T-cell responses as measured by 

IFN-γ secretion in vitro and CD8 T-cell proliferation 

in vivo. The PCI adjuvant activity has also been 

demonstrated with in vivo vaccination where the 

antigen was mixed with TPCS2a and administered 

intradermally to mice, followed by illumination of 

the injection site. Also with this mode of vaccina-

tion PCI strongly increased the stimulation of CD8 

T-cell responses as measured by antigen-specific 

proliferation and secretion of pro-inflammatory cy-

tokines. In a murine model of melanoma, PCI-based 

vaccination prevented tumour growth as compared 

with vaccination without PCI. In conclusion, PCI 

has a completely new mechanism of action as an 

adjuvant technology, representing a new and potent 

tool for stimulation of cytotoxic CD8 T-cell respons-

es, with a very interesting potential in cancer im-

munotherapy. This work demonstrated a first 

proof-of-principle for PCI-mediated immunisation 

in mouse models. PCI with the TPCS2a photosen-

sitiser is currently in clinical development for en-

hancement of the effect of cancer cytotoxic drugs, 

and it has been shown that TPCS2a can be adminis-

tered safely to patients in much higher doses than 

what is envisioned for the use in immunotherapy, 

paving the way for testing the technology in pa-

tients also in the area of cancer immunotherapy.  

Høgset A.1, Håkerud M.1,2,3, Waeckerle-Men Y.3, Selbo P.K.1,2, Kündig T.M.3, Johansen P.3
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Photochemical Internalisation (PCI) - a new adjuvant 
technology for stimulating cytotoxic T-cell responses
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Peptide-based immunotherapy has shown to 

induce tumor-specific T cells that are able to 

combat cancer. Especially cancer types with a high 

probability of recurrence or metastasis after a first 

line of treatment like prostate cancer are suited for 

immunotherapies. In a recent phase I/II clinical 

trial of therapeutic vaccination using 11 HLA-A*02 

restricted synthetic peptides in 37 HLA-A*02 posi-

tive prostate carcinoma patients, a vaccine-induced 

immune response could be shown in 42% of the 

patients.

In contrast to most efforts made in this field, our 

group does not rely solely on peptides restricted 

to the most common HLA alleles (e.g. HLA-A*02), 

instead we are focusing on the identification of 

immunogenic prostate-specific peptides presented 

by diverse HLA alleles. Using a mass spectrome-

try-based approach our group identified about 60 

novel prostate-associated peptides derived from 

differentiation antigens (PSA, PSMA, PAP) and 

other general tumor-associated antigens (HDAC1, 

HDAC2, WT1, CTNNB1) restricted to different HLA 

molecules. All identified peptides were eluted from 

either malignant or benign prostate tissue and vali-

dated by synthetic peptides to confirm the identi-

fied sequence. Immunogenicity testing of selected 

peptides was conducted by in vitro stimulation of 

healthy blood donor T cells with peptide-loaded ar-

tificial antigen presenting cells (aAPCs). Enriched 

CD8 positive T cells from peripheral blood mono-

nuclear cells (PBMCs) are subsequently stimulated 

three times in weekly intervals with streptavidin-

coated aAPCs, loaded with recombinant HLA-

peptide complexes and costimulatory anti-CD28. 

Peptide-specific T cells were detected by tetramer 

staining and subsequent analysis via flow cytome-

try. Due to the high throughput character of testing 

the immunogenicity of more than 50 peptides, ad-

ditional in vitro priming of candidate peptides was 

performed at collaborating institutes.

In preparation for a phase I/II multipeptide-based 

clinical trial (MultiPro) for patients with prostate 

cancer, the most promising peptides together with 

the immunogenic peptides from a preceding clini-

cal study will be selected to develop a vaccine cock-

tail encompassing 20 to 30 peptides covering the 

most prevalent HLA alleles. 

Hotz C.1, Prokop L.1, Souczek S.1,2, Hennenlotter J.3, Bedke J.3, Stenzl A.3, Stevanović S.1, 
Rammensee H.-G.1 
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MultiPro: Development of multipeptide-based immunotherapy 
for prostate cancer patients independent of their HLA type
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The concept of tumor vaccination is based on the 

induction of robust immune responses against tu-

mor-associated antigens (TAA), which should be 

selectively expressed within the tumor. Whereas in 

the case of foreign antigens, an immune response 

can be induced quite easily, induction of immune re-

sponses against self-antigens needs potent antigen 

presentation to elicit an appropriate reaction.  

Tumor vaccines may be further improved by utiliz-

ing the properties of oncolytic viruses (OVs), which 

directly kill tumor cells and induce effective stimu-

lation of the immune system. Immunogenic OVs 

additionally delivering a specific TAA may break 

immunological tolerance, induce a specifically 

redirected antiviral immune response, and thus 

lead to increased therapeutic efficacy. Attenuated 

measles virus (MV) derived from a vaccine strain is 

currently clinically tested as OV. Recombinant MVs 

of this type additionally reveal excellent vaccine 

characteristics, inducing potent and long lasting 

immune responses against endogenous and foreign 

antigens when the latter are additionally expressed 

by the recombinant virus. Therefore, we develop 

and aim to validate prototypic replicating MV for 

oncolysis and simultaneous directed in vivo vac-

cination.

For that purpose, we use a claudin family member, 

a recently well characterized tumor-confined TAA. 

Different antigen formats or epitopes were cloned 

into the MV genome and recombinant viruses were 

generated, which express those epitopes in differ-

ent amounts. The expression gradient was achieved 

by cloning the extra gene into two different addi-

tional transcription units either behind the P (post 

P) or the H (post H) cassettes of Moraten vaccine 

strain-derived MVvac2 genome. Those engineered 

MVs are now being characterized and will be 

tested for their immunogenicity in MV-susceptible  

IFNAR-/--CD46Ge mice. In parallel, an immune 

competent, syngeneic tumor model has been estab-

lished using transgenic C57/BL6-derived tumor cell 

lines expressing the target antigen as well as MV-

receptors. The most promising recombinant MV 

inducing optimal humoral and cellular immune re-

sponses will be analyzed in this syngeneic model 

for therapeutic efficacy. Tumor growth and survival 

will be analyzed as well as induction of anti-tu-

moral immune responses and tumor infiltration of 

immune cells. In the case of long time survivors, 

those mice can be challenged with the appropriate 

tumor to test the long lasting memory effect of the 

therapy.

Hutzler S.1, Erbar S.2, Jabulowsky R.2, Beissert T.3, Hanauer J.1, Türeci Ö.4, Mitnacht-Kraus R.4, 
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Oncolytic measles virus for tumor vaccination 
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The cancer testis antigen NY-ESO-1 is one of the 

most frequently expressed antigen in patients with 

metastatic melanoma. Recombinant NY-ESO-1 

protein and NY-ESO-1 peptides have been widely 

tested in immunotherapy trials in different types 

of human cancer. In this clinical trial (LUD-01-

003), 19 patients received a mean of 8 (range 1-12) 

monthly s.c. vaccines, composed of the long syn-

thetic NY-ESO79-108 peptide, in combination with IFA 

and the immune adjuvant CpG (PF-3512676). 

Immunomonitoring of NY-ESO-1 specific T cell 

responses in peripheral blood was performed at 

baseline and specific time-points during and post 

vaccination. To this aim, CD4 and CD8 T cells were 

stimulated in vitro for 13 days with overlapping 

18-mers spanning the NY-ESO79-108 region, followed 

by intracellular staining for IFNg and TNFa after 

re-challenge with either overlapping 13-mers for 

CD4 T cells, or short overlapping 9-mer for CD8 

T cells. In 19/19 evaluable patients a very strong 

secretion of IFNg and TNFa was detected in in up 

to 40% of specific T cells, both CD4 and CD8, ir-

respective of patient‘s HLA. In contrast, no or 

minimal T cell responses were found at baseline. 

Immune responses were observed early after initia-

tion of immunotherapy and were long-lasting. In 

nine patients, we could analyze the T cell specifici-

ties more in depth and found predominant HLA-DR 

and HLA-DP restricted responses, but only rare 

HLA-DQ restricted CD4 T cells. The most immu-

nogenic region within the vaccine peptide was the 

NY-ESO-183-97 portion, which induced specific CD4 T 

cell responses (HLA-DR or -DP restricted) in all pa-

tients tested. Interestingly, besides the known MHC 

class II epitopes within the NY-ESO79-108 sequence, 

we discovered a novel HLA-DR7-restriced, NY-ESO-

187-99 immunogenic peptide. Using fluorescent HLA-

DR7-multimers loaded with NY-ESO-187-99 we were 

able to detect reactive CD4 T cells in 5/5 HLA-DR7+ 

patients, after one round of in vitro stimulation. NY-

ESO-187-99 Specific CD4 T cells were already present 

before immunotherapy, but were significantly ex-

panded during peptide immunization. Even more 

remarkably, in preliminary experiments we also 

directly identified ex-vivo significant numbers of 

NY-ESO-187-99/DR7-specific CD4 T cells in the blood. 

These results show that vaccination with the long 

synthetic NY-ESO-179-108 peptide combined with the 

strong immune adjuvant CpG induced integrated, 

robust and functional CD4 and CD8 T cells respons-

es in melanoma patients, supporting the further 

development of this immunotherapeutic approach.  

Jandus C.1, Baumgaertner P.1, Braun M.1,2, Derré L.3, Cagnon L.1, Rivals J.-P.4, Rimoldi D.1, 
Romano E.5, Michielin O.1,5, Romero P.1, Speiser D.E.1,5
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Vaccination with long NY-ESO79-108 peptide in combination 
with CpG leads to robust activation of CD4 and CD8 T cell 
responses in stage III and IV melanoma patients
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Human Vγ9Vδ2 T cells are considered to play a 

vital role in protective immunity through cytokine 

secretion and cytokine activity. We have reported 

that human blood γδ T cells when activated with 

phosphoantigen, (E)-4-hydroxy-3-methyl-but-2-

enyl pyrophosphate (HMB-PP), is of microbial 

origin and outperforms the structurally related 

phosphoantigen in eukaryotes, isopentenyl py-

rophosphate (IPP), by < 103-folds are become a 

professional antigen presenting cells (γδ T-APCs) 

such as dentritic cells. γδ T cells show anti-tumor 

activity against a variety of allogeneic and autolo-

gous tumors in vitro and in vivo.

The present study is related to the in vitro expan-

sion of Vγ9Vδ2 T cells and their functionality as an 

antigen presenting cell. This is a part of preclini-

cal studies which is necessary to establish proof-

of-principal before these γδ T-APCs can be used 

in a clinical setup. Autologous peripheral blood 

mononuclear cells (PBMC) were isolated from 

healthy donors and melanoma patients, stimulated 

with zoledronate and expanded (purity >90%) for 

up to two weeks. Significantly higher expansion 

rates were observed in the presence of a combi-

nation of cytokines, IL-2 and IL-5 as compared 

to IL-2 alone. That substantially overcomes ob-

stacles associated with γδ T cell expansion from 

cancer patients. Expanded γδ T cells can be gen-

erated in large numbers (>50×106/ml of blood) 

and express markers needed by professional APCs 

(MHC class-I/II, CD80, CD86, CD54, CD11a). They 

can uptake, process and present protein antigens 

(Flu M1 protein or purified protein derivates (PPD) 

from mycobacterium tuberculosis) to αβ-T cells and 

induced proliferation response in vitro. γδ T-APCs 

produce pro-inflammatory cytokines (IFNγ, TNFα 

and IL-6) and opposed immune-suppression.  

Therefore these expanded γδT-APCs can be used as 

a potential candidate for cancer vaccine. 

Khan M.W.A.1, Eberl M.1, Moser B.1
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Expanded γδT-APC - Vehicle for cancer immunotherapy
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Background: Microsatellite instability (MSI-H) 

is caused by DNA mismatch repair deficiency 

and occurs in 15% of colorectal cancers. MSI-H 

colorectal cancers are characterized by a dense 

immune cell infiltration, which is compatible with 

a pronounced local anti-tumoral immune response. 

MSI-H cancers are characteristic of the inherited 

Lynch syndrome, but can also develop sporadi-

cally. In MSI-H cancers, insertion or deletion muta-

tions at coding microsatellites may lead to shifts of 

the translational reading frame and to the genera-

tion of MMR deficiency-related frameshift peptides 

(FSPs). Expression of FSP antigens is restricted to 

MMR-deficient cells; therefore, FSP antigens are 

promising targets of vaccination approaches.

Study design: We have recently initiated a clini-

cal phase I/IIa vaccination trial (Micoryx, Clinical-

Trials.gov Identifier NCT01461148; Sponsor: Oryx 

GmbH&Co. KG) that evaluates vaccination with a 

combination of three FSP antigens (derived from 

frameshift variants of the coding microsatellite-

containing genes AIM2, HT001, TAF1B) in the 

clinical setting. Inclusion criteria allow vaccination 

of patients with history of metastasized colorec-

tal cancer (UICC stage III or IV) after the end of 

standard chemotherapy. Phase I of the trial evalu-

ates safety and toxicity as the primary endpoint (6 

patients); phase IIa addresses the induction of cel-

lular and humoral immune responses (16 patients). 

T cell responses were monitored by interferon-gam-

ma ELISpot, and antibody responses by ELISA from 

peripheral blood.

Results: Data from phase I demonstrate that no FSP 

antigen-associated severe adverse events have been 

observed after FSP vaccination. Significant induc-

tion of FSP-specific T cell immune responses was 

observed in 3 out of 4 evaluated patients. Antibody 

responses against FSP antigens were significantly 

induced in 9 out of 10 evaluated patients.

Conclusions: If vaccination with FSPs turns out to 

be well tolerated and leads to the induction of effec-

tor T cell immune responses, FSP vaccination may 

represent a promising novel approach for treatment 

of MSI-H colorectal cancer patients and for tumor 

prevention in Lynch syndrome mutation carriers.  

Kloor M.1, Reuschenbach M.1, Karbach J.2, Rafiyan R.2, Al Batran S.-E.2, Pauligk C.2, 
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MicOryx - a phase I/IIa clinical trial evaluating vaccination 
of MSI-H colorectal cancer patients with frameshift peptide 
antigens
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Purpose: Advanced stage follicular lymphoma (FL) 

is incurable by conventional therapies. Studies 

that have utilized the lymphoma immunoglobulin 

idiotype for immunization have so far not been a 

success. The present study explored the immuno-

genicity and clinical efficacy of a novel vaccination 

strategy involving repeated sequential administra-

tion of low-dose rituximab and dendritic cells (DC) 

in irradiated lymph nodes.

Patients and methods: Twenty patients with un-

treated or relapsed stage III/IV FL not in need of 

standard therapies were included. Work-up in-

cluded CT, PET/CT and bone marrow specimens. 

Single cell suspensions from tumor were frozen 

for later immune studies and apheresis was per-

formed for isolation of monocytes cultured to 

generate immature dendritic cells (DC). The first 

cohort (n=6) received radiotherapy to a solitary 

lymphoma node and intra-tumoral vaccination 

with immature autologous DC and GM-CSF in the 

same lesion. The treatment was performed twice 

with 6 weeks interval, targeting different sites. 

The second cohort (n=14) additionally received 

intra-nodal injections of 5mg rituximab prior to 

DC vaccination and now at three different sites, 

with two weeks intervals. Clinical outcomes were 

assessed by CT, PET/CT and bone marrow speci-

mens. Systemic immune responses were assessed 

longitudinally by probing CD8 and CD4 T-cell 

reactivity against autologous tumor cells meas-

ured by proliferation (CFSElow) and degranulation 

(CD107a/b).

Results: A total of 20 patients were enrolled in the 

study. In cohort 1 one patient showed a reduction 

in total tumor volume not qualifying for partial 

response (PR). This modest response was accom-

panied by an anti-tumor CD8 T cell response. Four 

patients had stable disease and two had progressive 

disease. None of these patients developed T cell 

responses.In cohort 2, five patients (36%) displayed 

objective clinical responses (2 CR, 3 PR), including 

one patient with primary cutaneous FL who showed 

regression of skin lesions. One CR patient is still in 

remission after 51 months, the other relapsed after 

24 months. The best responses typically developed 

gradually over time and peaked at 8-12 months. 

All responding patients tested had strong systemic 

anti-tumor T cell responses. In the majority of cases 

there was an increase in the proliferation of CD8+ 

as well as CD4+ T cells post-treatment. However, 

the CD8 responses were generally stronger. The 

reduction in total tumor volume and prolonged 

time to next treatment correlated closely with CD8 

T cell-mediated anti-tumor responses. Side-effects 

were limited to mild fever and flu-like symptoms 

grade I in some patients in conjunction with the 

rituximab injection. Auto-immune toxicities were 

not observed.

Conclusion: Sequential immunotherapy with irra-

diation, rituximab and DCs targeting single lym-

phoma nodes generated systemic T cell immunity 

accompanied by regression of disseminated FL.
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Sequential intra-nodal immunotherapy with low-dose  
rituximab and dendritic cells in irradiated lymph nodes  
induces systemic anti-tumor immunity and regression of  
disseminated follicular lymphoma
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For the development of effective immunothera-

pies for cancer it is crucially important that the 

tumor-associated antigens and the T-cell epitopes 

encoded by these proteins are carefully chosen. 

Unique tumor antigens and tumor-specific somatic 

mutations provide a strong rationale for the design 

of patient-tailored therapies. Mutation-derived 

epitopes can be used for the development of ef-

fective epitope-defined adoptive T-cell transfer 

and multi-epitope-based vaccination strategies. 

Furthermore, mutated cell surface proteins can be 

targeted through antibody-based therapies. Cancer 

genomics allows high-throughput screening for 

tumor-specific mutations and epitope prediction 

algorithms can be utilized to assess the immuno-

genicity of epitopes containing these mutations. 

We developed a protocol for mining high-through-

put exome and transcriptome data from patients 

to identify tumor-specific epitopes and mutated 

surface antigens suitable for cancer immunother-

apy. Frequently mutated proteins or epitopes will 

then be generated and subsequently tested in T cell 

assays for recognition by extracted T cells from 

patient samples. 

Here, the results from three patients are presented: 

DNA from different metastatic lesions and control 

samples from three patients was sequenced, ana-

lyzed for the presence of mutation-specific epitopes 

and T cell reactivity against a panel of mutation-

specific epitopes was determined. 
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Mining sequencing data to identify targets for cancer  
immunotherapy
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Two-component mRNA vaccine (RNActive®) com-

bines high antigen expression with strong immune 

stimulation. We have previously shown that in-

tradermal administration of RNActive® vaccines 

induced balanced, potent and long-lasting immune 

responses in both mice and humans. Here, we 

characterized early events upon injection to better 

understand the mechanism of action of RNActive® 

with a special focus on self-adjuvanticity potential 

of mRNA-based vaccines. We showed that shortly 

after vaccination, mRNA is present in both non-leu-

kocytic and leukocytic cells and was also detected 

in dendritic cells (DCs) within the draining lymph 

nodes (dLNs) 24 h after intradermal administra-

tion. Full genome microarray analyses of the skin 

tissues showed that RNActive® vaccine transiently 

altered the gene expression profile at the injection 

site. Various chemokines whose pleiotropic func-

tions include recruitment and activation of key 

cellular players of the innate immune system as 

well as multiple pro-inflammatory cytokines were 

up-regulated early upon RNActive® treatment. In 

corroboration with the gene expression data after 

injection of RNActive® we observed a strong pro-

duction of chemokines including CXCL9, CXCL10, 

CCL3, CCL4, CCL5 as well as pro-inflamatory cy-

tokines (IL-6, TNF-a) at the site of injection. The 

innate immune responses in the skin were followed 

by the increased cellularity as well as an enhanced 

activation of wide range of the immune cells in the 

dLNs including CD8+ T-cells, B cells, γδ T-cells, 

NK and NKT cells. In summary, our data indicated 

that the self-adjuvanted RNActive® vaccine induces 

strong innate immune response at the site of ad-

ministration followed by activation of the immune 

cells in the dLNs. These results provide a possi-

ble mechanistic explanation of a potent and bal-

anced adaptive immunity induced by mRNA-based 

vaccine which is a novel vaccination platform for 

an efficient prophylactic and therapeutic immuno-

therapy. 

Kowalczyk A.1, Heidenreich R.1, Jasny E.1, Döner F.1, Scheel B.1, Koch S.D.1,  
Fotin-Mleczek M.1
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Self-adjuvanted RNActive® vaccine induces innate immune  
response at the site of injection that leads to a potent adaptive 
immunity in both mice and humans
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Activation of cytotoxic CD8+ T-cells is crucial to de-

veloping an anti-tumor immune response. In order 

for T-cell activation to occur, tumor antigen needs to 

be cross-presented to activated dendritic cells. Den-

dritic cells cross-present tumor antigen on MHCI but 

need to be completely activated via danger signals 

to generate a potent CD8+ T-cell response through 

co-stimulatory molecules. Linking a vaccine adju-

vant, CpG oligodeoxynucleotide (ODN) chemically 

to a tumor antigen enables endocytosis of both 

entities into the same cell. The CpG-ODN - tumor 

antigen conjugate activates dendritic cells via the 

toll-like receptor 9 in the endosome and the tumor 

antigen is cross-presented on MHCI. 

The model tumor antigen ovalbumin was first pu-

rified via gel filtration and only the monomer was 

used for conjugation. The vaccine adjuvant CpG 

ODN was conjugated with a stable bis-arylhydra-

zone bond to the model tumor antigen ovalbumin. 

A molar ratio of 2.5:1 of CpG ODN to ovalbumin 

was determined by UV-absorption of the bis- aryl-

hydrazone bond. Purification of the conjugates was 

performed by gel filtration. Size-exclusion chroma-

tography identified conjugates with a range modifi-

cation. Murine bone marrow derived dendritic cells 

(BMDC) were cultured for six days and pulsed for 

24h with either a conjugate or a mixture of antigen 

and adjuvant. Carboxyfluorescein succinimidyl 

ester stained CD8+ T-cells were cocultured with 

stimulated murine BMDCs for 72h. BMDC activa-

tion and T-cell proliferation were analyzed using 

flow cytometry.

Effective activation of dendritic cells was shown by 

the upregulation of activation markers after stimu-

lation with either the conjugate or the mixture of 

CpG ODN and ovalbumin. However the conjugate 

activated dendritic cells showed higher CD8+ T-cell 

proliferation compared to dendritic cells activated 

with the mixture.

Conjugating the vaccine adjuvant CpG ODN to the 

model tumor antigen ovalbumin using a stable 

bis-arylhydrazone bond leads to a higher degree 

of CD8+ T-cell proliferation compared to the CpG 

ODN antigen mixture. 

Kramer K.1,2, Young S.L.2, Walker G.F.1
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CpG conjugation to model tumour antigen ovalbumin leads to 
enhanced CD8+ T-cell proliferation
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Antigen-encoding RNA has proven to be a potent 

tool for inducing T cell-mediated anti-tumoral im-

munity. We previously showed that complexing 

RNA with a certain liposomal carrier system re-

sulted in RNA formulations (RNA-lipoplexes) suita-

ble for intravenous administration. RNA-lipoplexes 

not only successfully transfected cDCs, pDCs and 

macrophages in the spleen, lymph nodes and bone 

marrow of mice, but also led to profound prolif-

eration of tumor-specific CD4+ and CD8+ T cells, 

conferred complete tumor protection and medi-

ated elimination of progressing CT26 and B16-OVA 

tumors in subcutaneous and metastasis models 

after intravenous administration. Intending to 

characterize the intrinsic immunostimulatory po-

tential of these novel RNA-lipoplexes, we found 

that immunization induced both upregulation of 

activation markers on splenic cDCs, pDCs, mac-

rophages, NK, T and B cells and a large variety of 

inflammatory cytokines, costimulatory molecules, 

chemokine ligands and receptors in different lym-

phoid compartments. This inflammatory milieu 

was found to be critically dependent on IFNα, and 

functional IFNAR-signaling during RNA lipoplex-

induced T cell priming was essential for the gen-

eration of cytotoxic effector T cells and subsequent 

tumor rejection. The overwhelming majority of sys-

temic IFNα was produced by splenic pDCs and mac-

rophages in a sequential but overlapping manner, 

and whereas early IFNα secretion in mice devoid 

of IFNAR was only slightly affected in pDCs, mac-

rophages completely depended on IFNAR signal-

ing for IFNα synthesis. Surprisingly, macrophages 

were discovered to be the major IFNα contributors: 

Systemic IFNα was almost completely abrogated in 

mice depleted of macrophages, and consequently, 

activation of splenic immune cell populations was 

equally impaired. In contrast, upon depletion of 

pDCs in BDCA2-DTR mice, IFNα production by 

macrophages and activation of splenic immune 

cells remained unaffected.

Future studies will focus on the mechanistic char-

acterization of RNA-lipoplex recognition in pDCs 

and macrophages while mounting the IFNα re-

sponse and will determine whether there is a direct 

role for IFNα in T cell activation and differentiation. 
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Characterization of the IFNα response upon systemic  
administration of targeted mRNA vaccine delivery

032 |  Therapeutic Vaccination



52

Virus-like particles (VLPs) consist of viral capsid 

proteins which self-assemble into supra-molecular, 

particulate structures. Chimeric VLPs can be used 

to display heterologous epitopes on their surface 

thereby transferring their potent intrinsic immu-

nogenicity to the inserted epitope. Furthermore, 

they are promising candidates for therapeutic 

cancer vaccines due to their potential to induce 

auto-antibodies mediated cytocidal effector func-

tions against target-positive cancer cells. Here, we 

use recombinant VLPs based on the Hepatitis B 

virus core antigen (HBcAg) as multivalent carrier 

platform for heterologous tumor antigen-derived 

epitopes. TU003 is a new target for cancer vaccina-

tion using VLPs. So far, the generation of functional 

chimeric VLPs has proven to be a time- and labor-

intensive process with no guarantee of success. In 

order to generate a maximum number of functional 

VLPs targeting TU003 in a short period of time, a 

semi-automated system of chimeric VLP creation 

and validation (high throughput protein production, 

HTPP) was developed. Both, cloning and initial ex-

pression screening are conducted in 48- and 96-mul-

tiwell plates and are compatible with standardized 

thermal cyclers and liquid handling stations. In the 

further process, VLPs are characterized and purified 

using solubility analysis in high-throughput, size-

exclusion chromatography (SEC), immunoblotting 

(Dot-Blot), NuPAGE and native agarose gel electro-

phoresis (NAGE). This high-throughput approach 

leads to significant acceleration of the vaccine de-

velopment process allowing cloning and screen-

ing of >1000 VLP constructs in just a few weeks.  
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Development of a high throughput protein production system 
for the efficient generation, screening and production of  
chimeric virus-like particles as cancer vaccines
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Current immunization schemes do not induce 

potent CD8+ T cell cytotoxicity unless combined 

with viral boost regimes, which are not easily ap-

plicable in the human. We have recently shown 

that the chemokine receptor XCR1 is selectively ex-

pressed on antigen cross-presenting dendritic cells 

(DC), the key players in the induction of CD8+ T cell 

cytotoxicity. To target antigen into these DC, a mAb 

to murine XCR1 or alternatively XCL1, the natural 

chemokine ligand for XCR1, were fused to defined 

antigens using recombinant techniques. A single 

i.v. or s.c. injection of small amounts (1.0-2.5 µg) 

of either targeting reagent, applied together with 

an adjuvant, induced within 5 days a substantial 

expansion of antigen-specific CD8+ T cells (3-5% 

of the CD8+ T cell pool, 200,000 cells total, i.e. an 

approximately 1,000-fold expansion from the esti-

mated 200 precursors in a naïve mouse). When this 

priming step was combined with a non-viral boost 

regime including complexed IL2, this resulted in 

a dramatic expansion of the antigen-specific cyto-

toxic CD8+ T cells in the spleen on day 12 (70% of 

the CD8+ T cell pool, 70% of all splenic cells, 200 

x106 antigen-specific CD8+ T cells total, i.e. 106-fold 

expansion of the original antigen-specific naïve T 

cells). To test the biological potency of this vac-

cination system, mice were inoculated with an ag-

gressive tumor line s.c. When the tumor reached a 

substantial size (diameter of 5-7 mm, around day 

6), mice were primed and boosted. Within hours 

of applying the boosting step, the tumor tissue 

showed signs of massive necrosis and was elimi-

nated within few days. We believe that we have 

achieved a new dimension in the induction of CD8+ 

T cell cytotoxicity in vivo with a system which 

could directly be transferred into the human field. 

Yang Y.1, Hartung E.1, Petersen L.1, Mages H.W.1, Kroczek R.1
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Targeting of antigen into XCR1+ dendritic cells combined  
with a non-viral boost regime induces massive CD8+ T cell  
cytotoxicity capable of eradicating established tumors
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Personalized medicine typically means biomark-

er-guided, selected use of a standard drug product. 

The Glioma Actively Personalized Vaccine Consor-

tium (GAPVAC) takes personalization to the next 

level by engaging multiple tumor and immune 

biomarker profiles to guide the active tailoring 

and manufacture of a unique therapeutic cancer 

vaccine for an individual patient. The resulting 

highly personalized therapeutics are termed “ac-

tively personalized vaccines“ (APVACs).

GAPVAC integrates multiple biomarker tools (e.g. 

genomics including next-generation sequencing 

(NGS), HLA peptidomics, transcriptomics and im-

munogenicity screening) and bioinformatics ap-

proaches to create two custom-made multi-peptide 

vaccines, manufactured for each patient partici-

pating in a phase I clinical trial.

A multi-disciplinary process for the APVAC drug 

development has been designed and its feasibil-

ity has been assessed in test runs prior to enter-

ing a clinical trial: Biomarker analyses have been 

performed on tumor samples from patients and 

data have been integrated for selection of two 

personalized drug products. The first set of pep-

tides (APVAC1) is selected according to the indi-

vidual immunopeptidome and immune system of 

a patient from a pre-defined warehouse consist-

ing of shared tumor-associated peptides. APVAC2 

peptides are selected based on three modules: (i) 

HLA-identified mutation-containing peptides that 

have been identified by NGS and in the tumor HLA 

ligandome, (ii) mutation-containing peptides with 

predicted MHC binding and (iii) non-mutated pep-

tides not contained in the warehouse with strong 

over-presentation. The principles applied in the 

selection process will consider expression of se-

lected gene candidates in the tumor (efficacy) and 

in healthy tissues (safety), predicted immuno-
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The GAPVAC consortium: Translating the concept of actively 
personalized cancer immunotherapy into the clinic
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genicity, and confirmed relevance for the sample 

specimen analysed. 

As pre-requisite for entering into clinical develop-

ment, we demonstrate that development of cus-

tom-made drug products - from target discovery 

to start of GMP manufacturing - is feasible within 

7 and 14 weeks for APVAC 1 and APVAC 2, re-

spectively. It is targeted to further decrease this 

turnover time with further development.

Based on principal discussions with the European 

Medicines Agency (EMA) Innovation Task Force 

(ITF) by the CIMT Regulatory Research group and 

a thorough discussion by the consortium of the 

GAPVAC clinical phase I study with the German 

national regulatory agency (PEI), a phase I study 

is now in preparation. The study aims to assess 

the feasibility, safety and biological efficacy of the 

APVAC concept for patients suffering from newly 

diagnosed glioblastoma. The trial will start mid 

2014 in 6 European countries and the USA and will 

be accompanied by a comprehensive biomarker 

program to assess the mechanism-of-action and to 

support further clinical development.

The GAPVAC project is funded by the European Union FP7 
and led by immatics biotechnologies GmbH (Tuebingen, 
Germany) and BioNTech AG (Mainz, Germany).  
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One prominent characteristic of cancer is the accu-

mulation of somatic mutations. These often unique 

tumor-specific changes, e.g. single nucleotide vari-

ants (SNVs), can lead to altered protein sequences 

and thus to novel peptide ligands presented by 

MHC molecules of the transformed cell. Being truly 

tumor-specific, these mutated neoantigens repre-

sent an ideal T cell target. 

Acute lymphoblastic leukaemia (ALL) is the most 

common pediatric malignancy. Although about 

80% of the pediatric patients can successfully be 

treated by standard therapy, up to 25% develop 

a relapse with a dismal prognosis. Preventing a 

relapse after first-line chemotherapy or stem-cell 

transplantation is therefore mandatory. A vaccina-

tion against mutated leukemia-specific structures 

is promising, since neither tolerance mechanisms 

nor autoimmune reactions would impair the posi-

tive outcome of the therapy. Peptide vaccinations 

have been shown to be safe and effective in various 

settings.

Therefore we are establishing a patient-individual 

ALL-specific peptide-vaccination strategy combin-

ing next generation sequencing (NGS) of the whole 

exome and the transcriptome of the patients‘ tumor 

and normal tissue with in silico epitope prediction 

using SYFPEITHI, NetMHC and NetMHCpan for 

the patients‘ individual HLA type.

Whole exome sequencing was performed for 14 B-

lineage ALL, one T-ALL blasts and autologous fibro-

blasts DNA. ALL-specific SNVs as well as insertions 

and deletions (InDels) were identified using a com-

parative bioinformatics pipeline. The expression 

of the mutations was determined by next genera-

tion RNA sequencing of the patients‘ ALL blasts. 

The determined variants were further validated by 

deep sequencing in 9/14 patients, with an average 

of 12 (± 8) validated mutations per patient. In the 

tumor cells of the T-ALL patient, 51 SNVs and 10 

InDels were detected, 16 of 20 selected variants 

were validated. For all patients with validated vari-

ants, MHC class I and MHC class II epitopes were 

successfully predicted.

An individual peptide vaccine for one haploidenti-

cally transplanted patient with relapsed B-lineage 

ALL was compiled. Five peptides, MHC class I as 

well as MHC class II restricted, were selected out of 

epitope predictions for seven validated mutations. 

Four of the peptides were synthesized successfully. 

The patient has been vaccinated with the peptides 

in a prophylactic setting using GMCSF and Imiqui-

mod as adjuvants. The vaccination has been well 

tolerated.

Two CD4+ T cell clones from a healthy donor 

showed a specific recognition of a MHC class II 

peptide which was part of the vaccine cocktail. 

The cells did not respond to the wild type peptide, 

underlining the specificity of the approach.
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iVacALL: Personalized peptide-vaccination for pediatric acute 
lymphoblastic leukemia patients based on patient-individual 
tumor-specific variants determined by whole exome and  
transcriptome sequencing
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Background: HCC is the most common primary 

malignant type of liver cancer. Median survival in 

advanced tumors is less than one year. The tyros-

ine kinase c-MET, the receptor for hepatocellular 

growth factor (HGF), is frequently overexpressed 

in HCC and regulates tumor cell motility, prolifera-

tion and angiogenesis. Inhibition of this pathway, 

e.g. via siRNA-mediated gene silencing, is an in-

teresting therapeutic option. Next to oncogenic 

pathways, immunosuppression plays an important 

role in tumor progression. Thus, novel therapeu-

tic approaches should aim at breaking tumor-in-

duced immune failure. Modification of siRNA as 

5‘-triphosphat-RNA (ppp-RNA) allows combining 

gene silencing of oncogenic targets with activation 

of the cytosolic immune-receptor retinoic acid-

inducible protein I (RIG-I). RIG-I recognizes viral 

ppp-RNA and activates innate and adaptive immu-

nity via type I IFN and proinflammatory cytokines. 

In addition, it promotes the intrinsic pathway of 

apoptosis in tumor cells. This project focuses on 

the development of a bifunctional 5´ppp-siRNA tar-

geting c-MET for HCC therapy. 

Methods: Functional RIG-I expression was ana-

lyzed in human and the murine HCC cell line 

Hepa1-6 after stimulation with ppp-RNA. siRNAs 

were designed and evaluated for their silencing 

activity of c-MET. A bifunctional ppp-siRNA tar-

geting c-MET (ppp-cMET) was generated via in 

vitro transcription using the T7 polymerase system 

and evaluated in vitro for its dual activities. The 

therapeutic in vivo efficacy was tested in a murine 

HCC model. For this purpose Hepa1-6 cells were 

orthotopically transplanted into the left liver lobe 

of C57BL/6 mice. Seven days after tumor induction 

RNAs complexed to in vivo-jetPEI™ were injected 

intravenously via the tail vein. 24 h later mice were 

sacrificed and tumor size was determined. Apopto-

sis was assessed by TUNNEL staining (IHC).

Results: Treatment of human and murine HCC 

cells with ppp-RNA upregulated RIG-I expression, 

indicative of intact RIG-I signaling. In addition, 

RIG-I activation induced phosphorylation of IRF3, 

production of IFN-b and CXCL10, as well as tumor 

cell apoptosis. Silencing of c-MET in tumor cells 

via siRNA significantly reduced cell viability. Both 

functions, c-MET silencing and RIG-I activation, 

were effectively combined in ppp-cMET, leading 

to profound tumor cell death. A single treatment 

of mice with orthotopic HCC with ppp-RNA, cMET 

siRNA and ppp-cMET significantly reduced tumor 

size in comparison to control RNA. A trend towards 

superior activity was seen in this short setting for 

ppp-cMET, leading to massive tumor cell apoptosis.

Conclusion: We could demonstrate that the RIG-I 

pathway is functional in HCC cells. Both, RIG-I ac-

tivation and c-MET silencing lead to tumor cell ap-

optosis and can be combined in a single ppp-cMET 

molecule. In vivo experiments demonstrated high 

efficacy of RIG-I-based immunotherapy with most 

promising results for bifunctional ppp-siRNA. 
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Targeting c-MET and RIG-I with 5‘ppp-modified siRNA for 
immunotherapy of hepatocellular carcinoma (HCC)
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DNA vaccines have a great potential in the field of 

tumor immunology. The in vivo expression of plas-

mid-encoded antigen generates innate and antigen-

specific adaptive immune responses. Targeting 

broadly expressed tumor-associated antigens will 

increase the applicability of DNA vaccines against 

cancer. Cripto-1, a glycoprotein that plays a critical 

role during embryogenesis but is expressed in low 

amounts on normal differentiated tissues, has been 

shown to be overexpressed in more than 50% of 

human carcinomas. These include melanomas as 

well breast cancers. Cripto-1 is involved in multiple 

cellular processes such as cell-proliferation, migra-

tion, epithelial-mesenchymal-transition as well as 

tumor-related angiogenesis. DNA vaccines offer 

an attractive immunotherapeutic platform from 

which to study the feasibility of targeting Cripto-1 

in mouse models. In this study, the ability of DNA 

vaccines encoding Cripto-1 to induce a tumor pro-

tective adaptive immune response was tested. We 

show protection against mouse Cripto-1 (mCripto-

1) transduced D2F2 breast cancer model in Balb/c 

mice after immunization with human Cripto-1 

(hCripto-1) or mCripto-1 encoding DNA vaccines. 

The vaccination with hCripto-1 as well as with 

mCripto-1 in Balb/c mice led to the generation of 

mCripto-1 specific antibodies. Immunization with 

hCripto-1 encoding DNA vaccine protected C57Bl/6 

mice against endogenously mCripto-1 expressing 

melanoma B16F10. Tumor infiltrating T cells were 

found Balb/c mice vaccinated with mCripto-1 en-

coding DNA vaccine, while the same was not found 

for mice vaccinated with hCripto-1. This suggests 

that xenogenic hCripto-1 vaccine elicits a more 

humoral based immunity than syngenic mCripto-1 

vaccine which generates cellular immunity as well. 

In summary, our data indicates that DNA vacci-

nation with either hCripto-1 or mCripto-1 results 

in a protective immune response against Cripto-1 

expressing tumors, which could lead to the devel-

opment of therapeutic tumor vaccines to be tested 

in the clinic.
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Codon optimization of nucleotide sequences is a 

widely used method to yield high levels of gene ex-

pression for gene therapy approaches or to increase 

the immunogenicity of nucleic acid-based vaccines. 

To overcome poor expression levels of human 

papillomavirus (HPV) E6 and E7, which play 

a causative role in cervical cancer, we codon-

optimized both genes. E6 and E7 mRNA-pulsed 

dendritic cells were used to stimulate and screen 

for antigen-specific T cells. Candidate T cell re-

ceptor (TCR) genes were identified and cloned 

into a retroviral vector to characterize them with 

TCR-transduced peripheral blood lymphocytes 

(PBLs). We successfully isolated four TCRs with 

different V-alpha and V-beta chains from two 

unrelated donors, which recognized target cells 

harboring the codon-optimized E7 gene but not 

the wild type sequence. Epitope mapping sur-

prisingly revealed a cryptic epitope at the 5‘ end 

of the codon-optimized E7 as target antigen for 

all TCRs. The -1nt alternative reading frame from 

the codon-optimized sequence translated for an 

artificial protein sequence, which is not encoded 

by the wild type E7 sequence due to the exchange 

of wobble nucleotides in the +0 reading frame 

for optimal codon usage. The resulting cryptic 

epitope is unrelated to any human or viral se-

quence, performs at excellent levels in epitope 

prediction servers regarding proteasome cleav-

age, TAP transport and binding affinity to the 

TCR restriction element HLA-B*27:05 and thus 

is an highly immunogenic antigen. 

Mechanisms behind the phenomenon of protein 

translation initiated else but by the classical ATG 

start codon might be translational initiation noise 

or the active generation of defective ribosomal 

products (DriPs).

In conclusion, codon optimization of a nucleo-

tide sequence can generate immunogenic cryptic 

epitopes from alternative open reading frames, 

which induce T cell responses that may lead to the 

rejection of engrafted cells after gene therapy or 

false positive immune responses after DNA vacci-

nation. This novel finding is of great importance 

for the field of gene therapy and vaccination when 

designing nucleotide-based constructs to avoid un-

wanted immunogenic side effects.
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Introduction: Local tumor immunosuppression fol-

lowed by systemic one is turning off the natural an-

ti-cancer immune mechanisms and blocking effects 

of therapeutic vaccination. Targeting of immune 

check-points (a-PD1) may lead to tumor eradica-

tion providing the specific immune response exists. 

In contrast, CTLA4 eradicates only small faction 

of tumors, while extending survival of same pa-

tients. Combination of active immunostimulation 

with breaking tumor related immunosuppression 

is required. In adjuvant setting we have combined 

therapeutic vaccination with surgery of recurring 

tumors not responding to re-vaccination. Surgery 

was used to eradicate source of tumor related sup-

pression. 

Methods: Genetic whole cell MM vaccine (AGI-

101H) comprises 2 cell lines modified with Hyper-

IL-6 (H6) cDNA. H6 is composed of IL-6 and its 

soluble α receptor. H6 directly binds to IL-6 recep-

tor β and activates JAK-STAT pathway. At the site 

of vaccination H6 delivers immune co-stimulatory 

signals. During vaccine manufacturing H6 auto-

activates AGI-101 cells what alters their phenotype 

towards MM stem/initiating cells (CICs). 92% of 

AGI-101H cells show ALDH activity and lack of dif-

ferentiation receptors. ALDH1A1 isoenzyme may 

account for direct induction of immune response 

that target CICs. Vaccine is administered 8 x every 

2 weeks (induction) and then every month (main-

tenance). In progression re-induction is applied. If 

not successful, surgery is performed and mainte-

nance continued until patient death. From selected 

HLA-A2 positive vaccinated MM patients PBMC 

were isolated and cryopreserved (before vaccine 

and after 6 or 11 days). Controls were untreated MM 

pts. and healthy donors. To enumerate ALDH1A1-

specific CD8t T cells freshly isolated PBMC were 

stained with MHC Dextramer®. The effector func-

tions of CTLs and T helper cryopreserved PBMC 

were analysed using granzyme-B, IFN-g and IL-2 

ELISpot.

Results: Patients of two trials were evaluated (97 

and 99, respectively). The primary endpoint was 

DFS, the secondary OS. Median followup was 10.5 

and 6.2 years, respectively (as by 1.01.2011). An 

extension of DFS and OS was observed, as com-

pared to non-treated controls. DFS probability at 5 

years was respectively, 54.8% and 40.6% for stage 

IIIB, 25.0% and 24.0% for IIIC, and 8.5% and 17.7% 

for IV. OS probability at 5 years was respectively, 

66.7% and 56.3% for IIIB, 43.8% and 39.8% for IIIC, 

and 26.1% and 41.2% for IV. Dextramer staining 

revealed increased number of ALDH1A1-specific 

CD8+ T cells in vaccinated patients v. healthy con-

trols. There was a significant increased of ALD-

H1A1-specific CD8+ T cells after single vaccine 

dose. Preliminary data of ELISpot assays showed 

that vaccination with AGI-101H induces function-

ally active ALD1HA1-specific CTLs and T helper 

lymphocytes.

Conclusions: Combination of therapeutic vaccina-

tion and surgery seems to be effective strategy in 

advanced MM patients in adjuvant setting. The ef-

fectiveness may be related to targeting CICs.
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AdCD40L is an immunostimulatory gene therapy 

vector based on a replication deficient adenovirus 

serotype 5 that can deliver the human CD40 ligand 

(CD40L) gene into the tumor. CD40L is a potent 

stimulator of dendritic cells that in turn activate 

T cells, NK cells and M1 macrophages against the 

tumor. AdCD40L has shown promising effects in 

various tumor models, dog melanoma patients 

and a Phase I/II trial of bladder cancer. Herein, we 

present clinical results from 15 patients with dis-

seminated malignant melanoma that were treated 

with local AdCD40L immunotherapy.

Fifteen patients were enrolled in a phase I/IIa trial. 

The trial was divided in Part A and Part B. In Part A, 

patients (n=6) were treated with ultrasound-guid-

ed intratumoral injection of AdCD40L (2.5x10e11 

vp/mL) at four occasions, one week apart. In Part 

B, patients (n=9) were treated in the same manner. 

However, one day prior to the first and fourth 

AdCD40L injection patients received low dose in-

travenous cyclophosphamide (300mg/m2). At en-

rollment, the patients were analyzed for baseline 

tumor load using both MRI and PET. At week 6 

and 9 post treatment, MRI and PET were repeated 

and the responses analyzed according to RECIST 

criteria. The patients were thereafter evaluated for 

6-months survival. Biopsies and blood were taken 

before and at different time points post treatment 

for toxicity and immunological evaluation. 

AdCD40L treatment was safe. The most common 

adverse event connected to AdCD40L was fever, 

transient increase of liver enzymes and pain at 

injection site. In Part A, occasional patients had 

reduced tumor activity according to PET but 

RECIST criteria revealed only one patient with 

stable disease (SD) whereas the remaining had pro-

gressive disease (PD). In Part B, six of the patients 

had reduced tumor activity but at week 9 only two 

of nine patients had SD and the remaining were in 

progression. However, at 6 months survival only 

one of six (17%) patients was still alive in Part A 

while six of nine (67%) were still alive in Part B. 

The log rank test showed that the survival curves 

were significantly different (p=0.0475). Hence, 

AdCD40L therapy reinforced by cyclophosphamide 

preconditioning did not significantly reduce tumor 

load according to RECIST criteria but prolonged 

the survival of melanoma patients in our Phase I/

II trial.
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Virus-like particles (VLPs) are formed by structural 

virus proteins which have the intrinsic property to 

self-assemble into multisubunit, highly repetitive 

protein structures. The strong humoral immuno-

genicity of the VLP is transmitted to inserted het-

erologous peptides including self-antigen-derived 

peptides. By combining the VLP carrier with tumor 

associated antigens, self tolerance can be overcome. 

This qualifies VLPs as an efficient antigen carrier 

system for anti-cancer vaccine development.

Recently, we developed a versatile antigen display 

platform based on modified hepatitis B virus core 

antigen (HBcAg) derived VLPs. We analyzed the 

effectiveness to elicit a strong cancer antigen spe-

cific humoral immune response in relevant animal 

models by chimeric HBcAg-VLPs displaying a 

surface epitope of the cancer associated tight junc-

tion protein claudin Claudin6.

Ultrapure chimeric VLPs were used for immuni-

zation studies in rabbits. We could demonstrate 

by immunofluorescence and FACS analysis that 

the induced auto-antibodies were capable to rec-

ognize Claudin6 in its native conformation on the 

surface of transfected HEK293 cells. This recogni-

tion is highly specific and no cross-reactivity to 

close claudin orthologs was detectable, which is a 

prerequisite for a successful vaccine development. 

Additionally, Claudin6 specific IgGs are effectively 

lysing CT26 tumor cells by Fc-mediated comple-

ment-dependent cytotoxicity (CDC).The potential 

of these chimeric VLPs to decelerate tumor growth 

was demonstrated in a CT26 tumor mouse model.
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Novel promising anti-cancer vaccine candidate based on 
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The aim of this study was to investigate, whether 

the tumor- suppressive properties of Insulin-like 

growth factor-binding protein-3 (IGFBP-3) can be 

used to enhance the efficacy of therapeutic immu-

nization against the HPV16 E7 oncogene associated 

with cervical cancer. We constructed recombinant 

vaccinia viruses (rVACV) co-expressing the immu-

nogen SigE7Lamp and IGFBP-3. The expression of 

IGFBP-3 was controlled either by the early promoter 

H5 or by the synthetic early-late (E/L) promoter. 

Our results show that IGFBP-3 expression under 

the H5 promoter (P13-SigE7Lamp-H5-IGFBP-3) is 

significantly higher than under the E/L promot-

er (P13-SigE7Lamp-E/L-IGFBP-3) (***p< 0.001). 

The mice bearing TC-1 tumors treated with P13-

SigE7Lamp-H5-IGFBP-3 had significantly smaller 

tumors than PBS treated mice by day 11 (*p< 0.05), 

whereas mice treated with P13-SigE7Lamp-E/L-

IGFBP-3 or the control virus P13-SigE7Lamp-TK- 

had significantly smaller tumors by day 18 (***p< 

0.001). Co-expression of IGFBP-3 increased T cell 

response against VACV antigen but not against 

HPV16 E7 antigen as determined by ELISPOT IFN-γ. 
In vitro analysis of virus multiplication has shown 

that P13-SigE7Lamp-H5-IGFBP-3 has significantly 

higher replication rate than P13-SigE7Lamp-TK- or 

P13-SigE7Lamp-E/L-IGFBP-3 (***p< 0.001) and 

that adding an IGFBP-3 neutralizing antibody sig-

nificantly decreased yields of P13-SigE7Lamp-H5-

IGFBP-3 (**p< 0.01).

Furthermore, high-level expression of IGFBP-3 was 

associated with a higher adsorption rate of P13-

SigE7Lamp-H5-IGFBP-3 to CV-1 cells when com-

pared with P13-SigE7Lamp-TK- (*p=0.0205).

Structural analysis of the intracellular mature 

virion (IMV) of the IGFBP-3-expressing virus P13-

SigE7Lamp-H5-IGFBP-3 has found two differences. 

Firstly, using western-blot we detected insertion 

of IGFBP-3 into virions of P13-SigE7Lamp-H5-IG-

FBP-3. Secondly, flow cytometry using microbeads 

covered with immobilized purified VACV virions, 

has shown that IMVs of the P13-SigE7Lamp-H5-

IGFBP-3 have elevated phosphatidylserine (PS) ex-

posure on the outer membrane that could result 

in increased uptake of IMVs by macropinocytosis. 
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Antitumor activity and immunogenicity of recombinant  
vaccinia virus expressing HPV 16 E7 protein SigE7LAMP is  
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Purpose: A personalized selection of the right pep-

tides for each patient could be a novel approach for 

a cancer vaccine to boost anti-cancer immunity in 

the majority of patients along with the potential of 

survival benefits. The purpose of this study was 

to assess the efficacy and toxicity of personalized 

peptide vaccination (PPV) as second-line therapy in 

patients with advanced metastatic bladder cancer.

Methods: We conducted a multicenter, randomized 

phase II study to compare PPV plus best support-

ive care (BSC) with BSC alone in patients with 

advanced metastatic bladder cancer who failed or 

progressed after first-line platinum-containing reg-

imens. PPV treatment was using maximum of four 

peptides chosen from 31 candidate peptides accord-

ing to human leukocyte antigen (HLA) types and 

peptide-reactive immunoglobulin (IgG) titers, for 

12 times of subcutaneously injections (8 injections, 

weekly; 4 injections, by-weekly). Primary outcome 

was progression free survival (PFS). Secondary 

outcomes were overall survival (OS), immune re-

sponse and toxicity. 

Results: From 2010 to 2013, 80 patients were ran-

domly assigned; 38 patients were assigned to 

PPV plus BSC, and 42 patients were assigned to 

BSC alone. After median follow-up of 4.5 months, 

the median OS was 8.3 months on PPV plus BSC 

versus 4.2 months on BSC alone (hazard ratio [HR], 

0.533; log-rank p = 0.0423). PFS was not signifi-

cantly longer on PPV plus BSC (HR, 0.622; log-rank  

p = 0.0621). Both treatments were well tolerated, 

without serious adverse drug reactions. Peptide-

specific IgG or cytotoxic T-lymphocyte responses 

were observed in 20 of 26 patients (77%), or 8 of 19 

patients (42%) on PPV plus BSC, respectively. 

Conclusions: PPV as second-line therapy in patients 

with advanced bladder cancer is active and well tol-

erated improving survival with immune responses. 

Further large scale, randomized trials are needed 

to confirm our preliminary results. 
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Background: WHO grade II low-grade gliomas 

(LGGs) with high risk factors for recurrence are 

mostly lethal despite current treatments, and novel 

approaches are needed. We conducted a phase I 

study to evaluate the safety and immunogenicity 

of subcutaneous vaccinations with synthetic pep-

tides for glioma-associated antigen (GAA) epitopes 

in human leukocyte antigen (HLA)-A2+ adults with 

high-risk LGGs in the following three cohorts: 1) 

newly diagnosed patients without prior radiation 

therapy (RT); 2) newly diagnosed patients with 

prior RT, and 3) recurrent patients. 

Methods: GAAs were interleukin-13 receptor 

(IL-13R)α2, EphA2, Wilms Tumor (WT)1, and Sur-

vivin, and synthetic peptides were emulsified in 

Montanide-ISA-51 and given every 3 weeks for 8 

courses with intramuscular injections of Toll-like 

receptor 3 agonist Polyinosinic-Polycytidylic Acid 

Stabilized by Lysine and Carboxymethylcellulose 

(poly-ICLC), followed by q12-week booster vac-

cines. Primary endpoints were safety and CD8+ 

T-cell responses against vaccine-targeted GAAs. 

Results: Cohorts 1, 2, and 3 enrolled 12, 1, and 10 

patients, respectively. No regimen-limiting toxic-

ity has been encountered except for one case with 

Common Terminology Criteria for Adverse Events 

(CTCAE) Grade 3 fever (Cohort 1). Enzyme-linked 

Immuno-SPOT (ELISPOT) assays demonstrated 

robust and sustained interferon (IFN)-γ responses 

against at least 3 of the 4 GAA epitopes in 10 and 

4 cases of Cohorts 1 and 3, respectively. Cohort 1 

patients demonstrated significantly higher IFN-γ 

ELISPOT responses than Cohort 3 patients, sug-

gesting newly diagnosed patients have superior 

vaccine-responsiveness to recurrent patients. IFN-γ 
ELISPOT response levels in this study is significantly 

higher than those observed in our previous phase I/

II study in high-grade glioma patients (Okada et al. 

JCO 2011). Furthermore, IFN-γ ELISPOT response 

levels were significantly higher than those for IL-5, 

indicating effective type-1 skewing by the current 

regimen. Median progression-free survival (PFS) 

periods are 21 months (Cohort 1; since diagnosis; 

range 10-42) and 12 months (Cohort 3; since the 1st 

vaccine; range 3-26). The only patient with large as-

trocytoma in Cohort 2 has been progression-free for 

over 58 months since diagnosis. There was a posi-

tive trend between IFN-γ ELISPOT responses and 

progression-free survival (PFS) in Cohort 3 patients 

(P=0.08 by The Cox proportional hazards model). 

Conclusions: The current regimen is well tolerated 

and induces robust GAA-specific responses in WHO 

grade II LGG patients. These results suggest these 

patients may be suitable populations for vaccine 

therapy and warrant further evaluations of this ap-

proach. 
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Robust induction of type-1 CD8+ T-cell responses in WHO grade 
II low-grade glioma patients receiving peptide-based vaccines 
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Oncogenic mutations in the RAS genes are present 

in 80-90% of pancreatic cancers and are attractive 

targets for immunotherapy. It has previously been 

reported that RAS peptide vaccination of patients 

with pancreatic cancer induces specific cellular 

immune responses in approximately 50% of patients 

with inoperable/advanced disease; whereas 100% 

of patients that were treated following resection 

of their tumour showed induction of immune re-

sponse (Gjertsen MK et al., Int. J. Cancer: 92, 441-450 

(2001), Weden S et al., Int. J. Cancer: 128, 1120-1128 

(2011)). In the previous studies, RAS peptide vac-

cination was given as monotherapy to the patients. 

In an ongoing phase I/II study the effect of RAS 

peptide vaccine TG01 given prior to and then with 

gemcitabine is being tested as adjuvant treatment 

of resected pancreatic cancer. By week 11, TG01 

specific immune responses are detected in all of the 

patients with the combined treatment. Data from 

the phase I part of the study are presented. 
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A phase I/II trial of TG01 and Gemcitabine as adjuvant  
therapy for treating patients with resected adenocarcinoma  
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Different viral vectors have been tested in clini-

cal trials to generate vaccines to various human 

diseases. These studies consistently show that 

adenovirus can both prime and boost immune 

responses remarkably well. Oncos Therapeutics 

has developed a novel cancer immunotherapy 

platform based on engineered oncolytic adeno-

viruses armed with potent immune-stimulating 

transgenes. Transgene incorporation is intended 

to enhance a tumor-specific immune reaction. 

Presented here are results from immunohisto-

chemical and gene expression analyses of tumor-

infiltrating lymphocytes (TILs) in a phase I study 

testing chimeric oncolytic adenovirus ONCOS-

102 in patients with refractory injectable solid 

tumors. 

A total of 12 patients were treated with up to 9 in-

tra-tumoral injections of ONCOS-102 at three dif-

ferent dose levels. Tumor biopsies were collected 

at baseline and 1 and 2 months after treatment 

initiation to assess the infiltration of immune 

cells and to facilitate microarray analysis of gene 

expression. PBMCs were isolated and the assess-

ment of antigen specificity of CD8+ T cells by 

IFN-gamma ELISPOT is on-going. 

No dose limiting toxicity was identified by the in-

dependent data safety monitoring board. ONCOS-

102 treatment triggered an innate immune re-

sponse as measured by an immediate short-term 

increase in systemic pro-inflammatory cytokines. 

4 out of 10 evaluable patients showed stable 

disease (SD) by RECIST evaluation at 3 months. 

Stabilization of tumor growth was detected both 

in injected and non-injected tumors. Systematic 

analysis of tumor biopsies demonstrated infiltra-

tion of CD8+ T cells in 9 out 11 evaluable patients 

following treatment. Increase in other tumor 

infiltrating lymphocytes (TILs) was seen con-

comitantly. Increase in perforin and Granzyme 

B expression in microarray analysis was seen in 

biopsies showing the highest numbers of CD8+ 

T cells suggesting that T cells had a cytotoxic 

phenotype. 

Two patients showing the most striking post-

treatment increase in TILs had also high expres-

sion levels for genes associated with activated 

Th1 cells (perforin, granzyme B, granulysin, 

IFN-gamma) and for genes associated with a 

Th1 type immunoprofile (IRF-1, X3CL1, CXCL9, 

CXCL10, CCL5, CCL2) in their post-treatment 
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Characterization of tumor-infiltrating lymphocytes following 
intratumoral administration of a chimeric adenovirus Ad5/3-
D24-GMCSF (ONCOS-102) for refractory cancer patients with 
solid tumors
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biopsies. Both of these patients are still alive. 

Infiltration of immune cells at the tumor site ap-

peared to be associated with prolonged overall 

survival (in an exploratory correlation analysis 

between tumor infiltrating lymphocytes [TILs] 

and overall survival, a positive association was 

seen). By the time of abstract submission, IFN-

gamma ELISPOT analysis for PBMCs was com-

pleted for two patients, one of which showed a 

prominent post-treatment induction of tumor 

specific CD8+ T cells.

Local ONCOS-102 treatment induced infiltration 

of Th1 cells into the tumor site. The apparent as-

sociation between TILs following treatment and 

OS suggest an involvement of systemic immune 

activation in this refractory patient population.
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Dendritic cell-tumor cell hybrids (heterokaryons) 

are under investigation as a means for tumor im-

munotherapy since they should express MHC class 

I molecules from both cell types and, thus, present 

tumor antigens within an immunogenic context. 

The aim of this work was, therefore, to evaluate the 

immunostimulatory potential of the heterokaryons 

in order to understand and boost the efficiency of 

the vaccines based on these cells. Monocytes from 

peripheral blood of healthy donor were differenti-

ated, in vitro, into mature dendritic cells (mDCs) 

in the presence of GM-CSF and IL-4 for seven days, 

and, in the last two days, also TNF-α. To generate 

the hybrids, mDCs were fused with cells from the 

breast cancer cell line MDA-MB-231 by applying an 

electric pulse. Flow citometry analysis showed that 

the hybrids expressed both the tumor antigen Her2 

and the mDC marker CD11c (percentage of double-

positive cells; Mix: 1.9 ± 0.3; Fusion: 16.4 ± 2.8; 

p< 0.0001; n=14) and high levels of the molecules 

CD40, CD83, CD80 and CD86. The hybrids also 

had higher expression of MHC class I molecules 

as measured by the median fluorescence intensity 

of HLA-ABC (Mix: 17.8 ± 3.4; Fusion: 33.2 ± 7.2; 

p< 0.05; n=4). The increased expression of MHC 

class I molecules in the hybrids was due to the 

co-expression of HLA-ABC from both cell types, 

as demonstrated by incubating each cell with an 

anti-HLA-ABC antibody conjugated with a different 

fluorochrome prior to fusion. The lymphostimula-

tory ability of the hybrid cells were evaluated after 

co-culture with autologous T lymphocytes. INF-γ 

was detected in the supernatant of the co-culture 

of T cells with the mix and the hybrids but not with 

the mDCs or tumor cells individually. T cell prolif-

eration was detected in all groups. After re-stim-

ulation with the hybrids, T cells expressed more 

CD45RO and less CD45RA, indicating the genera-

tion of memory T lymphocytes. Also, there was 

an increased expression of CD69 and a decreased 

expression of the lymph node homing receptor 

CD62L (L-selectin) and the negative regulatory 

protein PD-1 after the second stimulation with the 

hybrids. Hybrids also induced a lower percentage 

of FoxP3+ regulatory T cells (13.1%), when com-

pared to the untreated (18.0%) or mix-stimulated 

T cells (20.8%). Cytotoxic T cells capable of killing 

tumor cells were also observed after priming with 

the heterokaryons. Preliminary clinical data from 

vaccination of neuroblastoma patients with the 

hybrids showed clinical responses that ranged 

from complete clinical remission to none. So, these 

data indicate that dendritic cell-tumor cell hybrids 

are phenotypically competent to present antigens, 

express the costimulatory molecules and are able 

to prime T cells. Also, these hybrids can change the 

natural course of neuroblastoma disease in some 

patients.

Financial Support: CNPq (134291/2012-3), FAPESP 
(2009/54599-5 and 2012/10939-0). 
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The clinical efficacy of treatments with immune 

checkpoints shows that natural in vivo cytotoxic T 

cells can be mobilized for the reduction of tumor 

mass in melanoma and raises a new interest for 

immunotherapy in cancer treatment. Numerous 

vaccine strategies, able to activate these cytotoxic 

cells, are under development. Regarding cell-based 

cancer vaccines, autologous myeloid dendritic cells 

loaded with different sources of tumor antigens 

have been used without leading to sufficient clini-

cal efficacy. 

We have developed and patented an innovative 

vaccine approach: GeniusVac, which is based on 

an HLA-A*02 plasmacytoid dendritic cell line (GEN 

cell line). In preclinical studies, its efficacy in mela-

noma was demonstrated in vivo in humanized mice 

and ex vivo with patients‘ PBMC (Aspord, PlosOne 

2010, Aspord JID, 2012). 

In June 2013, we initiated a phase I vaccination 

trial with GeniusVac-Mel4 (the irradiated GEN pDC 

line loaded with 4 melanoma HLA-A*02-restricted 

peptides) for 9 patients with metastatic melanoma 

(stage IIIC or stage IV) who do not respond to at 

least one line of systemic treatment. They will 

receive weekly sub-cutaneous injections of Geni-

usVac-Mel4, in 3 dose-escalating groups. The objec-

tives are to evaluate (i) the tolerability and safety, 

and (ii) the immune response and clinical efficacy 

of multiple sub-cutaneous injections of GeniusVac-

Mel4. The immune response will be analysed by 

measuring the percentage of Ag specific CD8+ T 

lymphocytes, and their cytotoxicity and INFg se-

cretion. The overall tumor response will be evalu-

ated with the guidelines for evaluation criteria for 

solid tumors (RECIST 1.1) and using the immune-

related response criteria (irRC). 

The Drug product (DP) has been manufactured in 

the Grenoble cell therapy unit according to GMP 

guidelines. The DP is defined as the mix 4 Drug 

Substances, each one corresponding to GEN cells 

loaded with one melanoma antigenic peptide 

(MelA, Mage3, gp100 or Tyr), and irradiated. The 

DP is stored in freezing bags in liquid nitrogen until 

the prescription and then thawed, packaged in a 

syringe, and sent to the clinical center for injec-

tion. Identity, microbiological and viral security 

tests, and tumorigenicity tests are conformed to 

specifications. 

Three patients have already been treated, receiving 

3 injections of the 4 million dose. The treatment was 

safe, and no treatment-associated adverse events 

have been observed following vaccination. Immu-

nomonitoring and clinical follow-up are ongoing. 

If vaccination with GeniusVac-Mel4 turns out to 

be well tolerated, we will set-up a phase II clinical 

trial to fully evaluate the induction of specific T cell 

responses and improvement of overall survival. Ge-

niusVac is a vaccine platform which represents a 

promising novel approach for treatment of melano-

ma, and, with few changes in associated peptides, 

for the treatment of many other cancers.

Charles J.1,2, Moisan A.1, Aspord C.1, Chaperot L.1, Richard M.-J.1, Leccia M.-T.1,2, Plumas J.1
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Background: Appropriate combination of tumor 

mass reduction and neutralization of tumor-in-

duced immunosuppression might potentiate the 

induction of anti-tumor immunity. We performed 

an open label, single arm Phase I/II clinical trial in 

patients with metastatic castrate resistant prostate 

cancer (mCRPC) eligible for docetaxel using au-

tologous mature dendritic cells pulsed with killed 

LNCap prostate cancer cell line, DCVAC/PCa. 

Methods: Eligible patients had progressive mCRPC 

despite androgen deprivation. None of the patients 

received abiraterone or enzalutamide. DCVAC/

PCa treatment consisted of, on average ten doses 

of 1x107 dendritic cells injected s.c. Treatment 

comprised of initial 7d administration of metro-

nomic cyclophosphamide, and subsequent 2 doses 

of DCVAC/PCa. Patients then started docetaxel (75 

mg/m2) and prednisone (5 mg twice daily) treat-

ment administered every 3-weeks and DCVAC/PCa 

was given every 6 weeks up to a maximum number 

of doses manufactured from one leukapheresis. The 

primary end point was safety, the secondary end-

point immune response. Overall survival (OS) was 

compared to the predicted OS according to Halabi 

and MSKCC nomograms. 

Results: Data from twenty-five patients were evalu-

ated. The mean age at the start of immunotherapy 

was 67 years, median PSA 109 ng/ml and Hb 11,9 

g/dl. 48% patients had GS ≥8. No serious DCVAC/

PCa-related adverse events have been reported. 

There were no clinical or laboratory signs of au-

toimmunity. Median OS was 19 months (95% CI: 

14.69-23.31) while the predicted median OS was 12 

months (95% CI: 11.19-12.81). We observed no sig-

nificant changes of the peripheral blood Tregs and 

MDSCs during the course of the trial. Long-term 

administration of DCVAC/PCa led to the induc-

tion and maintenance of the stable levels of T cells 

specific against multiple tumor antigens including 

PSA, NY-ESO1, MAGE-A1 and MAGE-A3. 

Conclusions: In patients with mCRPC, the alternate 

administration of DCVAC/PCa cancer immunother-

apy and docetaxel results in the stabilization of the 

disease progression and longer than expected sur-

vival. Chemotherapy does not preclude the induc-

tion of tumor specific T cells. 
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Promising targets for immunological therapeutic 

intervention in cancer therapy are tumor-associ-

ated antigens (TAAs). Particularly mutated genes 

are a source for true tumor-specific antigens (TSAs) 

because they are exclusively expressed in the tumor 

and are not shared with normal tissue. Moreover, 

TSAs reduce the risk of autoimmunity and increase 

the chance to overcome tolerance compared to 

non-mutated protein sequences. Taking this idea 

into consideration, we created a panel of peptides 

with sequences derived from the most frequently 

mutated variants of the tumor suppressor Trp53 

and the oncoproteins Kras and Braf described for 

colorectal (CRC) and pancreatic carcinomas. More 

precisely, we designed long peptides (28-35 amino 

acids) representing wild-type (wt) or mutated se-

quences to facilitate a presentation of MHC I and II 

epitopes. In a first step we screened blood and bone 

marrow from 26 CRC patients for T cell responses 

against the chosen mutations by IFNγ ELISpot anal-

ysis. We found stronger responses against mutated 

peptides compared to wt peptides. Furthermore, 

correlation of the ELISpot results with the abun-

dance of Trp53 and Kras mutations identified in the 

patients‘ primary tumors and metastases revealed 

that patients carrying mutations were more likely 

to be responsive against wt and mutated peptides 

than patients with no detectable mutation. Second-

ly, we vaccinated C57BL/6 mice as well as a HLA-

Class I/II humanized mouse strain (β2m-deficient, 

HLA-A2/Db/hβ2m [HHD chimera] and HLA-DR1 

double transgenic) with wt or mutated peptides in 

a multi-peptide vaccination setting. T cell respons-

es of immunized mice were monitored with flow 

cytometry by measuring cytokine secretion after 

antigen-specific in vitro restimulation. Thereby we 

observed simultaneous responses against the ma-

jority of the peptides in the vaccine suggesting the 

induction of a multi-epitope response. Interestingly, 

some of the mutated peptides induced a significant-

ly higher secretion of cytokines than corresponding 

wt sequences in both CD4+ as well as CD8+ T cell 

subsets, indicating mutation-specificity. Next, we 

investigated the tumor-protective capacity of the 

vaccination approach. For this purpose, syngenic 

fibrosarcoma cell lines were generated in the HLA-

Class I/II transgenic mice by carcinogen-induced 

tumorigenesis. In tumor challenge experiments we 

employed cell lines carrying intrinsic Kras/Trp53 

mutations and cell lines which were engineered to 

express the most-immunogenic mutations found in 

our vaccination studies. Vaccination with mutated 

peptides resulted in retarded tumor outgrowth 

compared to vaccination with wt peptide counter-

parts for tumors with intrinsic mutations. Surpris-

ingly, animals vaccinated with mutated peptides 

performed worse in case of highly immunogenic 

introduced mutations. Preliminary analysis points 

towards an involvement of T regulatory cells in the 

detrimental outcome after vaccination with highly 

immunogenic peptides. 
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Prostate cancer is the second leading cause of 

cancer death in men. Anti-androgen therapy is 

the treatment of choice for patients diagnosed 

with metastatic disease. However, cancer growth 

progresses despite hormone ablation therapy in 

almost all patients after 2-3 years, resulting in 

castration-resistant prostate cancer (CRPC). CRPC 

patients have a poor prognosis and current treat-

ment options can prolong overall survival for only 

a few months. Therefore, novel efficient therapeutic 

approaches are urgently needed.

Active immunotherapy using ex vivo generated den-

dritic cells (DCs) represents a promising treatment 

option - and the capacity of DC-based vaccines for 

activation of tumor-specific T cell responses has 

been demonstrated in numerous clinical trials. 

However, the clinical benefit is still not satisfactory.

We have developed a new generation of DCs with 

improved immunogenicity and optimized for the 

use in cell-based immunotherapy of cancer. Cur-

rently this new generation of DCs is analyzed in 

a clinical trial phase I/IIa for the treatment of pa-

tients with acute myeloid leukemia using leuke-

mia-associated antigens. In order to develop a DC 

vaccine formulation for the treatment of CRPC as a 

solid tumor indication, we performed an extensive 

preclinical evaluation of DCs expressing tumor an-

tigens (TAs) associated with prostate cancer.

Monocyte-derived mature DCs were generated 

from healthy donors within three days by using a 

maturation cocktail containing a synthetic TLR7/8-

agonist. DCs were loaded with mRNA encoding for 

different TAs and cryopreserved. After thawing 

DCs were analyzed regarding antigen expression, 

phenotype and function. Expression of TAs was 

high and not altered by cryopreservation. Addition-

ally, DCs expressed high levels of CD83 and were 

negative for CD14, demonstrating a mature pheno-

type. Moreover, the expression of costimulatory 

molecules CD80, CD86 and CD40 was high com-

pared to expression of inhibitory molecules CD274 

and CD273. DCs secreted high levels of bioactive 

IL-12p70 and only low levels of IL-10, highlight-

ing their capacity to polarize immune responses 

towards the Th1/Tc1 phenotype. Furthermore, 

TA-expressing DCs also had the capacity to induce 

antigen-specific T cell responses de novo.

These studies demonstrated the high potential of 

our vaccine cells for the activation of anti-tumor 

immune responses in prostate cancer. The three 

best candidate antigens will be selected for the 

final vaccine formulation.

(The last two authors share senior authorship) 
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Background: Adenoviruses are excellent immuno-

therapeutic agents with a unique ability to prime and 

boost immune responses. Recombinant adenoviruses 

cause immunogenic cancer cell death and subsequent 

release of tumor antigens for antigen presenting cells, 

resulting in the priming of potent tumor-specific 

immunity. This effect may be further enhanced by 

immune-stimulating transgenes expressed by the 

virus. We report a case of a 68-year-old male with 

asbestos-related malignant pleural mesothelioma 

with progressive disease in spite of 2 different chemo-

therapies and radiotherapy. 16 months after diagno-

sis the patient was treated in a Phase I study with 

a granulocyte-macrophage colonystimulating factor 

(GMCSF)-expressing oncolytic adenovirus, Ad5/3-

D24-GMCSF (ONCOS-102), for the treatment of solid 

injectable tumors.

Methods: The patient was treated with 9 intratumoral 

injections of 3 x 1011 viral particles (VP) of ONCOS-102. 

For down-regulation of tumor supporting regulatory T 

cells low dose oral cyclophosphamide was included. 

Tumor biopsies were collected at baseline and 1 and 2 

months after treatment initiation. Samples were ana-

lysed for tumor infiltrating lymphocytes (TILs) and 

gene expression with immunohistochemistry and mi-

croarray, respectively. Peripheral blood mononuclear 

cells (PBMCs) were analysed for tumor-specific CD8+ 

T cell responses in IFNγ ELISPOT.

Results: Only Grade 1 and 2 adverse events according 

to common terminology for adverse events (CTCEA) 

were reported. Treatment-related innate immune re-

sponse manifested by immediate short-term increase 

of pro-inflammatory cytokines was seen. A promi-

nent post-treatment increase in the number of TILs 

was observed by immunohistochemical staining in 

biopsies after treatment compared to baseline. Ex-

pression levels of genes encoding cytotoxic factors 

(perforin, granzyme B, granulysin), Th1 associated 

factors (IFNγ, IRF1) and Th1 associated chemokines 

(CCL2, RANTES, CX3CL1, CXCL9 and CXCL10) were 

markedly elevated in post-treatment tumor biopsies. A 

prominent post-treatment induction of MAGE3-specif-

ic CD8+ T-cells in PBMCs was seen in IFNγ ELISPOT. 

Further, a late metabolic response was observed in 

PET imaging 7.5 months after treatment initiation 

during the follow-up period after the end of trial, with 

a 47 % decrease in the metabolic activity as measured 

from the total tumor burden in comparison to the pre-

vious imaging at the 6 month time point. This patient 

is alive after 15 months from treatment initiation and 

31 months from diagnosis

Conclusions: Local ONCOS-102 treatment shapes tumor 

microenvironment leading to increased tumor-specific 

immune reactivity as demonstrated by post-treatment 

infiltration of Th1 polarized lymphocytes and induc-

tion of MAGE3-specific CD8+ T cells in PBMCs. 
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In this work a combination therapy that acts upon 

the immune suppressive, the innate and specific 

arm of the immune system is proposed. This combi-

nation therapy, which consists out of intratumoral 

interleukin-12 (IL-12) gene therapy, human tyrosi-

nase (hTyr) DNA vaccination and metronomic cy-

clophosphamide (CPX), was evaluated in a B16-F10 

mice model. Following groups were compared: (1) 

no treatment, (2) control vector, (3) intratumoral 

IL-12 gene therapy, (4) intratumoral IL-12 gene 

therapy + metronomic CPX, (5) intratumoral IL-12 

gene therapy + metronomic CPX + hTyr DNA vac-

cination. Next to clinical efficacy and safety, we 

characterized acute effects of IL-12 and anti-tumor 

immune response after a second tumor challenge. 

All treatment groups showed increased survival 

and higher cure rates than control groups. Surviv-

al of non-cured mice was increased when metro-

nomic CPX was combined with IL-12 gene therapy. 

Furthermore, mice that received metronomic CPX 

had significantly lower percentages of regulatory T 

cells. Addition of the hTyr DNA vaccine increased 

cure rate and resulted in increased survival com-

pared to other treatment groups. We also demon-

strated that the manifest necrosis within days after 

IL-12 gene therapy is at least partly due to IL-12 me-

diated activation of NK cells. All cured mice were 

resistant to a second challenge. A humoral memory 

response against the tumor cells was observed in 

all groups that received IL-12 gene therapy, while a 

cellular memory response was only observed in the 

vaccinated mice. In conclusion, every component 

of this combination treatment contributed a unique 

immunologic trait with associated clinical benefits. 
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Purpose: Colorectal cancer (CRC) is one of the major 

causes of cancer death in the world. Since the prog-

nosis of advanced CRC (aCRC) still remains poor, the 

development of new therapeutic approaches, includ-

ing cancer immunotherapy, would be highly desir-

able. We have developed a novel approach of cancer 

immunotherapy, named personalized peptide vac-

cination (PPV), in which vaccine peptides were se-

lected from 31 cytotoxic T lymphocyte (CTL) antigen 

peptides, based on pre-existing host immunity. Re-

cently conducted clinical trials of PPV for patients 

with various types of advanced cancers demonstrat-

ed the feasibility of this new approach. In the current 

study, we conducted a clinical study to examine the 

feasibility of PPV and to identify biomarkers that 

would be useful for prediction of overall survival 

(OS) in previously treated aCRC patients.

Patients and methods: A phase II clinical trial of 

PPV was conducted in aCRC patients, who had 

failed at least one regimen of standard chemo- 

and/or targeted therapies. For PPV treatment, a 

maximum of 4 peptides were selected from 31 can-

didate peptides based on the HLA class I types and 

antigen-specific humoral immune responses before 

vaccination, and subcutaneously administered (6 

vaccinations, weekly; thereafter, bi-weekly). The 

primary and secondary endpoints were to analyze 

the clinical feasibility and safety of PPV and to 

identify biomarkers useful for prediction of OS after 

PPV in aCRC patients, respectively. Clinical find-

ings and laboratory data before and after vaccina-

tion were statistically evaluated.

Results: Sixty previously treated aCRC patients 

underwent PPV without severe adverse events. 

Boosting of IgG responses specific to the vaccinated 

peptides was observed in 47% and 94% of the com-

pleted patients at the end of the first and second 

cycles of 6 vaccinations, respectively. Median OS 

time was 498 days with one and two year survival 

rates of 53% and 22%, respectively. Notably, among 

the enrolled patients, 32 patients, who were refrac-

tory to all of irinotecan, oxaliplatin, and fluoro-

pyrimidines before enrollment, showed median 

OS time of 375 days with one-year survival rate of 

51%. Multivariate Cox regression analysis of pre-

vaccination factors showed that plasma IL-6, IP-10, 

and BAFF levels were significantly prognostic of OS 

[hazard ratio (HR) =1.503, P = 0.045; HR = 1.574, 

P = 0.025; HR = 0.510, P = 0.002; respectively]. In 

addition, genetic polymorphisms in the inflamma-

tory factors were potentially prognostic.

Conclusions: The current study demonstrated that 

PPV induced substantial immune responses to 

vaccine antigens without severe adverse events 

and showed potential clinical benefits in previously 

treated aCRC patients, even in the refractory stage. 

Next step of clinical trials of PPV would be war-

ranted for aCRC patients. Evaluation of the identi-

fied factors before vaccination might be useful for 

selecting the patients who would benefit from PPV.
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The advent of personalized T cell cancer vaccines 

requires detailed knowledge of T cell epitopes of 

tumor-associated antigens (TAA). By proteomic 

analysis of MHC class I-bound peptides or in silico 

peptide predictions, hundreds of epitope candi-

dates can be identified. Peptide binding affinity and 

MHC-peptide (pMHC) stability have been argued to 

determine CTL immunogenicity. To clarify which 

of these parameters is the more reliable predictor, 

we developed different high-throughput assays. 

We performed 1) in silico prediction of HLA-A*0201 

restricted 8 to 11-mer peptides of the NY-ESO-

1 cancer testis antigen. Candidate peptides were 

subjected to 2) micro peptide-driven refolding of 

HLA-A*0201 heavy and light chain, 3) peptide re-

binding to in situ peptide stripped MHC molecules 

4) pMHC half-life measurements at 37 °C and 5) T2 

cell stabilization assay.

Our results indicate partial reliability of in silico 

epitope prediction. Results obtained by micro 

peptide-driven refolding and pMHC renaturation 

partially diverge, with the latter assay being less 

sensitive. Surprisingly, little correlations were ob-

served between peptide affinity for HLA-A*0201 

protein and the stability of the complexes. Finally, 

the T2 stabilization assay was shown to be the less 

robust and sensitive assay. We classified candidate 

peptides into three different groups: a) good binder 

and good stability, b) good binder and poor stability 

and c) poor binder and poor stability. HLA-A*0201 

transgenic mice were immunized with these pep-

tides and preliminary results indicate that immu-

nogenicity correlates primarily with the stability 

of pMHC complexes and not the binding affinity. 

In addition, our results uncover two new potential 

NY-ESO-I epitopes. Further optimization and min-

iaturization of our assays will enable scientists to 

determine new immunogenic epitopes and to guide 

the development of new therapeutic vaccines. 
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Postremission therapy of patients with acute 

myeloid leukemia (AML) is critical for the elimi-

nation of minimal residual disease (MRD) and a 

prerequisite for achieving cure. Cellular immuno-

therapy is a highly effective treatment option as 

demonstrated by the low relapse rate after allo-

geneic stem cell transplantation (SCT). However, 

many patients are not eligible for this treatment. 

Therapeutic vaccination with autologous, antigen-

loaded dendritic cells (DCs) is a promising strategy 

to induce cellular and humoral immune responses. 

Within recent years, we have developed a GMP-

compliant protocol for the generation of next-gen-

eration DCs. A short, 3-day differentiation period 

is combined with a novel maturation cocktail that 

includes a TLR7/8 agonist. The resulting DCs are 

characterized by a positive costimulatory profile 

and a high production of bioactive IL-12p70. Both 

in vitro and in vivo, they have been shown to polar-

ize CD4+ T cells into Th1, to induce antigen-specific 

CD8+ T cells and to activate NK cells.

We are currently conducting a proof-of-concept 

phase I/II clinical trial evaluating next-generation 

DCs as postremission therapy for AML patients 

with a non-favorable risk profile (NCT01734304). 

Standard exclusion criteria apply, and patients have 

to be ineligible for allogeneic SCT. DCs are generat-

ed from monocytes of the patients and then loaded 

with ivt-RNA encoding the leukemia-associated an-

tigens WT1 and PRAME. Additionally, DCs trans-

fected with RNA encoding CMV-pp65 are included 

as an adjuvant and surrogate antigen. Patients are 

vaccinated intradermally with one batch of 5x106 

DCs for each of the three antigens up to 10 times 

within 26 weeks. The primary endpoint of the 

trial is feasibility and safety. Secondary endpoints 

are immune responses and disease control, with 

particular focus on MRD conversion. Phase I will 

include 6 patients, and phase II another 14 patients.

So far, two patients have been enrolled into the 

phase I of the trial. Pt. 1 was a 72 year-old man 

in CR with an adverse genetic risk profile (complex 

karyotype) and not eligible for allogeneic SCT. The 

differential blood count showed 11% monocytes of 

7,6 G/l leukocytes (836 monocytes/µl). The leuka-

pheresis yielded 3,4x109 monocytes in total, and 14 

vials of DCs per antigen were generated for clini-

cal application. Pt. 2 was a 54 year-old man in CRi 

with an intermediate genetic risk group (cytogenetic 

abnormality not classified as favorable or adverse) 

and no HLA-matched donor. The differential blood 

count showed 7% monocytes of 5,9 G/l leukocytes 

(413 monocytes/µl). The leukapheresis yielded 

2,2x109 monocytes in total, and 6 vials of DCs per 

antigen were generated for clinical application. For 

both patients, the DCs fulfilled all quality criteria 

(cell count, viability, purity, sterility, phenotype). No 

adverse events have been observed so far except for 

slight erythema at the injection site. Up-to-date clini-

cal and immunomonitoring data will be presented.
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Induction of a T cell mediated immune response is 

critical for the eradication of viral infections and 

tumors. Soluble peptide loaded major histocompat-

ibility complex-Ig (pep-MHC-Ig) bind their cognate 

ligands, T cell receptor (TCR), with high affinity 

and have been successfully used to visualize anti-

gen-specific T cells. Furthermore, immobilized pep-

MHC-Ig can activate and expand antigen-specific 

T cells in vitro. Here we show data on the use of 
pep-MHC-Ig as a potential immunization strategy 

in combination with or without anti-CD40 mAb 

pre-treatment to modulate antigen-specific T cell 

immune responses in vivo.
SIY-Kb-Ig immunization of anti-CD40 mAb pre-

treated C57BL/6 (B6) mice that previously re-

ceived adoptively transferred 2C T cells, resulted 

in stronger T cell induction than in non-pretreated 

B6 mice. T cell responses after SIY-Kb-Ig immuniza-

tion in anti-CD40 mAb pre-treated B6 mice were 

antigen-specific, long lasting and of memory phe-

notype. Mechanistic studies using allogenic QL9-Ld-

Ig complexes to stimulate 2C T cell transferred into 

B6 mice demonstrated that the injected pep-MHC-Ig 

molecules directly activate 2C T cells without anti-

gen-uptake and reprocessing by antigen-presenting 

cells. Additionally we have demonstrated that SIY-

Kb-Ig immunization in combination with anti-CD40 

mAb pre-treatment can induce antigen-specific T 

cells in naïve mice, which was confirmed by an in 

vivo killing assay utilizing SIY-pulsed target cells.

Thus, soluble pep-MHC-Ig molecules represent a 

powerful tool for in vivo T cell activation that, in 

contrast to peptide adjuvant formulations, directly 

stimulates antigen-specific T cells without the need 

for antigen reprocessing by antigen-presenting 

cells. 

Schütz C.1, Zoso A.2, Peng S.3, Bennett D.1, Schneck J.P.3, Oelke M.3
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Background: Natural killer activity is believed to be 

important contributor of a patient‘s immune system 

to fight cancer. However, cancer patients have re-

portedly defective NK activity and the malignant 

target frequently has developed mechanisms to 

escape detection of NK cells. Our research is aimed 

at overcoming this NK cell deficiency.

Materials and methods: Malignant autologous 

epithelial cells of 10 colorectal carcinoma pa-

tients were separated by cell culture procedures. 

Peripheral blood mononuclear cells (PBMCs) were 

stimulated with their mitomycin treated autologous 

tumor cells or allogeneic SW742 colorectal carcino-

ma cell line. The expression of CD3, CD56, NKG2D 

and NKp44 were detected with flowcytometry and 

reverse transcription-PCR. NK activity of PBMCs 

against K562 target cell line was measured by MTT 

colorimetric assay. 

Results: Stimulation with autologous tumor cells 

and allogeneic SW742 colorectal carcinoma cell 

line augmented CD56+ and CD56+CD3+ cells and 

up-regulated NKG2D and NKp44 expression. NK 

activity of PBMCs after co-incubation with autolo-

gous tumor cells or SW742 was significantly raised. 

Conclusions: Our results demonstrated that stimu-

lation of PBMCs by SW742 can significantly improve 

NK activity as much as by autologous tumor cells 

which was confirmed by the higher expression of 

NKp44 and NKG2D. Since the separation of autolo-

gous tumor cells is difficult and time consuming 

the allogeneic tumor cell line could be a good re-

placement for large scale short term generation of 

activated NK cells. These data may help to improve 

cancer immunotherapy protocols. 

Key words: Tumor immunotherapy, Natural Killer 

activity, Autologous Tumor cells, SW742, NKp44, 

NKG2D 
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Autologous tumor cells and SW742 allogeneic cell line have 
comparable stimulating effect on PBMCs of Gastrointestinal 
malignant patients In vitro
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A promising therapy for patients with B-cell lym-

phoma is based on the use of idiotype antibodies as 

vaccines. This kind of vaccines are based on the use 

of immunoglobulins having a variable region with 

epitopes exclusively expressed by a lymphoma. 

Since these epitopes are different for each tumor, 

a specific idiotype vaccine has to be produced for 

each patient. Expression of immunoglobulins for 

human use often requires the use of mammalian 

cells because these cells are able to provide appro-

priate post-translational modifications that cannot 

be obtained with other systems. Production of pro-

teins for clinical use can be greatly improved by 

the use of stable cell lines that can be scaled up 

to reach the desired level of production. We have 

used a noncytopathic Semliki Forest virus (ncSFV) 

RNA vector to generate stable cell lines expressing 

the murine follicular lymphoma-derived idiotype 

antibody A20. We generated ncSFV vectors harbor-

ing sequences of heavy (HC) and ligth (LC) chains 

of A20 using four different genetic constructs: 1) 

HC followed by LC using independent viral promot-

ers, 2) LC followed by HC using independent viral 

promoters, 3) HC fused to LC using the foot and 

mouth disease virus 2A autoprotease sequence as 

a linker, and 4) LC and HC separated by an IRES 

sequence. All recombinant ncSFV vectors allowed 

rapid and efficient selection of stable BHK cell 

lines that expressed A20 in supernatants with a 

proper quaternary structure, as evidenced by non-

reducing SDS-PAGE. Expression levels were similar 

in constructs 1-3, reaching up to 8 mg/L/24h, but 

they were about ten-fold lower when HC expres-

sion was driven by the IRES element (construct 4). 

A20 produced by SFV stable cell lines was highly 

glycosylated with a pattern similar to that of A20 

produced by a hybridoma. A20 purified from the 

supernatant of ncSFV cell line harboring construct 

1 was conjugated to KLH and used to immunize 

mice that received four monthly doses of 25 mg 

of idiotype. A secong group of mice received the 

same doses of A20 purified from the hybridoma. 

Both idiotypes were able to induce similar titers of 

anti-A20 antibodies. Interestingly, when mice were 

challenged with A20 lymphoma cells a stronger 

protection was observed in animals vaccinated 

with the ncSFV derived idiotype, resulting in much 

smaller tumors and longer survival in this group. 

These results indicate that the ncSFV vector could 

represent a quick and efficient system to produce 

patient-specific idiotypes with potential applica-

tion as lymphoma vaccines. 

Casales E.1, Villanueva H.2, Aranda A.1, De Cerio A.L.2, Bezunartea J.1, Pastor F.2,  
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Idiotype vaccines produced with a non-cytopathic alphavirus 
vector induce potent antitumoral responses in a murine model 
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Transcutaneous immunization (TCI) is a novel 

vaccination strategy with a promising potential for 

combating tumors or persistent infectious diseases. 

Based on a T cell epitope and the Toll-like Receptor 

7 agonist imiquimod, we have established a proto-

col that induces a potent cytotoxic T lymphocyte 

(CTL) response. However, TCI shows only limited 

effectiveness in terms of tumor protection, in part 

due to suppression by regulatory T cells (Treg). In 

another instance, cytotoxic drugs like cyclophos-

phamide (Cy) are currently the basis for the treat-

ment of tumors including malignant lymphomas. 

Beyond this, low-dose Cy therapy can mediate inac-

tivation of Treg. Hence, we conducted our present 

work to evaluate the efficacy and mechanisms of 

combined cytotoxic treatment with TCI.

Hence we performed TCI by applying imiquimod 

crème together with the CTL epitope SIINFEKL 

(d0/1) on the shaved back skin of C57BL/6 mice 

after i.p. injection of various doses Cy (25, 50, 

100 mg/kg, d-1). Induction of CTL responses was 

assessed by the frequency of SIINFEKL specific 

CD8+T cells and in vivo cytolysis of target cells 

(d6). Here, we observed no significant decrease in 

the induced CTL responses comparing TCI with or 

without Cy indicating that Cy does not impair TCI-

induced CTL responses at the chosen dose levels.

To understand the mechanisms of Cy in this context, 

we first analyzed the frequency of Treg upon Cy/

TCI and found a dose dependent decrease in Treg 

numbers compared to the untreated control. In con-

trast, TCI alone only led to a marginal increase in 

Treg numbers. Next we investigated its influence 

on DCs as crucial antigen-presenting cells in the 

draining lymph nodes and spleens upon vaccina-

tion. In Cy/TCI treated mice, we found an increased 

expression of CD80/CD86 compared to untreated or 

TCI alone with a shift to CD4-CD8-DCs, indicating 

stimulatory effects of Cy on DCs. However, despite 

an enhanced DC activation as well as Treg deple-

tion, Cy/TCI did not result in an enhanced CTL 

response compared to TCI alone suggesting that 

Cy induces additional inhibitory factors after com-

bined treatment. We hypothesized that this may 

be due to the induction of immunosuppressive 

immature myeloid cells that have been described 

after low-dose Cy treatment. Indeed, we detected 

increased numbers of monocytic as well as granu-

locytic immature myeloid cells in the spleens of 

Cy/TCI treated mice compared to TCI treated or 

controls.

Taken together, the combination of low-dose Cy 

with TCI leads to enhanced DC activation along 

with a reduction of Treg and does not diminish 

vaccination-induced immune responses. There-

fore, such a combination appears feasible, but we 

suggest that Cy also induces inhibitory mecha-

nisms that suppress vaccination induced immune 

responses and may impair the overall effectiveness 

of immunotherapeutic treatments. Our studies may 

contribute to the development of new therapeutic 

options against tumors by combining chemothera-

py with immunomodulatory treatments.
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Combined immunotherapy against cancer: Limited efficacy of 
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Pancreatic cancer is a significant health issue due 

to the associated high mortality rate and a lack of 

improvement in survival rates over the last three 

decades. Therefore we have set out to develop a 

novel vaccine treatment platform utilizing het-

erologous prime:boost targeting either a PanC02 

tumour associated antigen (TAA) expressed in our 

tumour model, or mutant peptides comprising the 

PanC02 mutanome. 

To identify the PanC02 mutanome we utilized both 

whole exome and RNA sequencing technologies to 

identify mutated genes differentially expressed in 

the tumour cells compared to wild type C57Bl/6 

DNA. We have identified 188 expressed mutated 

genes in PanC02; and through in silico analysis, 

99 peptides were identified to have the potential 

to bind MHC class I. Confirmation of immuno-

genicity in vivo will be carried out using peptide 

vaccination and viral vectors, expressing multiple 

peptides, to determine which mutant peptides are 

truly immunogenic. In the first round of analyses 

mice were vaccinated with the 12 highest scoring 

peptides identified using multiple algorithms as-

sessing ability to bind MHC class I. Using ELISpot 

and flow cytometry 5 of these peptides were con-

firmed to be immunogenic in vivo. We are currently 

building viruses to assess 24 additional peptides 

to determine their immunogenicity in vivo. Once 

all 36 peptides have been tested a viral mutanome 

vaccination platform will be generated using vali-

dated immunogenic peptides. These viral vectors 

will be used to vaccinate mice bearing orthotopic 

pancreatic tumours and will be compared to vac-

cination with more traditional tumour associated 

antigens to determine if a personalized approach 

to vaccination will be an improvement over vac-

cinating against a single tumour antigen. These 

proof-of-principle studies will help determine if a 

personalized approach to our prime:boost vaccina-

tion regimen is a viable option for a cancer in need 

of novel therapies.
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Current cancer research shows that more than 

ever new strategies for treatment of cancer patients 

are necessary; immunotherapy appears to be one 

very effective way and has witnessed a real break-

through in the past year. Scientists at our Depart-

ment have been investigating a huge amount of 

peptides for many years, which are highly related 

to tumors and their surroundings. Consequently a 

way has to be found to translate the research results 

into real patient treatment which includes the pro-

duction of pharmaceuticals. 

The Wirkstoffpeptidlabor at the University of Tübin-

gen established both the production of GMP certi-

fied peptides as active pharmaceutical ingredients 

and a formulation process for vaccine peptide cock-

tails including different peptides. Multi-epitope 

peptide vaccines can be composed both specifically 

for distinct tumor entities and individually for each 

patient. 

Drugs- also for clinical studies- are required to be 

produced in a highly regulated way. To produce 

high quality products our lab developed different 

strategies to supervise each single production step 

in a tight connection to quality controls. Reproduc-

ible product quality seen as a roof is carried by 

the pillars method validation, process validation, 

in process controls and qualified staff basing on a 

stable quality assurance system. 
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Closing the gap between bench and bedside: Manufacturing 
individual multi-peptide vaccines for phase I/II clinical trials in 
cancer immunotherapy
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Since the end of the Human Genome Project in 

2003, rapid technological advances in DNA se-

quencing have resulted in a remarkable increase 

in sequencing throughput. The limitation of effi-

cient knowledge discovery in genomics is no longer 

generation of data, but rather computational chal-

lenges around integration of genomics and clinical 

data. The increasing number of data types gener-

ated for patients in health care and clinical trials, 

together with the inadequate use of standards to 

support mapping across disparate data sources, 

vastly limits the utilization of data. Consequently, 

information integration has become one of the top 

priorities to be solved by the research community 

as it constitutes the basis from which further scien-

tific discoveries can be made. In general, analyzing 

clinical data in combination with genomic data has 

the potential to reveal the genetic basis of cancer, 

infectious diseases and drug response, leading ul-

timately to improved health care and preventative 

measures for individual patients.

In the presentation we will discuss opportunities to 

accelerate the progress in biomedicine through the 

use of integrated patient data in medical research 

and challenges that have to be overcome before this 

can become a reality, fully realizing the promise of 

personalized medicine.

Svenback D.1

1	Capish International, Malmö, Sweden 

Integrating clinical and genomics data - challenges and  
opportunities
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Over half a million people are diagnosed with 

hepatocellular carcinoma (HCC) every year. With 

alcohol abuse and hepatitis C being main risk 

factors, incidence rates are on the rise, positioning 

HCC among the leading causes of cancer related 

death worldwide. Cholangiocellular carcinomas 

(CCC) on the other hand are a rare tumor entity 

but associated with a very poor prognosis and 

often considered incurable. With chemotherapy 

and other adjuvant strategies showing only little 

benefit in both entities there is an urgent need for 

new and more effective therapeutic options. Per-

sonalized approaches, particularly immunothera-

peutic ones, may represent promising alternatives 

with regard to effectiveness and safety profile. Here 

we demonstrate an approach to identify real tumor 

specific antigens with potential for future clinical 

application.

Our strategy focuses on naturally processed and 

presented HLA ligands eluted directly from indi-

vidual patients´ tumor tissues. First we predict 

tumor specific peptides, which might arise from 

patient and tumor specific genetic alterations. To 

achieve this we perform next generation whole 

exome sequencing of malignant and benign tissues 

as reference. The gained knowledge is assembled 

in databases using bioinformatic pipelines, which 

enable the identification of tumor specific peptides 

by tandem mass spectrometry. Additionally we are 

interested in identifying tumor associated peptides. 

These are HLA ligands largely overrepresented on 

patient‘s tumor tissue and (virtually) absent on 

healthy tissues. Although originating from unmu-

tated genetic regions, those peptides have shown 

the potential to prolong patient survival. Thus, we 

built a database of HLA ligands from diverse benign 

tissues. Crosschecking against this database assists 

to reject unsuitable peptides and increases the 

chance for selecting immunogenic ones. Analyzing 

samples from 18 patients (13 HCC/ 5 CCC), we were 

able to identify over 5000 different HLA ligands 

naturally presented on patients´ tumors and over 

5000 on benign liver tissue respectively.

Using this strategy we are able to recommend in-

dividually tailored multi-peptide vaccines for each 

patient. Having a GMP peptide production facility 

available, we plan on applying this workflow for 

future clinical trials. We should be able to vac-

cinate patients with such a cocktail within three 

months after tumor resection, aiming at prevention 

of metastasis and/or relapse in an adjuvant setting. 

Once established, this approach should be applica-

ble in many different malignancies.
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Towards an actively personalized cancer therapy: Patient  
specific multipeptide vaccination for primary liver cancers

065 |  Therapeutic Vaccination



87

A major obstacle for the efficacy of T cell-based im-

munotherapy in gastric cancer is the lack of CD8 T 

cell infiltration in the tumor. In order to enhance T 

cell recruitment to the tumor site, we have devel-

oped a treatment protocol based on a combination 

of TLR agonists. To test the efficacy of the TLR-

based combination therapy in gastric cancer, we 

have used transgenic CEA424-SV40 TAg mice that 

develop autochthonous tumors in the pyloric area 

of the stomach. In addition, the mice bear subcu-

taneous tumors that are induced by injection of a 

cell line derived from the original gastric tumor. 

Upon adoptive transfer of tumor-specific T cells 

and treatment with single TLR agonists, infiltration 

by CD8 T cells and tumor regression were achieved 

only in subcutaneous but not in autochthonous 

gastric tumors. To improve T cell recruitment, mice 

were treated with sequential combinations of TLR 

agonists that trigger different signaling pathways, 

leading to an enhanced production of Th1-type cy-

tokines. The combinatorial treatment led to a high 

recruitment of CD8 T cells to the tumor site not only 

in subcutaneous tumors but also in autochtonous 

gastric tumors. In addition, this TLR-based therapy 

blocks tumor growth of mice with subcutaneously 

induced tumors. We are currently further inves-

tigating the mechanisms leading to the enhanced 

T cell recruitment. The results of this study may 

provide an important contribution to the develop-

ment of complementary immunotherapeutic strate-

gies to target gastric tumors.
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A TLR agonist-based combination treatment enhances T cell 
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Prostate cancer (PC) is the most common cancer 

among men. Since 2005 more than 4000 new cases 

each year are diagnosed with PC in Norway and 

the incidence is increasing. In many cases prostate 

cancer is an indolent disease and patients often 

will die with the disease and not off it. If the pa-

tients are diagnosed with high Gleason Score they 

will develop relapse following primary therapy 

and when this occur there is no curative treatment 

available. We have previously reported that about 

50% of hormone resistance patients mount specif-

ic immune responses following vaccination with 

Dendritic Cells (DCs) transfected with mRNA from 

autologous tumour. Immune responses were also 

related to overall survival. Initially DCs were pro-

duced over 7 days. Recently, we have reduced the 

production time down to 3 days (Fast DCs) and here 

we report about our clinical experiences with this 

new type of DCs. Five metastatic prostate cancer 

patients have been included in the study. Prior to 

the DC vaccination, 3 patients had bone metastasis 

while 2 were diagnosed with lymph node metas-

tasis. The fast dendritic cells (DC) is produced by 

differentiation of autologous monocytes to mature 

DCs by adding GM-CSF (2500IU/mL) and IL-4 

(1000IU/mL) for 48 hours, and 24 hours of matura-

tion with GM-CSF (2500IU/mL), IL-4 (1000IU/mL), 

TNF-α (10ng/mL), IL-1β (10ng/mL) and PgE2 (1ug/

mL) in CellGro DC medium. Mature Fast DCs were 

then transfected with hTERT- and Survivin-mRNA 

by electroporation. After over night incubation in 

medium without any cytokines added the vaccines 

were frozen and stored until use. Quality control of 

the DCs was performed. All mRNA transfected DC 

(mDCt) showed a mature phenotype with down-reg-

ulation of CD14 and up-regulation of CD80, CD83, 

CD86, CCR7, CD274, CD40 and HLA-DR compared 

to monocytes. All mDCt showed migration capacity 

towards CCL19. mDCt had no IL-12p70 secretion 

and except for one patient with high IL-10 secre-

tion all showed low levels of IL-10. When immune 

responses were tested by T-cell proliferation, no 

CD4 T-cell responses could be detected. Two of the 

patient was HLA-A2 positive and dextramers was 

used to detect antigen specific CD8 positive T-cells 

in blood at several time points during the vaccina-

tion. Progression free survival (PFS) assessed by 

PSA measurement and MRI of the 5 patients were 

7, 21, 24, 35 and 36 months. The patient vaccinated 

with DCs secreting high IL-10 has the shortest PFS. 

Two of the patients have been continuously vac-

cinated and one patient has been revaccinated fol-

lowing a treatment interval with chemotherapy and 

local radiotherapy of bone metastasis. Altogether, 

our fast DCs show objective clinical benefit in some 

of the patients. Only 2 patients were HLA-A2 posi-

tive and in both T-cell responses could be measured 

by dextramers during the vaccination. The reasons 

for the lack of CD4T-cell responses in our patients 

are not fully understood and are under investiga-

tion. 
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Cancer vaccines with hTERT and Survivin mRNA transfected 
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Background: Uterine cancer is the most frequent 

pelvic gynaecological cancer. For recurrent disease, 

therapeutic options are limited and short-lasting; 

hence, new and less toxic treatment modalities 

are needed. We identified Wilms‘ tumour gene 1 

(WT1) and survivin as tumour-associated antigens 

expressed in this tumour. We previously applied 

WT1-specific dendritic cell (DC) immunotherapy in 

6 uterine cancer patients and observed induction 

of WT1-specific immune responses and modest 

clinical responses. Here, we focused on the GMP 

manufacturing of a DC vaccine electroporated with 

mRNA encoding both WT1 and survivin, linked to 

DC-LAMP for helper T cell induction, and co-elec-

troporated with TriMix mRNA (CD40L, CD70 and 

caTLR4) for DC maturation. 

Methods: Three healthy donors underwent leuka-

pheresis and monocytes were isolated by elutria-

tion. Monocytes were cultured in Cellgenix culture 

bags in the presence of GM-CSF and IL-4 until day 

7. Immature DC were harvested, electroporated 

with mRNA encoding WT1-DC.LAMP and TriMix 

or survivin-DC.LAMP and TriMix, mixed and cul-

tured for 3.5-4 h in the presence of rapamycin, 

IL-4 and GM-CSF before cryopreservation. After 

thawing, cells were cultured for either 1.5 h or 48 

h. We analysed DC viability, phenotype, expres-

sion of WT1 and survivin, and cytokine secretion. 

From 1 HLA-A2 positive donor, DC were used for 

stimulation of autologous T cells in the presence of 

IL-2, IL-7, IL-15 and IL-21. Antigen specificity was 

checked using tetramer staining, CD137 upregula-

tion, intracellular cytokine staining and CFSE pro-

liferation.

Results: DC viability after thawing was more than 

65% and purity (CD11c) was more than 75%, with 

B and T cells as main contaminants. While DC ana-

lysed 1.5 h after thawing still showed an immature 

phenotype, DC were fully mature after 48h, with 

upregulation of CD80, CD83, CD86 and CCR7. WT1 

expression by DC was highest at 1.5 h after thawing 

and steadily decreased thereafter, while survivin 

only slightly decreased at 48h after thawing. DC se-

creted low levels of IL-12p70, intermediate levels of 

IL-1β and IL-18 and high levels of IL-6, IL-8, MCP-1 

and MIP-1α. Upon stimulation of autologous T cells, 

we observed an increase of survivin-tetramer (sur-

vivin 95-104 peptide) positive T cells from almost 

undetectable (0.08% of CD8+ T cells) to 0.56% of 

CD8+ T cells after 1 stimulation (7-fold) and to 

0.81% of CD8+ T cells after 2 stimulations with DC 

(10-fold). No induction of WT1-specific T cells was 

noted. Analysis of CD137 upregulation, intracel-

lular cytokine secretion and proliferation after re-

stimulation of these T cells is ongoing. 

Conclusion: We showed the feasibility of generat-

ing a monocyte-derived DC vaccine electroporated 

with mRNA encoding WT1-DC.LAMP and TriMix 

or survivin-DC.LAMP and TriMix, resulting in 

highly mature DC with the capacity to induce TAA-

specific T cells. Since TAA expression is highest 

at 1.5 h after thawing, we postulate that this time 

point would be ideal for vaccination. 
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Exploring dendritic cell (DC) vaccines targeting Wilms‘ tumour 
gene 1 (WT1) and survivin for uterine cancer
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To induce and trigger innate and adaptive immune 

responses, antigen presenting cells (APCs) have to 

take up and process the antigen. Retroviral parti-

cles are capable of transferring not only the vectors´ 

genome, but also foreign cargo proteins into trans-

duced cells when the cargo is genetically fused 

to structural proteins of the vector (Voelkel et al. 

2010). Here, we demonstrate the advantage of len-

tiviral protein transfer vectors (PTV) for targeted 

antigen transfer directly into APCs and thereby in-

duction of cytotoxic T cell responses.

Targeting of lentiviral PTVs is achieved analo-

gous to gene transfer vectors by pseudotyping the 

vectors with truncated wild-type measles virus 

(MV) glycoproteins (GPs), which use human SLAM 

as main entry receptor. SLAM is expressed on stim-

ulated lymphocytes and APCs, e.g. dendritic cells, 

and thus represents a potential target structure on 

APCs. As cargo proteins, the reporter protein eGFP 

or the model antigen Ova were analyzed.

Analysis of lentiviral eGFP-PTVs on receptor-

transgenic CHO cells and B cell lines revealed 

that vectors pseudotyped with MVwt-GPs mediated 

specific delivery only into SLAM-positive cells, in 

contrast to unspecific VSV-G pseudotyped vectors. 

Accordingly, specific protein transfer of Ova into 

SLAM-positive cells was evident. Moreover, ex vivo 

treatment of primary APCs, i.e. myeloid dendritic 

cells (mDCs), with Ova-PTVs resulted in stimula-

tion of Ova-specific T lymphocytes upon co-cultiva-

tion with transduced mDCs, revealed by secretion 

of IL-2 and IFN-g. Thereby, CD8+ T cells were ef-

ficiently activated by mDCs transduced with entry-

competent PTVs, whereas CD4+ T cells were most 

vigorously stimulated by mDCs incubated with 

bald vector particles. These data argue for cytosolic 

transfer of antigens by targeted PTVs into APCs fol-

lowed by MHC-I presentation of peptides via the en-

dogenous antigen presentation pathway, whereas 

solely particle-associated antigen is taken up via 

the endosomal route followed by MHC-II presenta-

tion via the exogenous pathway.

Concluding, SLAM-targeted PTVs have demonstrat-

ed specificity and efficacy of antigen transfer into 

primary APCs to trigger antigen-specific immune 

activation. As especially CD8+ T cells were activat-

ed, SLAM-targeted PTVs may represent a suitable, 

and due to the absence of integration, safe vaccine 

especially for induction of cytotoxic immune re-

sponses. Since cytotoxic CD8+ T lymphocytes are 

a mainstay of anti-tumoral immune responses, 

SLAM-targeted PTVs could be engineered for the 

transfer of specific tumor antigens provoking tai-

lored anti-tumor immunity.

Uhlig K.M.1,2, Schülke S.3, Scheuplein V.A.1, Rasbach A.2, Koch V.1, Schambach A.4,  
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Protein transfer vectors: an efficient tool to induce  
antigen-specific cytotoxic T cell responses 
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Classical tumor therapy is generally based on 

surgery combined with radio- and chemother-

apy. However, recently additive immunother-

apy has gained in impact. Particular vaccina-

tion strategies represent a promising approach 

strengthening the innate and adaptive immune 

response. 

In order to identify immune stimulatory and 

editing mechanisms of different antitumor im-

munization strategies, we performed comparative 

analysis of whole tumor antigen vaccines induced 

by X-ray, hyperthermia, doxorubicin and high hy-

drostatic pressure. We characterized these differ-

ent vaccination products both in vitro and by the 

use of in vivo tumor models.

Furthermore, we established a therapy induced in 

situ-immunization model closely resembling clini-

cal treatment of established tumors with combina-

tion of hyperthermia and ionizing X-ray.

To describe effector-mechanisms and interactions 

between T-, B- and NK-cells, we used RAG1-/- as 

well as NK cell depleted mice in the different im-

munization models. 

Collectively, our results demonstrated that the 

treatment regimen combining X-ray and hyper-

thermia induces the best immunogenic effects. 

Moreover, our in vivo results show the bivalent 

impact of NK cells on antitumor immunity. Despite 

their direct antitumor effects, NK cells mediate a 

negative influence on the generation of the favored 

antitumor immunity during the anti-tumor vac-

cination period. 

Summarized, our preclinical studies indicate high 

importance for the development of immunothera-

peutic protocols and the treatment of solid tumors.

Finkel P.1, Meyer F.1, Bösl K.1, Werthmöller N.2, Mackensen A.1, Frey B.2, Gaipl U.2,  
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Role of NK cells in antitumor immunization strategies
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Cancer is driven by multiple genetic events followed 

by further clonal evolution, rendering disease elim-

ination with single-targeted drugs a difficult task. 

The multiplicity of gene mutations derived from 

sub-clone heterogeneity may represent an ideal 

setting for multi-epitope tumor vaccination. Vac-

cines are particularly suited for the expansion of 

antigen-specific CD4+ and CD8+ T cells and allow 

precise targeting of tumor-associated molecular 

alterations. As human cancers carry 100-300 non-

synonymous mutations on average which are not 

subject to central immune tolerance, these muta-

tions can be optimal candidates for vaccine devel-

opment. We propose that cancer can be efficiently 

treated by T cells induced by poly-epitopic vaccines 

based on non-synonymous individual tumor-spe-

cific mutations. In order to test this hypothesis, we 

resorted to B16-F10 murine melanoma of which we 

identified more than 500 non-synonymous point 

mutations by whole exome sequencing (1). After 

selection of expressed genes and good potential 

MHC binders of the respective mutated epitopes, 50 

mutations were chosen and validated by Sanger se-

quencing. Conductive to define the immunogenic-

ity of the mutation-coding sequences, we designed 

27-mer peptides (comprising all potential MHC class 

I and II epitopes of 8 to 14 amino acids in length 

carrying the mutation incorporating either the 

mutated or the wild-type amino acid to immunize 

C57BL/6 mice. Anti-tumor potency of all immuno-

genic epitopes was investigated in a transplantable 

B16-F10 melanoma model where mice immunized 

with mutation-encoding IVT-RNA revealed tumor 

control in the protective and the therapeutic setting 

for a substantial number of mutated epitopes. Sur-

prisingly, we identified one MHC class II restricted 

epitope (Mut-30) that confers tumor control beyond 

the efficacy of known immunodominant tumor-

associated antigens like Trp2 or gp100. To further 

examine the pharmacodynamics of this class II re-

stricted mutated epitope, we identified the minimal 

epitope and characterized the functional profile in 

more detail. To investigate the relative role of CD4+, 

CD8+ and NK1.1 T cells in tumor control, we evalu-

ated Mut-30 mediated control of tumor growth and 

survival in conjunction with administration of de-

pleting Abs to deplete different T cell subpopula-

tions. Mutation-specific IFN-γ and TNFα expressing 

CD4+ T cells were shown to be increased in tumor 

after Mut-30 RNA vaccination. On-going studies 

aim to dissect the effector mechanisms induced by 

mutation-specific CD4+ T in the B16 tumor micro-

environment responsible for the observed strong 

anti-tumoral effect.

Castle JC, et al.: Exploiting the mutanome for tumor vac-
cination. Cancer Res 2012, 72:1081-1091 
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A mutated melanoma epitope identified by mutanome  
screening confers CD4 driven antitumoral immunity
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Cervical cancer is the second most common ma-

lignancy among women worldwide. The disease is 

attributed to persistent infections with high-risk 

human papillomaviruses (HPV). HPVs have the 

ability to transform cervical epithelial cells through 

the expression of early proteins E6 and E7, making 

them ideal targets for therapy. Since HPV-specific 

T-cell responses are limited in patients with prema-

lignant lesions, therapeutic vaccination might be a 

promising strategy to fill this niche. 

Our group has focused on the development of 

an immunotherapeutic strategy against cervical 

cancer based on a recombinant Semliki Forest Virus 

(rSFV)-based replicon vector. The replicon particles 

(rSFVeE6,7) are produced by cells cotransfected 

with a recombinant RNA, encoding the SFV repli-

case and a fusion protein of E6 and E7, and helper 

RNAs encoding the structural proteins of SFV. The 

immune efficacy centers around the self-amplifi-

cation capacity of the replicase complex leading 

to high expression of E6,7 with transient expres-

sion in infected cells undergoing apoptosis. For use 

in humans, a split helper system will be used for 

increased biosafety. In addition, we are currently 

developing a DNA-based strategy based on the SFV 

replicase (DREP). Development of a DNA version of 

our vaccine would provide an alternative strategy 

to compensate for the inherent properties associ-

ated with the viral vector regimen. These include 

safety issues and manufacturing costs. 

In preclinical studies, we have shown that upon im-

munization in mice with rSFVeE6,7 in a prime-boost 

regimen cytotoxic T cell responses are induced, 

lasting up to 340 days. This resulted in excellent 

therapeutic anti-tumor efficacy with eradication of 

initial tumors as well as mice remaining tumor-free 

with a second tumor challenge 6 months later. The 

viral vector is also potent enough to induce cellu-

lar immunity in immune-tolerant HPV-transgenic 

mice. In addition, we compared immune responses 

of DREP with SFV encoding for the model antigen, 

OVA. Upon intradermal or intramuscular delivery 

of DREP, the induction of OVA-specific responses 

were comparable to rSFV.

Our aim is to perform a phase I and II immunization 

study in patients with cervical intraepithelial neo-

plasia lesions and define an optimal dose for safety 

and immunological activity. We are currently pro-

ducing the clinical grade of SFVeE6,7 (Vvax001). 

The immunological assessment of DREP encoding 

E6,7 will also be conducted in preclinical studies.

van de Wall S.1, Boerma A.1, Nijman H.W.1, Daemen T.1
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Alphavirus-based immunization strategies targeting cervical 
cancer
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Treatment of patients with Human Papilloma Virus 

(HPV)-induced cancer with the clinically active 

HPV16 synthetic long peptide (SLP) vaccine does 

not result in clear clinical benefit, although in some 

patients clinical benefit was seen after subsequent 

treatment with chemotherapeutic agents, suggest-

ing that the combination of both modalities can 

make a difference. In preclinical mouse models 

of HPV16-induced cervical cancer we studied 

whether SLP vaccination could be combined with 

chemotherapy to eradicate tumors. In most mice 

that received either peptide vaccination or chemo-

therapy treatment, only a temporary regression in 

tumor size was observed. Importantly, combined 

chemo-immunotherapy induced complete tumor 

eradication in nearly all mice. The chemotherapeu-

tic agent cisplatin displayed the strongest synergy 

with SLP vaccination. This synergy was not due 

to increased sensitivity of cisplatin treated tumor 

cells to CTL-mediated killing, or to a stronger 

vaccine-induced circulating tumor-specific T cell 

response. Analysis of the intra-tumoral immune 

response revealed that combined treatment with 

cisplatin and SLP vaccination resulted in a strong 

increase in the density of intra-tumoral, TNFα and 

IFN-γ producing CD8+ CTLs. Tumor cells incubated 

with Tumor Necrosis Factor alpha (TNF)α and In-

terferon gamma, together with cisplatin strongly 

enhance their chemokine expression, compatible 

with the abundant leukocyte infiltration in the 

tumor upon combined chemo-immunotherapy. Ac-

cordingly, when combined with systemic cisplatin 

treatment, SLP vaccine-induced CTLs appeared to 

migrate earlier from the tumor rim into the tumor 

beds. Moreover, analysis of the tumor cells in vivo 

showed that combined treatment not only caused a 

decrease in the proliferative capacity of tumor cells, 

but also a TNFα- induced enhancement of cisplatin- 

mediated tumor cell death. Cell death was accom-

panied by an increased expression of pro-apoptotic 

molecules. Together, our data show that combined 

peptide treatment with cisplatin leads to superior 

tumor eradication.
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Vaccine-induced cytokine-producing T cells synergize with  
cisplatin to cause massive infiltration of tumoricidal leukocytes 
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Multimodal strategies are developed to treat pa-

tients with high grade glioma (HGG). Active specif-

ic immunotherapy rapidly emerges as a new treat-

ment modality. We provide immunotherapy for 

adults with primary diagnosis of GBM (HGG-2006) 

and for children/adults with relapsed HGG (HGG-

IMMUNO-2003). In this retrospective analysis, we 

questioned whether second immunotherapy upon 

a new event was useful in patients who already got 

immunotherapy for their disease. 

35 patients were treated with two vaccination treat-

ments, 12 adults (26-69y) with primary diagnosis 

of GBM and 23 patients (7-55y) with relapsed HGG 

at time of first immunotherapy. At both times, leu-

kapheresis was performed and DCs were loaded 

with lysate of the newly resected tumor tissue.

HGG-2006 patients treated with two immunothera-

pies had a median OS of 41.8m versus 14.8m in 

HGG-2006 patients (n=68) treated with one im-

munotherapy program. The age distribution of 

the former was younger than of the latter group. 

Similarly, HGG-IMMUNO-2003 patients treated 

with two immunotherapies had a median OS of 

32m versus 11m in HGG-IMMUNO-2003 patients 

(n=163) with one immunotherapy program. The 

age of the former patient group was younger, and 

their HGG-IMMUNO-RPA risk profile was better. 

The time interval between the first and second 

leukapheresis was longer in the HGG-2006 than 

the HGG-IMMUNO-2003 patients. All second im-

munotherapy approaches were similar. There were 

less injections during second immunotherapy as 

compared to the first immunotherapy. The number 

of injections was similar to the numbers given to 

HGG-IMMUNO-2003 patients who got first vaccina-

tion at time of relapse. The OS calculated from the 

second leukapheresis in re-vaccinated patients was 

similar as the OS observed in HGG-IMMUNO-2003 

patients treated for the first time at relapse. Second 

immunotherapy was feasible, and no extra vaccine-

related toxicities were observed. 

These retrospective results show that second im-

munotherapy is worth to be considered along the 

disease course of patients with HGG. 

Van Gool S.W.1, De Vleeschouwer S.2
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Re-vaccination after first vaccination for patients with high 
grade glioma: does it make sense?
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Advanced tumors have often metastasized at the 

time of diagnosis and are immunosuppressive, and 

are thus challenging to treat with standard therapies. 

We have completed a phase I trial with ONCOS-102, 

an oncolytic 5/3 capsid chimeric adenovirus coding 

for granulocyte macrophage colony-stimulating 

factor (GMCSF). We hypothesize that both oncolysis 

and local expression of GMCSF work together to initi-

ate lymphocyte tumor infiltration, and optimally, to 

prime the anti-tumor immune response. To further 

enhance the effect, concomitant low-dose cyclophos-

phamide was included to down regulate tumor-pro-

moting Treg-cells.

We report a 38-year-old patient with stage 3 

metastatic micropapillary serous carcinoma of 

the ovary. She had previously been treated with 

surgery, followed by seven different chemotherapy 

regimens with varying responses of limited dura-

tion. The patient was treated intratumorally nine 

times with 3 x 1011 VP of ONCOS-102. There was 

evidence of GMCSF production remaining local, as 

there were signs of viral activity, but no elevation of 

GMCSF in the serum. Proinflammatory cytokines 

were temporarily elevated after each treatment. 

Only grade 1-2 adverse events were observed. The 

anti-adenoviral neutralizing antibodies increased 

throughout the 3-month observation period, which 

was not seen to reduce the effect of repeated local 

administration of the virus. Viral DNA was con-

sistently detected in blood, suggesting an ongoing 

viral replication.

For the signals of activity, three tumors were fol-

lowed, one of which was left untreated. T-cell infil-

tration was evaluated from a tumor biopsy, in which 

a dramatic increase in cells that are known to reduce 

cancer growth, namely, cytotoxic CD8+ T-cells, CD4+ 

helper T-cells, dendritic cells (DCs) and macrophages 

was seen at the peritumoral area 1 and 2 months 

after treatment initiation. Microarray data from 

the post-treatment biopsy further confirmed the 

immune activation at tumor site. High expression 

of favorable Th1-type immune mediators and tumor 

preventing M1-type macrophage markers were seen, 

as opposed to low expression of tumor promoting 

M2-macrophage markers. Disease stabilization was 

achieved concomitantly in both injected tumors, as 

evaluated by CT and PET at 3 months. At this time 

point, for the non-treated tumor PET showed ten 

percent reduction in activity, which led us to hypoth-

esize that the treatment-primed immune cells may 

systemically lead to anti-tumor activity also in non-

injected targets, which remains to be confirmed in an 

upcoming study. The patients´ performance status 

has remained good since the treatment (WHO1), and 

survival has now exceeded 8 months.

To summarize, favorable T-cell responses were ob-

served in the tumor on both cellular and transcrip-

tional level. Comparable radiological responses in 

injected and non-injected tumors further suggest the 

involvement of immune responses in disease control. 

This aspect will be thoroughly investigated in the 

upcoming phase 2 trial.
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Repeated intratumoral administration of ONCOS-102 leads to 
robust cellular and transcriptional immune activation at tumor 
site in an ovarian cancer patient
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Introduction: The tumor suppressor p16INK4a is 

strongly overexpressed in HPV-associated cancers, 

including those of the oropharynx. While in normal 

tissues barely any p16INK4a expression is detectable. 

Targeting this HPV type-independent antigen by 

vaccination could represent an interesting comple-

mentary therapeutic approach to E6/E7-based vac-

cination that are evaluated in clinical studies. We 

performed a phase I/IIa peptide vaccination trial 

to monitor toxicity and immunogenicity of p16INK4a 

vaccination in patients with advanced HPV-associ-

ated cancers.

Study design: Patients with advanced p16INK4a-over-

expressing, HPV DNA-positive cancer (anogenital 

region, head and neck) were included after com-

pletion of standard treatment. The protocol com-

prised a total of 12 subcutaneous injections of a 

synthetic p16INK4 peptide mixed with Montanide® 

ISA-51 VG in weekly intervals. Objectives of the 

trial were clinical safety and changes of humoral 

and cellular immune responses against the p16INK4a 

peptide. T cell responses were monitored by in-

terferon-gamma ELISpot and antibodies by ELISA 

from peripheral blood (ClinicalTrials.gov Identifier: 

NCT01462838, Sponsor: Oryx GmbH und Co KG). 

Results: Phase I is completed with 10 patients, 

phase IIa is ongoing with 14 patients recruited of 16 

planned. No toxicity was observed during and after 

vaccination that was regarded as related to vacci-

nation with the auto-antigen p16INK4a in any of the 

patients. While pre-existing baseline T cell and an-

tibody responses against the p16INK4a peptide were 

rare, p16INK4a-reactive T cells and antibodies were 

successfully induced in 8 of 16 patients analyzed to 

date. So far one head and neck cancer patient with 

lung metastases completed the entire study proto-

col with stable disease for now 18 months after the 

last vaccination. The remaining 9 patients of phase 

I had progressive disease.

Conclusions: This is the first study demonstrating 

that p16INK4a peptide vaccination is safe and well tol-

erated and that immune responses against p16INK4a 

can be induced by p16INK4a peptide vaccination 

and are not accompanied by clinical autoimmune 

symptoms. Further trials will be designed to assess 

whether this approach may be an adjuvant thera-

peutic strategy for patients with HPV-associated 

cancers.
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VicOryx - A therapeutic phase I/IIa vaccination trial with a 
p16INK4a peptide plus Montanide® ISA-51 VG in patients with  
human papillomavirus-associated cancer
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Among woman, breast cancer is the most common 

malignant neoplasm with low five-year-survival 

rates in patients with metastasizing carcinomas.

Improved therapeutic strategies such as immu-

notherapeutic approaches are needed for breast 

cancer and therapeutic vaccination strategies hold 

promise for its treatment. As suitable vaccination 

targets, mutated antigens can be used for the in-

duction of tumor reactive T-cells. High avidity 

T-cells that recognize neoantigens are unlikely 

to be deleted by central tolerance mechanisms or 

to cause autoimmune side effects because of the 

specific expression of these antigens in the tumor. 

Nevertheless, identification and immunocharac-

terization of such mutations as neoantigens for 

vaccine use is challenging. Our group investigates 

the identification of tumor-specific mutations via 

next generation sequencing (NGS) as targets for in-

dividualized mRNA based therapeutic cancer vac-

cination. In this study, we used the murine 4T1 

mammary carcinoma, which closely resembles 

advanced breast cancer in human, as a preclinical 

tumor model to test the feasibility of a neoantigen-

targeting personalized immunotherapy of human 

breast tumors. 

Employing NGS technology for 4T1 tumor cells, we 

were able to identify 112 somatic point mutations, 

with 56 of those mutations in expressed genes. 38 

Sanger sequencing validated mutations were then 

tested for the induction of an immune response. Ac-

cordingly, mice were repetitively immunized with 

i.v. injections of in vitro transcribed (IVT)-RNA en-

coding the mutated antigen sequence. Splenocytes 

of these mice were then tested for T-cell responses 

against the corresponding mutation by stimulation 

with IVT-RNA electroporated BMDC or peptides of 

the mutated antigen in an IFN-γ ELISpot assay. Of 

these 38 tested mutations, 17 were immunogenic 

and the majority of these T-cell responses were 

MHC-class-II restricted. Ongoing studies are in-

vestigating the anti-tumoral effects of vaccinations 

with IVT-RNA encoding the immunogenic muta-

tions in lung metastatic and orthotopic 4T1 tumor 

models. 
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Tumor-specific mutations as targets for individualized mRNA 
therapy in the murine 4T1 breast cancer model
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An ideal therapeutic vaccine stimulating T-cell me-

diated anti-tumor immunity should (i) stimulate 

multi-epitopic cytotoxic T lymphocyte-mediated 

immunity, (ii) induce helper T cells (Th), and (iii) 

maintain durable effector and memory T cell re-

sponses. Moreover, for treatment of brain tumors 

it should promote T cell trafficking to the intrac-

ranial tumor site and maintain effector cell func-

tion sufficient to override inhibition mediated by 

immunosuppressive cells or molecules. We engi-

neered a recombinant vaccine based on a fusion 

protein of a novel cell penetrating peptide (CPP) 

and a multi-antigenic protein. We first tested this 

chimeric protein in vitro: the protein cargo was ef-

ficiently delivered to antigen presenting cells and 

could be readily detected in the cytosol. This led to 

stimulation of monoclonal CD4+ and CD8+ T cells 

specific for 5 distinct epitopes, and restricted by 

different MHC class I and MHC class II alleles. Our 

vaccine promoted a polyclonal immune response in 

vivo with persistent CD8+ effector T cells homing 

to the tumor site, as well as Th1 polarized CD4+ 

T cells. In tumor rejection studies, 3 vaccinations 

with only 10nM of CPP-based vaccine plus adjuvant 

were sufficient to induce regression of orthotopic 

GL261 glioma in the majority of treated mice. Fur-

thermore, these mice remained tumor free for over 

100 days.

Overall, the novel CPP-based chimeric protein 

vaccine that we have developed and tested for thera-

peutic efficacy in stringent pre-clinical models rep-

resents a major advance in vaccine technology. Its 

potency rivals that achieved by viral vectors, whilst 

retaining the simplicity and safety of peptide-based 

vaccines. These features will facilitate rapid clini-

cal translation and application to gliomas, as well 

as for other malignancies with defined antigenic 

targets. 
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A novel cell penetrating peptide-based vaccine for efficacious 
therapy of solid tumors
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We previously developed a synthetic peptide 

vaccine, covering human papillomavirus (HPV) 

type 16 E6 and E7 protein sequence by long over-

lapping peptides (HPV16-SLP), that was clinically 

active in patients with HPV16+ high-grade vulvar 

intraepithelial neoplasia. Complete lesion regres-

sion was related to a strong vaccine-prompted 

HPV16-specific effector T-cell response. However, 

in patients with HPV16-induced metastatic cer-

vical cancer vaccine-induced T-cell responses 

were weaker and did not result in improved clini-

cal outcome. A new study on the constitution of 

immune cells in blood of such patients revealed 

increased numbers of myeloid cells, low T-cell re-

activity against common microbial recall antigens 

and a lower stimulatory capacity of antigen present-

ing cells, indicating an immunosuppressive status. 

When these patients were subsequently treated 

with standard carboplatin-paclitaxel chemotherapy 

a normalized immune profile similar to that found 

in healthy subjects was observed at a specific time 

point during this chemotherapy. In addition, ex-

periments in HPV16+ tumor bearing mice showed 

that the tumor-induced abnormally high numbers 

of myeloid cells was normalized by this chemother-

apy, both in blood and locally in the tumor. Moreo-

ver, combined HPV16-SLP vaccination and chemo-

therapy effectively led to a higher cure rate of mice 

with established HPV16+ tumors. Together, these 

data indicate that standard chemotherapy has an 

immune stimulatory effect by deletion of suppres-

sive myeloid cells in the mouse tumor model and in 

patients with metastatic cervical cancer. Therefore, 

a clinical trial was started in which such patients 

were treated with standard chemotherapy in com-

bination with HPV16-SLP vaccination. Comprehen-

sive immune monitoring confirmed the beneficial 

effect of myeloid cell depletion associated with a 

robust induction of HPV16-specific T-cell responses 

that were sustained throughout several cycles of 

chemotherapy. The data of these studies will be 

reported. Currently, we have started a multicent-

er clinical trial in which HPV16-SLP vaccination 

is combined with carboplatin-paclitaxel and type 

I interferon to assess clinical and immunological 

outcome in a group of HPV16+ metastatic cervical 

cancer patients. 
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Background: Individuals with Lynch syndrome 

have an up to 80% risk to develop colorectal cancer 

(CRC) due to a germline mutation in one of the DNA 

mismatch repair (MMR) genes. MMR-deficiency 

in tumor DNA causes shifts in the translational 

reading frame resulting in the production of pep-

tides that are structurally altered as compared to 

the normal products. Frame-shift peptides (FSP) 

such as Caspase 5 and TGF-bRII are considered 

‚foreign‘ by the immune system. MMR-deficient 

Lynch syndrome associated tumors, expressing 

these FSPs are characterized by a strong lympho-

cyte infiltration, and the degree of infiltration is 

correlated with a better prognosis. Cytotoxic T cells 

and helper T cells in blood of patients and healthy 

individuals with Lynch syndrome indicate that 

FSPs are immunogenic. Vaccination against FSPs 

may be promising for treatment of Lynch syndrome 

associated cancer. Dendritic cells (DC) are the pro-

fessional antigen-presenting cells of the immune 

system and decisive in inducing immunity. This 

is the rationale for vaccination with monocyte-de-

rived DC loaded with FSPs to stimulate T cells to 

combat Lynch syndrome associated CRC. 

Patients and methods: After surgery for Lynch 

syndrome associated CRC, patients were vaccinat-

ed with DC loaded with CEA and FSP MHC class 

I binding peptides. Patients received up to three 

vaccination rounds, consisting of three weekly 

intradermal and intravenous DC injections. After 

each vaccination round, the presence of antigen-

specific CD8+ T cells was assessed in blood and 

challenged skin. Injection of minute amounts of the 

DC vaccine resulted in infiltration of immune cells 

into the skin. Specificity of these skin-infiltrating 

lymphocytes was assessed by flow cytometry with 

tetrameric MHC complexes binding to T cells that 

recognize the indicated peptides. 

Results: In the first patient no specific T cells were 

found after the first round of three DC vaccinations. 

After the second and third round both FSP- and 

CEA-specific CD8+ T cells were present. In the 

second patient CD8+ T cells specific for Caspase 5 

were already detectable after the first round. The 

functionality of these skin infiltrating T-cells was 

demonstrated in both patients by their capacity to 

produce high amounts of IFN-g upon stimulation 

with target cells loaded with CEA or one of the two 

FSPs. Antigen-specific CD8+ T cells were not de-

tected in peripheral blood lymphocytes by direct 

staining with tetrameric MHC complexes. Both pa-

tients reported flu-like symptoms during two days. 

Conclusions: Cellular immunotherapy with DC 

vaccination against CEA and FSP-antigens is feasi-

ble and safe and immune responses towards Lynch 

syndrome tumor-specific peptides are induced. Our 

data emphasize the potency of DC-based immuno-

therapy to enhance the host‘s antitumor immunity 

and suggests that it may be considered for cancer 

prevention in healthy Lynch syndrome mutation 

carriers. The results warrant further investigation 

in a follow-up randomized trial. 
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Vigorous T cell responses to neoantigen frameshift-derived 
peptides in Lynch syndrome patients treated with monocyte-
derived dendritic cells
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Background: Sensing LPS and triggering via TLR4 

is the initial step for myeloid cells to initiate an 

immunological response to pathogens. Src kinases 

regulate various key functions in cellular immune 

responses, depending on the functional status and 

the respective cell type. Among the 9 known src 

kinases, Lyn is known to be expressed in human 

dendritic cells. Dendritic cell-specific Lyn-deficient 

mice are hyperreactive to TLR-mediated triggering 

(Lamagna C et al. PNAS 2013) causing lupus-like 

disease. For human DCs, we recently identified a 

role for src kinases in the IL-12 production upon 

LPS-triggering (Wölfl M et al., Blood 2013). Now, 

we wanted to further analyse the mechanisms 

leading to increased IL-12 synthesis upon src-ki-

nase blockade. 

Methods: Monocytes-derived dendritic cells cul-

tured in vitro with GM-CSF and IL-4, purified 

CD14+ monocytes or Slan (M-DC8)+ cells were stim-

ulated with TLR-agonists and IFN-γ in the presence 

or absence of the src kinase inhibitor dasatinib. To 

assess signalling pathways associated with TLR-

induced IL-12 production, the different signalling 

mediators downstream of TLRs were targeted with 

kinase inhibitors. Intracellular IL-12 production 

was subsequently measured by flow cytometry. In 

addition, the phosphorylation status of different 

protein kinases was analyzed by western blot. 

Results: Dasatinib profoundly enhanced TLR4-

mediated signalling in all myeloid subtypes tested. 

Increased IL-12 production correlated with an in-

crease of NF-κB activation and a loss of Lyn and 

SHP-1-phosphorylation, which signals downstream 

of Lyn. Blockade of the Lyn pathway using inhibi-

tory peptides led to results comparable to dasat-

inib. This data suggests a regulatory role of Lyn and 

SHP1 in the TLR4-mediated activation of human 

myeloid cells.
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The src kinase Lyn impacts TLR4-triggering in human myeloid 
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Purpose: We previously demonstrated the feasibil-

ity of personalized peptide vaccination (PPV), in 

which appropriate vaccine peptides are individu-

ally selected for each patient to boost anti-cancer 

immunity, in advanced biliary tract cancer (BTC) 

patients. This study was conducted to assess 

whether cyclophosphamide (CYP) pretreatment 

could improve the clinical efficacy of PPV in ad-

vanced BTC patients refractory to standard chemo-

therapies.

Methods: We conducted a randomized phase II 

study to examine the effect of CYP pretreatment 

(100 mg, daily for 7 days before each cycle of 6 vac-

cinations) on PPV for advanced BTC patients, who 

failed or progressed after standard chemotherapy 

regimens. For PPV treatment, a maximum of 4 

peptides were selected from 31 candidate peptides 

based on the HLA class I types and antigen-specif-

ic humoral immune responses before vaccination, 

and subcutaneously administered (6 vaccinations, 

weekly; thereafter, by-weekly). The primary and 

secondary endpoints were to examine the immu-

nological responses to vaccine antigens and overall 

survival (OS), respectively, after PPV with and 

without cyclophosphamide pretreatment (PPV plus 

CYP and PPV alone, respectively). 

Results: Thirty-four BTC patients were randomly 

assigned with 16 patients for PPV plus CYP and 

18 PPV alone groups, respectively. Severe adverse 

event was not observed in any patients with regard 

to either CPY pretreatment or PPV administration. 

There were no statistically significant differences 

between the two groups with regard to the fre-

quency of either peptide-specific CTL responses 

or peptide-specific IgG responses. However, larger 

numbers of CTL spots per well were observed in 

PPV plus CYP group as compared to those in PPV 

alone group. OS in the PPV plus CYP group was sig-

nificantly longer than that in the PPV alone group 

(P = 0.03 by Fleming-Harrington test). The median 

OS was 397 and 190 days in the PPV plus CYP and 

PPV alone groups, respectively. 

Conclusions: Pretreatment with CYP did not 

enhance antigen-specific immune responses, but 

might improve the prognosis after PPV in refrac-

tory advanced BTC patients. Further larger scale, 

randomized trials would be needed to confirm this 

encouraging result. 
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Randomized phase II study of personalized peptide vaccination 
with cyclophosphamide pretreatment in refractory advanced 
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The grim prognosis facing most Glioblastoma Mul-

tiforme (GBM) patients calls for the addition of the 

immunotherapy modality to the current treatments 

approaches. The HLA peptidomes (immunopepti-

dome) is a possible source for GBM immunothera-

peutics. The GBM HLA peptidome can be recov-

ered in large amounts from the tumor cells or from 

cultured cancer cells, but can also be recovered 

from the plasma soluble HLA molecules (sHLA), 

circulating in the cancer patients blood. Here we 

describe a large-scale analysis of the plasma sHLA 

peptidomes of GBM patients and membranal HLA 

peptidome of cultured human Glioma cells. We 

suggest that in addition to its potential usefulness 

to include lists of many thousands of identified HLA 

peptides, including many cancer vaccines candi-

dates, the recovered sHLA peptidomes is a useful 

resource for early detection, improved prognosis 

and disease follow-up. The use of sHLA peptidome 

analysis for diagnosis and for selection of tumor an-

tigens is based on the observation that some types 

of tumor cells tend to release large amounts of 

sHLA molecules to the circulation and these sHLA 

molecules carry with them their original loads of 

bound peptides. The sHLA molecules are immu-

noaffinity purified from the patients‘ blood in suffi-

cient amounts for identification and quantification 

of a few hundreds to a few thousands of different 

peptides. The analysis is based on capillary chro-

matography and tandem mass spectrometry of the 

purified peptides, starting from a few milliliters of 

patients‘ blood.

In this (GAPVAC) study, we have analyzed the 

membranal HLA peptidomes of cultured GBM cells 

and of sHLA molecules recovered from patients‘ 

plasma. In total, we have identified more than 

11,000 different HLA class I peptides derived from 

four cell lines: U-87, U-118, T98G, and LNT-229. 

These peptides were derived from more than 5,000 

different proteins. In addition, we have identified 

more than 9400 different sHLA bound peptides, 

collected from the plasma of six healthy donors 

and twenty seven plasma samples of GBM patients. 

These sHLA peptides were derived from more 

than 4,500 different proteins. Some of the plasma 

samples we collected during different visits to the 

clinic of the same patients and thus allow us to 

follow the changes in the sHLA peptidome during 

the progression the disease and its treatment. The 

identified GBM HLA peptidomes includes peptides 

derived from putative tumor associated antigens, 

known to be expressed especially in cancer cells 

or in immune privileged tissues. Such peptides and 

their source proteins may have an advantage as pu-

tative cancer vaccine candidates or as biomarkers 

for early detection, improved prognosis and follow-

up of the disease.

Shraibman B.1, Barnea E.1, Admon A.1
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Identification of unique HLA peptides presented on  
Glioblastoma cells and recovered from the plasma soluble HLA
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Over the last years the idea that effector CD4+ T 

cells play a considerable role in direct protective an-

ti-tumor responses has received growing attention. 

In our research we have used a murine retrovirus-

induced tumor cell line of mouse origin, namely 

FBL-3 cells, as a model to study basic mechanisms 

of immunological control and escape during tumor 

formation. 4-1BB (CD137) is an activation-induced 

T cell cosimulatory molecule that upregulates sur-

vival genes, enhances cell division and induces cy-

tokine and cytotoxins production by tumor-specific 

T cells. CD8+ T cells are essential in FBL-3 tumor 

control. In our study we showed that the combi-

nation of in vivo CD8+ T cell depletion and 4-1BB 

agonist therapy resulted in complete FBL-3 tumor 

regression. Following FBL-3 inoculation the popu-

lation of activated CD4+ effector T cells expands, 

but produces few cytokines or cytotoxic mol-

ecules. After 4-1BB agonist therapy an expansion 

of tumor-specific MHC II tetramer+ CD4+ effector 

T cells and enhanced production of the cytotoxic 

molecule granzyme B was observed. This therapy 

also resulted in improved cytokines production. 

4-1BB agonist treatment was accompanied by the 

significant increased of in vivo killing activity of 

effector CD4+ T cells in treated tumor-bearing mice 

compared to the non-treated group. These experi-

ments suggest that tumor-specific cytotoxic CD4+ 

T cell immune response can be improved by 4-1BB 

agonist therapy, leading to the enhanced resistance 

to oncovirus-associated tumors. 

Akhmetzyanova I.1, Zelinskyy G.1, Dittmer U.1
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Induction of tumor-specific cytotoxic CD4+ T cells by 4-1BB  
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Multiple immune evasion mechanisms of cancer 

cells hinder conventional cancer immunothera-

pies to completely eradicate resisting malignant 

cells. Therefore, improved approaches are required 

to overcome the limitations of existing immuno-

therapies. Bispecific tandem single-chain antibod-

ies (bsAb) are potent anti-cancer drugs enabling 

the patient‘s immune system to fight cancer cells. 

The potency of this approach has already been 

confirmed in clinical trials (Boder, Jiang 2011). 

Therefore we developed a bsAb targeting the tu-

mor-associated antigen CLDN18.2. The efficacy of 

the bsAb was investigated in in vitro and in vivo 

experiments.

The bispecific antibody used in this study - termed 

1BiMAB - is a tailor-made recombinant antibody, 

which consists of two fused single-chain variable 

fragments recognizing different antigens. 1BiMAB 

comprises a T cell-specific scFv targeting the 

CD3 epsilon chain of the T cell receptor complex, 

whereas the second specificity binds to the TAA 

CLDN18.2. It has been shown that CLDN18.2 is 

presented almost exclusively on the surface of 70 

% of defined entities of cancer e.g. gastric, breast, 

ovarian (Sahin et al. 2008). 

The goal of this bsAb approach is the specific re-

cruitment of effector T cells to the tumor tissue. A 

physical linkage of T cells to TAA-expressing tumor 

cells is hereby mediated by the bsAb. Simultaneous 

binding of the bsAb to CLDN18.2 and CD3 induces 

then the clustering of CD3-receptor complexes on 

the surface of T cells resulting in their activation. 

Consequently, T cells up-regulate and release their 

cytotoxic enzymes thereby mediating lysis of the 

tumor cell. In our in vitro study we could show 

that 1BiMAB redirects the effector functions of the 

T cells towards the tumor cells. This could be dem-

onstrated by strong induction of T cell activation 

and proliferation as well as up-regulation of pro-

apoptotic proteins such as GrB only in the presence 

of CLDN18.2+ tumor cells and 1BiMAB. Thereby 

effective tumor cell lysis with EC50 values in na-

nomolar range could be reached. Furthermore, the 

therapeutic efficacy of 1BiMAB was investigated 

in a xenograft tumor mouse model. Therefore, im-

munodeficient mice engrafted with human PBMCs 

and carrying a subcutaneous tumor generated by 

CLDN18.2+ HEK293 cells were treated daily with 5 

µg 1BiMAB for 22 days. Consequently, mice treated 

with 1BiMAB and engrafted T cells showed a sig-

nificantly higher survival (p< 0.0022) than the 

control groups. 

Taken together, our results demonstrate that simul-

taneous targeting of CLDN18.2 and CD3 induces 

potent T cell-mediated tumor cell elimination. 

1BiMAB is able to activate T cells independent of 

signals, which are usually involved in the T cell 

recognition process such as antigen presentation, 

MHC restriction, and co-stimulatory effector mol-

ecules (Travers et al. 2008). Therefore, 1BiMAB will 

potentially enable to overcome several immune 

evasion mechanisms of tumor cells consequently 

supporting current solid cancer therapies.
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Development of a T cell activating bispecific antibody  
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T-cell responses against infected and cancer cells 

are initiated by recognition of HLA-I peptides (the 

peptidome) presented on the surface of nucleated 

cells. The repertoire of HLA-I peptides originates 

primarily from sampling the cytosolic degradation 

products of intracellular proteins. HLA-I peptides 

have been extensively studied in the last years 

because of they can potentially be used directly 

as immunotherapy based cancer vaccines. Even 

more advanced cell based therapeutic applica-

tions are being developed based on cancer specific 

HLA-I peptides. In this study, we used high resolu-

tion mass spectrometry and the MaxQuant bioin-

formatics environment to obtain a high accuracy 

and in-depth coverage of HLA peptidomes. We im-

muno-affinity purified the HLA-I peptidome from 

ten cancer and primary cell lines and identified an 

unprecedented number of peptides. This enabled 

us to shed new light on the mechanisms governing 

peptidome presentation and to determine which 

part of the proteome is sampled for presentation. 

We find that globally, protein abundance correlates 

strongly with the degree of HLA-I sampling. When 

computing HLA sampling density for proteins ac-

cording to their expression levels, we discovered 

that proteins with a sampling density five-fold or 

higher had high turnover-rates pointing towards 

efficient degradation that enable the subsequent 

production of multiple epitopes. Our analysis vali-

dates known cancer epitopes and suggests many 

new ones. Better immunotherapeutic modules 

could possibly be developed based on wider and 

more accurate repertoires of HLA-I peptides, which 

in turn should increase the accessibility of these 

therapies for a larger cohort of patients.
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Expression and turnover of proteins govern their sampling for 
HLA class I presentation
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Metastatic melanoma is highly aggressive and re-

fractory to irradiation and chemotherapy. Oncolytic 

immuno-virotherapy of malignant melanoma has 

gained attention in recent years, because mela-

noma is classically an “immunogenic tumor”, and 

because oncolytic virus replication is an immuno-

genic phenomenon.

We investigated the potency of the oncolytic adeno-

virus Ad5/3-D24-GMCSF (CGTG-102) on a panel of 

melanoma cell lines and animal models in combi-

nation with low-dose cyclophosphamide and sum-

marized the melanoma-specific human data from 

the Advanced Therapy Access Program (ATAP).

The virus effectively eradicated human melanoma 

cells in vitro and subcutaneous SK-MEL-28 mela-

noma xenografts in nude mice, particularly when 

combined with low-dose cyclophosphamide. Fur-

thermore, granulocyte-macrophage colony-stim-

ulating factor (GM-CSF) expressed by the virus 

stimulated the differentiation of human monocytes 

into macrophages. 

A total of nine patients with treatment-refractory 

melanoma received treatments in the ATAP. Four 

patients were evaluated for radiological benefit 

with Response Evaluation Criteria In Solid Tumors 

(RECIST) criteria: one patient showed a minor re-

sponse, two showed stable disease, and one had 

progressive disease. Treatments appeared safe and 

well tolerated. Two patients survived through 559 

and 1501 days after virus treatment.

Thus, Ad5/3-D24-GMCSF showed promising signs 

of efficacy in preclinical studies and possible anti-

tumor activity in melanoma patients refractory to 

other forms of therapy. The data is in support of 

continued clinical development of oncolytic adeno-

virus for melanoma.
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Data handling of the steadily increasing amounts 

of genomic data has become an important issue in 

todays biomedical research. Vast amounts of high 

throughput gene expression profiling data exist, 

such as from next generation sequencing (NGS) 

and microfluidic qPCR platforms. However, most 

of the time this data is used to answer specific, 

experiment related questions. The results often end 

up in non - accessible excel files saved in seemingly 

random directories. Here, we introduce a compre-

hensive web-based platform, the TRON Expression 

Atlas (TEA), for the storage, visualization and fil-

tering of high throughput gene expression profiling 

data. The TEA body atlas contains gene expression 

profiles of 28.000 genes in 2.000 human and over 

70 mouse samples, including cancerous and non-

cancerous tissues, cell lines and homogeneous cell 

types. The atlas database integrates both internal-

ly - generated and over 400 external datasets. All 

data are normalized and homogenized through the 

use of common internal processing pipelines (e.g. 

RNA-Seq pipeline). The web - based user interface 

includes search, visualization and filtering tools. 

Containing expression profiles from cancerous and 

normal adult tissues, TEA enables immunotherapy 

target discovery and personalized medicine bio-

markers.
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TRON Expression Atlas (TEA): A web - based platform for  
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Introduction: TLR7 is located in the endosome 

and is activated upon binding of viral ssRNA. This 

results in the release of proinflammatory cytokines 

such as IL-6, IL-12 and type 1 interferon and cul-

minates in the activation of cells of the innate and 

adaptive immune system. This may be used for 

anti-tumoral immunotherapy. The clinical applica-

tion of synthetic TLR7 agonists is currently limited 

to the topical treatment of skin tumors. New com-

pounds are needed for safe and efficient systemic 

application.

Results and methods: All experiments were per-

formed using the novel synthetic small molecule 

TLR7-agonist (SC1). We found SC1 to be specific 

for TLR7, as evidenced by a TLR7-HEK-reporter cell 

line and TLR7-/-splenocytes. SC1 induced a pro-in-

flammatory cytokine profile and lead to immune 

cell activation both in vitro and in vivo. SC1 induced 

IL-6,IL-12p70, MCP-1, MIP-1β, Interferon-γ and IP-10 

in splenocytes and enhanced the expression of the 

early activation marker CD69 on T cells, B cells and 

natural killer cells (NK cells). Cytokine up-regu-

lation and immune cell activation are TLR7-medi-

ated as they were absent in TLR7-/- mice. In-vivo, 

treatment of mice with SC1 specifically killed β2-

microglobulin deficient target cells by NK cells as 

opposed to β2-microglobulin competent target cells 

(92% specific lysis vs 0% specific lysis). Finally, 

treatment with SC1 of RMA-S tumor bearing mice 

(an NK cell sensitive lymphoma model) significant-

ly reduced tumor growth as compared to untreated 

or vehicle-treated mice (mean tumor size at day 25: 

148 mm2 (vehicle); 139mm2 (no treatment); 15mm2 

(SC1); n = 5) and resulted in a prolonged tumor-

free survival (50 days after last treatment) in 5 out 

of 10 SC1-treated mice while the control groups did 

not survive to the last treatment time point.

Conclusion: The TLR7-agonist SC1 is a potent 

TLR7-specific immune activator and is effective in 

the treatment of an NK cell-sensitive murine tumor 

model. SC1 may be a promising candidate for use 

in anti-tumoral immunotherapy. 
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Membrane proteins play a major role in a variety 

of life-threatening diseases (e.g. as selective tumor 

markers) and became the main focus in the devel-

opment of therapeutic monoclonal antibodies. The 

process of drug development requires a set of tailor-

made assays for the characterization of the antibod-

ies and for monitoring their activity. Usually ELI-

SA-based assays are being applied for this purpose 

using the corresponding antigen. This is challeng-

ing, because the targeted membrane proteins are 

often not available in a format which is compatible 

with a biochemical assay setup. This obstacle can be 

overcome by using anti-idiotypic antibodies which 

bind specifically to the antigen binding region of 

the therapeutic antibody. However, generating 

such anti-idiotypic antibodies is time-consuming 

and expensive. Therefore, peptidic mimotopes as 

easier-to-prepare structures are considered useful 

substitutes to mimic the full-length antigen, allow-

ing tight specific binding of the therapeutic anti-

body. Peptides are easily accessible by chemical 

synthesis, show higher stability and are easier to 

handle compared to proteins. In general, peptide 

ELISA enables the analysis of proteins/protein in-

teractions on the amino acid sequence level, e.g. for 

definition of protein interaction sites. Specifically 

binding peptides - or peptide-based mimotopes - 

for peptide ELISA can be discovered with several 

approaches which can be either knowledge based 

or based on random library approaches, like Phage 

Display. In this study optimal peptide mimotopes 

for the ELISA-based detection of the novel thera-

peutic antibody IMAB362 in biological samples 

were developed. IMAB362 is a highly tumor-spe-

cific monoclonal IgG1 antibody currently in clini-

cal development among others for the treatment of 

advanced gastro-esophageal and stomach cancer. 

The antibody is directed against the cancer spe-

cific cell surface target Claudin 18 isoform 2, a 27.7 

kDa gastric differentiation protein that spans the 

cell membrane with four transmembrane helices. 

IMAB362 binding peptides were selected from a 

peptide phage display library and optimized with 

the help of SAR analysis on peptide microarrays. 

The optimized peptides showed binding constants 

in the low nanomolar to picomolar range, an im-

provement by a factor of up to 30 compared to 

the initial hits. The best mimotope (apparent KD 

= 0.15 nM) was successfully used for the ELISA-

based quantification of IMAB362 in samples from 

a mouse pharmacokinetic study. The described 

process allows the rapid discovery of mimotopes 

for targets which are difficult to produce or handle 

to be used in assays or for the purification of bio-

logical products.

Daneschdar M.1, Plum L.M.2, Schnatbaum K.3, Schmoldt H.-U.1, Jansong J.3, Zerweck J.3, 
Kühne Y.2, Masch A.4, Wenschuh H.3, Fiedler M.1, Türeci Ö.5, Reimer U.3, Sahin U.1
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Rapid mimotope optimization for pharmacokinetic analysis of 
therapeutic antibody IMAB362
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Background: Targeted exon enrichment followed 

by massive parallel sequencing is a method to se-

lectively enrich genomic regions of interest and se-

quence them in a highly multiplexed manner. Off-

the-shelf panels are available, as well as custom 

made panels.

Methods: To validate this method for the targeted 

sequencing of genes involved in breast cancer, we 

used a breast cancer panel consisting of 20 rele-

vant genes. Genomic DNA from 3 different breast 

cancer cell lines (SK-BR-3, MCF7 and CAMA1) was 

isolated. PCR-based target enrichment was done in 

triplicates, generating nine libraries. The libraries 

were bar-coded and paired-end sequenced on the 

Illumina HiSeq2500 platform, pooled in 2 lanes of 

a rapid flow cell using 2X100 read length. Data was 

analyzed using the QIAGEN GeneRead online anal-

ysis tool (Bowtie2/GATK/variant calling based on 

2000 reads). The same data were analyzed using an 

in-house pipeline for comparison (BWA/Samtools) 

Qiagen Ingenuity was used for fast identification of 

casual variants.

Results: After quality filtering, we obtained, on 

average, ~77M reads/sample. Approximately 94% 

of reads mapped to target regions with an average 

sequence coverage uniformity of 93% (% of bases 

covered at >=0.1 median). The number of detect-

ed variants was 98 in SK-BR-3 (86 SNPs/MMPs, 12 

Indels), 96 in CAMA-1 (85 SNPs/MNPs, 11 Indels) 

and 92 for MCF-7 (87 SNPs/MMPs, 5 Indels). Ex-

amination of validated variants present in Cosmic 

showed 100% reproducibility between the tripli-

cates. Also the reproducibility between the tripli-

cates concerning all non-synonymous variants was 

100%. We obtained 80% agreement with our in-

house pipeline. 

Conclusions: Validation of the 20-gene breast 

cancer panel for targeted sequencing showed very 

high reproducibility and specificity. The high 

flexibility in post-enrichment library preparation 

makes this panel suitable for high multiplexing, as 

we were able to use the panel in conjunction with 

the Illumina HiSeq2500. This method will be used 

to screen clinical samples for biomarker discovery 

and identifying targets for RNA-based vaccination 

using a customized gene panel.

de Graaf J.1, Löwer M.1, Paret C.1, Castle J.1, Sahin U.1,2
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Fast and accurate identification of disease related variants  
using amplicon based targeted re-sequencing.
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Local administration of immune activating anti-

bodies may increase the efficacy and reduce the 

immune-related adverse events associated with 

systemic immunotherapy of cancer. Here we report 

the development of a fully human agonistic CD40 

antibody (IgG1), ADC-1013, which has been op-

timized for local immunotherapy by increasing 

potency and tumor retention. 

ADC-1013 activates CD40 receptors on antigen-

presenting cells such as dendritic cells, resulting 

in up-regulation of co-stimulatory molecules and 

induction of IL-12. The anti-tumor effects related 

to the immune activating properties of ADC-1013 

were studied in a human CD40 positive transgenic 

mouse (hCD40tg). This transgenic mouse strain 

has an intact immune system and fully functional 

dendritic cells that are activated upon ADC-1013 

treatment. Furthermore, the dendritic cells ob-

tained from this strain are able to induce antigen 

specific T cell activation in vitro upon stimulation 

with ADC-1013. Importantly, treatment with ADC-

1013 in a syngeneic bladder cancer (MB49) model, 

which is hCD40 negative, demonstrated that ADC-

1013 induce significant tumor protection and long 

term immunity independent of direct tumor tar-

geting. In addition, the anti-tumor immunity was 

shown to be T-cell dependent. 

Further, ADC-1013 is rapidly eliminated in hCD40tg 

mice. The levels of free ADC-1013 measured in blood 

were significantly lower than the isotype control, 

demonstrating target-dependent kinetics. This is 

in line with preclinical findings using a surrogate 

CD40 agonistic antibody and with clinical findings 

for CD40 targeted therapy. The results further in-

dicates a non-linear kinetic profile of ADC-1013 in 

the hCD40tg mice. 

To our knowledge, ADC-1013 represents the first 

immunomodulatory antibody optimized for local 

immunotherapy of cancer. It is currently in late pre-

clinical development and will enter clinical trials 

in late 2014. 
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Effect and pharmacokinetics of ADC-1013, an agonistic CD40 
antibody optimized for local immunotherapy of cancer, in 
hCD40tg mice
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Background: The epidermal growth factor recep-

tor (EGFR) is a validated target in cancer. The full 

potential of this target is not yet clinically realized. 

CetuGEX is an IgG1 mAb against EGFR. A 10- to 

250-fold enhancement of ADCC-mediated tumor 

cell killing is achieved by fully human and opti-

mized glycosylation in all FcγRIIIa allotypes and 

KRAS status. Compared to cetuximab no immuno-

genic carbohydrate-chains are present.

Methods: Patients with advanced solid tumors, 

progressing after standard treatment, were en-

rolled into this multicenter, single agent dose es-

calation Phase I trial. PK, PD and immunological 

parameters were assessed. Safety, tolerability and 

also pharmacokinetics, immunogenicity and anti-

tumor activity were assessed.

Results: 41 patients were treated on 8 q1w dose 

levels from 12 to 1,370 mg flat dose and one q2w 

(990 mg flat) schedule. Among these 25 pts were 

eligible receiving at least 8 weekly doses. The most 

frequently observed drug-related AE excluding IRR 

(only Grade 1 and 2) were nausea (20%), vomiting 

(20%), hypertension (20%), almost all low grade 

and acneiform dermatitis (25%). Infusion-related 

reactions (IRR), virtually only to the first infusion, 

were associated with cytokine secretion: IL-6, IL-8, 

TNFα, IFNγ and IP-10 as marker of macrophage ac-

tivation. Premedication and optimization of infu-

sion scheme reduced IRRs in severity and frequen-

cy from 76% to 57% mainly grade 1 and 2. In all 

tested patients circulating NK cells were reduced 

after CetuGEX treatment indicating a stimulation 

and migration of NK cells into the tissue. Favora-

ble side effect profile was observed. Skin toxicity 

was rather low with 28% rash and 25% dermatitis 

acneiform (overlapping). All skin toxicities were 

grade 1 and 2 only. Activity was seen over all dose 

levels with 4 complete and strong partial responses 

each lasting at least 400 days, one NSCLC patientCR 

>850 d (ongoing), one mCRC , and 2 patients with 

esophageal and gastric cancer. Further 15 pts had 

stable disease lasting from 8 weeks to 414 d, with 

several minor responses. Clinical benefit rate was 

46% (19/41) in all patients and 76% (19/25) in eligi-

ble patients with an average duration of >240 days 

(range: 71-850 d). All patients with clinical benefit 

were progressive prior treatment with CetuGEX. 

78% (7/9) of colon cancer patients showed CB, 

with all patients either progressive upon EGFR 

treatments or KRAS mut. PK supports q1w and q2w 

dosing. 

Conclusions: CetuGEX shows clear signs of activity 

and is well tolerated. Phase II is initiated in Patients 

with recurrent and/or metastatic SCCHN. 

Goletz S.1, Danielczyk A.1, Dietrich B.1, Nippgen J.1, Baumeister H.1

1	Glycotope GmbH, Berlin, Germany 

CetuGEX™, a novel anti-EGFR monoclonal antibody (mAb) 
with optimized glycosylation and antibody dependent cellular 
cytotoxicity - First in human experience
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Background: PankoMab-GEX is a humanized and 

glyco-optimized IgG1 mAb recognizing the novel 

carbohydrate-induced conformational TA-MUC1 

epitope expressed in high incidences in a wide 

variety of cancers with high expression rates. The 

epitope comprises a tumor specific carbohydrate 

antigen (TF or Tn) together with the immunodomi-

nant peptide region of MUC1 and is virtually only 

expressed on tumor cells. PankoMab-GEX is tu-

mor-specific and promotes potent tumor cell killing 

via ADCC, phagocytosis, apoptosis induction and 

proliferation inhibition.

Methods: Patients with TA-MUC1 positive (IHC 

reactivity score ≥3 on a 12 grade scale) advanced 

solid tumors, progressing after standard treat-

ments, were enrolled into this phase I trial. End-

points were safety, tolerability, pharmacokinetics 

(PK), immunogenicity and anti-tumor activity. 

Results: 74 pts were included, 73 had at least one 

treatment: 52 (51) pts. were on 13 q3w dose levels 

from 1-2200 mg), 18 pts. on 5 q1w DL from 300-700 

mg, 4 pts. received 1200 mg + 900 mg start dose 

one week prior in a q2w schedule. No MTD was 

reached. Infusion-related reactions (IRRs) mostly 

of °1/2 and during and after cycles 1 or 2 occurred 

in ~50 % of the pts, starting at the DL of 300 mg 

q1w. IRR consisted of dyspnea, rash, erythema and 

flushing, but no cytokine release, and no increases 

of factor C3a or eosinophilic cationic protein and 

hence no allergic reactions were observed. IRRs at 

the 1st infusion were decreased with premedication 

from 86% (6/7pts) to 53% (19/36pts) at DL ≥600 

mg. PK was linear and dose-independent with a 

mean t1/2 of 184 h (q3w). In pts with at least 1 

post-baseline CT (62) overall confirmed clinical 

benefit rate (CBR) was 32% (20/62) across all DL 

and schedules and 50% (17/34) at DL ≥600 mg in-

cluding 1 CR in ovarian cancer with normalization 

of CA125 for 483 days at 1100 mg q3w, and 1 PR in 

NSCLC for 295 days at 600 mg q1w. Confirmed CBR 

in pts with OvCa was 45% (9/20) over all DL, and 

for DL ≥600 mg 60% (9/15). All 5 pts sensitive and 

3 of 5 resistent to their last platinum based therapy 

experienced CB. Maximum CB duration was in a 

pseudomyxoma peritonei pt (-21% SLD ongoing for 

>760 d at 900 mg q3w). 

Conclusions: PankoMab-GEX is safe, very well tol-

erated and demonstrated clinical activity as single 

agent in heavily pre-treated pts which were all pro-

gressive prior treatment. The q1w, q2w and q3w 

administration schedules were feasible and asso-

ciated with clinical benefit. A Phase IIb study in 

advanced ovarian cancer is ongoing.

Goletz S.1, Karsten U.1, Stahn R.1, Dietrich B.1, von Broen I.1, Nippgen J.1, Baumeister H.1
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PankoMab-GEX™, a novel anti-TA-MUC1 monoclonal antibody 
(mAb) with optimized glycosylation - First in human experience
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Purpose: Merkel cell carcinoma (MCC) is a highly 

aggressive skin cancer with strong evidence of viral 

carcinogenesis. The association of MCC with the 

Merkel cell polyomavirus (MCPyV) may explain the 

explicit immunogenicity of MCC. Indeed, MCPyV-

encoded proteins are likely targets for cytotoxic 

immune responses to MCC as they are both foreign 

to the host and necessary to maintain the oncogenic 

phenotype. However, to date only a single MCPyV-

derived CD8 T-cell epitope has been described, thus 

impeding specific monitoring of T-cell responses to 

MCC and development of immunotherapeutic strat-

egies targeting this oncogenic virus.

Method: To overcome this limitation, we scanned 

the MCPyV oncoprotein large T and small T anti-

gens and the virus capsid protein VP1 for potential 

T-cell epitopes, and tested for MHC class I affinity. 

We confirmed the relevance of these epitopes using 

a high-throughput platform for T-cell enrichment 

and combinatorial encoding of MHC class I mul-

timers.

Results: In peripheral blood from 38 patients 

with MCC and 30 healthy donors, we identified 

53 MCPyV-directed CD8 T-cell responses against 

35 different peptide sequences. Strikingly, T-cell 

responses against oncoproteins were exclusively 

present in patients with MCC, but not in healthy 

donors. We further demonstrate both the process-

ing and presentation of the oncoprotein-derived 

epitopes, as well as the lytic activity of oncoprotein-

specific T cells toward MHC-matched MCC cells. 

Demonstrating the presence of oncoprotein-spe-

cific T cells among tumor-infiltrating lymphocytes 

further substantiated the relevance of the identified 

epitopes.

Conclusion: These T-cell epitopes represent ideal 

targets for antigen-specific immune therapy of 

MCC, and enable tracking and characterization of 

MCPyV-specific immune responses.

Lyngaa R.1, Pedersen N.W.1, Schrama D.2, Thrue C.A.1, Ibrani D.3, Met Ö.1, thor Straten P.1, 
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T-cell responses to oncogenic Merkel cell polyomavirus proteins 
distinguish patients with Merkel cell carcinoma from healthy 
donors
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Metastatic melanoma is a highly immunogenic 

tumor and the most frequent form of skin cancer-

related deaths worldwide. Therapeutic options 

are limited and poorly effective. One of the main 

reasons for tumor immune escape and therapy 

failure is the immunosuppressive tumor micro 

milieu. Herein, regulatory T cells (Treg) as well as 

inhibitory factors of the tumor itself avoiding anti-

tumor immunity play a major role. A better under-

standing of inhibitory molecules and pathways reg-

ulating melanoma initiation and progression that 

could be used as therapeutic targets or biomarkers 

is needed. Several studies have reported expression 

of Treg specific markers in different tumor entities. 

Based on this, we investigated the expression of the 

Treg specific activation marker GARP (glycoprotein 

A repetitions predominant), which has been shown 

to be involved in the mediation of immunosuppres-

sive function, in different human melanoma cell 

lines as well as in human melanocytes or primary 

melanoma in order to detect its possible functional 

relevance. We found that GARP is highly expressed 

on melanoma cells compared to normal melano-

cytes. We were able to figure out that GARP has 

suppressive capacity on different effector cells in 

the tumor milieu. Beside its tolerance inducing ca-

pacity in CD4+ T cells, GARP suppressed the pro-

liferation and reduced Granzyme B expression of 

CD8+ T cell. Thus, molecules shared by both mela-

noma and Treg might be hopeful targets for im-

munotherapeutic strategies in cancer patients. Sur-

prisingly, the addition of IFN-a a well-known drug 

used as therapeutic adjuvant in melanoma patients 

decreased the expression of GARP on melanoma 

cells. 

Hahn S.1, Hoyermann A.1, Tuettenberg A.1
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Treg-associated suppressor molecules are highly expressed on 
melanoma: New ways for immunotherapy
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Wilms‘ Tumor protein 1 (WT1) is overexpressed 

in several kinds of adult leukemia and solid neo-

plasms, as well as in most primary renal malig-

nancies in childhood, like Wilms‘ Tumor (WT). 

Although WT is a curable disease, current thera-

pies frequently lead to harmful complications like 

skeletal abnormalities or cardiac dysfunction, what 

calls for an alternative treatment like immunother-

apy by dendritic cell (DC) vaccination. WT1, a tran-

scription factor involved in tumor cell proliferation, 

might thus be a suitable target for immunotherapy 

of various cancer types. 

Our aim is to evaluate the immunogenicity of the 

wild-type antigen compared to a chimeric WT1 

construct containing the MHC class II targeting 

signal DCLamp in various HLA-backgrounds, and 

to test their potential in a DC vaccine. Therefore, 

CD8+ T cells were stimulated three times for 7 days 

with autologous, cocktail-matured DC, which had 

been transfected with either the wild-type WT1 or 

the modified WT1-DCLamp by RNA-electropora-

tion. After 2 and 3 rounds of stimulation, the anti-

gen-specific activity of the stimulated CD8+ T cells 

was analyzed by Multi-Functional T-Cell assays 

(MFTC) and IFNγ-Elispots. Therefore, the CD8+ 

T cells were electroporated with RNA encoding 

WT1 or WT1-DCLamp, thus acting as effectors and 

targets simultaneously in an overnight stimulation. 

Both assays revealed an antigen-specific increase 

in CD8+ T cells producing TNFα and IFNγ, however, 

no difference could be observed regarding the im-

munogenic potential of WT1 and WT1-DCLamp. 

As CD4+ T cells also participate in cellular immune 

responses, the previous described experiments 

were repeated, this time using CD4+ and CD8+ T 

cells in a 1:1 ratio for the stimulations. Additionally, 

IL-15 was added. To analyze the antigen-specific 

activity of the induced T cells, chromium-release 

assays were performed. These assays indicated 

antigen-specific lysis of target cells loaded with the 

WT1 peptides WT1-126-134 or WT1-235-243 by T 

cells stimulated with WT1- or WT1-DCLamp-trans-

fected DC. However, defining differences in the im-

munogenicity of WT1 and WT1-DCLamp requires 

further evaluation.

To advance the experiments, several WT1-peptides 

in two different HLA-backgrounds will be tested 

for their ability to elicit epitope-specific T-cell re-

sponses. 

These will be analyzed not only for IFNγ produc-

tion, but also for TNFα production. Additionally, 

dextramer-staining of WT1-stimulated T cells in 

different HLA-backgrounds will be performed, to 

finally allow sorting of WT1-specific T cells out of 

the stimulations. 

WT1 seems to be a promising and versatile target 

for the immunotherapy of different types of cancer, 

albeit further experiments concerning the thera-

peutic application remain to be done.

The latter two authors contributed equally  
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Treating tumors by targeting overexpressed Wilmś  Tumor 
protein 1
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Pancreatic ductal adenocarcinoma (PDAC), the most 

frequent subtype (>80%) of pancreatic cancer is 

characterized by a generally lethal progress within 

a short period of time following primary diagnosis. 

Despite high efforts, the treatment options are very 

limited and mainly of palliative nature. IMAB362 

is a highly potent and tumor-cell selective thera-

peutic antibody which is currently in clinical de-

velopment in gastro-esophageal cancer (in phase 

II and IIb trials). IMAB362 is directed against the 

tight junction molecule claudin 18.2 (CLDN18.2) 

whose expression is strictly restricted to short-lived 

gastric cells in the healthy human body. However, 

it is also expressed in several solid malignancies, 

such as cancers of the stomach, the esophagus, the 

lung, or the pancreas. More than 55% of patients 

with PDAC express CLDN18.2 and it can frequently 

be detected in metastases thereof. Therefore, we 

investigated whether IMAB362 might represent a 

potential treatment option for this patient popula-

tion with a high unmet medical need by means of 

its in vitro and in vivo antitumoral activity.

IMAB362 exerts its antitumoral function by different 

modes-of-action including antibody-dependent cel-

lular cytotoxicity (ADCC) and complement-depend-

ent cytotoxicity (CDC) upon others. Therefore we 

assessed the capacity of IMAB362 to induce ADCC 

and CDC against CLDN18.2 expressing human pan-

creatic cancer cell lines in vitro. Depending on the 

expression level of CLDN18.2, pancreatic cancer 

target cells were killed via ADCC in the presence 

of IMAB362 and healthy donor peripheral blood 

mononuclear cells. IMAB362-induced cell killing 

ranged from 67-93% specific lysis with EC50 values 

ranging between 23-5,700 ng/mL. IMAB362‘s ca-

pacity to induce CDC was analyzed by incubation 

of CLDN18.2-positive pancreatic cancer cell lines 

with a serum pool from healthy donors as source 

for complement. We observed IMAB362 dose-de-

pendent lysis rates with EC50 values ranging from 

300-2,600 ng/mL for several cell lines. 

In vivo administration of repeated doses of IMAB362 

in mice bearing human pancreatic cancer xeno-

grafts significantly inhibited tumor growth and 

prolonged survival time compared to control. The 

antitumoral effect of IMAB362 strictly depended on 

the expression of its target CLDN18.2. IMAB362 did 

not only lead to growth retardation of subcutane-

ous human pancreatic cancer xenografts but it also 

reduced the metastatic load in murine lungs fol-

lowing intravenous injection of CLDN18.2-positive 

human pancreatic cancer cells. 

In conclusion, single-agent IMAB362 has anti-

tumoral activity in in vitro and in vivo models of 

human pancreatic cancer and metastasis. There-

fore, the results from this study provide a strong 

rationale for clinical evaluation of this highly se-

lective monoclonal antibody drug in patients with 

CLDN18.2-positive PDAC. 
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IMAB362, a novel first-in-class monoclonal antibody for  
treatment of pancreatic cancer
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Acute lymphoblastic leukaemia (ALL) is the most 

prevalent paediatric cancer (75% of all paediatric 

blood cancers). Despite a high initial response to 

chemotherapy (80-90%), a significant number of 

patients fail to respond to therapy and, importantly, 

relapse occurs in 20-25% of responding patients. 

Moreover, the intensity of the current chemo-

therapy treatments is associated with toxic side 

effects including growth impairment, heart and 

CNS disease and the development of secondary 

tumours. Consequently, there is a need for alter-

nate therapeutic options with increased specificity 

and reduced toxicity. The TEL-AML1 fusion protein 

may be a suitable target for immunotherapy based 

approaches since it is the most frequent molecular 

lesion detected in 20-25% of the B cell precursor 

ALL (BCP-ALL or cALL) and, despite minor re-

ported variations (9.6%), the available literature 

indicates that the fusion protein amino acid se-

quence is highly conserved. To test this, adenovi-

ral vectors encoding the TEL-AML1 fusion break-

point have been produced and are being tested for 

their ability to induce TEL-AML1 T cell responses 

in the C57 bl/6 mouse. Moreover, we are also gen-

erating a recombinant BCG vector encoding the 

TEL-AML1 fusion protein in order to test whether 

recombinant BCG offers significant advantages 

over an adenoviral vector. Importantly, in order to 

determine whether a TEL-AML1specific T cell can 

be generated to target antigen, various TEL-AML1 

specific peptides are being used to stimulate cells 

from healthy donors. From the 23 donor samples 

being examined 7 responders have been identified, 

of which five are under the process of single cell 

cloning for further analysis and TCR isolation. 
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Understanding T cell responses against leukaemic fusion  
proteins
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Small cell lung carcinoma (SCLC) represents 13% 

of the newly diagnosed lung cancers, yet it is the 

more deadly of the different lung cancers. Treat-

ment of SCLC remains challenging because of its 

rapid growth, early dissemination and develop-

ment of drug resistance during the course of the 

disease. Thus, most SCLC patients face a grim prog-

nosis, which calls for development of more specific 

and effective treatments, such as immunotherapy. 

Our research focuses on the large-scale discovery of 

peptides presented by the HLA molecules on SCLC 

cells, while looking for peptides with potential to 

serve as targets for immunotherapy. Since the ex-

pression of class I HLA molecules on SCLC cells is 

significantly lower than on normal lung cells (due 

to the attempt of the SCLC cells to escape immune 

surveillance), we used two independent approach-

es to increase the level of expression of HLA mol-

ecules by SCLC cells in culture: First, treatment 

of the cells with interferon gamma (IFNγ), which 

increases the expression levels of the membranal 

HLA many folds. Second, we used recombinant ex-

pression of selected HLA alleles as induced the cells 

to express them as soluble HLA molecules (sHLA). 

The membranal HLA molecules were purified after 

solubilizing the IFNγ treated SCLC cells with mild 

detergents and the sHLA molecules were recovered 

from the growth medium of the transfected SCLC 

cells. Both approaches facilitate the recovery of 

large number of HLA peptides.

After immunoaffinity purification of the mem-

branal or the soluble HLA molecules, the bound 

peptides were extracted and identified by capillary 

chromatography and tandem mass-spectrometry. 

In total, we were able to identify 13,544 different 

HLA peptides from three SCLC cells lines (NCI-

H526, NCI-H69 and NCI-H82). We identified 12,932 

membrane HLA class I peptides, 1,122 soluble HLA 

class I peptides. In addition, we identified 1,097 

HLA class II peptides that were expressed by the 

NCI-H526 cells.

Tumor antigens potentially useful for vaccination 

were selected according to a number of criteria: 1) 

Antigens not expressed in normal tissues, such as 

tumor testis antigens; 2) Antigens that can elicit 

immune response. 3) Antigens encoded by genes 

known to be expressed in SCLC tumor cells. Using 

such databases and bioinformatics analyses we se-

lected 72 such putative candidate HLA peptides for 

further testing as SCLC immunotherapeutics.
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Ovarian cancer affects approximately 6,500 women 

in the U.K. every year. It can occur at any age but 

is most common after menopause. Diagnosis at an 

early stage greatly improves the chances of effec-

tive treatment however diagnosis tends to be in 

the later stages of disease when patients present 

with pelvic or abdominal pain, urinary frequency 

or urgency, increased abdominal size. This diag-

nosis is confirmed by a pelvic examination, trans-

vaginal ultrasonography and detection of carbo-

hydrate antigen 125 (CA125) in the tumour tissue. 

However CA125 appears to have variable expres-

sion between patients and works better as part of 

a panel to improve specificity, sensitivity and dif-

ferentiation of ovarian cancer from endometriosis. 

Human epididymis secretory protein 4 (HE4) is 

overexpressed in ovarian cancers however it has 

also been found in endometrial adenocarcinomas. 

HE4 provides optimal specificity when used to 

compare gynaecological malignancies with benign 

gynaecological disease but its sensitivity remains 

similar to CA125. However a panel of CA-125, HE4, 

CEA, and VCAM-1 was found to have 86% sensitiv-

ity for early-stage and 93% for late-stage ovarian 

cancer at 98% specificity. However there remains a 

need to identify a singularly good biomarker which 

could positively influence disease outcome by ena-

bling early detection of ovarian cancer cells. 

Using immunohistochemistry we have examined 

the expression of a panel of tumour antigens, in 

addition to CA125, in paraffin-embedded ovarian 

cancer microarrays containing 208 samples. 

Scoring was performed in a single blinded fashion 

and we identified a ovarian cancer protein which 

is expressed in more than 75% of ovarian cancer 

samples at every stage of disease (although early 

stage I and II samples predominate on the multi-

ple tissue arrays). This frequency and the levels of 

expression of this protein exceeded the levels and 

frequency of expression of CA125 in sections from 

the same tissues. 

Further study using an alternative antibody, spe-

cific for a single sub-variant of the ovarian cancer 

protein confirmed expression at all stages of 

ovarian cancer. Samples which were only differen-

tially stained with haemotocylin were all negative 

however isotype control stained samples showed 

low level background staining (scoring mostly + 

and ++) which was expectable. Some background 

staining of both ovarian cancer protein and HE4 

were observed in the normal tissue samples, again 

scoring + and ++, in a similar pattern to the 

isotype control. 51 of the samples were shown to 

express the ovarian cancer protein at high intensity 

(scoring mostly +++) predominantly in early stage 

disease compared to 19 samples for HE4. HE4 was 

found to be expressed at lower levels than ovarian 

cancer protein in the same tissues. We are now 

examining whether ovarian cancer protein is de-

tectable in endometrial tissue and age/sex-matched 

healthy donors to see whether it would provide a 

good target for future immunotherapy treatments.
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Introduction: Although tumor-specific, cytotoxic T 

cells are capable of killing tumor cells both in vitro 

and in vivo, treatment of immunocompetent hosts 

with adoptive T cell transfer does not lead to suf-

ficient tumor regression without adjuvant therapy. 

This lack of efficacy has been proposed to be due 

to tumor-promoted T cell exhaustion and anergy. 

We and others have previously shown that pro-

grammed death receptor-1 (PD-1) upregulation is 

a hallmark of tumor-infiltrating, adoptively trans-

ferred T cells. PD-1 and its ligand (PD-L1) constitute 

a major immunosuppressive axis driven by tumor 

cells. Disruption of this axis may hit an Achilles´ 

heel of tumor immune escape. 

Results and methods: In order to circumvent this 

direct immunosuppressive mechanism, a PD1-CD28 

chimeric receptor was designed, cloned into the 

retroviral vector pMP71 and expressed in primary 

murine T cells specific for the model antigen oval-

bumin (OT-1 cells). In vitro, ELISA measurement of 

supernatants revealed that PD-1-CD28 chimeric re-

ceptor-transduced primary T cells released 130-fold 

more interleukin-2 and 300-fold more interferon-γ 
than untransduced and control-transduced T cells 

when stimulated with anti-CD3e and PD-L1 (p < 

0.01). In a protein-based array detecting various cy-

tokines, PD-1-CD28 chimeric receptor-transduced T 

cells were found to secrete a CD28-like cytokine 

profile upon stimulation with anti-CD3 antibodies 

and recombinant PD-L1. Culture of transduced T 

cells in the presence of anti-CD3e antibodies and 

recombinant PD-L1 increased cell numbers 4-fold 

and significantly increased viability of cells com-

pared to untransduced or control-transduced T cells 

using flow cytometric analysis. (p < 0.01). In vivo, 

treatment of mice carrying established (OVA and 

PD-L1 expressing) Panc02 subcutaneous tumors 

(mean tumor size at treatment onset 26 mm3) with 

PD1-CD28-transduced OT-1 T cells delayed tumor 

growth and resulted in tumor rejection in 4 out of 

8 mice (compared to 1 out of 8 mice treated with 

control-tranduced T cells). This demonstrates the 

functionality of the chimeric receptor in an immu-

nocompetent mouse model.

Conclusion: Adoptive T cell therapy with PD-1-CD28 

chimeric receptor-transduced T cells is a promising 

approach to overcome PD-1-PD-L1-mediated tumor-

induced anergy and immunosuppression. 
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With the recent breakthrough developments in 

immune checkpoint inhibitors revealing the in-

herent potential of T cell based immunotherapy 

to effectively treat malignancies, a major remain-

ing challenge is now to increase the specificity 

and frequency of anti-cancer immune responses. 

A rational and promising approach to achieve this 

goal is multi-peptide vaccination. For a long time, 

peptide-based immunotherapy mainly relied on 

reverse immunology and predictive approaches 

and most often fell short of its potential to achieve 

meaningful results in vitro as well as in the clini-

cal setting. In contrast, a recent phase II vaccina-

tion study using confirmed, naturally presented 

HLA ligands observed specific, vaccine-induced 

immune responses, which were associated with 

improved clinical outcome (Walter, Weinschenk et 

al, Nat. Med. 2012).

Here, using the example of chronic lymphocytic 

leukemia (CLL), we further expanded on this strat-

egy, defining a novel category of tumor associated 

T cell antigens strictly based on their exclusive and 

frequent representation in the HLA ligandome of 

CLL. Based on a cohort of 30 CLL patients and 30 

healthy volunteers, we were able to comparatively 

and extensively map the HLA ligandome land-

scape of CLL, identifying more than 28,000 differ-

ent HLA ligands. A set of 49 HLA ligand source 

proteins showed CLL-exclusive representation in 

>20% of CLL patients, thus falling into the novel 

category of ligandome-derived tumor associated 

antigens (LiTAAs). These LiTAAs were validated 

to be broadly and frequently represented across dif-

ferent stages and mutational subtypes of CLL and 

found to be robustly represented in HLA ligando-

mes of CLL patients undergoing standard chemo-/

immunotherapy. Functional characterization of 

the corresponding HLA ligands (LiTAPs) by IFNγ-
ELISPOT revealed peptide-specific immune recog-

nition of 14/15 (93.3%) of evaluated LiTAPs exclu-

sively in CLL patients. These immune responses 

were further verified to be strictly CLL- (LiTAP-) 

directed and mediated by functional, CLL patient 

derived CD8+ T cells. Strikingly, for immunoreac-

tive LiTAPs, a direct correlation between frequen-

cies of representation in the CLL ligandomes and 

frequencies of immune recognition by CLL patient 

PBMC was observed. Furthermore, retrospective 

survival analysis suggests a possible benefit for 

patients showing immune reactions to more than 

one of the tested LiTAPs, although - not attaining 

statistical significance - these results have to be in-

terpreted with caution, as only a relatively small 

number of patients, but also merely a fraction of 

identified LiTAPs have been evaluated.

Taken together these data clearly indicate tumor-

dependent priming of LiTAP-specific T cells in vivo 

in CLL patients. This validates the newly defined 

category of LiTAAs to be physiologically relevant 

and demonstrates the effectiveness of our approach 

in target identification for future multi-peptide vac-

cination studies. 
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The recent breakthrough developments in immune 

checkpoint inhibitors clearly demonstrated the in-

herent potential of T cell based immunotherapy to 

effectively treat malignancies. The major remain-

ing challenge is now to increase the specificity and 

frequency of anti-cancer immune responses. With 

the field of peptide-based therapeutic vaccination 

consolidated by promising results in clinical trials 

(e.g. Immatics Biotechnologies IMA901 cocktail), 

an exciting and rational approach for achieving this 

goal presents itself. A pivotal factor for the coales-

cence of these two strategies is the identification of 

specific, confidently identified and relevant tumor 

associated T cell epitopes. As the HLA ligandome is 

the result of a complex antigen processing machin-

ery, inferring information from upstream sources, 

such as the proteome and the transcriptome is vir-

tually impossible. Direct scrutiny of the ligandome 

by modern mass spectrometry (LC-MS/MS) on the 

other hand is able to extensively map the HLA li-

gandome landscape.

Here, we implemented this approach for profiling 

the HLA ligandomes of 20 paired primary renal cell 

carcinoma (RCC) samples and devised a simplified 

target prioritization strategy, defining a novel cat-

egory of ligandome derived tumor associated anti-

gens (LiTAAs) strictly based on their frequent and 

exclusive representation in the HLA ligandomes 

of malignant tissue. From the bulk of more than 

10,000 source protein identifications (>90% of the 

maximum achievable source proteome coverage as 

extrapolated from saturation analysis) we identi-

fied a panel of 291 HLA class I LiTAAs represented 

in ≥20% of RCC ligandomes. This finding is strik-

ing in context of the high degree of patient/tumor 

individuality we observed in patient-specific ligan-

dome profiling by label-free quantification mass 

spectrometry (LFQ-MS), as well as in transcriptome 

analysis by RNAseq. Analysis of the HLA class II 

ligandomes enabled the identification of addition-

al class II LiTAAs for synergistic vaccine design. 

Furthermore, naturally presented HLA class II 

ligands containing complete, embedded HLA class 

I LiTAA-derived peptides pointed out an exciting 

new option for optimized vaccines, targeting both, 

CD4+ and CD8+ T cells. Functional characteriza-

tion of RCC-LiTAAs is ongoing. 

Exhaustive analysis of the RCC-ligandome provid-

ed us with a refined set of frequently represented -  

and thus broadly applicable - targets for future off-

the-shelf therapeutic vaccination of RCC. 
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Antibody-based immunotherapy represents a prom-

ising strategy to target and eliminate chemoresist-

ant leukemic cells in AML. In our previous work, we 

evaluated the cytotoxic effect of AMG 330 on AML 

cells. Using an AML long-term culture system, we 

could show efficient elimination of primary AML 

cells through AMG 330 activated and expanded 

autologous T-cells. As relapse rates in AML are 

high and are proposed to be caused by leukemic 

stem cells (LSCs), the ability of AMG 330 to redirect 

T-cells to LSCs was evaluated by assessing CD33 

expression pattern within the LSC compartment 

and by limiting dilution transplantation (LDTA) 

assays in NOD SCID gamma null (NSG) mice. 

CD33 expression intensity on AML cells was as-

sessed by flow cytometry (specific fluorescence in-

tensity, SFI) and by surface antigen quantification 

(specific antigen binding sites, SABC). Median SFI 

and corresponding SABC was significantly higher 

on AML bulk cells compared to CD34+/CD38- LSCs 

(AML bulk: SFI: 59.1, SABC: 47280; LSC SFI: 30.7, 

SABC: 24560, n=24, p< 0.001). Importantly, we 

could show significantly higher CD33 expression 

on LSCs compared to hematopoietic stem cells 

(HSC) (median SFI 8.1, 6480 SABC, n=7, p=0.047). 

To further investigate how many CD33 molecules 

were needed for efficient AMG 330 mediated lysis, 

CD33BRIGHT cells (MV4-11: SFI 31) were mixed with 

CD33DIM cells (OCI-AML3: SFI 3) and co-incubated 

with healthy donor (HD) T-cells (E:T ratio 1:1). Lysis 

kinetics revealed a dependency on CD33 expres-

sion level (24h: OCI-AML3: 93%, MV4-11: 16%). 

However after 48 hours both cell lines were com-

pletely lysed suggesting that AMG 330 is active at 

low antigen density. As low CD33 expression levels 

might be sufficient for AMG 330 mediated lysis, we 

evaluated unwanted on-target toxicity in a colony-

forming unit (CFU) assay. No significant difference 

in CFUs was detected between HD bone marrow 

samples pretreated with AMG 330 or control BiTE® 

(p=0.12). LDTA assays were performed to test the 

potential of AMG 330 to effectively mediate lysis of 

LSCs. Patient-derived AML cells were lentivirally 

transduced with luciferase and co-cultured with 

HD T-cells and either AMG 330 or control BiTE® for 

7 days. Residual CD3- cells were injected into NSG 

mice and monitored for AML outgrowth by in-vivo 

imaging and peripheral blood analysis. Control 

mice developed leukemia within 21 days post injec-

tion (3/3). In contrast, cells from AMG 330 treated 

cultures did not initiate leukemia in NSG mice (0/6; 

median follow up 119 days). We conclude from our 

data that AMG 330 has the potential to eliminate 

LSCs, while potentially sparing HSCs. Since our 

previous analysis of 621 AML patients demonstrat-

ed a highly variable CD33 expression pattern, we 

anticipate that AMG 330 mediated lysis will also 

differ between individual patients. Further investi-

gations and clinical studies are needed to elucidate 

the impact of CD33 expression on response to AMG 

330 mediated immunotherapy. 
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Next Generation Sequencing (NGS) is changing 

the way we understand cancer by providing deep 

insights into the tumor genome, development and 

progression. We can, for example, monitor expres-

sion of shared tumor antigens and identify immu-

nogenic mutations for individualized therapeutic 

cancer vaccines (IVACs).

For applications ranging from tumor heterogene-

ity and evolution to circulating tumor cells (CTCs), 

we would like to profile gene expression and iden-

tify mutations in single cells. However, single cell 

genomics is complicated tremendously by the ex-

tremely small amounts of nucleic acids present in 

single cells and the high costs of sample profiling, 

particularly of exome profiling.

Here, we present a novel method to determine 

gene expression and identify mutations in single 

cells. The method is robust, reproducible, and costs 

less than existing methods. We isolate RNA from 

single cells; use a modified reverse transcription 

with 5‘ template switching; and use tagmentation-

based library preparation methods to enable am-

plification with pico-gram amounts of input RNA, 

reduced hands-on time and lower costs.

Single cell sequencing is a challenging technique 

with a small signal to noise ratio. This leads to an 

uncertainty whether variants which have been de-

tected are real or noise coming from reverse tran-

scription, amplification and finally sequencing. A 

simple approach would be taking replicates into 

account. Biological replicates are difficult by the 

nature of transcription in single cells. Using bio-

logical replicates for mutation validation in CTCs 

assumes a model that all cells have the same mu-

tations. This might be true for mutations which 

occurred early. Mutations gained later are missed 

in this process. However to circumvent this we 

decided to make technical replicates from single 

cells, the half-cell approach. By splitting up the 

first strand prior to amplification we keep techni-

cal errors stochastic distributed. Variations which 

are detected in both cells are unlikely to be false 

positives. This might be crucial for individualized 

medication based on CTC samples. 

In our proof of concept experiments we were able to 

show that half cell sequencing (HCS) is capable of 

noise reduction and consistent mutation detection. 

Up to 10 % of validated mutations can be found 

in half cells from which up to 90 % are found in 

both halves and are confirmed by Bulk RNA-Seq. 

Variant detection from scratch without any refer-

ence reached up to 90 % accuracy by comparison 

to bulk RNA-Seq. Also non mutation events like 

RNA-editing could be detected and confirmed in 

half cells. This shows that HCS is a powerful tool 

for variant detection in single cells. 

In summary, our method may enable to examine 

tumor heterogeneity, tumor evolution, and, using 

CTCs, identify patient specific immunotherapy 

targets in a minimally invasive manner.
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LTX-315 is a de novo designed peptide derived from 

a naturally occurring host defense peptide. LTX-315 

has the potential to induce long-term specific pro-

tective immune responses by inducing the release 

of danger signals (e.g. HMGB1) and tumor associ-

ated antigens (TAAs). 

In this study we have used a novel rat mesenchymal 

tumor model. The tumor cells maintain their mes-

enchymal somatic stem cell properties in vitro and 

show an aggressive growth pattern in vivo. Similar 

to what have been observed in several syngenic 

rodent tumor models a complete regression was 

obtained in this model following intratumoral (i.t.) 

treatment of subcutaneous tumors with LTX-315. 

The effect was T-cell-dependent since the interven-

tion was inefficient in immune-deficient animals. 

Studies on treated tumor tissue confirmed infiltra-

tion of immune cells and a switch in the cytokine 

profile towards a Th1 response. Successfully cured 

animals were protected against re-challenge with 

the same tumor cell type, but not against other 

types of tumor cells. Moreover, tumor resistance 

could be adoptively transferred by spleen cells from 

LTX-315-treated animals to naïve animals. The re-

sistance was abrogated by depletion of T-lympho-

cytes. 

To clarify whether i.t. injections of LTX-315 in 

one tumor lesion could have an abscopal effect 

on metastatic disease, intraperitoneal tumors and 

two subcutaneous tumors were established in the 

animals. Thereafter, LTX-315 was injected into one 

of the subcutaneous lesions. As assessed by living 

imaging, all metastatic manifestations slowly re-

gressed and all animals went into durable complete 

remission. 

These studies indicate that LTX-315 has potential 

to locally activate the innate immune system by its 

membrane destabilizing effect on the tumor cells 

followed by a release of natural danger signals, pro-

viding a strong rationale for using LTX-315 in com-

bination with other types of immune-modulatory 

therapies. 

In summary, we show for the first time that LTX-315 

mounts strong and specific immune responses that 

are able to control disseminated tumors in animals. 

The present findings further underline the poten-

tial use of LTX-315 as a novel treatment strategy 

to generate personalized tumor specific immune 

responses. LTX-315 is currently being tested in a 

Phase I dose escalation clinical study. 
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Members of the B7/CD28 family of immune check-

points, such as CTLA4, PD1 and PDL-1, play criti-

cal roles in T cell regulation and have emerged as 

promising drug targets for cancer immunotherapy. 

We hypothesize that additional novel members of 

the B7/CD28 family play a role as negative immune 

regulators and thus may serve as targets for thera-

peutic mAbs. Utilizing Compugen‘s predictive dis-

covery platform, we identified nine novel members 

of this family that may serve as immune check-

points. The therapeutic relevance of three of these 

proteins, CGEN-15001T, CGEN-15022, and CGEN-

15049, was confirmed following the validation 

of their immunomodulatory properties and their 

expression in various cancers. Two of these pro-

teins, CGEN-15001T and CGEN-15022, are the basis 

of a license and collaboration agreement recently 

signed with Bayer as targets for cancer immuno-

therapy. Here we present results obtained for an 

additional novel immune checkpoint, CGEN-15049. 

Following its ectopic expression on cancer cell 

lines, CGEN-15049 inhibits the activity of NK cells 

and cytotoxic T cells (CTLs). The fusion protein, 

consisting of the extracellular domain of CGEN-

15049 fused to an IgG Fc domain, displays robust 

inhibition of T cell activation and enhances iTregs 

differentiation. IHC studies indicate that CGEN-

15049 is expressed in tumor cells of numerous 

types of cancers, as well as in tumor infiltrating 

immune cells. Based on its immunomodulatory ac-

tivities on several types of immune cells which play 

key roles in cancer immune evasion, together with 

its expression pattern, CGEN-15049 may serve as 

mAb target for cancer immunotherapy. 
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Introduction: In patients with malignant pleural 

mesothelioma (MPM), local tumor outgrowth after 

invasive diagnostic procedures, e.g. biopsies and 

surgical incisions, is a relatively rare but painful 

complication. To prevent this tumor outgrowth, 

prophylactic radiotherapy to intervention sites (PIT) 

was introduced in an attempt to improve quality of 

life for these patients. However, studies regarding 

the efficacy of PIT have been hampered by the lack 

of proper biomarkers which enable the selection of 

patients prone to develop local tumor outgrowth. 

Tumor-associated macrophages (TAMs) are abun-

dantly present in mesothelioma tumors and can be 

skewed towards an anti-tumor (M1) or pro-tumor 

(M2) phenotype. M2 TAMs are known to play an 

important role in wound healing, tissue remode-

ling and tumor invasion which suggests a potential 

role of this cell type in the development of tumor 

outgrowth. The aim of this study is to investigate 

whether the TAM phenotype in the tumor micro-

environment can predict the development of local 

tumor outgrowth and therefore aid to the selection 

of patients who will benefit from prophylactic in-

terventions. 

Methods: 10 MPM patients who developed local 

tumor outgrowth were matched on age, sex, tumor 

histology, TNM stage, EORTC score, treatment and 

survival with 10 MPM patients who did not develop 

local tumor outgrowth after a local intervention. 

Immunohistochemistry was performed on diag-

nostic biopsies to determine the total TAM count 

(CD68) and the M2 TAM count (CD163). Two re-

searchers and a pathologist independently assessed 

the TAM infiltration in tumor regions. Statistical 

analyses were performed using the Mann-Whitney 

U test. 

Results: The total number of CD68+ and CD163+ 

cells was comparable between the tumor out-

growth and no tumor outgrowth group. However, 

the mean CD163/CD68 (M2/total TAM) ratio dif-

fered statistically significantly between the two 

groups: 0.90 ±0.09 in the tumor outgrowth group 

and 0.63 ±0.09 in the patients without tumor out-

growth (p< 0.001).

Conclusion: This study shows that patients who 

develop tumor outgrowth after a local intervention 

have a higher M2/total TAM ratio in their diag-

nostic tumor biopsies compared to patients who 

don‘t develop this outgrowth. In contrast with this 

ratio, the total (M2) TAM numbers did not differ 

between the two groups, indicating that the phe-

notype profile has more clinical value than the 

absolute cell numbers. Therefore, we propose that 

the intratumoral macrophage phenotype ratio is a 

new potential tool to predict which MPM patient 

will develop tumor outgrowth and could be used 

to select patients for a study regarding the efficacy 

of prophylactic irradiation. 
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Avirulent Semliki forest virus (SFV) vector VA7 has 

been shown potency as oncolytic agent in immu-

nocompromised cancer models, including glioma. 

However, in syngeneic glioma models displaying 

normal type-I interferon (IFN) response, the on-

colytic efficacy was poor. Recently, neurovirulent 

alphaviruses have been shown to inhibit the in-

duction of IFN response in cells. Here we studied 

if neurovirulent strains of SFV can be used to en-

gineer potent but safe oncolytic agents. MicroRNA-

mediated tissue de-targeting was used to inhibit un-

wanted SFV replication in healthy central nervous 

system tissue.

Inhibition of JAK/STAT-pathway in Vero(B) cells 

was studied by western blot. Oncolytic potency 

was tested in vitro by measuring cytopathic effect 

(CPE) in CT-2A mouse astrocytoma cell line. Target 

sequences against miR-122 (expressed in liver) 

or miR-124 (expressed in neurons) were inserted 

between SFV4 nsP3 and nsP4 genes. Tissue de-

targeting in vivo was studied by infecting BALB/c 

mice with SFV4 carrying miR-122 or miR-124 target 

sequences (SFV4-miRT122 and SFV4-miRT124). 

Our results show that the neurovirulent SFV4 in-

hibits STAT1 phosphorylation thus disrupting 

type-I IFN mediated signaling. Inhibition is medi-

ated by viral nsP3 and nsP4 genes via unknown 

mechanism. Correlating with this finding, SFV4 

displays increased CPE in IFN-beta treated CT-2A 

cells in vitro as compared to interferon-sensitive 

SFV clones. Insertion of microRNA target sequenc-

es between nsP3 and nsP4 genes did not affect 

negatively on the STAT1 phosphorylation inhibi-

tory capacity of SFV4. SFV4-miRT124 was detect-

ed to dominantly infect oligodendrocytes of the 

corpus callosum showing only limited replication 

in neurons. We conclude that neurovirulent SFV4 

shows increased oncolytic potency in vitro and that 

safety of such virus can be increased by microRNA-

mediated tissue de-targeting.
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Purpose: MHC class I-restricted epitopes have been 

mainly identified as antigen peptide candidates for 

cancer vaccines. However, tumor-specific helper T 

cell immunity has also been shown to be pivotal 

for the efficient eradication of solid tumors. For 

example, CD4+ helper T cells are important for 

priming, differentiation, and expansion of tumor-

associated antigen (TAA)-specific cytotoxic T lym-

phocytes (CTLs). In addition, they are also shown 

to be essential for the generation and maintenance 

of long-lasting CTL responses. In the current study, 

we attempted to identify peptide candidates, which 

contained both helper T cell epitopes and CTL 

epitopes, from Lck (p56Lck).

Experimental Design: Based on the biding motif 

to the HLA-DR and -A2 alleles, 94 peptides were 

prepared from the amino acid sequence of Lck. 

The peptides were screened first for their ability 

to be recognized by immunoglobulin G (IgG) from 

cancer patients and subsequently for their potential 

to induce peptide-specific and cancer reactive CTLs 

from peripheral blood mononuclear cells (PBMCs) 

obtained from HLA-A2+ cancer patients. 

Results: The peptide candidates, which were recog-

nized by IgGs of cancer patients, efficiently induced 

antigen-specific CTLs from PBMCs of HLA-A2+ 

cancer patients. The antigen-specific CTLs lysed 

peptide-pulsed target cells as well as SW620 colon 

cancer cells in an HLA class I-dependent manner.

Conclusion: We identified novel T-helper peptide 

candidates derived from Lck, which can induce 

antigen-specific CTL responses in HLA-A2+ cancer 

patients. The Lck protein (p56Lck), the src family 

tyrosine kinase, which is essential for T-cell devel-

opment and function, is known to also be aber-

rantly expressed in metastatic epithelial cancers. 

The identified novel T-helper peptides might be 

useful for development of peptide-based vaccines, 

especially in patients with cancer metastases.
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Immunotherapeutic treatment of melanoma achieved 

major progress in recent years leading, for the first 

time, to improved survival. However, due to the fact 

that melanoma cells employ suppressive mecha-

nisms in order to evade recognition and destruction 

by immune effector cells, the majority of patients still 

do not benefit from immunotherapy. These mecha-

nisms are far more diverse than reflected by current 

clinically used immune modulatory drugs. In this 

study, we established a novel high throughput RNAi 

screening to identify new targets in melanoma using 

antigen-specific patient-derived tumor infiltrat-

ing lymphocytes (TIL) with primary HLA-matched 

melanoma cells. Using this approach, we screened a 

siRNA library containing more than 1200 G-protein 

coupled receptors (GPCR) and kinases as targets for 

immunotherapy.

Briefly, HLA-A2 and luciferase positive M579-A2-luc 

melanoma cells were reversely transfected with the 

GPCR and kinase library. Afterwards the target cells 

were co-cultured with MART1- and gp100-specific 

TILs to verify TIL-mediated tumor lysis. Local regres-

sion models (LOESS) were applied to generate a hit 

list of 48 candidates negatively regulating CTL cyto-

toxicity. Interestingly, 4 candidates of a related high-

throughput breast cancer screen were among the top 

hits, suggesting reproducibility and robustness of the 

screening approach as well as a general role of those 

immune-checkpoint molecules in cancer.

In a first validation step, we abrogated candi-

date-mediated inhibition of TIL cytotoxicity by 

siRNA knock-down. We found that knock-down 

of several candidates in M579-A2-luc increased 

TIL-mediated killing and activity, measured by 

production of IFN-γ, IL-2 and TNFα. Furthermore, 

inhibition of the kinase activity of two candidates 

with small molecule inhibitors increased the 

tumor cell susceptibility to TIL-mediated killing 

in a concentration-dependent manner. Currently 

we are establishing a secondary high-throughput 

screening assaying multiple TC activation markers, 

including effector cytokines, to streamline the 

discovery process for large scale surface molecule 

libraries (consisting of around 3700 genes associated 

with the cell surface).

In summary, we established a novel antigen-spe-

cific screening approach for immune-checkpoint 

molecules expressed in melanoma and were able 

to identify a list of promising candidates for further 

investigation. This high-throughput screening 

offers a systematic platform to uncover the “im-

mune-modulatome” of cancer and subsequently 

discover novel targets for immunotherapy. 

Michels T.1, Khandelwal N.1, Mäder C.1, Breinig M.2, Boutros M.2, Eisenberg G.3, Lotem M.3, 
Beckhove P.1

1	German Cancer Research Center, Translational Immunology, Heidelberg, Germany, 
2	German Cancer Research Center, Signaling and Functional Genomics, Heidelberg, Germany, 
3	Hadassah-Hebrew University Hospital, Sharett Institute of Oncology, Jerusalem, Israel 

High-throughput identification of immune-checkpoint  
molecules expressed by melanoma using patient-derived  
tumor-infiltrating lymphocytes

112 | New Targets & New Leads



135

The tight-junction molecule claudin 18.2 (CLDN18.2) 

is a novel drug target for the treatment of patients 

with, e.g. gastric, esophageal, or pancreatic cancer. 

CLDN18.2 expression is strictly confined to short-

lived gastric mucosa cells, but not present in any 

other healthy tissue. IMAB362 is the first-in-class 

monoclonal antibody against CLDN18.2 and is 

currently under clinical investigation in patients 

with gastroesophageal cancer (GEC). It bundles 

for independent, highly potent mechanisms of 

action: antibody-dependent cellular cytotoxic-

ity (ADCC), complement-dependent cytotoxicity 

(CDC), cross-linking induced apoptosis, and inhi-

bition of tumor-cell proliferation. IMAB362 exerts 

all 4 mechanisms of action in vitro in CLDN18.2-

positive human gastric (GC) and pancreatic cancer 

(PC) cells and leads in vivo to tumor-growth retar-

dation and a survival benefit in the respective xeno-

graft models. Chemotherapeutics are the standard 

of care in solid cancers, such as GC or PC. Here 

we hypothesized that standard chemotherapy may 

augment IMAB362‘s antitumoral activity in a pre-

clinical setting. 

Therefore we studied the effect of IMAB362 in com-

bination with standard chemotherapy in vitro and 

in vivo in models for GC (5-FU+O, EOF) as well 

as PC (gemcitabine, gemcitabine plus oxaliplatin). 

First we assessed the in vitro effect of cytostatic 

agents on IMAB362-mediated ADCC and CDC in GC 

and PC cell lines. Incubation with these agents en-

hanced the sensitivity of IMAB362-induced ADCC 

of both GC and PC cells with significantly reduced 

EC50 values. IMAB362-induced CDC was similarly 

affected by cytostatic agents in both models. Thus 

combination of IMAB362 with common chemo-

therapies enhanced its antitumoral activity in vitro.

For the analysis of the antitumoral activity of the 

combination of cytostatic agents with IMAB362 in 

vivo, mice were xenografted with either human 

GC or PC cells and treated with IMAB362 plus the 

respective chemotherapeutic agent. IMAB362 in 

combination with chemotherapy significantly in-

hibited tumor growth and led to a survival benefit 

in xenografted mouse models of both cancer types. 

IMAB362 plus the respective cytostatic agents were 

clearly superior to either treatment alone in both 

model systems in vivo. 

In order to explain this effect we hypothesized 

that cytostatic agents might increase CLDN18.2 ex-

pression in cancer cells. Treatment with cytostatic 

agents increased CLDN18.2 gene expression and 

protein expression of human GC and PC cells. The 

increased target presence may at least in part fa-

cilitate the augmentation of IMAB362‘s antitumoral 

activity. 

In conclusion, the addition of cytostatic agents 

augments IMAB362‘s antitumoral activity in pre-

clinical models of GC and PC. This may in part be 

boosted by the increased target availability on the 

surface of cancer cells caused by cytostatic agents. 

Our data provide strong rationale for further clini-

cal evaluation of IMAB362 combination therapies 

and studies are ongoing in patients with GEC. 
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Recent experimental and clinical reports highlight 

the promise of using immune cell function to control 

tumor growth and even achieve rejection. Current 

activities focus on reversing immune checkpoints 

that are mediated by surface expressed molecules, 

i.e. PD-1, LAG-3, TIM-3 or CTLA-4. Therapeutics 

targeting these checkpoints show reassuring posi-

tive clinical results. Yet, a significant portion of 

patients does not respond and some tumor histolo-

gies appear to be completely unresponsive.

Our analysis of tumor-infiltrating lymphocytes 

(TILs) of human renal cell carcinoma revealed di-

acylglycerol kinase (DGK)-α as a key regulator of 

CD8 T lymphocyte function and NK cell function 

in the tumor milieu (1,2). DGK-α is a physiologic 

attenuator of immune cell activity and controls 

functional activities through moderating ERK and 

Akt signaling pathways. DGK-α was found highly 

expressed in CD8-TIL and NK-TIL compared to re-

spective cell types from non-tumor kidney. Con-

comitantly, cytotoxic lymphocytes of TILs showed 

repressed ERK pathway activation as well as poor 

degranulation and cytokine production after stim-

ulation. Inhibition of DGK-α as well as brief IL-2 

culture restored cytotoxic lymphocyte function. 

Both interventions de-repressed the ERK pathway. 

DGK inhibition did not augment degranulation 

beyond the intrinsic response efficacy of the cy-

totoxic lymphocyte. This has important implica-

tion for a potential targeting of DGK in a clinical 

setting as this eases concerns about undesirable 

autoimmunity.

DGK inhibitors or activators of the ERK pathway 

emerge as promising therapeutic targets to improve 

antitumor immunotherapy in several ways. DGK 

inhibition restores suppressed function of both 

adaptive as well as innate cytotoxic lymphocytes 

in the tumor milieu. CD8 T cells and NK cells act 

synergistically in antitumor response with NK cells 

recognizing tumor cells that are resistant to T cell 

killing due to downregulation of MHC-class I mole-

cules. Conjointly de-repressing the function of both 

cell types should lower the occurrence of immune 

escape. Moreover, DGK inhibition should act syn-

ergistically with current checkpoint therapeutics 

as it unblocks signaling pathways downstream of 

current checkpoint molecules. Further, DGK in-

hibition is reported to block key oncogenic path-

ways in tumor cells, pathways which are relevant 

for tumor cell survival (3). Therapeutic targeting 

of DGK, thus, may support the antitumor response 

not only by restoring cytotoxic lymphocyte activity 

but additionally by activating apoptotic pathways 

in tumor cells.
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Epitope discovery is a bottleneck for develop-

ment of immunotherapy and vaccination in cancer 

and infectious disease. Here, we describe a new 

technology for the rapid and direct identification 

of multiple naturally processed and immuno-

genic cytotoxic T cell (CTL) epitopes, as well as 

of the T cells recognizing the epitopes. The high-

throughput technology was based on the transfec-

tion of monocyte-derived dendritic cells (DCs) with 

mRNA encoding the full-length target protein and 

subsequent co-culture with T cells. CTLs reactive 

to processed and presented epitopes were directly 

detected using a panel of peptide-HLA multimers 

containing computationally predicted epitopes. 

The approach was first tested in a setting in which 

foreign antigens were presented on self-HLA. DCs 

from Hepatitis C virus (HCV) seronegative HLA-

A2pos donors were transfected with mRNA encod-

ing full-length HCV non-structural (NS) protein 3 

or core Ag. Collectively, the CTLs that were gener-

ated from two donors covered the majority of the 

tested 20 peptide specificities, including 5 novel 

epitopes in NS3, indicating that naïve T cell reper-

toires can be efficiently used for epitope discovery 

in foreign antigens.

Next, we used T cells from HLA-A2neg donors for 

the detection of HLA-A2-bound peptides from 

two leukemia-associated differentiation antigens; 

CD20 and the novel cancer target myeloperoxidase 

(MPO). Human Leukocyte Antigen (HLA) mol-

ecules presenting peptides derived from shared 

tumor-associated self-antigens (self-TAA) represent 

attractive targets for T-cell based immunotherapy 

of cancer. However, self-tolerance and limitations 

in the sensitivity of mass spectrometry hampers 

the detection of such epitopes. Here, the DCs from 

HLA-A2negative donors were co-transfected with 

full-length transcripts of self-TAA and HLA-A2 to 

allow presentation of all naturally processed pep-

tides from a pre-defined self-protein on foreign HLA. 

Remarkably, cytotoxic T cells (CTLs) were gener-

ated against 36 novel epitopes out of 50 peptides 

predicted to bind HLA-A2. These allo-restricted T 

cells showed exquisite peptide- and HLA-specifici-

ty, and responded strongly to HLA-A2 positive leu-

kemic cells endogenously expressing CD20 or MPO. 

In conclusion, our data demonstrate that the rep-

ertoire of self-peptides presented on HLA class I 

has been underestimated, and that non-tolerized 

T cell repertoires can be utilized to efficiently 

and specifically target such self-TAA. Further-

more, naïve, non-tolerized T cell repertoires 

can be efficiently used to discover epitopes in 

foreign antigens using the described technology. 

The approach was validated by discovery of a large 

number of novel epitopes in two leukemia-asso-

ciated differentiation antigens; the novel cancer 

target myeloperoxidase and CD20, and in Hepatitis 

C virus.
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Introduction: Triple negative breast cancer (TNBC) 

represents 15-20% of newly diagnosed breast cancer 

cases and appropriate treatment of TNBC patients 

is still a challenge. Compared with other forms 

of breast cancer, patients with the TNBC subtype 

have a poorer prognosis also related to the absence 

of a specific therapy. Hormonal or Herceptin-based 

therapies are indeed ineffective because of the loss 

of target receptors. Conventional chemo- and/or ra-

diation therapy also have only limited efficacy in 

TNBC patients. Hence, the identification of novel 

therapeutic approaches is an urgent clinical need. 

Because of the suggested immunogenicity of TNBC 

tumors, vaccination may represent an attractive 

therapeutic approach. Identification of eligible 

targets for vaccination requires careful expres-

sion profiling of candidates followed by selection 

of highly immunogenic transcripts. Cancer Testis 

Antigens (CTAs) represent attractive candidates for 

cancer immunotherapy. CTAs are expressed in a 

variety of cancerous tissues and are silent in normal 

adult tissues, except for immune privileged sites 

such placenta throphoblastic cells and male germ 

cells. Because of these restricted expression pat-

terns, immune responses to such antigens should 

not be impaired by the autotolerance mechanisms, 

improving vaccines efficiency.

Aim: The aim of this study was to identify relevant 

CTAs for TNBC vaccination. 

Materials and methods: We analyzed the expres-

sion of 98 Cancer Testis Antigens (CTAs) in a large 

set of normal and TNBC tissues using microfluidic 

based multiplex qRT-PCR (Fluidigm). Expression of 

relevant targets was validated at the protein level 

by Western Blot and Immunohistochemistry. T cell 

epitopes were identified by analyzing the ex-vivo 

reactivity of spleen cells from CXorf61 immunized 

HLA-A*02-transgenic mice against CXorf61-derived 

peptides by IFNy-ELISPOT assay.

Results: We identified CXorf61 as frequently ex-

pressed in 53 TNBC samples and as low expressed 

in 66 normal tissues. We performed further analy-

sis aimed to address its eligibility in vaccination 

approaches showing for the first time its expres-

sion at the protein level in cell lysates and tissues 

sections and identifying two HLA-A*02 restricted 

T cell epitopes.

Conclusion: Our data qualify CXorf61 as a relevant 

target candidate for vaccine-based clinical trials in 

the treatment of TNBC. 
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Objective: Late diagnosis and resistance to chemo-

therapy are the main causes for the high mortality 

among women suffering from ovarian carcinoma 

(OvCa) emphasizing the urgent need for new 

treatment options. Meanwhile, several puplica-

tions provide evidence that OvCa is a highly im-

munogenic tumor entity making immunotherapies 

like peptide-based cancer vaccines promising ap-

proaches for the treatment of OvCa.

The main goal of this study was to perform HLA 

ligandome analysis of high-grade serous OvCas 

to identify tumor-associated peptides. In order to 

assess whether HLA ligandome reflects protein ex-

pression, candidates were validated by immunohis-

tochemistry and correlated with immune cell infil-

tration and overall survival in a large OvCa cohort.

Material and methods: We isolated HLA class I 

molecules by affinity chromatography from 7 dif-

ferent OvCa samples and analyzed HLA ligands by 

liquid chromatography coupled mass-spectrome-

try. Candidate peptides were selected for immuno-

genicity analysis. In vitro priming of CD8+ T cells 

from healthy blood donors was performed with 

artificial antigen-presenting cells (aAPCs). Pres-

ence of antigen-specific T cells was evaluated by 

tetramer staining and the functionality (cytokine 

production and cytotoxicity) was further assessed. 

Finally, the combined prognostic effect of tumor 

infiltrating lymphocytes (TILs) and the expression 

of candidate antigens was evaluated by immuno-

histochemistry in a tissue microarray of 136 cases 

of high-grade serous OvCas.

Results: HLA ligandome analysis identifies pep-

tides derived from the established TAA HDAC1 to 

be highly overrepresented on tumor cells. In total, 

4 different HDAC1 and HDAC2 derived peptides 

covering 3 different HLA restrictions were identi-

fied and tested for their immunogenic potential. In 

vitro priming confirmed 2 of these peptides to be 

immunogenic.

The most promising epitope is an HLA-A*02 restrict-

ed peptide which induced T-cell responses in 9 of 

11 donors. To confirm this strong immunogenicity, 

in vitro primings were performed using peptide-

loaded autologous DCs resulting in a positive IFNγ-
response in 7 of 14 tested donors. T-cell multifunc-

tionality has been shown by staining for TNFα, IL-2, 

CD107a and MIP-1β. In addition, HDAC1/2-specific 

T cells lysed HLA-A*02+ tumor cells in cytotoxicity 

assays whereas HLA-A*02-negative cells were not 

killed. Immunhistochemistry revealed HDAC1 to be 

highly overexpressed in OvCa and showed a nega-

tive impact on prognosis (median 26 vs. 42 months, 

p=0,011, log rank). Notably, high numbers of TILs 

can overcome this prognostic effect.

Conclusions: Based on our experimental data we 

plan to use the immunogenic HDAC1/2 derived 

peptides in an upcoming multipeptide Phase I/

II vaccination trial in OvCa patients. Further we 

could show that the combined approach of prot-

eomics and immunohistological evaluation is con-

tributing to the identification and validation of 

reasonable antigens for the development of a mul-

tipeptide vaccine for OvCa.
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The main goal of dendritic cell (DC) vaccination in 

melanoma is to induce a strong and tumor-specific 

T-cell response. Therefore, DC are manipulated to 

present tumor antigens to activate those T cells 

which are carrying a tumor-antigen-specific T-cell 

receptor. Classically, non-mutated tumor-associat-

ed antigens are used, but recently, also frequently 

occurring mutations of oncogenes, e.g. BRAFV600E, 

NRASQ61K, have emerged as possible new targets 

of therapeutic tumor immunization. To detect and 

monitor the induced T cells without requirement 

for characterized T-cell epitopes and independent 

from HLA haplotypes we expressed these anti-

gens intracellularly for natural processing. Testing 

several cell types identified the electroporation of 

autologous T cells themselves with the antigen-

encoding mRNA as preferable. Taking advantage 

of their capability to present antigens on their own 

MHC molecules, the electroporated T cells were 

then capable to stimulate each other. 

We verified the functionality of this read-out 

system with the melanoma antigen MelanA. Using 

tetramer staining, we observed an increase in the 

percentage of MelanA-specific CD8+ T cells after 

repeated stimulation with MelanA-RNA electropo-

rated DC. When these T cells were electroporated 

with RNA, they were able to express, process, and 

present the mRNA-encoded antigen and to stimu-

late each other, shown by cytokine-secretion-based 

assays. The numbers of cytokine-producing T cells 

after mRNA electroporation correlated with those 

observed after peptide pulsing, if intermediate 

peptide concentrations were used. These results in-

dicate that T cells of high and intermediate affinity 

can be detected with our new screening method. 

To examine the immunogenicity of the frequent-

ly occurring tumor driver mutations BRAFV600E, 

NRASQ61K, we electroporated mature DC of healthy 

donors with mRNA containing the wild-type or 

the mutated antigen sequence in order to obtain 

the MHC presentation of the naturally processed 

antigen peptides. Afterwards, we stimulated autol-

ogous CD8+ T cells up to four times with these DC 

to expand the tumor-specific T cells. To determine 

the percentages of tumor-antigen specific T cells, 

we electroporated them with mRNA of the mutated 

or non-mutated antigens, and used IFNg-ELISPOT 

assays and intracellular cytokine staining as read-

outs.

Testing mutated antigens with this read-out system 

we could find a clear induction of immune respons-

es. However, T cells of many donors expanded after 

stimulation with both, the mutated and the wild-

type antigens. Cross-reactivity between the differ-

ent antigen versions were observed, and is now 

systematically tested and compared in melanoma-

bearing patients versus healthy persons.
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Despite the introduction of new drugs like Vemu-

rafenib and Ipilimumab, melanoma remains the 

most deadly form of skin cancer. As melanomas 

frequently become resistant or do not respond to 

current treatments, there is still a highly unmet 

medical need. Stimulation of the cytosolic RNA re-

ceptor retinoic acid inducible gene I (RIG-I) opens 

a new therapeutic strategy that could be well com-

bined with modern immunotherapeutic regimens. 

RIG-I activation preferentially induces apoptosis in 

tumor cells and simultaneously activates the innate 

immune system via type I interferon (IFN) signal-

ing. We previously developed an optimized fully 

synthetic 5´-triphosphate RNA (called ImOl100) 

ligand selective for RIG-I. We tested this immu-

nostimulatory RNA in the genetic autochthonous 

Hgf-Cdk4 mouse melanoma model, which closely 

recapitulates human melanoma pathogenesis and 

therefore creates a more accurate prediction of 

therapeutic efficacy in patients than transplant-

able tumor models. Local delivery of ImOl100 into 

primary established HgfxCdk4R24C mouse mela-

noma induced potent tumor regression in contrast 

to the TLR9 ligand CpG DNA. Histological analy-

sis of the tumors revealed a strong infiltration of 

immune cells in ImOl100, but not in control RNA 

treated melanoma. ImOl100 induced a pronounced 

and durable type I IFN response after multiple local 

injections in IFNß-Luciferase reporter mice. Fur-

thermore, ImOl100 synergized in the treatment of 

primary as well as transplanted melanoma with the 

inhibition of PD-1 signaling, opening the possibil-

ity of improved combinatorial treatment regimens. 

In summary, our RIG-I-selective ImOl100 shows 

strong anti-melanoma activity in a clinically rel-

evant genetic mouse model synergizing with cur-

rently evolving treatment strategies.
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Non-small cell lung cancer (NSCLC) accounts for 

81% of all lung cancer cases and they are often fatal 

because 60% of the patients are diagnosed at an 

advanced stage. Besides the need for earlier diag-

nosis, there is a great need for additional effective 

therapies. We have characterized by non-invasive 

magnetic resonance imaging (MRI), histopatholog-

ical and immunohistochemical analysis the lung 

cancer progression in a K-rasLA1/p53R172HDg mouse 

model which mimics features of human metastatic 

NSCLC. We have investigated the feasibility of this 

preclinical model as a biological reservoir for po-

tential therapeutic targets and biomarkers. 

Since the identification of oncoantigens expressed 

during tumor development could provide an un-

precedented opportunity to address the immune 

system against these molecules, we performed a 

microarray analysis and RNA-seq profiling on total 

RNA extracted from lungs of 10,20 and 30 week-

old wild type (wt) and K-rasLA1/p53R172HDg male and 

female mice to detect gene/exon-level differential 

expression and/or fusion genes associated to the 

increment of tumor mass. 

Fusion events were not detected as well as genes 

with a differential expression at exon-level showed 

no significant correlation with the disease prog-

nosis, while differential expression at gene-level 

allowed the identification of 1513 genes with a 

significant increase in expression associated to 

tumor mass increase. 74 genes, i.e. those secreted 

or expressed on the plasma membrane, were used 

for a meta-analysis of two transcriptomic datasets 

of human NSCLC sample. SPP1 (osteopontin) was 

the only molecule whose overexpression was sta-

tistically related to poor outcome in terms of both 

survival and metastasis formation. Two other mol-

ecules displaying over-expression associated with 

metastasis formation caused poor outcome, GM-CSF 

and ADORA3. GM-CSF is a secreted protein, and we 

confirmed its expression in the supernatant of a 

cell line derived from a K-rasLA1/p53R172HDg mouse 

tumor. ADORA3 is instead involved in the induc-

tion of p53-mediated apoptosis in lung cancer 

cell lines. Since p53 is inactivated in our model, 

ADORA3 does not negatively affect tumor growth, 

but remains expressed on tumor cells. Thus, it 

may be an interesting target for the development 

of antibody-targeted therapy on a subset of NSCLC 

which is p53 null and ADORA3 positive. Moreover, 

among those genes found differentially expressed 

during lung cancer progression in mice that full-

fill the minimal requirement for an oncoantigen, 

ROS1 was identified as an interesting putative on-

coantigen to be further investigated. Indeed, on the 

basis of the literature we consider ROS1 a potential 

candidate for the building of anti-tumor vaccines 

against NSCLC. In conclusion, our study provided 

a complete transcription overview of the K-rasLA1/

p53R172HDg mouse NSCLC model. This approach 

allowed for the detection of ADORA3 and ROS1 as 

potential targets for new immunotherapeutic strat-

egies to fight against NSCLC. 
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A series of antigens targeted by autologous TCRαβ+ 

CD8+ cytotoxic T-cell (CTL) clones have been iden-

tified via cDNA expression cloning in the human 

melanoma model Ma-Mel-86 (patient INTH) with 

four stable tumor cell lines derived from different 

lymph-node metastases. Most of them were mel-

anocyte differentiation antigens, whereas HER-

PUD1G161S (homocysteine-inducible, endoplasmic 

reticulum stress-inducible, ubiquitin-like domain 

member 1) represented a mutated neoantigen tar-

geted by HLA-B*15:01-restricted CTL. But a signifi-

cant proportion of T cells did not recognize any of 

40 known melanoma-associated antigens. To find 

out, whether they were directed against one or 

more individual neoantigens, we performed exome 

and transcriptome sequencing of the four mela-

noma cell lines and an autologous lymphoblastoid 

cell line to define expressed somatic mutations as a 

first step. All samples were sequenced as biological 

duplicates (exomes) or triplicates (transcriptomes) 

on the Illumina HiSeq 2000 platform. With these 

sequencing data 181 expressed somatic non-synon-

ymous point mutations were identified, 63 of which 

were common to all four melanoma cell lines. We 

determined for all mutations the probabilities for the 

presentation of mutated 8-, 9- and 10-mer peptides 

by the patient‘s HLA class I molecules using NetMHC  

(http://www.cbs.dtu.dk/services/NetMHC/) and 

IEDB (http://tools.immuneepitope.org/mhci/). 174 

peptides with a predicted binding affinity of ≤500 

nM (NetMHC) and a percentile rank of ≤10 (IEDB) 

were synthesized and tested for their recognition 

by eight independent autologous mixed lympho-

cyte-tumor cell cultures (MLTCs) derived from 

four distinct blood samples and generated by stim-

ulation with different autologous melanoma lines. 

Eleven of the predicted peptides were recognized 

by at least one of the MLTCs. They were encoded 

by four mutated genes: HERPUD1G161S (see above), 

INSIG1S238F (insulin-induced gene 1), MMS22LS437F 

(methyl methanesulfonate-sensitivity protein 22-

like), and PRDM10S1050F (PR domain containing 10). 

All newly identified mutated peptide antigens were 

recognized in association with HLA-A*24:02 as 

demonstrated with MLTC-derived, clonal T cells. 

Final experiments will specify the optimal peptides 

and validate their intracellular processing. - The 

combination of both exome and transcriptome data 

allowed us to reliably determine expressed somatic 

mutations in Ma-Mel-86 cells. In independently 

generated autologous MLTCs, T-cell responses were 

observed against approximately 6% of the peptides 

carrying these mutations and predicted to bind to at 

least one of the patient ś HLA molecules according 

to the parameters indicated above. Retrospectively, 

the success rate could have been increased to 32% 

(8/25 peptides tested as positive) without missing 

any of the four immunogenic mutations using more 

strict selection criteria (NetMHC: binding affinity 

≤200 nM, IEDB: percentile rank ≤1). 
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In our earlier studies, Semliki Forest virus vector 

VA7 completely eliminated type I interferon unre-

sponsive human U87-luc glioma xenografts while 

interferon responsive mouse gliomas proved re-

fractory. Here we describe in two clones of CT26 

murine colon carcinoma, opposed patterns of type 

I interferon responsiveness and sensitivity to VA7. 

Both CT26WT and CT26LacZ clones secreted bio-

logically active interferon in vitro upon virus infec-

tion but it protected only CT26WT cells. Focal virus 

infection in these cells was self-limiting but could 

be rescued using type I interferon pathway inhibi-

tor Ruxolitinib or antibody against IFNβ. Whole 

transcriptome sequencing (RNA-Seq) and protein 

expression analysis revealed that CT26WT cells 

constitutively expressed 56 different genes associ-

ated with pattern recognition and type I interferon 

signaling pathways, spanning two reported anti-

RNA virus gene signatures and 22 genes with re-

ported anti-alphaviral activity. Whereas CT26WT 

tumors were strictly virus-resistant in vivo, in-

fection of CT26LacZ tumors resulted in complete 

tumor eradication in immunocompetent and SCID 

mice. Despite successful eradication of CT26LacZ 

tumors from one flank CT26WT tumors continued 

growing in the other. The outcome was the same 

when CT26LacZ tumors contained only small frac-

tion of CT26WT cells, demonstrating the domi-

nance of IFN-responsiveness when heterogeneous 

tumors are targeted with interferon sensitive onco-

lytic viruses.
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Cancer and chronic viral infections challenge the 

human immune system and have generated mul-

tiple ways to evade an immune response. While 

cancer cells finally escape the immune system, 

many chronic viral infections are controlled life-

long by the adaptive immune response. 

Antibody mediated targeting of recombinant 

pathogen-derived peptide MHCI-complexes (major 

histocompatibility complexes) can decorate tumor 

cells with antigenic peptide-MHCI-complexes thus 

mimicking viral infection and triggering elimina-

tion of these cells by CD8+ cytotoxic T-cells. Ther-

apeutic approaches were so far partly hampered 

by the infeasibility to produce those molecules as 

human IgG fusions and in reasonable quantities. 

Employing extensive protein engineering, we gen-

erated novel formats of fully recombinant virus 

peptide-MHCI- fusions with full human IgG an-

tibodies (pMHCI-IgG). These molecules can be 

expressed in standard mammalian expression 

systems with similar yield and purity as compared 

to normal antibodies. pMHCI-IgG molecules target 

tumor cells via the antibody-inherent specificity 

and thus deliver correctly folded viral peptide-

HLA-A*0201 complexes to the tumor cell surface. 

We demonstrated that these molecules recruit and 

activate CD8+ CMV (Cytomegalovirus) pp65 spe-

cific T-cells in a peptide-restricted manner exclu-

sively upon target binding and polyvalent pMHCI 

delivery. We show that donor derived CMV pp65 

specific CD8+ T-cells within PBMCs (Peripheral 

Blood Mononuclear Cells) are numerically and 

functionally sufficient to eliminate tumor cells tar-

geted with pMHCI-IgGs without any co- or pres-

timulation. As current anti-CD3 T-cell recruitment 

strategies (BITEs) harbor some important disad-

vantages like bulk T-cell activation and the sub-

sequent massive release of cytokines, we investi-

gated how pMHCI-IgGs compare to BITEs in two 

aspects. First, we show that the capacity of pMHCI-

IgGs to recruit T-cells via pMHCI/TCR interaction 

is comparable to T-cell activation via high affinity 

anti-CD3 binders and that pMHCI-IgGs were simi-

larly effective in inducing tumor cell killing under 

analogous preconditions. Secondly we show that 

even with donor derived PBMCs containing only 

small populations of peptide-MHC specific T-cells 

we are able to induce a potent eradication of tumor 

cells in vitro in a concentration- and time-depend-

ent manner which was comparable to BITEs. Ad-

ditionally, pMHCI-IgGs indeed seem to possess a 

much more favorable safety profile in comparison 

to BITEs. Consequently, pMHCI-IgGs constitute an 

attractive approach to induce highly functional 

but more specific and safer recruitment of T-cells 

to eradicate tumor cells. With the novel format of 

pMHCI-IgGs these molecules now advance in the 

focus of therapeutic application.
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The composition of the immunologic tumor micro-

environment is crucial to disease progression and 

patient survival. Whereas marker profiles of fa-

vorable and non-favorable immunologic microenvi-

ronment compositions were described, therapeutic 

intervention remains a substantial challenge. Ther-

apeutic targeting of the tumor microenvironment 

requires addressing different immune cell types 

and requires combinations of biological signals. 

Urinary bladder carcinoma is an epithelial tumor 

qualified as immunotherapeutic target indica-

tion based on decades of therapeutic intravesical 

administration of the bovine mycobacterium Ba-

cillus Calmette-Guérin (BCG). Repeated cycles of 

BCG administration induce unspecific inflamma-

tion and in turn can result in clinical response and 

prolonged survival of patients. 

As therapeutic system addressing the tumor mi-

croenvironment and to induce concerted local 

induction of a cellular immune response we have 

developed an adenoviral vector system expressing 

the cytokines interleukin-2, interleukin-12 and the 

costimulatory protein 4-1BBL, termed Immunalon®. 

For the first time, molecular microenvironment 

reprogramming using this multivalent biological 

product was evaluated in an ex vivo human tumor 

tissue model of bladder carcinoma. Immunologi-

cal changes are monitored over time by expression 

profiling using whole transcriptome analyses, by 

quantification of secreted therapeutic and response 

proteins and by histology to confirm cellular com-

position of stimulated samples.

Preliminary data in these resected tumor samples 

show that stimulation with Immunalon® leads to 

a broad activation of cellular immunological pro-

cesses. This activation is dose-dependent and not 

observed by stimulation with control adenovirus 

without transgene expression. Tissue culture su-

pernatants show elevation in Interleukin-12 and 

Interleukin-2 levels, as well as stimulation of a 

substantial Interferon-gamma response. Histologic 

evaluation indicates clear evidence for treatment-

induced changes in infiltrating lymphocyte pat-

terns.

Our data suggest primary urinary cancer tissues 

as valuable immunotherapy model. All features 

for treatment simulation by the adenoviral im-

munotherapeutic Immunalon® are provided, e.g. 

the dimension of tissue samples, their viability in 

culture over up to 14 days, and their non-dissociat-

ed microenvironment that retains the immunologic 

infiltrates serving as targets for local therapy ap-

proaches.

Based on the wide alterations in expression pro-

files detected upon Immunalon® exposure, further 

investigations on the cellular components of local 

immune activation are envisaged. Data on pro-

cesses and effector cells that support the thera-

peutic potential of Immunalon® in the treatment of 

bladder carcinoma will be provided at the meeting. 
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Point mutations in the isocitrate dehydrogenase 

(IDH) genes are an early, if not the earliest event 

during the development of gliomas and other 

tumors, such as acute myeloid leukemia (AML). 

Among grade II and grade III gliomas, more than 

80 % carry an IDH mutation. In these entities, mu-

tations almost exclusively affect the catalytically 

critical arginine residue of the cytoplasmic IDH1, 

leading to the amino acid exchange to histidine 

(R132H). This and other IDH mutations result in a 

neomorphic enzyme function and the production 

of the oncometabolite 2-hydroxyglutarate (2-HG) 

and thus genome-wide hypermethylation and ma-

lignant transformation. 

The work at hand demonstrates the suitability of 

IDH1R132H as a target for immunotherapy in an 

MHC-humanized mouse model, A2.DR1. Peptides 

encompassing the mutated region bound MHC class 

II in vitro and induced a mutation-specific CD4+ T 

helper (Th) response in vivo, whose antigen-speci-

ficity persisted in a specific T cell line and clone and 

which was accompanied by IDH1R132H-specific 

antibody production. To detect IDH1R132H-specific 

IgG in mouse and human serum, a peptide-coat-

ed ELISA was established. Several tested patients 

with IDH1R132H+ gliomas showed spontaneous 

IDH1R132H-specific antibody and CD4+ Th1 cell 

responses. Preventive and therapeutic IDH1R132H 

peptide vaccination of A2.DR1 mice bearing syn-

geneic IDH1R132H+ sarcomas resulted in an effec-

tive mutation-specific antitumor immune response 

capable of controlling tumor growth in a CD4+ T 

and B cell-dependent manner. Functionality of the 

vaccine was evidenced by loss of IDH1R132H ex-

pression in IDH1-transduced sarcomas and infiltra-

tion of IDH1R132H-specific CD4+ T cells into the 

tumor bulk. Compared to therapeutic MHC II-me-

diated peptide vaccination against the well-estab-

lished cancer testis antigen 1 (CTAG1B, NY-ESO-1), 

IDH1R132H is a relevant neoantigen of comparable 

efficacy. 

In conclusion, IDH1R132H represents a poten-

tially clinically meaningful tumor-specific neoan-

tigen. Conceptually, patients with low-grade and 

anaplastic gliomas with a high prevalence of the 

IDH1R132H mutation represent a patient popula-

tion, which may particularly benefit from a tumor 

vaccine, as there is currently no therapy preventing 

recurrence in this relatively young and immuno-

logically competent patient population. Moreover, 

patient groups with other IDH1R132H-mutated 

tumors might potentially also benefit from such a 

vaccine. 
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Ovarian cancer remains the most lethal gynecolog-

ical disease owing to late diagnosis and frequent re-

sistance to platinum based chemotherapy. Despite 

recent improvements the overall prognosis of pa-

tients suffering from ovarian cancer remains poor 

and curative treatment is only possible by surgical 

resection at an early non-metastatic stage. The lack 

of treatment options and the high immunogenicity 

of ovarian cancer accompanied by frequent infil-

tration with lymphocytes have long demanded the 

use of an immunotherapeutic approach. Previous 

attempts involving peptide based vaccinations with 

WT1, p53 or NY-ESO however have failed to trans-

late into clinical benefit. One major reason is that 

none of the tested antigens has ever been shown 

to be likewise presented by HLA molecules on 

ovarian cancer cells.

Here we report the design of a warehouse of natu-

rally presented HLA peptides for off-the-shelf as 

well as personalized treatment of ovarian cancer 

patients. The constituents of this warehouse were 

identified by in depth HLA ligandome mapping 

of ovarian tumors and high throughput immuno-

genicity analysis of peptide vaccination candidates. 

We extracted HLA ligands from more than 30 dif-

ferent ovarian cancer samples and identified the 

presented peptides by state-of-the-art liquid chro-

matography coupled mass spectrometry yielding 

more than 35 000 unique peptides. In six cases we 

additionally took great effort to previously digest 

the cancer tissue into a single cell suspension in 

order to separate tumor cells, leukocytes and sur-

rounding stroma cells by two consecutive MACS 

separations. Purified cell populations were again 

subjected to HLA ligandome analysis and label free 

quantification (LFQ) was used to determine the cel-

lular origin of individual ligands and to verify the 

tumor association of peptides. All candidate anti-

gens were additionally cross checked to be not pre-

sented on other tissues with an in house generated 

database of HLA ligands extracted from various 

benign samples of different origin (liver, kidney, 

ovary, PBMC…).

Analysis revealed CA-125 to be a key antigen for im-

munotherapy giving rise to more than 50 different 

HLA class I and several class II presented peptides 

that could be used synergistically in a vaccination 

cocktail. CA-125 presented peptides were found in 

more than 70% of tested patients making it a suit-

able antigen for an off-the-shelf cocktail. Notably, 

the presence of CA-125 presented peptides was not 

strictly dependent on elevated CA-125 serum levels. 

Additional peptides derived from further selected 

tumor associated antigens (IDO, Galectin-1, PTK2, 

ESR) can be used in a personalized approach di-

rectly addressing the antigenic profile of the pa-

tient‘s tumor.

In order to ensure that identified ligands can also 

be recognized by T cells and induce a functional 

T-cell response they were tested in an ex vivo high 

throughput immunogenicity analysis platform 

using healthy donor T cells and artificial antigen 

presenting cells.
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Retinoic acid inducible gene-I (RIG-I) is an ubiq-

uitously expressed cytoplasmic receptor of the 

innate immune system. RIG-I detects viral 5‘-triph-

sophorylated-RNA (3pRNA) within the cytosol of 

infected cells and triggers antiviral signaling path-

ways, including type I IFN induction in immune 

and non-immune cells. Tumor cells express RIG-I 

and respond to its activation by release of anti-

proliferative cytokines and pronounced apoptosis. 

Interestingly, non-malignant cells are considerably 

less susceptible to RIG-I induced apoptosis. There-

fore, RIG-I ligands not only act on immune cells but 

directly on tumor cells and thus are different from 

classical immunostimulatory compounds acting 

only on immune cell subsets.

It was demonstrated that RIG-I activation leads to a 

strong anti-tumor effect in melanoma and glioblas-

toma by induction of direct apoptosis within the 

tumor cells and additionally by different immune 

mechanisms including type I IFN induction and 

NK cell activation. As RIG-I expression is not re-

stricted to these tumor entities we generated a 

minimal synthetic 5‘triphosphorylated RNA that 

is highly active and selective for RIG-I stimula-

tion (ImOl100) and tested its antitumor activity in 

different tumor entities in vivo such as mammary 

cancer, fibrosarcoma, ovarial cancer and hepato-

cellular carcinoma. In an orthotopic breast cancer 

model and in a murine fibrosarcoma model intratu-

moral injections of ImOl100 led to effective tumor 

regression. In a syngenic murine ovarian cancer 

model ImOl100 treatment was administered intra-

peritoneally and induced complete elimination of 

the tumor cells judged by in vivo imaging of labeled 

tumor cells. Moreover, ImOl100 treatment offered 

protection against tumor rechallenge in this model. 

An intravenous application route was used in an 

orthotopic hepatocellular carcinoma (HCC) model. 

ImOl100 treated mice showed a distinct decelera-

tion of HCC caused ascites and therefore a notably 

extention of survial. 

In summary, RIG-I agonisation is effective in a 

broad range of different tumor entities and in dif-

ferent application routes in vivo. Therefore, activa-

tion of RIG-I is a promising anti-tumor mechanism 

with a broad potential for clinical application. 
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B-lineage acute lymphoblastic leukemia (ALL) is the most 

common childhood cancer. Although this disease can be 

curatively treated in 80% of patients by chemotherapy, 

prognosis for primary refractory or relapsed patients is 

very poor. Even after allogeneic stem cell transplantation 

(SCT), relapse rates are considerable and correlate signifi-

cantly with persistent minimal residual disease (MRD) 

prior to or after SCT. Since a MRD constellation represents 

favorable effector-target ratios it is well suited for immu-

notherapy with therapeutic antibodies.

We developed and produced a third-generation CD19-

specific monoclonal antibody (mAb) (4G7SDIE) in clini-

cal-grade quality at a university-owned production unit. 

This high affinity Fcoptimized chimerized CD19-specif-

ic mAb mediates enhanced antibodydependent cellular 

cytotoxicity (ADCC) by NK cells through its improved 

capability to recruit FcγRIIIa bearing effector cells. In 

this study, 4G7SDIE was applied within the scope of a 

compassionate use program in pediatric patients with 

relapsed or refractory B-lineage ALL and characterized 

in vitro and in vivo.

As a first step, we confirmed expression of CD19 on leu-

kemic blasts by quantitative flow cytometry. In initial 

cytotoxicity screenings, performed in an allogenic 

setting, we observed significantly increased lysis of B-

lineage ALL blasts by PBMC after adding 4G7SDIE.

4G7SDIE was applied in 14 MRD-positive pediatric B-

lineage ALL patients to reduce or eradicate MRD. In 9/14 

patients, leukemic load was reduced by ≥ 1 log or below 

MRD-detection threshold during immunotherapy with 

4G7SDIE. 2/9 responders received additional treatment.

Cytotoxicity assays using B-lineage ALL patient PBMC 

on autologous blasts confirmed sustained functionality 

of patient NK cells over the course of 4G7SDIE treat-

ment. In vitro cytotoxicity assays were performed using 

PBMC obtained at different time points of 4G7SDIE 

treatment from transplanted patients. Lysis of autolo-

gous leukemic blasts was found to be increased when 

adding 4G7SDIE or autologous patient serum taken after 

antibody treatment.

In a model with MCF7CD19transfectants, expressing 

various CD19 levels on the cell surface, a positive corre-

lation between CD19 surface expression levels and lysis 

by PBMC of healthy donors coincubated with 4G7SDIE 

was shown. Strikingly, in 2/2 analyzed patients under 

4G7SDIE therapy, a downmodulation of CD19 surface 

expression on the leukemic blasts was observed. In 

vitro antigenic shift assays on primary leukemic blasts 

showed considerable but very heterogeneous shift of 

CD19 surface expression. These observations hint at in 

vivo tumor escape mechanisms and furthermore indi-

cate selective pressure exerted by immunotherapy with 

4G7SDIE, underlining its therapeutic potential, but also 

delineating its limitations.

In conclusion, promising anti-leukemic effects have 

been observed in vitro and in vivo in this compassion-

ate use program. We are currently setting up a phase I/

IIa clinical trial. 
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Human cytomegalovirus (HCMV) is a large ds DNA 

virus with a ~230 kb genome that belongs to the 

group of ß-herpesviruses. Whereas most healthy 

individuals control persistent HCMV infection well, 

HCMV can cause severe and sometimes lethal in-

fections in immunocompromised persons.

Like most other viruses HCMV has evolved differ-

ent strategies to escape the host immune response. 

One strategy to prevent recognition by immune 

cells of the host is to inhibit the presentation of 

peptides on MHC molecules. For example some of 

the viral unique short (US) genes encode proteins 

which interact at several stages with the generation 

of MHC ligands, peptide loading on MHC molecules 

or with the transfer of the peptide MHC complexes 

to the cell surface. As a result of this downregula-

tion the isolation of naturally presented peptides 

of HCMV has not been very successful so far and 

to our knowledge all known HCMV derived T-cell 

epitopes are based on prediction. Surprisingly, 

despite the strong downregulation of HLA-peptide 

complexes there is an efficient control of the virus 

by healthy donors. Additionally, HCMV specific 

memory T cells could be detected in numerous 

studies indicating priming of peptide specific naïve 

T cells in any phase of HCMV infection.

In this study, primary human fibroblasts were in-

fected with HCMV deletion mutants (ΔUS2-US11 

or ΔUS2-US6+ΔUS11), HLA ligands isolated and 

characterized by liquid-chromatography-mass 

spectometry/mass spectometry (LC-MS/MS). In 

comparison to cells infected with the ΔUS2-US6 

deletion mutant, the number of isolated peptides 

from the ΔUS2-US11 or ΔUS2-US6+ΔUS11 HCMV 

infected cells was significantly increased. We were 

able to identify 125 peptides from more than 80 

viral proteins and tested their immunogenicity in 

healthy HCMV seropositive donors. IFNγ-ELISpot 

analysis after a 12-day stimulation with specific 

peptides and IL-2 revealed ~50% of the tested pep-

tides to be immunogenic in at least one donor. The 

ability of these peptides to stimulate specific T cells 

to produce IFNγ and TNFα was determined by in-

tracellular cytokine staining. Further, the ability 

of T-cells to bind these peptides specifically was 

analyzed by HLA tetramer staining. 

Taken together, the artificial knockout of HCMV 

immunoevasins enabled the direct identification of 

HCMV-derived HLA ligands by LC-MS/MS. A sub-

stantial proportion of these peptides were found to 

be recognized by (memory) T cells of CMV-positive 

individuals, underscoring the physiological rel-

evance of the identified HLA ligands.

The highly immunogenic HCMV peptides identified 

in this study could be used for specific generation 

of virus specific effector T cells for adoptive T-cell 

transfer after allogeneic stem cell transplantation 

because infection with or reactivation of this virus 

is frequently associated with life-threatening dis-

eases in these patients. 
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Recombinant bispecific antibodies are potent anti-

cancer drugs that redirect effector cells to specifi-

cally lyse tumor cells. The validity of this approach 

and its underlying bispecific molecular format has 

been shown in various proof-of-concept studies 

up to clinical phase II trials. Despite of impressive 

advances in the past, there is still a high unmet 

medical need for the treatment of solid cancers. 

Amongst others this is due to the only small number 

of addressable tumor specific markers which might 

enable the efficient and site-directed eradication of 

the malignant tissue. To overcome this problem, we 

selected CLDN6 as a target molecule for our studies. 

The expression of this antigen is highly tumor-spe-

cific, except for the expression in human placenta 

and during embryogenesis. CLDN6 positive tumor 

entities comprise ovarian, bladder, lung, gastric, 

pancreatic, breast, hepatic and other solid cancers.

We constructed a bispecific single chain molecule 

or short bi-(scFv)2 recognizing simultaneously the 

T cell antigen CD3 and the tumor antigen CLDN6. 

The potency of the bi-(scFv)2 was assessed by co-

incubating CLDN6-expressing tumor cells with 

human T cells. Tumor cell lysis, T cell activation, 

proliferation and cytokine release were monitored 

by in vitro assays. Further, we tested the therapeu-

tic efficacy of the CLDN6-specific bi-(scFv)2 in a 

tumor mouse model. Therefore, the bi-(scFv)2 was 

administered to immunodeficient mice engrafted 

with human PBMCs and carrying a subcutaneous 

tumor generated by human carcinoma cells that 

endogenously expressed CLDN6.

EC50 values in the pico- to low nanomolar range 

could be determined for the CLDN6-specific bi-

(scFv)2 -namely 6PHU3. Significant T cell activation 

started at a concentration of 0.1 ng/ml 6PHU3 and 

a total T cell activation of up to 75 % was achieved 

with 1000 ng/ml 6PHU3 after 48 hours of assay 

incubation. In the presence of target cells and 1 

ng/ml 6PHU3, 80 % of T cells responded with pro-

liferation when incubated for 96 hours. Moreover, 

T cell cytokine release mediated by 6PHU3 could 

be shown to be strictly target dependent. In a 

xenograft mouse model mice were treated daily or 

3-times per week with 5 µg 6PHU3 by intraperito-

neal injection. Tumors were eradicated or growth 

arrested by 6PHU3 treatment and survival of mice 

was significantly prolonged. Redirection of T cells 

to the tumor was shown to be selectively mediated 

by 6PHU3. 

Our results show the in vitro and in vivo potency of 

the CLDN6-specific bi-(scFv)2. Combination of the 

bispecific antibody concept with the selective tar-

geting of this oncofetal tumor marker appears to be 

a promising strategy for the therapeutic treatment 

of solid tumors.
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The establishment of distant metastasis is an im-

portant parameter affecting the prognosis of colo-

rectal carcinoma (CRC) patients and it has been 

already shown that these arise from a small popu-

lation of long term tumor initiating cells (LT-TIC). 

Furthermore, the T cell infiltrate in the primary 

tumor of CRC patients is also a major prognostic 

factor, suggesting the occurrence of tumor spe-

cific T cell responses and that the T cell mediated 

immune surveillance might play an important role 

in controlling tumor relapse, metastasis and re-

sponse to treatment. Based on these observations 

we hypothesize that T cell responses against anti-

gens expressed on LT-TIC might mediate more ef-

ficient immune surveillance. 

To date little is known about the target antigens 

of the spontaneous T cell responses in CRC pa-

tients. For the purpose of identifying those anti-

gens in a systematic and unbiased manner, we 

established a two-dimensional protein separation 

technique (PF2D). This technique allowed to frac-

tionate lysates from primary and metastatic tumor 

tissue. The fractions, which were recognized by 

the patient ś T cell repertoire, as assessed by IFN-γ 
ELISpot assays, were selected and were further 

characterized with mass spectrometry (MS). The 

candidate proteins were validated by the use of 

synthetic peptides in ELISpot. As a result, we have 

identified 21 novel CRC-associated target antigens 

of spontaneous T cell responses. In a cohort of 20 

patients, we have shown that the newly identi-

fied target antigens not only triggered responses 

more frequently than „canonical“ tumor antigens 

that are commonly used for immunotherapy (up 

to 50% of the tested patients), but the frequency 

of the T cells specific for the novel tumor associ-

ated antigens (TAA) was significantly higher. Fur-

thermore, as shown by gene expression analysis 

some of the newly identified TAAs were selectively 

overexpressed on LT-TIC of CRC. We have demon-

strated that they also represent target antigens of 

patients´ endogenous T cell responses, by means 

of MS of the immunogenic fractions subsequent to 

PF2D of three different LT-TIC enriched spheroid 

cultures. In addition, we have identified 30 amino 

acids long sequences of the these TAA, which elicit 

differential CD8+ or CD4+ T cell responses and we 

are currently working on identification of T cell 

epitopes and generation of T cell clones specific for 

these antigens. These would be further utilized to 

test the hypothesis that LT-TIC specific T cell clones 

have the capability to reduce the metastatic poten-

tial and tumorigenicity of TIC enriched spheroids 

in vitro and in vivo. 

In conclusion we have identified novel set of anti-

gens expressed in a therapeutically relevant subset 

of CRC cells, that can be highly immunogenic and 

might serve as better targets for immune monitor-

ing and could be used for more efficient T cell based 

immunotherapy.
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Monobenzone is a contact-sensitizer that induces 

a robust autoimmune response specifically against 

pigmented cells, including melanoma cells. We 

have previously characterized its mode of action 

in the exposed pigmented cell. However, it 

remains unclear how and which innate immune 

cells become activated to foster immune attack of 

monobenzone-exposed pigmented cells.

We now investigated monobenzone-induced immune 

activation using the established mouse model 

of contact hypersensitivity (CHS); mice were 

monobenzone-sensitized by abdominal skin expo-

sure and a CHS immune response was elicited a 

week later by monobenzone-exposure of the right 

ear. Monobenzone CHS required the NLRP3 inflam-

masome and was dependent upon NK cells. Moreo-

ver, monobenzone CHS was fully intact in Rag-de-

ficient mice, indicating T cell independence. Bone 

marrow chimera experiments showed NLRP3 to be 

pivotal outside the myeloid compartment. Further 

analysis of monobenzone-sensitized skin revealed 

induction of the cytokines CCL2, CXCL9, IL-1ß, 

IL-18 and the NKG2D-ligand MULT-1, suggestive 

of local NLRP3 inflammasome activation, lympho-

cyte recruitment and NK cell triggering. Additional 

analysis of treated ears revealed antigen-specific, 

NLRP3-dependent infiltration of CD18+ Ly49C-I+ 

CD49b+ NK cells, indicating hepatic memory NK 

cell involvement. Adoptive transfer of hepatic NK 

cells from CD45.2+ monobenzone-sensitized mice 

to CD45.1+ naïve animals established NKG2D+ 

hepatic memory NK cells to mediate monoben-

zone CHS. Screening of cutaneous lymph nodes 

upon monobenzone skin sensitization additionally 

showed recruitment of distinct activated dermal 

dendritic cells, interconnecting the memory NK 

cell response with ensuing T cell immunity.

Our results indicate that monobenzone induces 

pigment cell-specific immunity by specifically acti-

vating a NLRP3 inflammasome-dependent memory 

NK cell-mediated CHS response, without initial T 

cell involvement. These insights highlight a new 

immunological mechanism for activating antigen-

specific immunity against pigmented cells, and 

allow for the further potentiation and development 

of monobenzone-based immunotherapy toward 

clinical application.
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Infected and cancerous cells can be recognized 

and killed by CD8+ (cytotoxic) T cells. They are 

recognized via the foreign / altered proteins they 

produce, which are presented on the cell surface 

as peptides in context with HLA class I molecules. 

These peptides are therefore key candidates for 

the development of vaccines, immunotherapeutics 

and monitoring of disease-specific immune re-

sponses. The HLA-peptide binding is the most re-

strictive step in the peptide presentation pathway. 

Thus, the affinity of peptides to a given HLA is a 

strong indication of whether the peptide is a po-

tential epitope or not. For prediction of peptide 

binding to HLA class I alleles several prediction 

methods have been developed. In a recent paper 

(Expert Rev Vaccines 11:43 (2012)) the NetMHCpan 

prediction tool was recommended. We show here 

that by adding a simple wet peptide HLA binding 

assay, candidate epitope selection can be improved 

while saving resources in further development. 

Using our UV-mediated peptide exchange technol-

ogy, in silico-predicted binders and non-binders to 

different HLA alleles were tested for real binding. 

The peptide exchange efficiency was analyzed by 

ELISA. Data presented is on HLA-A*02:01 allele. 

Similar results were obtained for other HLA class 

I alleles like HLA-A*01:01, -A*11:01, -B*07:02 and 

-B*27:05. Comparison of peptide binding results  

(n = 309) obtained by peptide exchange assay and 

in silico analysis revealed that 20% of in silico-

predicted HLA-A*02:01 binders do not bind/bind 

inadequately. Furthermore, 16% of in silico-pre-

dicted non-binders turned out to be binders. It was 

found that NetMHCpan cannot discriminate well 

between strong and weak binders. Most notably, 

ranking for best binders differed significantly. This 

has major consequences when candidate epitopes 

are selected for development based on in silico 

binding predictions: potential good candidates are 

missed while resources are unnecessarily spent on 

following up non-binders. As example, we analyzed 

eleven peptides screened for induction of a CD8+ 

IFN-gamma response in patient cells (J. Hepatology 

54:201 (2011)). Ranking of peptide binding using 

the peptide exchange assay showed a better cor-

relation with immunogenicity than ranking based 

on prediction. In case the researchers would have 

selected 10 peptides based on in silico-predicted 

binding, they would have actually missed one of 

the most immunogenetic peptides. In conclusion: 

The peptide exchange assay improves the selection 

of CD8+ T cell targets initially identified by in silico 

analysis and can further improve the success rate 

in epitope discovery important for vaccine develop-

ment and monitoring of immunotherapy. 

Mok J.Y.1, Nguyen M.1, Visser A.1, van Esch W.1

1	Sanquin Blood Supply, Dept. R&D, Div. Reagents, Amsterdam, Netherlands 

Wet peptide HLA binding assay has added value in the  
selection of candidate CD8+ T cell epitopes

133 | New Targets & New Leads



156

Dysregulated post-translational modification pro-

vides a source of altered self antigens that can 

stimulate immune responses in settings as diverse 

as autoimmunity, inflammation, and cancer. 

In recent years, phosphorylated peptides have 

emerged as a group of tumour-associated antigens 

presented by MHC molecules and recognised by 

T cells, and represent promising candidates for 

cancer immunotherapy. However, the impact of 

phosphorylation on the antigenic identity of phos-

phopeptide epitopes is unclear. Here we exam-

ined this by determining structures of HLA-A2-

restricted phosphopeptides bearing canonical 

position 4-phosphorylations in the presence and 

absence of their phosphate moiety, and examining 

phosphopeptide recognition by the T cell receptor 

(TCR). Strikingly, two peptides exhibited major 

conformational changes upon phosphorylation, 

involving a similar molecular mechanism, which 

focussed changes on the central peptide region 

most critical for T cell recognition. In contrast, 

a third epitope displayed little conformational 

alteration upon phosphorylation. In addition, 

binding studies demonstrated TCR interaction 

with an MHC-bound phosphopeptide was both 

epitope-specific and absolutely dependent upon 

phosphorylation status. These results highlight 

the critical influence of phosphorylation on the 

antigenic identity of naturally processed class I 

MHC epitopes. In doing so they provide a molecu-

lar framework for understanding phosphopeptide-

specific immune responses, and have implications 

for the development of phosphopeptide antigen-

specific cancer immunotherapy approaches. 
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Background: A blockade of CD44 is considered a 

therapeutic option for the elimination of leukemia 

initiating cells. However, anti-panCD44 applica-

tion is frequently burdened by severe side effects. 

Therefore we asked, whether side effects can be 

avoided by replacing anti-panCD44 with CD44 

variant isoform (CD44v)-specific antibodies in 

CD44v-positive hematological malignancies, using 

the thymoma EL4 and CD44v10 transfected EL4 

(EL4-v10) as model.

Methods: The therapeutic efficacy of anti-panCD44 

and anti-CD44v10 was evaluated after subcutane-

ous application of EL4 / EL4-v10, supporting leuko-

cyte recruitment by a local inflammatory reaction. 

Ex vivo and in vitro studies evaluated the impact 

of anti-panCD44 and anti-CD44v10 on EL4 and 

EL4-v10 as well as on draining lymph node cells 

and tumor-infiltrating leukocytes (TIL).

Results: CD44v10 cDNA transfection of EL4 had 

no major impact on thymoma marker and adhe-

sion molecule expression, or in vivo growth rate. 

However, EL4-v10 had an advantage in adhesion 

to and migration towards osteopontin. Subcutane-

ous EL4/EL4-v10 growth was equally well inhib-

ited by anti-panCD44 and anti-CD44v10, ex vivo 

analysis indicating NK cytotoxicity and ADCC as 

the dominating effector mechanisms. Yet, a local 

inflammatory reaction selectively strengthened the 

efficacy of anti-CD44v10. This was due to inflam-

mation-induced chemokine, including osteopontin 

expression, the latter as a CD44v10 ligand being 

most abundantly recovered in EL4-v10 tumors. 

High level osteopontin in EL4-v10 tumors support-

ed leukocyte recruitment and tumor-infiltrating T 

cell activation.

Conclusion: For hematological malignancies ex-

pressing CD44v, anti-panCD44 can be replaced by 

CD44v-specific antibodies without loss in efficacy. 

CD44v10, in particular, supports leukocyte re-

cruitment and activation via osteopontin binding, 

where a local inflammation serves as initial trigger.
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Recently we have shown that a number of murine 

tumors arising from mice of the Balb/c (MHC H-2d) 

strain, induced to express MHC class II molecule 

after transfection with CIITA (MHC class II transac-

tivator) can be rejected effectively, generating tumor 

specific T helper cell (TH) triggering, immunologi-

cal memory and protection even against parental 

tumor. The aims of this investigation were: a) - to 

assess whether the same results can be extended to 

tumors of different MHC background (H-2b); b) - to 

investigate, using dendritic cell knock-out C57Bl6 

mice, whether CIITA transfected tumor cells can act 

as “surrogate APC” for their tumor antigens in vivo. 

To this end, LLC (Lewis lung carcinoma) cells were 

stably transfected with CIITA and selected for ex-

pression of MHC class II molecules. Parental tumor 

cells and CIITA-transfected cells (LLC-CIITA) were 

injected subcutaneously into C57/BL6 mice and 

tumor take and growth kinetics were assessed. 

Mice injected with LLC-CIITA cells fully rejected 

the tumor or remained tumor-free for longer time 

than mice injected with parental tumor cells. The 

growth kinetics and the size of CIITA-expressing 

tumors were significantly reduced compared to the 

parental tumor. Adoptive cell transfer of purified 

CD4+ TH cells from mice injected with LLC-CIITA 

into naïve mice demonstrated that these cells were 

able to protect from LLC parental tumor growth. 

Taken together these results strongly suggest that, 

similarly to H-2d strain, also H-2b tumors can be 

rejected if expressing CIITA-mediated MHC class II 

molecules, confirming the general applicability of 

our tumor vaccination model. To achieve the second 

goal we performed in vivo experiments in a novel 

transgenic mouse model designated CD11.c DOG, 

in which it is possible to induce a conditional deple-

tion of dendritic cells (DC) by diphtheria toxin (DT) 

treatment. These mice express the diphtheria toxin 

receptor (DTR) under the control of the promoter 

of the CD11c molecule, expressed preferentially in 

DC. Once injected with DT, dendritic cells are elim-

inated for the period of treatment up to 12 days. 

DT-treated CD11c.DOG mice where injected with 

LLC-CIITA tumor cells and tumor growth was fol-

lowed during time. We found that LLC-CIITA cells 

can be recognized and rejected better than paren-

tal tumor even in CD11c-DOG mice. These results 

suggest that CIITA-tumor cells may act in vivo as 

surrogate APCs for their own tumor antigens and, 

most importantly,they can prime virgin CD4+ TH 

cells to trigger a protective adaptive immune re-

sponse against the tumor. 
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Background: Pancreatic ductal adenocarcinoma 

(PDAC) is characterized by an immunosuppres-

sive microenvironment and sparse infiltration 

with lymphocytes. The novel bifunctional ppp-

siRNA technology allows combining gene silenc-

ing of oncogenic or immunosuppressive targets 

with ppp-RNA-mediated immune activation via 

the cytosolic helicase RIG-I. An interesting immu-

nosuppressive target is the β-galactoside-binding 

protein galectin-1 (Gal-1), which is secreted by 

tumor cells. Gal-1 suppresses T cells via induc-

tion of apoptosis of Th1 and Th17 T cells and in-

hibition of T cells migration into the tumor. Gal-1 

also induces expansion of regulatory T cells and 

promotes angiogenesis. The aim of the present 

study was to assess the therapeutic efficacy of a 

novel bifunctional ppp-siRNA that combines gene 

silencing of Gal-1 with RIG-I-mediated immune 

activation in murine PDAC.

Methods: Murine PDAC cell lines were investi-

gated for Gal-1 expression by IHC. We designed 

conventional and ppp-modified siRNAs targeting 

Gal-1 using a T7 polymerase (in vitro transcrip-

tion) and evaluated these RNAs both in vitro and 

in vivo in the Panc02 mouse model of pancreatic 

cancer. In vitro, tumor cells were transfected with 

RNAs and Gal-1 expression, production of IFN-β 
and CXCL10, up-regulation of MHC class I mol-

ecules and cell viability were examined. In vivo 

the serum levels of Gal-1 were investigated in cor-

relation to tumor growth. Lymphocyte activation, 

IFN-α and CXCL10 levels, and survival of mice in 

the orthotopic Panc02 model were examined after 

systemic treatment with unmodified and ppp-

modified Gal-1 siRNA. 

Results: The dual activities of ppp-Gal-1 were con-

firmed in vitro, leading to (i) reduced Gal-1 ex-

pression; and (ii) production of CXCL10 and IFN-b, 

MHC-I up-regulation and apoptosis of tumor cells 

via RIG-I activation. Systemic treatment of mice 

led to enhanced serum levels of IFN-α, CXCL10 

and TNF-α. In addition, splenic CD4+ and CD8+ T 

cells, B cells, NK cells and NKT cells up-regulat-

ed CD69 expression, indicative of systemic RIG-I 

activation. Treatment of mice with orthotopic 

pancreatic tumors with ppp-Gal-1 significantly 

prolonged survival, as compared to unmodified 

OH-Gal-1 or control RNA. In addition, 20% of the 

mice completely rejected their tumors leading to 

long-term tumor control.

Conclusion: 5‘ppp-modified siRNA is a promising 

and versatile treatment strategy for PDAC. Silenc-

ing of oncogenic, metabolic (e.g. glutaminase) or 

immunosuppressive targets (e.g. TGF-b, Gal-1) can 

be combined with potent RIG-I mediated immune 

activation, leading to superior antitumor activity 

(Ellermeier et al., 2013; Meng et al., 2013).
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Even though melanoma is considered to be one of 

the most immunogenic solid tumors, handling its 

development remains a challenge. The basis for 

such escape from antitumor immune control has 

not yet been documented. Plasmacytoid dendritic 

cells (pDCs) are emerging as crucial but still en-

igmatic cells in cancer. In melanoma, the func-

tion of tumor-infiltrating pDCs remains poorly ex-

plored. We investigated the pathophysiologic role 

of pDCs in melanoma, both ex-vivo from a large 

cohort of melanoma patients and in-vivo in mela-

noma-bearing humanized mice. pDCs were found 

in high proportions in cutaneous melanoma and 

tumor-draining lymph nodes, yet associated with 

poor clinical outcome. We showed that pDCs mi-

grating to the tumor microenvironment displayed 

particular features, subsequently promoting pro-

inflammatory Th2 and regulatory immune profiles 

through OX40L and ICOSL expression. Elevated fre-

quencies of IL5-, IL13- and IL10-producing T cells 

in melanoma patients correlated with high propor-

tions of OX40L- and ICOSL-expressing pDCs. Strik-

ingly TARC/CCL17, MDC/CCL22 and MMP2 found 

in melanoma microenvironment were associated 

with pDC accumulation, OX40L and ICOSL modula-

tion or/and early relapse. Thus, melanoma actively 

exploits pDC plasticity to promote its progression. 

By identifying novel insights into the mechanism 

of hijacking of immunity by melanoma, our study 

exposes potential for new therapeutic opportuni-

ties.
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Reactive Oxygen Species (ROS) produced by NOX2 

complex are essential for proper immune cell func-

tion and immunomodulation. Classically, NOX2 in 

phagocytic cells produce super oxide to clear bacte-

rial infection. Oxidative stress has been shown to 

modulate immune cell function, and is one of the 

key immune suppressive mechanisms, in MDSCs 

and Tregs, used to suppress T cell and NK cell ef-

fector functions. The tumor microenvironment is 

infiltrated by immune suppressive cells that are 

recruited from the periphery or polarized in the 

tumor microenvironment. In this study we aimed 

at examining the role of oxidative burst by immune 

suppressive cells in a methylcholanthrene induced 

sarcoma model. NOX2 requires p47phox (NCF1) to or-

ganize the formation of the NOX2 complex on the 

cell membrane to produce super oxide. Homozy-

gous mutant mice (NCF1*/*) have a functional 

loss of super oxide burst while heterozygous mice 

(NCF1*/+) retain this key immune cell function. 

These mice were injected with methylcholanthrene 

intramuscularly (25µg) to induce the development 

of sarcomas. We found that functionality of NOX2 

did not lead to a difference in tumor incidence. 

Immunomonitoring by flow cytometry in tumor 

bearing mice showed that infiltrating immune cells 

experience an increase in oxidative state. Further-

more, infiltrating T cells showed an increase in 

effector-memory cell phenotype markers in both 

NCF1*/* and NCF1*/+ mice. Tumors established 

from both NCF1*/* and NCF1*/+ mice were tested 

for their in vitro proliferative capacity as well as 

their resistance to cisplatin treatment. These find-

ings indicate that NOX2 and oxidative burst does 

not play a key role in tumor development or immune 

cell infiltration in the methylcholanthrene induced 

sarcoma model.
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Breast cancer is one of the leading causes of cancer 

related deaths in women worldwide. Current stand-

ard therapies show limited efficacy and are often 

accompanied by severe side effects. Immunothera-

peutic approaches like adoptive T cell transfer have 

been proven successful in the treatment of meta-

static melanoma, raising the question if this strat-

egy can also be applied for the treatment of breast 

cancer. The differentiation antigen NY-BR-1 is over-

expressed in 60% of breast carcinomas compared 

to healthy breast, thus representing an attractive 

target for T cell based immunotherapy approaches 

against breast cancer. The aim of this project is 

to establish a NY-BR-1-expressing, transplantable 

tumor model in HLA-transgenic mice that would 

allow to investigate the functional role of NY-BR-

1-specific HLA-restricted CD4+ T cells in vivo with 

respect to their capacity to sustain cytotoxic T lym-

phocyte (CTL)-mediated tumor attack and their 

capability to interact with tumor associated mac-

rophages (TAMs) in an instructive way, thereby 

potentially promoting differentiation into type-1 

macrophages (M1) in the tumor micro-environ-

ment. For this purpose, in a pilot study transfected 

clones of the murine lymphoma cell line EL4 stably 

expressing NY-BR-1 were established that gave rise 

to sub-cutaneous tumors with retained NY-BR-1 ex-

pression in HLA-DR4-transgenic mice. In addition, 

peptide immunization with a NY-BR-1-specific, 

H2b-restricted CTL epitope identified in our pre-

vious studies led to the generation of a CTL line 

specifically recognizing EL-4/NY-BR-1-expressing 

transfectants in vitro. As several HLA-DR3- and 

HLA-DR4-restricted T cell lines specific for NY-

BR-1-derived CD4+ T cell epitopes recently identi-

fied by us are available, the results presented here 

outline the first NY-BR-1-expressing mouse tumor 

model, allowing the investigation of NY-BR-1-spe-

cific immune responses in vivo. Furthermore, the 

establishment of murine mammary gland cancer 

cell lines with stable expression of NY-BR-1 that 

give rise to orthotopic tumors is currently ongoing.
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Exosomes are vesicles 50-120 nm in size, derived 

from the endosomal compartment and have been 

shown to act as intercellular communication ve-

hicles by transferring functional active molecules, 

including miRNA and mRNA. Exosomes released 

from tumor cells have been shown to promote 

tumor growth or to stimulate the immune system, 

e.g. activation of Natural Killer cells (NK cells). In 

this study we investigate the impact of the ubiqui-

tously expressed innate immune receptor Retinoic 

acid-inducible gene I (RIG-I) on the release and 

function of melanoma cell derived exosomes. RIG-I 

is a cytosolic pattern recognition receptor of the 

innate immune system detecting viral nucleic acids 

by binding to 5‘-triphosphorylated RNA (3pRNA) in 

the cytosol of infected cells. The activation of RIG-I 

by 3pRNA induces a potent anti-tumor immune re-

sponse by cytokine induction (e.g. type I IFN) and 

innate immune cell activation (e.g. NK cells). Nev-

ertheless, the mechanism mediating the intercellu-

lar communication between RIG-I activated tumor 

cells and the immune system remains elusive. 

Here we show that activation of RIG-I by 3pRNA 

in melanoma cells results in the release of RIG-I 

ligand containing tumor-exosomes with potent 

anti-tumor activity. Exosomes from RIG-I stimu-

lated melanoma cells induced antiviral cytokines 

in recipient cells by transfer of RIG-I ligand. Moreo-

ver, 3pRNA induced tumor-exosomes caused direct 

apoptosis in melanoma cells. Additionally, 3pRNA 

induced melanoma derived exosomes showed an 

increased surface expression of the NK cell activat-

ing ligand BAG6 thereby triggering NK cell medi-

ated cytotoxicity via NKp30. The treatment of sub-

cutanouse murine melanomas with RIG-I ligand/

BAG6 carrying tumor-exosomes resulted in Th1 

cytokine expression and led to an NK-dependent 

suppression of tumor growth in vivo. 

Our data point out a novel mechanism to gener-

ate anti-tumor exosomes by the activation of the 

innate immune receptor RIG-I with interesting im-

plications for tumor therapy and delivery of RNA-

oligonucleotides. 
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Background: RIG-I-like helicases (RLH) are immune 

receptors recognizing viral RNA in infected cells and 

induce a type I IFN driven immune response. Since 

immune mechanisms against viruses and tumors 

share many features, RLH ligands hold promise for 

tumor immunotherapy. We recently identified RLH 

as therapeutic targets in pancreatic cancer. RLH 

ligands counteracted immunosuppressive mecha-

nisms and efficiently induced tumor cell apoptosis. 

Tumor cell death can occur immunologically silent 

or immunogenic, leading to tolerance or immune ac-

tivation, respectively. Here, we investigated conse-

quences of RLHinduced tumor cell death in regards 

to release of danger signals and cytokines, calreti-

culin exposure to the cell surface (eat-me signal), 

antigen uptake and activation of dendritic cells (DC) 

as well as antigen cross-presentation to CTL.

Material and methods: Murine pancreatic cancer 

cells (Panc02 and T110299 cells generated from 

Kras and p53 double-mutant mice) were treated 

with RLH ligands to induce apoptosis. Release of 

IFN-b, IL-6, CXCL10, HMGB1 and hsp70 were as-

sessed by ELISA. Calreticulin translocation to the 

outer cell membrane, Fas (CD95) and MHC-I ex-

pression were measured by FACS analysis. Primary 

DC populations were isolated from spleens of WT 

and knock-out mice and cocultured with RLH-ac-

tivated tumor cells. DC maturation marker expres-

sion, antigen uptake and antigen cross-presentation 

were assessed by FACS. Prophylactic and therapeu-

tic vaccination experiments were performed in the 

syngeneic Panc02 tumor model.

Results: RLH ligands induced the release of IFN-b, 

IL-6, CXCL10, HMGB1 and Hsp70 from tumor cells. 

In addition, calreticulin translocated to the outer 

cell membrane. DC exposed to RLH-treated tumor 

cells upregulated CD80 and CD86 expression, 

which was mediated by tumor-derived type I IFN, 

whereas TLR, RAGE or inflammasome signaling 

was dispensable. CD8a+ DC effectively engulfed 

apoptotic tumor material and cross-presented 

tumor-associated antigen to naïve CD8+ T cells. 

In comparison, tumor cell death mediated by ox-

aliplatin, staurosporine or mechanical disruption 

failed to induce DC activation, antigen uptake or 

cross-presentation. Moreover, tumor cells treated 

with sublethal doses of RLH ligands upregulated 

MHC-I and Fas expression and were sensitized 

towards CTL- and Fas-mediated killing. Subcuta-

neous injection of a single dose of apoptotic, RLH 

treated tumor cells protected all mice from tumor 

challenge. Furthermore, intratumoral injection of 

RLH ligands mediated efficient tumor control and 

the emergence of tumor-specific CTL in peripheral 

blood.

Conclusions: RLH ligands induce a highly immuno-

genic form of tumor cell death linking innate and 

adaptive immunity. Tumor-derived type I IFN was 

identified as the main “danger signal” leading to 

DC activation. RLH-based immunotherapy holds 

promise for counteracting the potent immunosup-

pressive network found in pancreatic cancer. 
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Introduction: In radioimmunotherapy, monoclonal 

antibodies (MAb) are conjugated with radionu-

clides e.g. 177Lutetium (177Lu). The antibodies direct 

the radionuclides to the tumor cells, where the ra-

dionuclide emit ionizing radiation damaging the 

tumor cells.

Others have shown that the therapeutic effects of 

external beam radiation can partly be derived to 

infiltration of immune cells. The abscopal effect 

(therapeutic response in untargeted tumors) is 

assumed to be, at least in part, immune medi-

ated. The radiation dose and fractionation, which 

are able to induce immune response needs to be 

further evaluated.

The immune response during radioimmunothera-

py is important to evaluate, since the therapeutic 

effects is a combination of continuous decay of the 

radionuclide and the effects of the antibody, which 

together is still mostly an unexplored area.

Aim: To evaluate the infiltrating immune cells 

during the rejection of established tumors after 

radioimmunotherapy with 400 MBq/kg 177Lu-BR96 

MAb (expecting to result in non-palpable tumors 

in about 90% of the animals within 2 weeks), com-

pared to untreated tumors, in a syngeneic rat colon 

carcinoma. 

Method: Of 30 animals with established tumors (at 

least 10x10 mm), 21 were treated with 400 MBq/kg 
177Lu-BR96 and 9 served as controls (untreated). In 

the treatment group, the therapy resulted in a com-

plete response in 5 of 21 animals prior to sampling. 

Treated animals were sacrificed and tumors were 

excised on 1 day p.i. (3 animals with tumor), 2 days 

p.i. (3 animals with tumor), 3 days p.i. (3 animals 

with tumor), 4 days p.i. (2 tumors in 3 animals), 6 

days p.i. (2 tumors in 3 animals), and 8 days p.i. 

(3 tumors in 6 animals). In the untreated group, 

tumors were excised on day 0 (when radioimmuno-

therapy was administered to the treatment group).

The tumors were paraffin embedded. Consecutive 

sections were stained with anti-CD3 (Mature T 

cells, thymocytes), anti-CD8 (Thymocytes subset, 

Tc cells, NK cells, DC subset), anti-CD2 (Thymo-

cytes, NK cells, T and B cells), anti-CD68 (Mono-

cytes, macrophages, Neutrophils, Basophils, DC, 

myeloid progenitors), anti-CD163 (Monocytes, 

macrophages), and H&E. All histological sections 

are currently evaluated blindly by our clinical pa-

thologist (OL).

Preliminary results: All evaluated antigens were 

present in untreated tumors. Infiltrations of immune 

cells were mainly located within the stromal com-

partment of the tumor and limited in tumor cell 

areas. Treated tumors displayed a decrease in the T 

cell associated antigens (CD3, CD8, and CD2). The 

few present cells were located within the stromal 

compartment. The staining of macrophage associ-

ated antigens (CD68 and CD163) was still mainly 

located within the stromal tissue. The fractions 

of stromal tissue and thereby the fraction of mac-

rophage associated antigens increased during the 

treatment.
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Metastatic cutaneous malignant melanoma is 

promising target of cancer immunotherapy. Molec-

ular biomarkers are required to identify a patient 

subset for which immunotherapy may be appropri-

ate. Nevertheless, efficiency of an immunotherapy 

is supposed to be highly dependent on tumour mi-

croenvironment. In the present study, we aimed to 

compare heme oxygenase-1 (HO-1) protein expres-

sion of primary melanoma samples without me-

tastases (n = 23) to samples with haematogenous 

metastases (n = 23) in a retrospective manner 

using tissue micro-array analysis of archived par-

affin tissue blocks. Dendritic cell and macrophage 

markers (CD1a, CD68 and CD163) described pre-

viously in association with melanoma prognosis 

were also selected to investigate. In our previous 

study, using the same tissue micro-array, we ob-

served the presence of metallothionein (MT) posi-

tive macrophages peritumourally, which has not 

yet been reported. Moreover, MT over-expression 

of the tumour cells was also observed and this cor-

related with the presence of tumour-infiltrating 

CD68 positive macrophages, a known predictive 

factor for melanoma progression, thereby suggest-

ing a role for MT in the development of a defec-

tive host immune response. Peritumoural HO-1 

expressing macrophages have been described in 

vertical growth melanomas. In the present study, 

we found HO-1 expression both in peritumoural 

macrophages and in melanoma cells, similarly to 

MT expression. It is proposed that MT and HO-1 

might play a role in the communication between 

tumour cells and tumour microenvironment and 

can contribute to the switch from M1 macrophage 

activation towards M2-like phenotype, which is 

then able to promote metastasis by suppressing 

the anti-tumour immune response, enhancing the 

tissue remodelling and neoangiogenesis. In addi-

tion, our recent in vitro experiments showed a con-

nection between zinc and redox signalling, which 

regulates expression of MT and HO-1 in HaCaT ke-

ratinocytes. In order to investigate whether char-

acteristics of tumour microenvironment can be 

changed during immunotherapy, we analyzed im-

munohistochemically metastases of an ipilimumab 

responder patient before, during and after treat-

ment with the anti-CTLA4 antibody. 
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A common factor negatively influencing the effica-

cy of solid-tumor chemo- and irradiation therapy 

is hypoxia. Yet, the influence of hypoxia on tumor 

immunotherapy is largely unknown. In particu-

lar, novel regimens like the intratumoral trigger-

ing of cytosolic pattern-recognition receptors like 

retinoic acid-inducible gene I (RIG-I) could be 

likewise altered by hypoxia. We here investigated 

how hypoxia influences RIG-I function in murine 

melanoma cells.

A panel of murine melanoma cells was incubated 

at normoxia (pO2=21%) or hypoxia (pO2=2%) 

and stimulated with 5‘-triphosphorylated RNA 

(3pRNA) to trigger RIG-I. Under hypoxia we ob-

served attenuation of RIG-I-induced CXCL10 

(IP10) secretion, a hallmark of RIG-I activation. 

Using B16.F10 melanoma cells as a model, we 

found weakened RIG-I efficacy under hypoxia 

to coincide with sharply reduced RIG-I protein-

upregulation, downregulation of TOM70, intra-

cellular ROS accumulation and cellular dedif-

ferentiation. In contrast, RIG-I impairment was 

independent of IFNaR-expression, MAVS expres-

sion, mRNA decay rates or changed HSP90alpha 

chaperone function. Accordingly, co-cultures of 

3pRNA-transfected B16.F10 cells with melanoma 

antigen-specific CD8+ T cells or NK cells under 

hypoxia showed depressed T- and NK cell activa-

tion. Using vitamin C as ROS-scavenger or distinct 

NF-κB inhibitors to counteract cellular dedifferen-

tiation, we successfully rescued 3pRNA-induced 

RIG-I expression under hypoxia. 

Taken together, our results for the first time in-

dicate the impairing effect of hypoxia on RIG-I 

function in melanoma cells and suggest an addi-

tional intervention preventing these effects. Our 

findings are of pivotal importance to the further 

development of cancer immunotherapies that rely 

on RIG-I-triggering within the tumor milieu. 
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Purpose: Small molecule inhibitors of the mitogen ac-

tivated protein kinase (MAPK) pathway like sorafenib 

represent novel treatment options for advanced hepa-

tocellular carcinoma (HCC). The aim of our study was 

to identify downstream targets as biomarker candi-

dates that are directly linked to the oncogenic MAPK 

pathway in HCC and correlate with inhibition of this 

pathway by multi-kinase inhibitors. 

Experimental Design: HCC cell lines and fresh tumor 

and tumor-free liver tissues from HCC patients were 

incubated with different BRaf or MEK inhibitors and 

analyzed for kinase phosphorylation, proliferation, 

induction of apoptosis and chemokine secretion.

Results: HCC cell lines responded differentially to 

these inhibitors in a dose-dependent manner even 

those targeting the same kinase. Sorafenib inhibited 

both MEK1 and ERK1/2 phosphorylation at high but 

increased signaling at low concentrations. Similarly, 

PLX4720 increased MEK/ERK signaling indepen-

dently from mutations in BRaf or NRas. MEK inhibi-

tors decreased ERK1/2 phosphorylation in a dose-

dependent manner. These signaling characteristics 

correlated with inhibition of proliferation, induction 

of apoptosis and chemokine secretion. Fresh tissues 

derived from patients diagnosed with primary HCC 

responded to these inhibitors with changes in their 

microenvironment following the patterns observed 

in HCC cells.

Conclusions: Oncogenic signaling of the MAPK pathway 

influences HCC sensitivity to treatment with BRaf and 

MEK inhibitors regarding cell fate independently from 

mutations in BRaf and NRas. MAPK inhibitors have 

strong impact on chemokine secretion as consequence of 

interference with oncogenic signaling. Therefore, novel 

biomarker candidates associated with HCC microenvi-

ronment may be developed for prediction and monitor-

ing of treatment response to small molecule inhibitors. 

Taken together, treatment of advanced HCC patients 

with sorafenib or other kinase inhibitors is associated 

with poor clinical response. Here, we demonstrate that 

low-dose sorafenib treatment of HCC cells increased 

instead of decreased signaling. Inhibition of the MAPK 

pathway was only achieved by high drug concentra-

tions. This dose-dependent regulation of signaling cor-

related with proliferation, viability, apoptosis induction 

and secretion of chemokines and growth factors. These 

mechanisms are likely to be involved in the variable clin-

ical response to kinase inhibitors. Therefore, we propose 

that chemokines, CXCL8 in particular, and growth 

factors represent biomarker candidates for sorafenib 

treatment of HCC patients because their plasma levels 

may correlate with HCC tissue response and allow an 

early discrimination between responders and non-re-

sponders. Therefore, we suggest that novel candidates 

for biomarkers of individual treatment responses can be 

further developed on the basis of our investigations.
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Human glioblastoma (GBM) represents 15-20% of 

all intracranial tumors and approximately 50% of 

astrocytic tumors in adults. Despite multimodal 

treatment consisting of surgical resection, radio-

therapy and chemotherapy, patients have a median 

survival of only 14,5 months. For long the brain has 

been regarded as an immune-privileged site based 

on the presence of the blood-brain-barrier, lack 

of conventional lymphatics and low immune cell 

trafficking. Recent studies now show that the brain 

rather is a specialized immune site where lympho-

cyte homing (adhesion/chemokine receptor expres-

sion) and immune response induction are tightly 

controlled and regulated in a unique fashion. These 

findings have paved the way for the development 

of immunotherapeutic intervention strategies. To 

exploit the potential of immune mediated tumor 

destruction, it is important to gain further insight 

in the immune-suppressive mechanisms active in 

glioma. Previously, we have reported on the pres-

ence and function of regulatory T cells in glioma. 

Recent studies show the increase of myeloid cells 

capable of suppressing T cell functioning, called 

myeloid derived suppressor cells (MDSCs).

Within the blood of high grade glioma patients, 

we could detect a significant increase of MDSCs 

defined by the expression of CD33 en the absence of 

MHC-II using facs relative to healthy controls (P< 

0.001) and low grade glioma patients (P< 0.05). 

MDSCs can be divided in subpopulations based on 

the expression of CD14+ (monocytic MDSCs) and 

CD15+ (granulocytic MDSCs). We found that both 

populations were significantly increased within 

the blood of high grade glioma patients compared 

to healthy control or low grade glioma patients. The 

increase of these two populations showed a weak 

but significant correlation (p=0.012, R20.304).

Furthermore, cells with a similar phenotype can be 

found in paraffin embedded tissue sections using 

multiplex IHC. These cells are present around blood 

vessels, necrotic tissue and within nuclear dense 

areas, but are absent within healthy brain tissue. 

To quantify these cells within the tumor, we used 

ultrasonic sound aspirated tissue for facs analysis. 

We were able to detect up to 2% of granulocytic 

MDSC within this material of which the highest 

accumulation is found in high grade tumors. Alto-

gether, our data indicates that cells with a MDSC 

phenotype are present within the periphery of 

glioma patients and within the tumor microenvi-

ronment.
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Malignant tumours evade effective immune re-

sponses by the promotion of immunosuppression. 

Interleukin 12 (IL-12) is an immunomodulatory 

cytokine that may help overcome immune sup-

pression by direct activation of innate and adap-

tive immune compartments. Initial phase -I and -II 

trials of systemic administered IL-12 in a mixed 

cohort of cancer patients encountered severe toxic-

ity events including the deaths of a number of pa-

tients, suggesting that any treatment that includes 

the use of IL-12 would have to be delivered locally 

to the tumour. 

The lung is a major site of metastasis for several 

types of solid tumour. With this considered, we hy-

pothesized that locally delivered IL-12 may improve 

the anti-tumoural immune response without the 

toxicity associated with systemic delivery. To test 

this, we created an IL-12 encoding Lentivirus  

(IL-12Fc LV) for intranasal delivery in a murine 

model of metastaic B16 melanoma.

When administered via the intranasal route, mice 

treated with IL-12Fc LV exhibited a marked de-

crease in tumour metastases. Analysis of infiltrat-

ing effector subsets (Macrophages, NK cells, CD4+ 

and CD8+ T cells) in the lung microenvironment 

confirmed that Macrophages are the recipients of 

the IL-12Fc LV and mass proliferation in all effec-

tor subsets was observed with the expression of 

inflammatory cytokines as well as Granzyme B and 

inducible nitric oxide synthase (iNOS). Survival of 

tumour bearing mice was significantly improved 

with IL-12Fc treatment. When IL-12Fc LV was ad-

ministered to mice that had been depleted of CD8+ 

T cells, NK cells and soluble IFNγ a loss of tumour 

rejection and a corresponding decrease in iNOS ex-

pression in Macrophages was observed.

We conclude that a locally delivered genetic vector 

encoding IL-12 activates immune responses and 

can effectively control metastatic melanoma in the 

lung. Future studies will aim to elucidate the exact 

mechanisms and effector subsets that mediate 

tumour rejection in IL-12Fc LV treated subjects 

with further development of a potent therapeutic 

tool for the treatment of lung cancer. 
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Immune surveillance was postulated first in the 

1950s and proposes that early tumor lesions are 

controlled by the immune system. To test this hy-

pothesis different tumor models have been devel-

oped. Autochthonous tumor models aim to mimic 

the formation of sporadic tumors in humans, but 

they are time consuming and the tumor antigens 

are often not known or not tumor-specific. Tumor 

transplantation models are time-saving and often 

comprise a tumor specific antigen, but they are ar-

tificial. The inoculation of cancer cells causes an 

acute inflammatory response and thereby induces 

an unintended recognition of tumor antigen by 

T cells. Therefore, a model would be desirable in 

which tumor antigen expression can be switched 

off during the first weeks after cancer cell inocu-

lation and additionally cell growth is arrested. 

By later induction, antigen expression and tumor 

growth can be provoked under non-inflammatory 

conditions as it occurs similarly during autochtho-

nous tumor development.

We established a transplantable tumor model by 

usage of a mouse gastric cancer cell line (TC200.09) 

that conditionally express SV40 large T antigen 

(Tag) and firefly luciferase (Fluc) as a fusion 

protein (TagLuc). In the presence of doxycycline 

(dox) TagLuc is expressed and acts as a cancer-

driving antigen. In the absence of dox TagLuc ex-

pression declines to virtually undetectable levels 

and results in apoptotic cell death. However, a frac-

tion of TC200.09 cells survive temporary oncogene 

inactivation and regain proliferative capacity in 

vitro after dox re-administration. This unique prop-

erty enables us to prevent Tag expression during 

the inflammatory period within the first few weeks 

created by cancer cell inoculation. Our first results 

show that TC200.09 cells survive in immunodefi-

cient mice in the absence of TagLuc as a cancer 

driving antigen. Furthermore, we were able to 

induce TagLuc expression in resting tumor cells by 

dox administration. In future experiments we will 

analyze the consequence of neo-antigen expression 

in nascent tumor cells in immunocompetent hosts. 

Will there be tolerance or immunity? 

Hönig K.1, Anders K.1, Blankenstein T.1,2

1	Max-Delbrück-Center for Molecular Medicine, Berlin, Germany, 
2	Institute of Immunology, Charité, Campus Buch, Berlin, Germany 

A mouse tumor transplantation model mimicking the immune 
response to sporadic cancer
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Pancreatic cancer is widely known as an aggressive 

entity. Patients are typically diagnosed in advanced 

stages and local rapid tumor growth and invasion 

occur early in this cancer. As tumor immunology 

evolves from bench to bedside in other cancers we 

aimed to develop an efficient work flow to elucidate 

patterns in tumor-immune interaction for pancre-

atic cancer with regard to the differential com-

partments of tumor epithelium and desmoplastic 

stroma as well as the serum of the corresponding 

patients.

Pancreatic cancer tissue and blood serum of ther-

apy-naïve patients was acquired during surgery. 

Fresh frozen tissue was used for immunohisto-

logical staining, followed by computerized dif-

ferentiated intratumoral and stromal quantitative 

cell count, as well as multiplex protein quantifica-

tion. Upfront of the latter, tissue slides underwent 

laser microdissection to separate tumor epithelial 

and stromal cells. Serum protein levels were also 

analyzed by multiplex and compared to matched 

samples of healthy donors.

Density of immune cell infiltrates ranged from only 

100 up to 3000 cells per mm2. Cell distribution 

showed diverging patterns in tumor epithelial and 

stromal compartment. Diverging patterns could be 

identified for CD4+ T-helper cells, cytotoxic CD8+ T 

cells, tumor associated M2 macrophages (CD163+) 

and B cells. Only few T-suppressor cells (FoxP3+) 

were found, natural killer cells (NK) where even 

more scarce. Suppressive immune cells (CD163+ 

& FoxP3+) built a fraction of 23% (mean) of the 

infiltrate. Concentration of immunosuppressive 

cytokines exceeded stimulatory cytokines by 

1-2 times the power of ten in local and systemic 

milieu. Cytokines of the tumor microenvironment 

appeared independent from and in part discordant 

to systemic cytokine levels.

In part contradictory and surprising, these novel 

findings have to be subsequently followed by 

further in vivo and in vitro studies focusing on 

single aspects to differentiate the intricate inter-

actions between tumor-escape mechanisms and 

immune defense. Multi-scaled analyses of patient 

samples as depicted above provide solid data sets 

for acumination of tumor immunologic research. 

Keim S.V.1,2, Benner A.3, Kahlert C.4, Buechler M.4, Weitz J.5, Koch M.5, Fiala M.4, Spille A.1,2,  
Grabe N.1,2, Jaeger D.1, Halama N.1,2
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Local and systemic immune response in pancreatic cancer: 
multi-scale approach to tumor-immune interactions
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Background: Pancreatic cancer is a highly aggres-

sive disease characterized by poor therapy respons-

es and dismal prognosis. The tumor entertains a 

potent immunosuppressive network with dense 

infiltration of myeloid cells, such as macrophages 

and MDSC. MDSC are versatile cells of monocytic 

(M-MDSC) and granulocytic (G-MDSC) origin ex-

hibiting multiple immunosuppressive mechanisms 

that promote tumor growth. In the tumor environ-

ment, MDSC polarize in alternatively activated M2/

G2-like cells, differing from the M1/G1 phenotype 

in function, receptor expression and cytokine pro-

duction. The phenotype of M2/G2 MDSC is gener-

ally immunosuppressive and pro-tumorigenic. A 

new strategy for immunotherapy is reprogramming 

of MDSC to a M1/G1 phenotype. The cytosolic heli-

case melanoma differentiation-associated protein 5 

(MDA5) is an immune receptor recognizing viral 

dsRNA that induces a type I IFN-driven immune re-

sponse. Viral infection can be mimicked by trans-

fecting the dsRNA analogue poly(I:C) into cells. 

Here we assessed the influence of MDA5-based 

immunotherapy on functional MDSC profiles in a 

murine pancreatic cancer model.

Methods: Subcutaneous Panc02 tumors were 

induced in C57BL/6 mice. On day 20 and 22 mice 

were treated with intravenous injection of 50 µg 

of control RNA or poly(I:C), each complexed with 

in vivo-jetPEI. The next day, mice were sacrificed 

and tumors and spleens were processed to single 

cell suspensions. For gene expression analysis by 

qRT-PCR cells were sorted in G-MDSC (CD11b+, 

Gr-1high) and M-MDSC (CD11b+, Gr-1int, Ly6C+) frac-

tions via FACS. For functional assays, MACS-sorted 

MDSC were cocultured with CFSE-labeled T-cells 

and T-cell proliferation was analyzed by flow cy-

tometry. Therapeutic efficacy of MDA5-based im-

munotherapy was assessed in an orthotopic tumor 

model. Starting at day seven mice were treated 

twice weekly with RNAs for three weeks and sur-

vival was monitored.

Results: MDSC in tumors expressed an immuno-

suppressive phenotype with high levels of PD-L1, 

TGF-β, VEGF and arginase, as compared to splenic 

MDSC. Treatment with poly(I:C) significantly 

reduced expression levels of TGF-β, arginase, 

Adam17, galectin-9, as well as STAT3 and STAT5b, 

whereas NOX2 and NOS2 were significantly in-

creased, indicative of a switch towards a M1/G1 

phenotype. This correlated with a reduced suppres-

sive function in T cell proliferation assays. Systemic 

treatment with the MDA5 ligand led to reduction 

of MDSC numbers in spleen and significantly pro-

longed survival in the orthotopic tumor model.

Conclusion: MDA5-based immunotherapy reduces 

the number and suppressive function of MDSC in 

murine pancreatic cancer. Reprograming MDSC 

towards a M1/G1 phenotype is an interesting and 

promising novel strategy for the treatment of pan-

creatic cancer.

Kirchleitner S.V.1, Schrom E.1, Endres S.1, Düwell P.1, Schnurr M.1
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MDA5-based immunotherapy can reprogram tumor myeloid- 
derived suppressor cells (MDSC) from a M2/G2 phenotype to a 
M1/G1 phenotype and reduce suppressive function
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The efficacy of antitumor radiotherapy is often 

hampered by tumor radioresistance. Approaches to 

therapeutically enhance radiotherapy are limited. 

However, combinations between radiotherapy and 

immunotherapy are largely unexplored. Here, we 

demonstrate that activation of the retinoic acid in-

ducible gene I (RIG-I) receptor within murine mela-

noma cells synergizes with simultaneous therapeu-

tic irradiation. This approach can embody a new 

effective combinatorial immunoradiation regimen.

Murine B16.F10 melanoma cells were irradiated 

with a therapeutic dose of 2 Gy under controlled 

conditions (Mevatron MD linear accelerator) and 

simultaneously RIG-I was activated by 5‘-triphos-

phorylated RNA (3pRNA) transfection. In compari-

son to control conditions, melanoma cell apoptosis, 

HMGB-1 release, RIG-I protein expression, MHC 

class-I upregulation, IFNalpha and IP-10 cytokine 

secretion, and the ability of the B16 cells to activate 

melanocyte antigen-specific CD8+ T cells were syn-

ergistically enhanced by simultaneous irradiation 

and RIG-I activation.

Activating RIG-I under simultaneous therapeutic 

irradiation showed synergism in both (immuno-

genic) cell death and RIG-I-induced immune acti-

vation. Our data warrant further exploration and 

development of such combinatorial immunoradia-

tion regimens, to the benefit of future cancer im-

munotherapy.

Lambing S.1, Holdenrieder S.1, Trimpop N.1, Müdder T.2, Garbe S.2, Hartmann G.1,  
van den Boorn J.G.1
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Enhanced immunogenic cell death and immune activation by 
synergism between therapeutic irradiation and RIG-I activation 
in murine melanoma cells
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Introduction: Insights regarding the trafficking of 

immune cells within the tumor microenvironment 

are pivotal in order to optimize immunotherapeu-

tic approaches. Malignant pleural mesothelioma 

(MPM) is a rare thoracic malignancy in which the 

immune infiltrate predominantly consists of tumor-

associated macrophages (TAMs) of the M1 and M2 

phenotype and T-cell subsets. Pleural effusion (PE) 

often accompanies MPM and is considered to be 

an easy-access opportunity to investigate the tumor 

microenvironment. The aim of the present study is 

to investigate the influx and interactions of TAM 

and T-cell subsets in PE and tumor tissue of MPM 

patients.

Methods: We measured TAMs, M2 TAMs, CD4 

T-cells, CD8 T-cells, and regulatory T-cells in the PE 

of 30 MPM patients prior to treatment using flow cy-

tometry. In addition, 10 associated cytokines were 

measured using a multiplex magnetic bead-based 

assay. An in vitro T-cell proliferation assay in the 

presence of PE and in co-culture with macrophages 

was performed in order to investigate their local 

interactions. In 5 MPM patients, the infiltration of 

TAMs and T-cells were compared between tumor 

biopsies and accompanying pleural effusions using 

immunohistochemistry. 

Results: IL-6 and VEGF were the predominant 

cytokines present in pleural effusion. In general, 

TAMs were more prevalent in PE than T-cells, with 

clear patient-to-patient variation (mean % of alive 

cells ±SE: TAMs 46.8±6.1%, M2-TAMs 13.1±2.7%, 

CD3 T-cells 26.7±5.1, CD4 T-cells 15.4±3.4%, CD8 

T-cells 8.5±1.6%, Tregs 6.7±1.3% of CD4 T-cells). 

The percentage of CD8 T-cells correlated negative-

ly with the M2 TAMs in PE (Pearson r=-0.63, p< 

0.001, n=30). The proliferation assays showed that 

macrophages are able to suppress CD8 T-cell pro-

liferation in the presence of PE. The distribution of 

M2 TAMs and CD8 T-cells in PE did not correlate 

with their presence in corresponding tumor biop-

sies. 

Conclusion: TAMs and T-cell subsets are abun-

dantly present and counter-regulated in PE of MPM 

patients. In addition, their presence in PE does not 

reflect their infiltration in the tumor. We propose 

that the immune cell fate in PE is determined by a 

complex interplay of local factors and therefore is 

not a direct reflection of the tumor. Furthermore, 

these data indicate that the trafficking of TAMs and 

T-cell subsets in the tumor microenvironment of 

MPM patients is controlled and warrants further 

research into the factors responsible for this pref-

erential homing. 

Lievense L.A.1, Cornelissen R.1, Bezemer K.1, Kaijen M.E.H.1, Hendriks R.W.1, Hegmans J.P.1,  
Aerts J.G.1
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Tumor microenvironmental studies indicate controlled  
trafficking and preferential homing of immune cells towards 
the tumor
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Tumors suppress the host immune system by re-

cruiting a variety of cellular immune modulators, 

such as regulatory T cells, tumor-associated mac-

rophages and myeloid-derived suppressor cells 

(MDSCs). MDSCs accumulate in high frequencies 

in peripheral blood of cancer patients and mediate 

potent inhibition of innate and adaptive anti-tumor 

immune responses. Emerging evidence has empha-

sized the importance of COX-2/PGE2 pathway in the 

induction of MDSCs.

In this study, we show that CD14+HLA- 

DRlow/- monocytic MDSCs isolated from blood of ad-

vanced stage melanoma patients significantly in-

hibited resting and activated NK cell cytotoxicity 

(p< 0.05) and ability to produce IFN-g (p< 0.01) 

via the production of TGF-β. In vitro, treatment of 

monocytes with PGE2 induced an MDSC-like phe-

notype with enhanced suppressive activity against 

autologous NK cells. Binding of PGE2 to EP2 and EP4 

receptors on monocytes activated the p38MAPK/

ERK pathway and resulting in elevated secretion of 

TGF-β. Moreover, neutralization of TGF-β produced 

by PGE2-treated monocytes significantly reversed 

the suppression of NK cell proliferation (p< 0.05) 

and cytotoxicity (p< 0.01). Furthermore, silenc-

ing COX-2 in murine 4T1 tumor cells reduced the 

accumulation of CD11b+Gr1+ MDSCs in the spleen 

(p< 0.01), and in vivo live imaging revealed an en-

hanced NK cytolytic capacity in mice bearing COX-

2-silenced tumors. 

Collectively, our results provide evidence in support 

of a direct involvement and molecular machinery of 

tumor-derived PGE2 in stimulating the production 

of TGF-β from MDSCs and its importance in sup-

pressing NK cells. 

Mao Y.1, Sarhan D.1, Steven A.2, Seliger B.2, Kiessling R.1, Lundqvist A.1
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Myeloid-derived suppressor cells inhibit NK cell activity through 
prostaglandin-E2-regulated TGF-beta production
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Pre-clinical assessment of new therapeutic antibod-

ies for cancer immunotherapy is hampered by a lack 

of suitable animal models. Immunocompromised 

NOD.SCID.γc-/- (NSG) mice reconstituted with a 

human immune system, either through adoptive 

transfer of human PBMCs or human hematopoietic 

progenitors, hold the promise for such a model. 

Here, we investigated the antagonist activity of a 

new monoclonal antibody to the human ICOS mol-

ecule, a co-stimulatory molecule for T cells, on the 

xenogeneic graft-vs-host disease (GVHD) that de-

velops after transfer of human PBMCs in NSG mice. 

We also evaluated the agonist activity of the mAb 

in a model of a breast cancer in mice humanized 

with cord blood-derived progenitors. In the xeno-

GVHD setting, prevention of weight loss, tissue 

infiltration and improved survival was observed 

following a single treatment with a low dose of the 

mAb. This treatment was clearly associated with 

reduced T cell numbers in the blood and in pe-

ripheral lymphoid organs. Thus, the anti-ICOS mAb 

protected mice from lethal GVHD by affecting T 

cell numbers in the expansion phase of the disease. 

We next evaluated whether tumor rejection could 

be observed in humanized mice. In a first setting, 

an HLA-A2 breast cancer cell line (MDA-MB231) 

was implanted into cord blood-humanized NSG 

mice expressing a transgenic HLA-A2 molecule. A 

slight delay in tumor growth was observed in this 

setting, suggesting that the human immune system 

present in this mice only rejected a small fraction 

of tumor cells. Addition of the anti-ICOS mAb did 

not modify this low grade rejection despite reduced 

T cell numbers following treatment. In a second 

setting, humanized mice were immunized with 

a HLA-A2 restricted immunodominant peptide 

before tumor implantation but that did not amelio-

rate rejection either. However, no detectable IFNg 

production was observed by ELISPOT following in 

vitro T cell stimulation Thus, these negative results 

highlight the limitations of using humanized mice 

to study tumor rejection. We thus turned to a third 

model, where the tumor was implanted before the 

transfer of total human PBMCs to initiate a GVHD. 

In this setting, we observed a marked delay in 

tumor growth compared to empty mice. Thus, 

xeno-GVHD acted as an ádjuvant´ for tumor rejec-

tion. This model constitute the basis for our current 

studies assessing the agonist activity of anti-ICOS 

mAb on tumor growth. Results of these studies will 

be reported at the meeting. Altogether, our results 

highlights some limitations of humanized mice for 

cancer immunotherapy studies. We thus propose a 

new model to observe tumor rejection by human 

T cells in vivo. Furthermore, using a pre-clinical 

model of GVHD, we show that anti-ICOS mAb rep-

resents a promising tool for management of this 

disease in human patients. 

Burlion A.1,2,3, Petit N.1, Chader D.1, Just S.4, Caux C.5, Olive D.4, Marodon G.1,2,6
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A new anti-ICOS monoclonal antibody prevents graft-vs-host 
disease but has no impact on a breast tumor growth in  
humanized mice
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Objective: Electric field and the concomitant heat 

(modulated electrohyperthermia, - mEHT) can 

synergistically provoke cell death in tumor tissue 

Due to elevated glycolysis (Warburg effect) a con-

comitant ion concentration elevation occur leading 

to elevated permittivity in cancer compared to non-

malignant tissues. Here we studied the molecular 

mechanism of cell death and damage associated 

molecular patterns (DAMP) required for profes-

sional antigen presenting cells for inducing immu-

nogenic cell death (ICD) upon mEHT treatment in 

vivo in colorectal cancer.

Methods: HT29 human colorectal carcinoma cells 

xenografted in BalbC (nu/nu) mice, were treated 

with a single shot mEHT for 30 minutes. 3 parallel 

samples were collected at 0, 1, 4, 8, 14, 24, 48, 72, 

120, 168, 216h post-treatment. 4h post-treatment 

mRNA expression was compared to untreated 

samples. Human Apoptosis Arrays were also used 

on 8, 14 and 24h treated samples. Histomorpholog-

ic, immunohistochemical and TUNEL assay results 

were analyzed in tissue micro array (TMA) section 

using digital slides.

Results: Modulated electrohyperthermia treatment 

induced significant tumor cell death linked with 

DNA fragmentation (24-48h) using TUNEL assay, 

in line with the mitochondrial translocation of Bax 

(8-14h), cytochrome c release from mitochondria 

to the cytoplasm (8-14h) and concomitant nuclear 

translocation of apoptosis inducing factor AIF (14-

24h). Activated caspase-3 was not detected in tumor 

cells. In mRNA assay at 4h, significant differential 

expression of 48 genes including heat shock pro-

teins was seen upon mEHT treatment. Immunohis-

tochemistry and apoptosis protein array confirmed 

elevated hsp70 expression (14-24h and 72-216h) and 

hsp90 expression (24-216h) in the morphologically 

intact peripheral parts of treated tumors. Further-

more, an early (4h) cytoplasmic to cell membrane 

exposure of carleticulin and later (48-216h) the 

release HMGB1 protein from cell nuclei was also 

revealed in the treated samples.

Conclusion: In our in vivo colorectal model mEHT 

caused a dominantly caspase independent pro-

grammed cell death involving AIF activation along 

with the spatiotemporal appearance of DAMP 

signals relevant to ICD.

Meggyeshazi N.1, Andocs G.2, Spisak S.3, Balogh L.4, Krenacs T.1
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Immunogenic cell death specific danger associated molecular 
patterns induced by modulated electrohyperthermia in  
colorectal adenocarcinoma model
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Engineered vaccinia viruses have shown prom-

ising results in the treatment of cancer. Tumor 

oncolysis is an immunogenic phenomenon and it 

has recently been proposed that the efficacy of on-

colytic viruses is determined in part by activation 

of the immune system against tumor cells. This 

can be further enhanced by arming the viruses 

with immunostimulatory molecules such as gran-

ulocyte-macrophage colony-stimulating factor 

(GMCSF) which can mediate antitumor effects 

by e.g. recruiting and stimulating dendritic cells 

and natural killer cells. However, mechanistic 

and immunological aspects of this approach have 

not been studied much in model systems due to 

species incompatibility issues. Human GMCSF is 

active in Syrian hamsters and in addition, vaccin-

ia virus has been shown to replicate in hamsters 

in vitro and in vivo. In this study, we describe 

the generation of vvdd-tdTomato-hGMCSF and 

preclinical testing in immunocompetent Syrian 

hamsters.

Both vvdd-tdTomato and vvdd-tdTomato-hGMCSF 

treatments induced remission of syngenic Hap-T1 

hamster tumors and provided complete or partial 

protection when the animals were challenged 

with the same or a previously unencountered 

cell line respectively. Some tumors, especially 

in the vvdd-tdTomato-hGMCSF treatment group, 

showed pronounced heterophil infiltration in neo-

plastic tissue close to areas of necrosis. We also 

observed increased proliferation, migration and 

specific recognition and killing of syngenic tumor 

cells ex vivo by splenocytes derived from vvdd-

tdTomato-hGMCSF treated hamsters.

Parviainen S.1, Ahonen M.1, Diaconu I.1, Kipar A.2, Vähä-Koskela M.1, Kanerva A.3,  
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GMCSF armed oncolytic vaccinia virus induces anti-tumor  
immune response in immunocompetent Syrian hamster model
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Human memory T cells with stem cell-like proper-

ties have been identified recently in both humans 

and mice. The stem cell-like memory T cells (Tscm) 

have superior self-renewal, proliferation and 

mediate potent anti-tumor immunity upon adoptive 

transfer into a humanized mouse model. To date, 

their contribution to anti-tumor immune responses 

in cancer patients, their antigen specificities and 

physiological function has not been understood. 

We analyzed the peripheral blood (PB) and bone 

marrow (BM) of breast cancer patients for the pres-

ence of Tscm cells by multicolor flow cytometry 

analyses with a panel of human T cell markers to 

distinguish between naïve (Tn), central memory 

(Tcm), effector memory (Tem) and Tscm (CCR7+, 

CD45RO-, CD127+, CD45RA+, CD95+, CXCR3+, 

IL2Rβ+) populations. We detected Tscm cells in 

both CD4+ and CD8+ T cells in the PB and BM of 

breast cancer patients. Interestingly, the number 

of Tscm cells was significantly higher in breast 

cancer patients as compared to healthy donors for 

both CD4+ (2-fold) and CD8+ T cells (4-fold). We 

next assessed the expression of exhaustion markers 

(PD-1 & LAG3) and found that majority of Tscm 

cells (>95%) do not express PD-1 & LAG3 and com-

prised the least exhausted T cell compartment as 

compared to Tn, Tem and Tcm. Furthermore, to 

investigate the contribution of different subsets of 

memory T cells to tumor-specific T cells in breast 

cancer patients, we used breast cancer associated 

MHC class-I pentamers against human epidermal 

growth factor receptor 2 (HER2348-356 , HER2435-443), 

Mucin-1 (MUC112-20) and Carcinoembryonic antigen 

(CEA571-579). Cumulative analyses of tumor-specific 

pentamer+ CD8+ T cells in PB and BM showed 

that 20-25% of total tumor-specific T cells were of 

Tscm phenotype. We observed higher percentages 

of tumor-specific pentamer+CD8+ T cells among 

the Tscm cells in BM as compared to PB, however 

this difference was not significant. For functional 

characterization of tumor-specific Tscm cell we 

performed ex vivo re-stimulation assays using au-

tologous dendritic cells loaded with several breast 

cancer-specific peptides with PB and BM of breast 

cancer patients and analyzed cytokine secretion. 

Cumulative analyses showed that 20-23% of tumor-

specific IFN-ɣ+ CD8+ and 26-32% IL-2+ CD4+ had 

a Tscm phenotype. The tumor-reactive Tscm were 

polyfunctional (secreted both IFN-ɣ+ and IL-2+) 

and were less exhausted than other memory T cell 

subsets: Tcm and Tem.

In summary, we report the presence of Tscm cells 

in the PB and BM of breast cancer patients and a 

significant increase in their number as compared 

to healthy donors. Importantly, we could show that 

Tscm contribute to a population of functional and 

tumor reactive CD8+ and CD4+ T cells in PB and 

BM of breast cancer patients. Our further aim is to 

investigate the therapeutic potential of Tscm cells 

in adoptive T cell experiments with humanized 

mouse model of breast cancer.

Pincha M.1, Boonsawat P.1, Domschke C.2, Beckhove P.1
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Characterizing tumor-specific memory stem like T cells in 
blood and bone marrow of breast cancer patients 
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Triplebodies [19-3-19] and [33-3-19] are antibody-

derived fusion proteins, that carry three single-

chain fragment variable (scFv) domains in tandem 

in a single polypeptide chain. 

Beyond the clinically successful format of „bispe-

cific T cell engagers“ such as Blinatumomab, tri-

plebodies offer perceived advantages for future 

use as therapeutic agents, including a prolonged 

plasma half-life and the option to achieve a greater 

discrimination between malignant and healthy 

targets through their unique ability to bind two 

different antigens on the surface of the same target 

cell („dual-targeting“).

[19-3-19] was designed as a prototype for the re-

cruitment of T cells as cytolytic effectors via triple-

bodies. Its two distal domains are specific for lym-

phoid antigen CD19, and the central domain for the 

T cell antigen CD3 epsilon. [19-3-19] binds CD19-

bearing cells and primary T cells in an antigen-spe-

cific manner. Malignant cells from B-lymphoid cell 

lines and primary cells from patients with B-cell 

neoplasias were used as targets in cytotoxicity tests 

with pre-stimulated allogeneic T cells as effectors. 

The triplebody mediated up to 95 % specific lysis 

of CD19-positive tumour cells in a 3 hr reaction 

and had similar cytolytic potency as the clinically 

successful agent blinatumomab with EC50 doses in 

the low picomolar range. The agent was further 

capable of activating resting T cells from healthy 

unrelated donors and induced specific lysis of both 

autologous and allogeneic CD19-positive cells. In 15 

hr cytotoxicity tests the agent led to the elimination 

of approximately 70% of CD19-positive target cells 

even with previously resting effector T cells used at 

an effector-to-target cell ratio of 1 : 10. The protein 

therefore was capable of mediating serial lysis of 

target cells by a single effector T cell.

The T cell recruiting triplebody [33-3-19] with 

specificity for myeloid lineage marker CD33 and 

B-cell antigen CD19 was designed to selectively 

bind biphenotypic leukemia cells. Results from 

initial binding and redirected lysis studies with 

this triplebody, which has the capacity for “dual-

targeting”, are also shown. 
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Purpose: Immunomodulating effects of irradiation 

have been described in literature. Therefore we per-

formed a retrospective analysis on patients with 

brain metastases from malignant melanoma who 

received Ipilimumab and whole brain radiotherapy 

(WBRT).

Methods: We analyzed patients with brain metas-

tases from malignant melanoma who were treated 

with hypofractionated WBRT or stereotactic radio-

surgery (STX) and received Ipilimumab in closely 

time relation. Patients treated between October 

2010 and December 2012 were included. Follow-up 

was obtained until December 2013. The survival 

rate was estimated by Kaplan Meier plots. 25 pa-

tients with advanced melanoma and brain metas-

tases who were treated with WBRT before 2010, 

and who had not received Ipilimumab, served as 

historic controls.

Results: A total of 16 patients were identified of 

whom 6 were treated with SRS, 2 with combination 

of SRS and WBRT and 8 with WBRT only. All pa-

tients received at least 2 doses of Ipilimumab. Three 

patients received Ipilimumab before and during ra-

diotherapy. 13 patients received Ipilimumab after 

radiotherapy. The Median Time interval between 

radiotherapy and Ipilimumab was 1 month. Pa-

tients treated with radiotherapy and Ipilimumab 

had a censored median survival of 10,8 months, 

compared with 3,6 months for the patients who did 

not receive Ipilimumab (historic controls).

Conclusions: The combined treatment with Ipili-

mumab and radiotherapy is associated with a sig-

nificantly improved overall surviving for patients 

with brain metastases from malignant melanoma. 

Further studies are needed to evaluate the relation-

ship between the time interval and the sequence 

of Ipilimumab and radiotherapy. The magnitude of 

improved survival is suggesting a synergistic effect 

of hypofractionated radiotherapy with Ipilimumab 

treatment.
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The prognosis of acute myeloid leukemia (AML), 

particularly when associated with adverse chro-

mosomal or molecular aberrations, is poor due to 

a high relapse rate after induction chemotherapy. 

Postremission therapy for elimination of minimal 

residual disease remains a major challenge. Immu-

notherapeutic strategies aim at the stimulation of 

AML-specific immunity, especially of CD8+ T cells. 

However, the functionality of these cells in AML 

patients is not well described. T cell exhaustion has 

been suggested to contribute to immune evasion in 

various solid and hematological malignancies. Ex-

hausted T cells are characterized by an increased 

expression of several inhibitory molecules, reduced 

proliferation and impaired cytokine secretion and 

cytotoxicity.

To characterize the T cell phenotype and func-

tion in AML, CD8+ and CD4+ T cells from patients 

at primary diagnosis, with refractory disease, at 

relapse and at relapse after allogeneic stem cell 

transplantation (alloSCT) (23, 4, 9 and 7 individu-

als, respectively) were analyzed by flow cytometry-

based assays. Surface expression of CD244, CD160, 

PD-1, TIM-3 and LAG-3 was determined. T cell pro-

liferation and production of the cytokines IFN-γ, 
TNF-α and IL-2 were measured in response to dif-

ferent stimuli. Results were compared to healthy 

controls (HC) (30 individuals), while untreated 

HIV-infected patients (10 individuals) served as 

positive controls for an exhausted T cell state.

In HIV-infected patients, we observed a pro-

nounced upregulation of the inhibitory molecules 

CD244, CD160 and PD-1 on CD4+ and CD8+ T cells 

as well as globally impaired cytokine production. 

In contrast, T cells from AML patients at primary 

diagnosis showed an expression pattern of inhibi-

tory surface molecules that was similar to T cells 

from age-matched HCs. Interestingly, AML pa-

tients with a relapse after alloSCT showed a 3- and 

6-fold increased overall expression of PD-1 on CD8+ 

(p=0.0084) and CD4+ (p< 0.0001) T cells, respec-

tively. This PD-1 expression pattern correlated to 

an increased proportion of memory T cells, which 

have an inherently higher expression of PD-1. Both, 

relapsed patients after conventional chemotherapy 

and relapsed patients after alloSCT, displayed a 

shift from the naive towards the memory T cell 

compartment. Functionally, no defect in T cell pro-

liferation in any of the AML patient cohorts was 

detected. Of note, however, we observed a 2-fold 

decrease (p=0.0068) in IFN-γ production by CD4+ 

T cells exclusively in patients at primary diagnosis.

In summary, we show that T cells of newly diag-

nosed and relapsed AML patients are fully func-

tional. Moreover, we demonstrate enhanced T cell 

differentiation in relapsed AML patients. We there-

fore hypothesize that bulk T cells in AML are in 

a status of activation, not exhaustion. Thus, im-

munotherapies that aim at eliciting tumor-specific 

immune responses, e.g. dendritic cell based vac-

cines, may be particularly suited for postremission 

therapy. 
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Persistent infection with high-risk types of human 

papillomavirus (HPV) is a necessary prerequisite 

for malignant transformation. In order to establish 

persistent infection, HPV has developed multiple 

immune evasion strategies, among which modula-

tion of expression of antigen processing machinery 

(APM) components directly interferes with T cell 

recognition of HPV-transformed cells. 

The aim of this project was to systematically 

analyze the expression of all APM components in 

a comprehensive collection of HPV-positive cells. 

The cell lines are derived from cervical and head 

and neck squamous cell carcinomas, from primary 

tumors and metastases, and the collection in-

cludes long-standing and newly established cell 

lines. HPV-negative cells originating from primary 

or immortalized keratinocytes served as negative 

controls. Gene expression levels were determined 

by a quantitative real-time PCR screen, and protein 

levels by FACS and immunoblotting. To address the 

inducibility of interferon (IFN)-gamma-responsive 

APM components and the immunoproteasome, 

cells were analyzed with and without IFN-gamma 

exposure.

All HPV-negative keratinocytes showed a remark-

ably uniform expression of APM components. Inter-

estingly, in HPV-positive cells the immunoprotea-

some subunits were consistently detectable even in 

the absence of IFN-gamma, and other components 

(e.g. endoplasmic reticulum aminopeptidase 1) 

were also found to be upregulated. All inducible 

APM components were induced upon IFN-gamma 

treatment in all cell lines, resulting in comparable 

APM component levels in HPV-positive and HPV-

negative cell lines in this environment. Currently, 

we are examining the differentially expressed APM 

components on the protein level. 

Taken together, this study will provide a systematic 

appraisal of HPV-mediated APM changes. In addi-

tion, the impact of IFN-gamma on antigen process-

ing and thus epitope presentation in HPV-driven 

tumor cells will be assessed.

Steinbach A.1, Winter J.1, Grabowska A.K.1, Riemer A.B.1
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Background: Recently, numerous reports have 

demonstrated that the number of CD8+ T cells 

within a solid tumour predict for outcome. These 

findings have stimulated new interest in the de-

velopment of CD8+ T cell-based therapies that cir-

cumvent tumour-associated immunosuppressive 

mechanisms, and thereby release the brakes on 

pre-existing CD8+ T-cell responses. The successful 

clinical application of such therapies will require 

delineation of the regulatory pathways that control 

CD8+ T-cell activation and differentiation in the 

tumour environment. 

Methods and Results: To identify sets of genes 

(modules) which correlated with low TIL abun-

dance, we employed weighted correlation network 

analysis of two publicly available microarray data 

sets from primary head and neck squamous cell 

carcinoma (HNSCC) tissue. This approach identi-

fied an immune response module that was highly 

enriched for genes associated with T-cell activation 

(adj. p = 9.7 x 10-33). The expression of this module 

inversely correlated with a hypoxia-related meta-

module (r = -0.50, p = 2.3 x 10-4), and with genes 

associated with aerobic glycolysis. Among the genes 

was the facilitated glucose transporter, member 1 

(GLUT-1). We confirmed the inverse relationship 

between GLUT-1 expression and TIL density at 

the protein level, and modelled the impact of high 

GLUT-1 expression on glycolysis (measured using 

a Seahorse XF96 analyzer) and immune evasion.

Conclusion: We speculate that the prodigious ap-

petite for glucose by HNSCC may limit the effec-

tiveness of anti-tumour CD8+ T cells, which are 

also addicted to glucose. Alternatively, lactate, the 

end product of glycolysis may impair CD8+ T-cell 

expansion.
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The immune system has the ability to recognize 

and destroy cancerous cells long before they grow, 

multiply and form tumors. However, once tumors 

develop they severely suppress anti-tumor immune 

responses. The underlying causes of immune sup-

pression are complex and not completely under-

stood. Recent studies indicate that tumor-asso-

ciated dendritic cells (TADC) within the tumor 

microenvironment (TME) are key regulators of 

cytotoxic T-cell (CTL) function and may serve as a 

critical target for immunotherapy. The TADC-T cell 

interaction is critical to developing a robust anti-

tumor response but can also result in T-cell toler-

ance to self-antigen.

Hormonal stimulation of tumor cells has been 

shown to promote tumor growth and hormone dep-

rivation therapy is first line treatment of prostate 

and breast cancer. However, less is known regard-

ing the impact of hormonal signaling on immune 

cell function in the TME. In this study we exam-

ined the effects of androgen receptor and estrogen 

receptor stimulation on bone marrow derived den-

dritic cells (BMDCs) and their effects on signaling 

pathways involved in DC induced tolerance. 

A key mediator of tolerance in DCs is the transcrip-

tion factor Forkhead Box O3 (FOXO3). FOXO3 is a 

transcriptional regulator of a variety of processes 

associated with cell cycle progression as well as 

regulation of nuclear receptors, including the an-

drogen and estrogen receptors (AR and ER). Treat-

ment of DCs with dihydrotestosterone (DHT) lead 

to an increased stability of the FOXO3 protein at 

all DHT levels tested. In addition we examined the 

effect of DHT on the transcription factor STAT3 

which have previously been shown to exert tolero-

genic effects in dendritic cells. Increasing exposure 

to DHT lead to an increase in the transcription 

factors STAT3 protein levels. Increased signaling in 

these either or both of these pathways due to DHT 

stimulation may promote tolerogenic functions in 

TADC. In contrast to AR stimulation, low level ER 

stimulation seems to increase the anti-tumor effect 

of TADC and lead to reduced expression of sign-

aling molecules. However, high levels of estrogen 

were found to decrease the anti-tumor function of 

TADC as evidenced by the up-regulation of FOXO3 

signaling. The insight gained from these studies 

will be valuable to targeting the treatment of cancer 

by immune therapy to individual needs. 
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Down-regulation of HLA class I (HLA-I) expression 

is supposed to be one of major immune escape 

mechanisms of cancer and an important factor 

in the therapeutic resistance of cancer immuno-

therapy. However, lack of an anti-panHLA-I anti-

body suitable for immunostaining of formalin-fixed 

paraffin-embedded (FFPE) tissue sections has pre-

vented the standardization and evaluation of HLA-I 

expression in cancer tissues. We developed a mon-

oclonal antibody EMR8-5 that can react to HLA-A, 

B and C on FFPE tissue sections and conducted 

immunohistochemistry quality control exercises, 

including staining methods and interpretations for 

the standardization. Immunostaining of a variety of 

FFPE tumor tissues revealed that over 80% of cases 

have down-regulation or disappearance of HLA-I 

in breast cancer and prostate cancer. The loss of 

HLA-I expression became a significant prognostic 

marker in most epithelial cancers. Then, we evalu-

ated HLA-I expression in cancer tissues of patients 

who underwent survivin2B peptide cancer vaccine. 

It was found that none of HLA-I-negative cases was 

responder in colon, lung and breast cancer cases in 

spite of increased HLA/peptide tetramer+ T-cells 

in their peripheral blood. Our study highlights the 

predictive significance of HLA-I expression and the 

importance of standardized immunostaining test 

using FFPE tissues in the development of cancer 

immunotherapy. 
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Breast cancer is a leading cause in cancer mortality 

of women worldwide. As in most cancers, the main 

cause of death is not the primary tumor but metas-

tasis at distant sites in the body. Tumor/Immune 

interactions are critical in every step of tumorigen-

esis, from initiation to tumor progression and tissue 

invasion. Even though the molecular mechanisms 

that regulate the immune response in the primary 

tumor are slowly being characterized, little is known 

about those that operate in the metastatic sites. We 

used the 4T1 breast cancer model to dissect the role 

of immune effector cells in metastatic sites during 

the progression of mammary carcinoma. 4T1 cells 

were injected in the mammary fat pad of wildtype, 

Rag-/- and gamma(c)-/- mice. Primary tumor 

growth was similar between the different strains 

but metastatic burden was dramatically increased 

in lungs of gamma(c)-/- mice, pointing to an impor-

tant role of innate lymphocytes in the regulation 

of lung metastasis. We phenotypically character-

ized Natural Killer (NK) cells isolated from lungs 

of 4T1 tumor bearing mice and compared them to 

the ones from the primary tumor. Interestingly, the 

expression of the activating receptors NKG2D and 

DNAM-1 in lung NK cells of tumor bearing mice 

increased during tumor progression, whereas the 

expression of these receptors in the primary tumor 

was clearly decreased. Moreover, the percentage of 

fully differentiated CD11b+CD27- NK cells in tumor 

bearing lungs slightly decreased over time, but re-

mained much higher than in primary tumors. Re-

section of the primary tumor resulted in increased 

levels of NKG2D and the CD11b+CD27- subset in NK 

cells isolated from lungs. 4T1 mammary tumors 

induced the accumulation of CD11b+Ly6G+ and 

CD11b+F4/80+ myeloid cells in metastatic sites, 

which showed different status of activation, being 

CD11b+F4/80+ the most immunosuppressive popu-

lation. Taken together, our data shows a differential 

state of activation for NK cells in metastatic sites 

during tumor progression. Whether this is translat-

ed into functional changes in these cells and how is 

this being regulated by the main myeloid subtypes 

that form the metastatic microenvironment consti-

tutes the focus of our present research. 
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Background: Tumours are infiltrated with various 

types of immune cells and depending on the com-

position of the immune infiltrate, these immune 

cells can elicit anti-tumour immunity or create 

immunosuppression. In gynaecological tumours 

(ovarian carcinoma, endometrial carcinoma and 

uterine sarcoma) it has been established that 

certain immune cell types are associated with im-

proved (CD8 T cells) or worse (FoxP3 regulatory T 

cells) survival. However, the exact phenotype of 

the immune cells infiltrating these tumours, espe-

cially uterine tumours, is largely unexplored. 

Materials and methods: Immune cells were iso-

lated from fresh tumour biopsies using mechani-

cal and enzymatical disruption. These infiltrating 

immune cells (TIL) were analysed using an exten-

sive flow cytometric marker panel and compared 

to the phenotype of peripheral blood mononuclear 

cells (PBMC) from the same patients. In addition, 

immune cells from fresh tumour biopsies were 

also cultured in the presence of cytokines to assess 

antigen specificity. 

Results and discussion: Regarding T cells, the 

CD4/CD8 ratio is slightly decreased in TIL versus 

PBMC and TIL contain higher percentages of regu-

latory T cells (p = 0.0128). CD4+ T cells in TIL 

express significantly higher levels of the activation 

markers CD69, CD137 and HLA-DR and of the in-

hibitory markers ICOS, CTLA-4 and PD-1 compared 

to PBMC. CD8+ T cells in TIL on the other hand 

express significantly increased levels of CD69, 

HLA-DR and PD-1 compared to PBMC. Both mono-

cytic MDSC (Lin- HLA-DRlo CD11b+ CD14+) and 

granulocytic MDSC (Lin- HLA-DRlo CD11b+ CD14-) 

are detectable in TIL, with granulocytic MDSC 

being the most predominant subtype. No differ-

ences were observed in both MDSC subtypes in TIL 

versus PBMC. NK cells defined as CD45+ CD56lo/+ 

CD16+ or CD45+ CD56lo/+ CD16- could be detected at 

comparable levels in TIL and PBMC. No differences 

in the expression of CD69, CD161 and HLA-DR on 

both types of NK cells could be found in TIL nor 

PBMC. These data indicate that gynaecological 

tumours contain T cells with a mostly activated 

and somewhat exhausted phenotype, along with 

monocytic and granulocytic MDSC and NK cells. 

We are currently analysing the memory differentia-

tion stage of the T cells and investigating whether 

cultured TIL contain T cells recognizing tumour-

specific antigens. These data will shed more light 

on the feasibility of tumour vaccination or adoptive 

T cell therapy in gynaecological malignancies. 
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Usual vulvar intraepithelial neoplasia (uVIN) is 

caused by a failure of the immunesystem to clear a 

persistent HPV infection. While immunotherapeu-

tic approaches to treat uVIN are achieving clinical 

success, many patients fail to show complete clini-

cal responses. Data accumulate that local immune 

infiltrates play a determining role in the prognosis 

of disease and the outcome of immunotherapeutic 

approaches. 

We conducted a comprehensive study of the local 

innate and adaptive immune response in uVIN by 

analyses of several types of myeloid cells, NK-cells 

and T-cells, as well as the expression of immune 

co-inhibitory molecules and their ligands in the 

microenvironment of 43 primary uVIN lesions, 20 

recurrent uVIN lesions, 21 vulvarcarcinomas and 

26 healthy controls by immunofluorescent confo-

cal microscopy for CD14, CD33, CD163, CD3, CD8, 

FoxP3, PD1, TIM3, NKG2a and Galectins-1, -3 and 

-9, and immunohistochemistry for Tbet, IDO and 

NKp46. 

The progressive course of vulvar neoplasia is char-

acterised by an increase in epithelial and stromal 

mature M1 and M2 macrophages. While the M2 

macrophages outnumber M1 macrophages in the 

stroma of uVIN and healthy controls, the M1 mac-

rophages level up with M2 macrophages in cancer. 

A dense intraepithelial infiltration of mature CD14+ 

macrophages (irrespective of M1 or M2 type) was 

found to be an independent prognostic factor for 

rapid recurrences (p=0.004) in uVIN. In particular, 

uVIN patients with an infiltration profile of innate 

immune cells resembling that of vulvar cancer, 

more rapidly displayed recurrences. Analysis of the 

T-cell response revealed that many of the T-cells ex-

pressed the co-inhibitory markers PD-1, TIM-3 and 

NKG2a. A dense infiltration by stromal CD8+TIM3+ 

T-cells as well as CD3+NKG2a+ T-cells associated 

with a prolonged recurrence free survival (p=0.015 

and p=0.001, respectively), indicating that the ex-

pression of these markers is likely to reflect local 

activity of the infiltrating T cells. The expression of 

TIM3+ was associated with galectin-9 expression, 

reflecting the local production of IFNg. HLA-E, the 

ligand for NKG2a was virtually absent in uVIN. 

Combinatorial analysis of the innate and adaptive 

immune cells showed that a dense intraepithelial 

infiltration by CD14+ macrophages was associated 

with high numbers of intraepithelial Tregs and low 

numbers of stromal CD8+TIM3+ T-cells. Patients 

with low numbers of intraepithelial CD14+ cells and 

high numbers of stromal CD8+TIM3+ cells showed 

the best recurrence free survival (p=0.029). 

Our data clearly show a role for the local immune 

response. The expression of co-inhibitory markers 

is not necessarily an unfavourable sign as in the 

absence of the ligands T-cells may exert their func-

tion. Rather they indicate a truly active local mi-

croenvironment. An estimation of the number of 

intraepithelial CD14+ cells and stromal CD8+TIM3+ 

T-cells may be of help in determining the prognosis 

of patients as well as the response of patients to 

immunotherapy. 
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Toll-like receptor (TLR) ligation activates both the 

innate and adaptive immune systems, and plays an 

important role in antiviral and anti-tumor immu-

nity. Therefore, significant effort has been devoted 

to exploit the therapeutic potential of TLR agonists 

based on ssRNA, the natural ligand for TLR-7 and 

-8, and small molecule ligands. 

So far, the only approved TLR agonists in clini-

cal settings are imiquimod and resiquimod. Both 

compounds are applied topically since they display 

disadvantageous toxic effects after systemic appli-

cation, while newer agents like 852A and VTX2337 

just recently completed first clinical studies. 

In our study we used SC-1 a recently discovered 

small molecule with potent TLR7 agonist proprie-

ties. In vivo pharmacodymamic and pharmacoki-

netic studies, using intravenous injection of SC-1, 

allowed us to find a non-toxic and tolerable dose in 

mice, which potently induces cytokine production 

(IFN-α TNF-α, IP-10, IL6,IL1β, IL10, IL12p40 and 

IFN-γ) detectable in plasma of treated mice. 

Here we describe the first preclinical therapeutic 

study using SC-1 in mouse carcinoma models. CT26 

tumor bearing mice were treated intravenously 

with SC-1 (3 mg/kg) every 5 days. All treated mice 

showed a strong delay in tumor growth, prolonged 

survival as well as a relevant anti-tumor response, 

which prevented tumor formation. Interestingly, we 

found that SC-1 therapy depends, at least in part, on 

expansion of CD8+ T cells specific for tumor associ-

ated antigens (gp70). These gp70-tetramer+ CD8+ T 

cells, detectable in circulation as well as in spleen 

and in tumors, showed potent effector function as 

tested in IFN-γ ELISpot. Notably, SC-1 anti-tumor 

treatment is found beneficial also against tumor 

growth of the very immunosuppressive murine 

breast carcinoma, 4T1. Interestingly, adoptive cell 

transfer of CD8+ T cells as well as CD4+ T cells 

isolated from SC-1 treated tumor-free mice confers 

prophylactic tumor protection to recipient Balb/c 

mice challenged with CT26 tumor cells. In conclu-

sion, this new TLR7 agonist SC-1, via repetitive sys-

temic injections, is able to trigger the murine innate 

immune system to mount a potent and antigen spe-

cific, anti-tumoral adaptive immune response.

Vascotto F.1, Roth R.2,3, Vormehr M.2,3, Reuter K.2,3, Krause N.2,3, König A.1,3, Brkic M.1,3,  
Reece S.2, Hamm S.4, Strobl S.4, Diken M.1, Kreiter S.1, Türeci Ö.5, Sahin U.1,2,3

1	TRON-Translational Oncology at the University Medical Center of the Johannes Gutenberg  
	University Mainz gGmbH, Mainz, Germany, 
2	BioNTech RNA Pharmaceuticals GmbH, Mainz, Germany, 
3	Johannes Gutenberg University, Department of Immunology, Mainz, Germany, 
4	4SC Discovery GmbH, Martinsried, Germany, 
5	Ganymed Pharmaceuticals AG, Mainz, Germany 

Preclinical study on a new developed TLR7 agonist shows  
potent anti-tumor therapeutic effects

170 | Tumor Biology & Interaction with the Immune System



194

Objective: Inhibition of indoleamine-2,3-dioxy-

genase-1 (IDO-1), indoleamine-2,3-dioxygenase-2 

(IDO-2), and/or tryptophan-2,3-dioxygenase (TDO) 

represent novel opportunities for reversing the 

immunosuppressed microenvironment found in 

patients with cancer. While these targets are clin-

ically relevant to date there has not been a system-

atic assessment of the relative expression of these 

enzymes in both tumors and associated lymph 

nodes in preclinical tumor models. This report de-

scribes such a characterization in four of the most 

commonly used models.

Methods: The expression of IDO-1, IDO-2 and TDO 

was evaluated in the B16F10 melanoma and PAN02 

pancreatic models in C57BL/6 mice, and 4T1 breast 

and CT26 colon models in Balb/c mice. PAN02 

and CT26 cells were injected s.c. into the flanks 

of 8-week old female mice, while both the B16F10 

and 4T1 tumors cells were administered by intra-

dermal and mammary fat pad injection, respec-

tively. In each model, tumors and draining lymph 

nodes were collected from separate cohorts of mice 

at an early and late time points correlating to mean 

tumor volumes of 100 and 1,000 mm3, respective-

ly. Expression of the 3 enzymes assessed using a 

variety of techniques, including PCR, Western blot 

and FACS based analysis.

Results: The results of these studies highlight dis-

tinct differences in the expression of these three 

enzyme targets, being dependent upon the choice 

of tumor cell, tumor vs. lymph node and the stage 

of growth. These differences are exemplified by the 

results obtained in the B16F10 and CT26 models. 

Prior to tumor inoculation both cells lines were 

negative for all three enzymes, however at both 

time points the CT26 tumors had significantly in-

creased levels of IDO-1 and IDO-2, relative to the 

input cells. In contrast both of these enzymes re-

mained undetectable in the B16F10 tumors.

Conclusion: It is important to ensure that the 

mouse models used for preclinical evaluation re-

capitulate the elements of the signaling pathway 

most relevant to the human condition. The results 

presented here will be of particular interest to those 

investigators targeting immunosuppression rever-

sal as an approach to anti-cancer therapy.

Walters M.1, Noubade R.1, Marshal L.1, Kohrt H.E.K.2, Hebb J.2, Rajasekaran N.2,  
Powers J.P.1, Young S.1, Jaen J.C.1
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The relevance of differential expression of tolerogenic enzymes 
IDO-1, IDO-2 and TDO in commonly used mouse tumor models 
for testing novel therapeutics
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Multiple myeloma (MM) is a B-cell lymphoma, 

which is characterized by the expansion of mono-

clonal plasma cells. Despite of recent advances in 

the treatment of MM with proteasome inhibitors, 

immunomodulating drugs and autologous stem cell 

transplantation achieving long-term remissions in 

some patients the disease still remains incurable. 

This is due to the persistence of residual malignant 

plasma cells, i.e. minimal residual disease (MRD), 

which lead to high relapse rates. 

The favorable immune effector-to-target cell ratios 

presented in this setting suggests that MRD in MM 

might be targeted effectively by T cell based immu-

notherapy. Essential prerequisite for effective T-cell 

recognition is the expression of HLA molecules on 

target cells. Therefore, we here investigated the 

absolute HLA class I and II surface expression 

on myeloma/plasma cells as well as on normal B 

cells, T cells and hematopoietic stem cells (HSC) 

of primary multiple myeloma samples (n=20), and 

bone marrow samples (n=15) of healthy volun-

teers (HV) respectively, using a quantitative flow 

cytometric assay. Furthermore, the impact of dif-

ferent therapeutic regimens on HLA class I and II 

expression of myeloma cells was examined in bone 

marrow samples of MM patients after 4 weeks of 

treatment. HLA expression levels were found to be 

heterogeneous on myeloma cells with total HLA 

class I molecule counts ranging from 120000-

850000. Mean HLA class I expression on myeloma 

cells (415000 ± 55000) was shown to be signifi-

cantly higher compared to the mean expression 

on autologous B cells (200000 ± 20000, p=0.001),  

T cells (165000 ± 15000, p< 0.001) and HSC 

(205000 ± 35000, p=0.002) in MM patients. 

In addition, HLA class I expression on primary  

myeloma cells was also found to be significant-

ly higher than on normal plasma cells of HVs  

(290000 ± 25000, p< 0.05). 

Mean HLA-DR expression on myeloma cells showed 

no significant difference compared to expression 

levels on autologous bone marrow cells as well as 

on normal plasma cells of HVs.

Different therapeutic regiments including mono-

therapy with the proteasome inhibitor carfilzomib 

(n=2) or immunomodulating drugs (pomalidomide 

(n=3) or lenalidomide (n=2)) did not induce signifi-

cant loss or downregulation of mean HLA class I 

and II expression levels on primary myeloma cells 

after 4 weeks of treatment.

Furthermore longitudinal analysis of HLA ligan-

dome composition in myeloma cell lines across 

different time points after incubation with carfil-

zomib as well as HLA ligandome analysis of 

primary myeloma cells using liquid chromatogra-

phy coupled mass spectrometry (LC-MS/MS) are 

ongoing.

In conclusion these findings validate myeloma cells 

as a potential target for T cell based immunothera-

py, which might take place after standard induction 

therapy to target MRD in MM patients. 

Walz S.D.1, Schuster H.1, Kowalewski D.J.1, Kanz L.2, Weisel K.2, Rammensee H.-G.1, 
Stevanović S.1, Stickel J.S.1,2
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HLA quantification in multiple myeloma reveals high and  
robust HLA class I and II expression on primary myeloma cells
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Background: Tumor-infiltrating lymphocytes 

(TILs) are present in the tumor microenvironment 

of many cancers, with consequent tumor immuno-

genicity and association with survival. In particu-

lar, increased levels of regulatory T cells (Tregs) 

are associated with poorer prognosis in some 

cancers. However, given the complexity of TIL 

phenotype their visualization in situ is difficult, 

and impossible without multiplex immunopheno-

typing. An understanding of both the phenotype 

and spatial distribution of TILs in situ within the 

tumor microenvironment would be advantageous 

to understanding their role in tumour immunobiol-

ogy, especially given growing interest in tumour 

immunotherapy. Here we present a multi-marker, 

computer-aided method for analysing the distribu-

tions of CD3/FOXP3 (Treg) and CD3/CD69 (Tact) T 

cells in follicular lymphoma sections using a mul-

tispectral imaging (MSI) and automated analysis 

approach. An hypothesized interaction distance 

(HID) analysis was used to determine whether the 

spatial patterns of Tregs and Tacts were prognosti-

cally significant.

Design: A single section of a tissue microarray con-

taining triplex follicular lymphoma cores from 40 

subjects [24 male, 16 female, age 35 to 75 years at 

diagnosis, median 55 years , 2- 171 months follow-

up] was stained for CD3, FOXP3, CD69 and hema-

toxylin. Each core was imaged using MSI and the 

individual staining of each marker separated from 

each other using spectral unmixing. CD3+ TILs 

were located using automated image analysis. The 

FOXP3 and CD69 status of each CD3+ TIL was then 

determined and the spatial distributions of the 

CD3/FOXP3 and CD3/CD69 cells were used as input 

into the HID analysis.

Results: Multiplexed IHC staining, MSI and auto-

mated per-cell quantitative analysis was success-

ful. Kaplan-Meier analysis demonstrated favour-

able outcome with higher numbers of CD3+, CD3+/

FOXP3+ and CD3+/CD69+ cells. HID analysis dem-

onstrated the association of favourable outcome 

with a high entropy , representative of a diffuse 

spatial pattern, of FOXP3+ and CD69+ positive T 

cells.

Conclusion: In this study we report that higher 

Treg cell counts in a diffuse pattern was associated 

with favorable prognosis. This supports the impor-

tance of Tregs in the tumour microenvironment. It 

is pertinent to mention that contradictory findings 

are routinely reported from studies investigating 

the role of Tregs in solid and haematological ma-

lignancies. This is due to the complex interactions 

between pro-/anti- tumour immune factors present 

in the tumour microenvironment. The resultant 

effects are due to the summation of the activities of 

these factors. It is therefore even more relevant that 

a method such as exhibited here, capable of defin-

ing and measuring the effect on patient outcome of 

the spatial patterns of multiple cellular phenotypes 

in the tumor microenvironment is available. 

Wendik B.1, Nelson L.2, van der Loos C.3, Rose C.2, Mansfield J.R.1, Byers R.2
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Investigation of the spatial heterogeneity of specific immune 
cell phenotypes in the tumor microenvironment of follicular 
lymphoma
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Introduction: Increased levels of interleukin-6 (IL-6) in 

epithelial ovarian cancer (EOC) patients are correlated 

with a worse prognosis. IL-6 stimulates tumor-inflam-

mation, -growth, and angiogenesis and is suggested to 

attract M2 macrophages and myeloid suppressor cells 

in EOC. 

Materials and methods: We investigated the intricate 

interaction between the IL-6 signaling pathway and 

tumor-infiltrating myeloid cells to determine their 

prognostic and therapeutic impact in EOC. A tissue 

micro-array (TMA) containing 160 EOC samples was 

analyzed for the expression of IL-6, its receptor (IL-6R) 

and downstream signaling via pSTAT3 by immunohis-

tochemistry. Triple color immunofluorescence confocal 

microscopy was used to identify myeloid cell popula-

tions (CD14, CD33, CD163). The relationship between 

these markers, tumor-infiltrating immune cells, clinico-

pathological characteristics and survival was investigat-

ed. Furthermore, a heatmap with all known immune 

markers was created by unsupervised clustering in 

order to define immune profiles in EOC. 

Results: Tumors with a high expression of IL-6R dis-

played a low infiltration of mature myeloid cells 

(p=0.017) and were associated with longer disease-

specific survival (DSS; p=0.010). High expression of 

IL-6R was an independent prognostic factor. In contrast, 

tumors with high IL-6 expression displayed a dense in-

filtration of mature myeloid cells (p=0.012) and were 

correlated with a shorter DSS (p=0.034). Clustering on 

all known immune parameters revealed roughly two 

types of tumor environments. A tumor-rejecting en-

vironment with high infiltration of cytotoxic CD8+ T 

cells and fewer M2 macrophages and regulatory T cells 

(Tregs), and an immunosuppressive environment with 

high infiltration of Tregs and M2 macrophages, while 

having a low infiltration of CD8+ T cells. In densely 

CD8+ T-cell infiltrated tumors, the ratio between these 

lymphoid cells and CD163 myeloid cells was predictive 

for survival (p=0.036), indicating that the positive effect 

of CD8+ T cells may be counteracted by suppressive 

CD163+ cells, confirming the role as an immunosup-

pressive population. 

Conclusion: Our data revealed two types of groups in 

EOC, the first containing patients with a high expres-

sion of IL-6R and low infiltration of mature myeloid 

cells, suggesting IL-6R might be useful as a prognostic 

marker. Treatment with a monoclonal antibody targeted 

against IL-6R might be used in these patients to prevent 

further tumor growth. The second group showed a high 

expression of IL-6 in tumor with a low expression of 

IL-6R, and was densely infiltrated with M2 macrophag-

es. This group was associated with a worse clinical 

outcome. Here, treatment with anti-IL-6R might 

prevent differentiation of suppressive myeloid cells.

Wouters M.C.1,2, Dijkgraaf E.M.3, Kuijjer M.L.4,5, Jordanova E.S.6, Hollema H.7, Welters M.J.3, 
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Interleukin-6 receptor and its ligand interleukin-6 are opposite 
markers for survival and infiltration with mature myeloid cells 
in ovarian cancer
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Recent clinical studies targeting the PD-L1/PD-1 

pathway have shown the impact of restoring 

anti-tumor immunity in many cancer patients. 

While rapid and durable responses to blocking 

these pathways have been observed (Soria et al, 

ECC 2013, Topalian et al, NEJM, 2012; Hamid et 

al, NEJM, 2013), a proportion of patients do not 

respond to these therapies, thus prompting the 

assessment of additional factors that may further 

modulate or inhibit anti-tumor immunity. Studies 

evaluating the efficacy of PD-L1/PD-1 blockade in 

humans provide an opportunity to dissect the key 

factors that contribute to response or resistance to 

immune modulatory therapy.

We have applied highly sensitive immune gene 

expression assays (iCHIP) using the Fluidigm 

Biomark platform to interrogate the quality of the 

immune response across six cancer types includ-

ing colorectal cancer (CRC; n=48), breast cancer 

(n=126), NSCLC (n=51), melanoma (n=35), renal 

cancer (RCC; n=48) and bladder cancer (n=42). 

The iCHIP platform consists of 96 genes that rep-

resent signatures associated with the interferon 

gamma (IFNγ) pathway, cytotoxic T cells, Th2 

cells, T-regulatory cells, Th17 cells, myeloid cells, 

dendritic cells, NK cells, B cells and immune 

checkpoint markers. RNA was extracted from 

formalin-fixed paraffin embedded archival tissues 

that were derived from clinical collections or col-

lected in the ongoing Phase I study of MPDL3280A, 

an engineered anti-PD-L1 antibody. Appropriate 

patient informed consents were obtained from 

the institutional review boards for the exploratory 

evaluation of biomarkers. 

Immune gene expression analysis showed a unique 

pattern of immunosuppressive and immunore-

sponsive factors and cell types across indications. 

While indications, including triple-negative breast 

cancer (TNBC), NSCLC and bladder cancer rep-

resent the highest prevalence of INFγ signatures, 

CRC and hormone receptor-positive breast cancer 

constitute diseases with the lowest expression. In 

addition to a high IFNγ signature in TNBC, this 

subtype of breast cancer also consists of a high 

Treg signature when compared to melanoma, 

which represents the highest ratio of IFNγ:Treg 

gene expression. Th17 gene signatures are most 

prevalent in CRC compared to all other indica-

tions. Association of these gene signatures with 

disease stage, outcomes (where available) and 

other disease specific known prognostic factors 

including molecular subtypes and mutations in 

KRAS, BRAF, PIK3CA and EGFR will be presented.

Xiao Y.1, Kowanetz M.1, Wilson T.1, Shames D.S.1, Huseni M.1, Kabbarah O.1, Nakamura R.1,  
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Comparison of tumor infiltrating lymphocyte signatures across 
six cancer types and their association with disease prognostic 
factors
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CpG-based vaccination can efficiently induce high 

numbers of functionally competent tumor specif-

ic CD8 T cells, associated with favorable clinical 

outcome. Here we present data of a clinical trial 

that included 29 HLA-A2 positive patients with 

stage III-IV melanoma. They received up to 8 cycles 

of 4 monthly vaccines containing CpG, Montanide, 

and peptides derived from Melan-A/MART-1 and 

tyrosinase. All patients generated high numbers of 

Melan-A tetramer+ CD8 T cells, reaching 1.5 % 

(mean) of circulating CD8 T cells. These T cells 

secreted IFNγ in 24 patients. Although tyrosinase 

specific CD8 T cells were less frequent they doubled 

after vaccination in 8/13 evaluable patients. Sta-

tistical analysis showed that low Treg numbers 

at baseline predicted enhanced CD8 T cell re-

sponses. The function of tumor antigen-specific 

CD8 T cells was tested in vivo by Delayed Type 

Hypersensitivity (DTH) reactions to i.d. injection 

of Melan-A peptide. Interestingly, these positively 

correlated not only with the numbers of tetramer+ 

and IFNγ+ CD8 T cells in blood, but also with the 

“ratio” of CD8 T cells to Treg cells. Remarkably, 

patient overall survival and disease free survival 

showed significant correlations with specific CD8 T 

cells, CD8/ Treg ratio, and DTH reactions. Together, 

the data show that CpG based vaccination induced 

long-lasting and favorable immune responses, sup-

porting the further development of this immuno-

therapeutic approach.
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Survival of melanoma patients correlating with DTH skin  
reactions and CD8 T cell/Treg ratios in PBMC after vaccinations 
with CpG & peptides
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The lack of standard control reagents for immu-

nological T-cell assays prohibits comparability of 

results generated in one lab over time and across 

institutions. Therefore available TCR-engineered 

reference samples (TERS) that contain a defined 

number of antigen-specific T cells continuously 

leading to stable results are urgently needed. 

We established a simple and scalable technology 

to generate stable HLA-class I or II-restricted, 

tumor-associated antigen (TAA)-specific TERS 

batches that can be repetitively used to control 

the performance of commonly used T-cell assays 

over time. In the future, the users should manu-

facture TERS at large scale on their own. There-

fore we developed TERS in a kit format consist-

ing of TCR-RNA and a customized protocol for 

manufacturing.

As a first step in preparation for the immuno-

control kit, we extensively tested six com-

monly used electroporation devices from four 

vendors (BioRad, Eppendorf, Harvard Appa-

ratus and Lonza). We established the optimal 

electroporation conditions for the transfec-

tion of T cells with TCR-RNA leading to 

highest cell viability and TCR expression. 

Also, a large-scale RNA batch was manufactured 

and an extended RNA stability study was initi-

ated testing RNA at accelerated and forced deg-

radation for a period of 24 months. The data from 

this study will allow assigning appropriate shelf-

life to TCR-RNA for the future immuno-control 

kit.

In preparation of a proficiency panel we organ-

ized a workshop with 4 participants who suc-

cessfully produced HLA-class-I restricted TERS 

batches specific for NY-ESO-1157-165 under guid-

ance.

In November 2013, an exploratory proficiency 

panel (CIP_ID17_2013_RSKITMUL/E) was organ-

ized to test whether the TERS kit approach works 

if performed self-handed following a provided 

standard protocol. The kit for manufacturing 

the TERS at peripheral sites (n= 7 participants) 

consisted of two stability-tested RNAs: one TCR 

RNA specific for NYESO1157-165 (SLLMWITQC) for 

the generation of the TAA-specific TERS and a 

reporter RNA coding for GFP which was used to 

optimize the electroporation settings of the avail-

able electroporation device prior to manufactur-

ing the TERS. Additionally, a centrally manufac-

tured TERS was provided. Both TERS were tested 

in parallel on two independent time points in 

MULTIMER staining experiments using a provid-

ed HLA-A2 NY-ESO-1 (SLLMWITQV) dextramer 

and a negative control dextramer (Immudex). We 

will show the preliminary results from the pro-

ficiency panel.

In summary, first results show that the immu-

no-control kit approach allows various users to 

produce their own TERS and to use it to control 

immune assay performance over time. 

Bidmon N.1,2, Koch S.3, Gouttefangeas C.4, Sahin U.1,5, Attig S.5, van der Burg S.H.6,  
Britten C.M.1,3

1	TRON-Translational Oncology at the University Medical Center of the Johannes Gutenberg  
	University Mainz gGmbH, Mainz, Germany, 
2	BioNTech AG, Mainz, Germany, 
3	BioNTech RNA Pharmaceuticals GmbH, Mainz, Germany, 
4	University of Tuebingen, Department of Immunology, Tuebingen, Germany, 
5	Johannes Gutenberg-University Mainz, Medical Department, Mainz, Germany, 
6	Leiden University Medical Center, Department of Clinical Oncology, Leiden, Netherlands 

TCR-Engineered Reference Samples (TERS) to control T-cell  
assay performance - towards an immuno-control kit 
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Cancer cell lines are a tremendous resource for 

cancer biology and therapy development. Given 

the advent of next-generation sequencing (NGS) 

technology, they are an ideal tool to examine the 

genetic origin of cancers; to identify potential novel 

tumor targets, such as tumor antigens for vaccine 

development; and to use in preclinical studies. For 

this purpose, we need highly characterized cell 

lines. Mutations, gene expression, and drug sen-

sitivity have been determined for many cell lines. 

However, the HLA type and HLA expression of cell 

lines, characterizations necessary for the develop-

ment of cancer vaccines, are largely incomplete 

and, when available, distributed in many publica-

tions. 

Here, we used a previously described in silico 

method to determine the 4-digit HLA type and ex-

pression of publically available RNA-Seq samples 

from > 170 cancer and normal cell lines. We use 

standard NGS RNA-Seq short reads from “whole 

transcriptome” sequencing, map reads to known 

HLA types, and statically determine HLA type, het-

erozygosity, and expression. First, to our knowl-

edge, we report previously unreported HLA class I 

and II genotypes and HLA expression of cancer cell 

lines. Second, these results provide a fundamental 

cell line “barcode” to track samples and prevent 

sample annotation swaps and contamination. 

Third, this provides insights into HLA downregu-

lation and loss in cancer. Finally, these results are 

a fundamental resource for vaccine drug develop-

ment. We show how to integrate the cancer cell-line 

specific HLA types and HLA expression determined 

here, with public available cell-line specific muta-

tion information and existing MHC binding predic-

tion algorithm to make a catalog of likely immuno-

genic mutations in each tumor cell line. 
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HLA typing from RNA-Seq sequence reads: a catalog of HLA 
type, HLA expression, and HLA presented somatic mutations 
in human cancer cell lines
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There are about 160,000 new cases of melanoma 

worldwide each year. Despite advances in the treat-

ment of early-stage melanoma, a significant frac-

tion of patients will eventually develop metastatic 

melanoma, a subgroup with a poor prognosis. Im-

munotherapy may address the unmet medical need 

in patients with advanced melanoma.

A novel innovative RNA-based immunotherapy 

platform harboring proprietary chemical modifi-

cations and sequence elements that increase the 

bioavailability, immunogenicity and immunomod-

ulatory properties of the investigational medicinal 

product was developed by BioNTech RNA Pharma-

ceuticals GmbH. Based on an extensive preclini-

cal program and a favorable risk benefit analysis 

a first-in-human trial to test the safety, tolerability 

and pharmacodynamic activity of RIBOLOGICAL 

IMMUNOTHERAPY targeting the known tumor-

associated antigens NY-ESO-1 and tyrosinase was 

initiated (NCT01684241). 

So far 22 patients with stage III and IV malignant 

melanoma have been recruited to this phase I trial 

that included 4 dose escalation cohorts ranging 

from 50µg RNA up to 600µg RNA per injection. All 

4 dose levels were well tolerated and no dose lim-

iting toxicities were observed. Pharmacodynamic 

activity of RIBOLOGICAL IMMUNOTHERAPY 

was assessed by intradermal injections of RNA to 

induce DTH reactions, flow cytometric analysis of 

skin infiltrating lymphocytes, as well as IFN-gam-

ma ELISPOT assays in peripheral blood mononu-

clear cells (PBMC). 

We will present preliminary results from the immu-

nological readouts made so far that are indicative of 

a high rate of vaccine-induced immunity. Immune 

responses against a microbial marker antigen 

and the cancer germline antigen NY-ESO-1 were 

more frequently observed than immune responses 

against the differentiation antigen tyrosinase. 
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Assessment of vaccine-induced immunity following intra lymph 
node administration of RIBOLOGICAL IMMUNOTHERAPY 
targeting NY-ESO-1 and tyrosinase in patients with advanced 
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Background and aims: Peptides of varying lengths 

are frequently used in cell based assays to monitor 

antigen specific responses. When these assays are 

used in clinical trials to monitoring patient re-

sponses to treatment it is of particular importance 

to know that all reagents in use are fit for purpose. 

We therefore underlook a study to assess the sta-

bility of peptides (9-meres) in long term storage at 

-80°C. 

Method and Results: Six 9-mer peptides (Flu; GILG-

FVFTL, WT1-126; RMFPNAPYL, WT1-37; VLDFAP-

PGA, EBV; GLCTLVAML, HIV; ILKEPVHGV,CMV; 

NLVPMVATV) were purchased from PeptideSyn-

thetics (UK) and dissolved in 100% DMSO before 

storage at -80°C. Following varying lengths of 

time an aliquot was sent back to PeptideSynthet-

ics for assessment of peptide degradation by high-

performance liquid chromatography (HPLC). The 

peptides were assessed at intervals for up to 320 

weeks. The majority of peptides (4 of 6) were re-

markably stable at -80°C and contained more 

than 90% intact peptide at the end of the study 

(range 150-202 weeks in storage). The EBV peptide 

had the fasted rate of degradation with less than 

90% intact peptide already following 30 weeks in 

storage, falling to 68% intact peptide at the end of 

the study (320 weeks). The CMV peptide showed 

less than 90% intact peptide following 104 weeks 

at -80°C storage that further fell to 75% at the end 

of the study (157 weeks). To assess the impact of 

degradation on cell functionality, the degraded EBV 

and CMV peptides were compared to their newly 

synthesised counterpart (>95% intact) in ELISPOT 

assays. No significant difference in spot forming 

cells per million PBMCs were found between the 

degraded and newly synthesised EBV or CMV 

peptides, tested at 10-0.5 mg/mL, in any of the 10 

HLA-A2+ donors tested. 

Conclusions: Peptide integrity in long term storage 

at -80°C is generally well preserved. Although the 

kinetics and level of degradation can be peptide 

specific, partially degraded peptides are still fully 

functional in ELISPOT assays even at low concen-

trations (0.5 mg/mL). We therefore conclude that 

9-mere peptides, dissolved in 100% DMSO and kept 

at -80°C for at least 3 years are suitable for use in 

endpoint ELISPOT assays to monitor responses in 

clinical trials. 
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Background and aims: Bioanalytical assay used to 

define success or failure in early phase clinical im-

munological trials (endpoint assays) require that 

the optimised method is suitable and reliable for its 

intended use. This process is referred to as assay 

validation and includes the confirmation of funda-

mental parameters such as accuracy, precision, se-

lectivity, sensitivity and stability. Here we present 

the approach taken to validate two HLA-A2-re-

stricted multimers, each containing a peptide from 

Wilms‘ tumor antigen (WT1-126: RMFPNAPYL, 

WT1-37: VLDFAPPGA), for use in flow cytometry 

endpoint assays. 

Method and results: The WT1-37 multimer was 

validated using surplus samples from a patient 

with pre-existing WT1-37 immunity (WIN trial, 

GTAC173). The WT1-126 multimer was validated 

using a WT1-126 cell line (gift of Prof Greenberg, 

Milan, Italy). Prior to validation the background 

staining of both multimers on HLA-A2- donors was 

calculated as the 99th percentile (mean + 2.6 SD) 

and used as a cut off value for positive multimer 

staining (cut off 0.017% and 0.041% for WT1-37 

and WT1-126, respectively). Multimer specificity 

was confirmed as the proportion of multimer+ 

cells was reduced by 57% and 21% for WT1-126 

and WT1-37, respectively, following pre-incuba-

tion with the relevant but not a control irrelevant 

peptide (GLCTLVAML). The inter-assay variability 

was found to be very small with variances (CV) 

of 7.6% and 10.1% for the WT1-37 and WT1-126 

multimer, respectively. The WT1-37 multimer was 

found to be very stable at 4°C with no loss of sen-

sitivity detected following 17 weeks in storage. The 

WT1-126 multimer was less stable at 4°C with loss 

of sensitivity detected already following 2 weeks. 

The WT1-126 multimer is hence recommended to be 

used directly following thawing after -80°C storage. 

The sensitivity of the WT1-37 and WT1-126 multim-

er was also assessed in titration experiments. The 

lowest detection limit for the WT1-126 multimer 

was found to be equivalent to the calculated cut 

off value for non-specific binding. Numerically this 

was also true for the WT1-37 multimer, however, 

the presence of a WT1-37 multimer+ population 

was still visible even below this cut off value. This 

highlights the need for a more objective evaluation 

of multimer data also accounting for the visible ap-

pearance of multimer+ populations. 

Conclusions: The ECMC group at Southampton has 

successfully validated two in-house made multim-

ers specific for tumor-associated antigens (WT1-37 

and WT1-126) that display good levels of specific-

ity, sensitivity, inter-assay precision and stabil-

ity. These multimers are therefore suitable for the 

identification of vaccine induced immunological 

response in clinical trials. 

Cazaly A.M.1, Douglas L.1, Joseph-Pietras D.1, Challis R.1, Harden E.1, Ottensmeier C.H.1
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With the recent promising results of cancer vaccines 

and immunotherapy based on monoclonal antibod-

ies to CTLA-4, PD-1 and PDL-1 in a range of meta-

static cancers, immune monitoring has become in-

creasingly relevant for cancer informatics. Immune 

monitoring requires accurate quantification of po-

tentially rare cell subsets whose discrimination 

requires the measurement of multiple parameters 

on individual cells (e.g. antigen-specific T cells or 

other immune cell subsets like Tregs or MDSCs). 

The standard technology for single cell evaluation 

is flow cytometry, which can measure 10-20 pa-

rameters on a cell, with the next generation of flow 

and mass cytometers measuring up to 40 param-

eters. Because these parameters vary for each cell 

and 10^5−10^6 cells are analyzed per sample, the 

data complexity is comparable to that of proteomics 

or genomics. Many algorithms and pipelines have 

been developed for different aspects of flow cytom-

etry analysis from normalization to clustering to 

phenotype correlations. However, these pipelines 

assume that the annotation required for data in-

terpretation is correct and consistent, a necessary 

condition often not met in study data as annotation 

is typically manually entered without validation. 

We describe ReFlow, an informatics system organ-

ized around flow cytometric domain concepts that 

simplifies and validates data annotation for multi-

center studies and the associated data transfer ap-

plication programming interface for data sharing; 

examples of using Reflow as the frontend for au-

tomated analysis pipelines of proficiency panels 

organized by the Immunoguiding Program of the 

Association for Cancer Immunotherapy (CIP) will 

be given.
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Managing multi-center flow cytometry data for cancer immune 
monitoring
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IntroductIon: In each human donor‘s PBMC, there 

is a defined number of T cells specific for any given 

antigen. A major goal of immune monitoring with 

ELISPOT is to measure this number accurately and 

reproducibly between different laboratories. In 

ELISPOT assays, cytokine spots produced by anti-

gen-specific T cells show a broad spectrum of sizes 

and densities over variable background. There-

fore, even experienced investigators are likely to 

come up with different spot counts when subjec-

tively judging the minimal spot size/density to be 

counted and the maximal spot size for the cut off 

between single cell-derived spots vs. those created 

by cell clusters. This study aims to find out whether 

statistics-based automated gating can harmonize 

spot counts obtained in different laboratories.

Methods: We studied PBMC plated in serial di-

lutions, with 24 replicates per dilution, to es-

tablish the distributional properties of HCMV  

pp65-induced IFN-γ ELISPOTs. We sent the physi-

cal ELISPOT plate and image files obtained from it 

to ten different laboratories for independent count-

ing. The plate was machine counted by each labo-

ratory relying on either Basic Count, which relies 

on subjective counting parameters set by the dif-

ferent investigators or SmartCount™, an automated 

counting method embedded in CTL‘s ImmunoSpot® 

Software that uses statistics-based autogating in 

conjunction with autothresholding. 

Results: The IFN-γ spots were found to closely 

follow a Log Normal distribution. When spot 

counts were established by subjective judgment, 

Basic Count, the average coefficient of variation 

(CV) between the mean values for the independ-

ent laboratories was 26.7%. Counting with the  

SmartCount™ method produced counts with an 

average CV of 6.7% across the laboratories.

Conclusions: The Log Normal distributional prop-

erties of ELISPOTs permits one to automatically 

set the lower and upper gates for counting spots 

by means of statistics, achieving a target signifi-

cance of 95%. Using SmartCount™, which relies 

on statistics-based autogating in conjunction with 

autothresholding, spot counts can be harmonized 

between different investigators and laboratories. 

Sundararaman S.1, Karulin A.Y.1, Ansari T.1, Chauvat A.2, Ben Hamouda N.3, Gottwein J.4,  
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User vs. software-dependent variability of ELISPOT counts  
obtained from ten different laboratories
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CD8(+) T cells play important roles in anti-tumor 

immunity but distribution profile or functional 

characteristics of effector memory subsets during 

tumor progression are unclear. We found that, 

in oral squamous carcinoma patients, circulat-

ing CD8(+) T cell pools skewed toward effector 

memory subsets with the distribution frequency 

of CCR7(-)CD45RA(-)CD8(+) T cells and CCR7(-) 

CD45RA(+)CD8(+) T cells negatively correlated 

with each other. A significantly higher frequency 

of CD127(lo) CCR7(-)CD45RA(-)CD8(+) T cells or 

CCR7(-)CD45RA(+)CD8(+) T cells among total 

CD8(+) T cells was found in peripheral blood or 

tumor infiltrating lymphocytes, but not in regional 

lymph nodes. The CD127(hi) CCR7(-)CD45RA(-)

CD8(+) T cells or CCR7(-)CD45RA(+)CD8(+) T cells 

maintained significantly higher IFN-γ, IL-2 pro-

ductivity and ex vivo proliferative capacity, while 

the CD127(lo) CCR7(-)CD45RA(-)CD8(+) T cells or 

CCR7(-)CD45RA(+)CD8(+) T cells exhibited higher 

granzyme B productivity and susceptibility to acti-

vation induced cell death. A higher ratio of CCR7(-)

CD45RA(+)CD8(+) T cells to CCR7(-)CD45RA(-)

CD8(+) T cells was associated with advanced 

cancer staging and poor differentiation of tumor 

cells. Therefore, the CD127(lo) CCR7(-)CD45RA(-)

CD8(+) T cells and CCR7(-)CD45RA(+)CD8(+) T 

cells are functionally similar CD8(+) T cell subsets 

which exhibit late differentiated effector pheno-

types and the shift of peripheral CD8(+) effector 

memory balance toward CCR7(-)CD45RA(+)CD8(+) 

T cells is associated with OSCC progression. 

Chia J.-S.1
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Skewed distribution of IL-7 receptor-α-expressing effector  
memory CD8(+) T Cells with distinct functional characteristics 
in oral squamous cell carcinoma
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Background: Immune checkpoint inhibitors are 

a breakthrough new therapy for cancer and Ipili-

mumab, an anti-cytotoxic T lymphocyte-associated 

antigen-4 antibody, is becoming the leading treat-

ment for the management of metastatic melanoma. 

The peculiar pattern of response to this antibody 

fostered the definition of new criteria for response 

assessment but, there is still an urgent need for 

reliable predictive biomarkers in order to identify 

responder patients. To this aim, immuno-moni-

toring of cancer patients revealed several possible 

candidate biomarkers that were predictive of better 

prognosis. Aim of this work was to monitor cir-

culating levels of myeloid-derived suppressor cells 

(MDSCs) in metastatic melanoma patients receiv-

ing Ipilimumab treatment through a standardized 

flow cytometry approach.

Methods: We standardized flow cytometry analy-

sis by monitoring cytometer and antibody perfor-

mance by means of several quality controls based 

on fluorescent particles and reference cell-line 

staining. Taking advantage of this highly standard-

ized method, we monitored the circulating levels 

of different subsets of MDSCs at baseline and at 

different time points after Ipilimumab treatment in 

24 patients with metastatic melanoma.

Results: Melanoma patients had significantly 

higher levels of circulating CD14+/IL4Rα+ and 

CD15+/IL4Rα+ MDSCs and elevated frequencies of 

CD14+/HLA-DRlow/- MDSCs as compared to age- and 

gender-matched healthy donors. In addition, the 

percentages of MDSCs were significantly associat-

ed with serum levels increase in proteins involved 

in the induction and activation of these cells, such 

as VEGF, S100, and IL-6. Patients with higher 

MDSC frequencies presented also higher reactive 

C-protein levels and hence a greater cancer-related 

inflammatory state. We are currently monitoring 

MDSC levels in Ipilimumab-treated patients during 

the follow-up phase in order to identify a possible 

correlation between MDSC frequencies and clinical 

outcomes.

Conclusion: Our results indicate that MDSC levels 

were increased, when compared to healthy donors, 

in a cohort of metastatic melanoma patients and 

the levels of these cells correlated also with soluble 

factors known to sustain MDSC accumulation. In 

addition, we are investigating the possible predic-

tive role of MDSC frequencies in melanoma pa-

tients during the follow-up phase of Ipilimumab 

treatment. In conclusion, our results indicate that 

standardization of sample acquisition and analysis 

by flow cytometry is a feasible method for assessing 

MDSC levels in novel immunotherapy approaches.
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Validation of immunomonitoring of circulating myeloid-derived 
suppressor cells as a potential predictive tool for response to  
Ipilimumab treatment in melanoma patients
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Acute Myeloid Leukemia (AML) is characterized by 

expansion and accumulation of immature myeloid 

cells in the blood and bone marrow. Chemotherapy 

can temporarily hinder the disease, but relapses are 

common and the prospect of long-term survival for 

AML-patients is poor. Our research group has de-

veloped a relapse-preventing immunotherapy in 

AML - histamine dihydrochloride (HDC) in com-

bination with IL-2 - which in 2008 was approved 

within the European Union. 

The proposed mechanism of action for HDC is to 

prevent the production of oxygen radicals from 

myeloid cells, and thereby rescue anti-leukemic NK 

and T cells from radical-induced inactivation. AML 

is a genetically and morphologically heterogeneous 

disease and we recently discovered that leukemic 

cells from patients with monocyte-like leukemia 

produce immunosuppressive oxygen radicals, 

which could be inhibited by HDC, while leukemic 

cells from patients with non-monocytic leukemia 

did not produce oxygen radicals. In analogy with 

these results, post-hoc analysis of a clinical HDC/

IL-2 trial showed that HDC/IL-2 was most effica-

cious in AML patients with monocytic leukemia.

The mechanism of action for HDC may, however, be 

pleiotropic. For example, histamine has also been 

proposed to exert pro-differentiating effects on the 

myeloid compartment. To further define the mech-

anism of action of HDC, and to verify its superior 

efficacy in monocytic AML, we are developing xen-

ograft models where primary leukemic cells from 

AML patients are injected i.v. into sublethally irra-

diated immunodeficient NOD/SCID or NOD/SCID-

IL2RG mice. This approach allows human AML 

cells to repopulate the murine immune system, 

which thereby enables in vivo analyses of human 

leukemic cells along with the assessment of anti-

leukemic therapeutics.

In addition to in vivo injections, the patients AML 

cells have been cultured on methylcellulose in the 

presence or absence of HDC and CFU has been enu-

merated. For certain patients with monocytic AML, 

HDC has shown to clearly inhibit the CFU-forming 

capacity of the leukemic blasts.

In initial in vivo experiments using NOD/SCID mice 

we observed a transient engraftment of leukemic 

cells (i.e. 1-6% in the blood stream, four weeks 

after injection), whereafter the human cells were 

rejected. In later experiments, NOD/SCID-IL2RG 

(NOG) mice that have a lower capacity to reject 

grafts have been utilized, which has resulted in 

positive engraftments in more than two thirds of 

the animals. 

In planned experiments, xenografted animals will 

be treated with i.p. injections of HDC and the leuke-

mic cell burden will be followed using blood draws. 

In some animals we also plan to inject human NK 

cells prior to HDC treatment.

Ewald F.1, Lenox B.1, Rydström A.1, Bergh Thorén F.1, Aurelius J.1, Hellstrand K.1, Martner A.1
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A xenograft model for studies of anti-leukemic effects of  
histamine dihydrochloride in acute myeloid leukemia
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99% of our body ś T-cells actively scan the surfaces 

of other cells in the tissues, a process which primes 

them for cognate antigen recognition. In contrast, 

less than 1% of body ś T-lymphocytes are in the 

circulation as suspended cells lacking such cell 

contacts. Accordingly, recent studies in mice and 

humans have shown that circulating CD4 T-cells 

are less sensitive to several T-cell activating mAb 

and to recall antigens as compared to tissue-resident 

cells. For practical and ethical reasons, however, 

immunological research and immunomonitoring 

in humans is almost exclusively performed using 

PBMC, i.e. functionally impaired T-cells. We have 

recently shown for CD4 T-cells that the impaired 

responsiveness of circulating T-cells could be re-

stored by a short-term preculture step of PBMC at a 

high cell density which resets them to a tissue-like 

status (HD preculture, Römer P.S. et al. 2011).

We now addressed the question whether HD pre-

culture of human PBMC would also allow more 

sensitive detection of CD8 T-cell responses to 

viruses and tumor-associated antigens, resulting 

in an improvement in immunomonitoring and the 

generation of CD8 T-cell lines and clones for cel-

lular immunotherapy. By using interferon-gam-

ma ELISPOT assays as a read out, we show that 

PBMC from leukemia patients who were treated 

by myeloablation and allogeneic HSCT respond 

with greatly increased sensitivity to Wilms tumor 

1 (WT-1) derived peptides if the HD preculture 

method, also referred to as RESTORE protocol, is 

applied prior to antigen-specific stimulation. The 

simple but effective method increases the detection 

limit of anti-tumor CD8 T-cell responses that would 

otherwise go undetected and allows the generation 

of CD8 T-cell lines with an improved representation 

of clones responding to low antigen concentrations. 

Of note, HD preculture of PBMC does not change 

their cellular composition, nor does it increase 

background responses.

Besides tumor-specific responses, the sensitivity 

of T-cell responses to HCMV, EBV or Influenza is 

also enhanced by HD preculture of human PBMC. 

Direct comparisons of virus-specific CD8 memory 

T-cells from tissue-resident tonsillar cells, fresh and 

HD precultured PBMC of the same individual have 

shown that high anti-viral sensitivity is dependent 

on previous cellular interactions that occur in lym-

phoid tissues and during the HD preculture step, 

but not in the circulation, where T-cells lose integ-

rin-mediated cell contact and “tonic” TCR signals 

and hence lower the activation threshold for a full 

response. 

In conclusion, resetting circulating CD8 T-cells to 

a tissue-like status permits sensitive detection of 

their responses to virus- and tumor-associated an-

tigens without prior in-vitro expansion of antigen-

specific CD8 T-cell clones. Hence, HD preculture of 

PBMC better reflects in-vivo situations relative to 

conventional PBMC-based assay. 
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Resetting circulating CD8 T-cells to a tissue-like status permits 
sensitive detection of their responses to virus- and tumor- 
associated antigens
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Genomic and bioinformatics platforms are provid-

ing copious amounts of molecular tumor data. To 

make the information actionable for clinicians, the 

impactful amount from these databases has to be 

extracted and presented clearly and concisely. Rel-

evant information includes not only mutations and 

expression, but also therapeutic decision making, 

specifically connecting cancer mutations to target-

ed therapies. The goal of this project is to generate a 

patient report that predicts tumor drug sensitivities 

based on mutations and over-expressed genes. As a 

proof of concept, we built a platform that generates 

reports predicting drug sensitivities for cancer cell 

lines. Rules-sets, describing under which condi-

tions these drugs are effective, were defined based 

on current publications in oncology. An algorithm 

to predict drug sensitivity based on these rules has 

been created and the predictions are presented in 

a well-structured web interface. The results show 

that a drug sensitivity prediction based on genomic 

cell line data is possible. Additionally, the frame-

work is transferable to patient studies due to data 

resemblance. 
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A bioinformatics platform for prediction and reporting of drug 
sensitivity from sample specific genomic data
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Starting last year, Immudex has taken over the 

MHC Multimer and Elispot Proficiency Panels, 

previously held by the CIC and CIMT.

Here, we report the results of the MHC Multimer 

Proficiency Panel. From the results obtained it 

is clear that the MHC Multimer assay is now a 

routine, reliable and accurate assay for the de-

tection of antigen-specific T cells. 

Each of the 50 worldwide participants received 

cell samples, together representing low, medium 

and high responses for two predefined MHC mul-

timer specificities. 

Participants were asked to determine the number 

of CD8+, antigen-specific T cells corresponding 

to each of the two multimer specificities. Any 

MHC Multimer could be used; Dextramers were 

offered free of charge. 49 participants used MHC 

Dextramers, and one participant used Tetram-

ers.

It was recommended to use additional antibody 

marker(s) for exclusion or inclusion of specific cell 

populations (e.g. anti-CD4 antibody, anti-CD3 an-

tibody), and dead-cell dyes during data analysis.  

After performing the MHC Multimer assay, 

the participants reported back their results, as 

“number of MHC multimer-specific, CD8+ T 

cells”. The participants performed well - even for 

the low responders the majority of participants 

got very consistent data. 

The data set as a whole will now be analyzed, 

and each participating laboratory will receive a 

report detailing the individual laboratory‘s per-

formance (in an anonymized format). The an-

onymized report will become publically avail-

able. 

Thus, thanks to the harmonization efforts by 

the CIC and CIMT over many years, and pos-

sibly also because of the development of better 

reagents and protocols, the MHC Multimer assay 

now provides a simple and reliable means of ac-

curate enumeration of antigen-specific T cells in 

blood. 

Halgreen C.M.1, Jacobsen K.1, Pedersen H.1
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MHC Multimer Proficiency Panel 2014: Consistent data  
obtained by the large majority of participants

189 | Immunomonitoring



214

Adoptive cell transfer has become a clinically suc-

cessful therapy for cancer patients. However, large-

scale screening methods for the rapid detection and 

isolation of T cells with high tumor killing poten-

tial are still needed to improve immune reactiv-

ity toward tumor-associated antigens. TCR affin-

ity/avidity and binding kinetics for peptide-MHC 

(pMHC) represent major determinants of protective 

T cell immune responses. TCR-pMHC kinetics are 

typically assessed by surface plasmon resonance 

(SPR), but it requires the generation of soluble TCRs 

while underestimating the TCR-pMHC avidity 

effects associated with co-receptor binding and 

cell membrane complexity. We recently developed 

a two-color reversible pMHC multimer (NTAmer) 

approach allowing rapid flow cytometry-based 

visualization of monomeric TCR-pMHC dissocia-

tion kinetics (koff rates) directly at the surface of 

living CD8 T cells. Due to the high stability and 

immediate reversibility of NTAmers, koff rates can 

accurately be determined, providing the fine char-

acterization of weak TCR-pMHC interaction kinet-

ics, such as those found within the tumor-specific 

CD8 T cell repertoire.

We took advantage of a panel of A2-NY- 

ESO-1157-164-specific CD8 T cells that express TCRs 

of incremental affinity for pMHC to validate the 

NTAmer technology, and found robust correlations 

between cell surface dissociation rates and soluble  

TCR-pMHC koff rates measured by SPR. Using 

NTAmer variants containing mutations that ab-

rogate CD8 binding to MHC, we next show that 

CD8 increases the dissociation half-lives (t1/2) by 

a factor of 3 to 4, independently of TCR affinity. 

Using tumor-specific T cells expressing TCRs of 

very high affinities (KD ≤ 0.1µM), we were also 

able to precisely assess cell surface monomeric  

TCR-pMHC association rates (kon). Our analysis 

reveals that CD8 attachment had only minimal 

impact on TCR-pMHC association kinetics, sup-

porting the sequential model for T cell activation, 

in which the TCR initially binds to pMHC in a  

CD8-independent manner, followed by a CD8-

dependent stabilization of the ternary complex. 

Importantly, we further demonstrate statistically 

significant correlations between NTAmer-based 

dissociation rates and the biological responses of 

T cells, such as calcium mobilization. Finally, we 

characterized a large set of NY-ESO-1157-164-specific 

T cell clonotypes derived from a melanoma patient 

with naturally occurring anti-tumor CD8 T cell re-

sponses. The dissociation rates of multiple T cell 

clonotypes clustered within a narrow physiologi-

cal range, yet strongly correlated with tumor cell 

recognition and killing, with TCR clonotypes of ex-

tended pMHC binding t1/2 showing enhanced T cell 

responsiveness. In summary, the NTAmer technol-

ogy enables efficient and direct interrogation of 

surface-based TCR-pMHC dissociation kinetics and 

opens novel perspectives for the rapid screening 

and isolation of functionally relevant CD8 T cells 

for adoptive cell transfer. 
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Reversible NTAmer technology enables rapid and direct  
detection of monomeric TCR-pMHC kinetics at the cell  
surface and predicts tumor-specific T cell responsiveness
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The expression of bone sialoprotein (BSP) has been 

demonstrated in breast cancer bone metastasis by 

many authors. Bäuerle et al. (2006) found that an 

anti-BSP antibody decreased proliferation, colony 

formation and migration of MDA-MB-231cells in 

vitro and reduced osteolysis besides inducing bone 

formation in a nude rat model. Later, it was revealed 

that tumor BSP is a carbodeficient BSP (CD-BSP) 

with threonine modified by O-glycans, leaving the 

C terminus of the protein free of glycans. Those 

results led to the question whether the formation of 

metastases is correlated to BSP or CD-BSP expres-

sion. To this aim, we investigated the expression 

of both glycoproteins and compared those to the 

expression of known binding partners of BSP such 

as matrix metalloproteinases 2 and 9, the integrin 

avß3, and the complement factor H which inhibits 

the complement-mediated cell-lysis.Osteonectin, 

osteopontin and the lectin Wisteria floribunda ag-

glutinine (WFA) are other markers which are in-

volved in the development of bone metastases. 

We used the human breast cancer cell line  

MDA-MB-231 (metastatic), the human prostata 

cancer cell line PC-3 (metastatic), the human non-

metastatic breast cancer cell line MCF-7, and the 

human immortalized cell line MCF-10 as control 

for the in-vitro-investigation.

In result, CD-BSP could be found in large meta-

static cells. Small metastatic cells did not express 

CD-BSP, medium-sized cells showed various pat-

terns of both CD-BSP and BSP expression. In large 

cells, the CD-BSP expression is always accompa-

nied by BSP, mostly extracellularly distributed. In 

special cases, we found CD-BSP distribution in the 

cell nucleus as verified by 3D-confocal laser scan-

ning microscopy (CLSM). The non-metastatic cells 

did not express CD-BSP. To gain further insight into 

the possible mechanism of action, we investigated 

the expression and cellular distribution of BSP and 

CD-BSP and compared those to WFA-binding sites. 

While hypo-glycosylated CD-BSP showed intracel-

lular localization, the fully glycosylated BSP was 

located extracellularly. WFA- binding sites were 

found intra- and extracellularly, and WFA-staining 

was especially intensive in the metastatic cell line 

PC-3 and MDA-MB-231. Those findings support the 

hypothesis that altered protein glycosylation could 

affect the intercellular communication and may 

promote detachment of tumor cells leading to in-

creased metastatic potential. CD-BSP might be a 

major player in this mechansm.
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Natural killer T (NKT) cells are a subset of lym-

phocytes that can rapidly respond to the pres-

ence of tumor cells and participate in antitumor 

immune responses and surveillance. This has 

prompted interest in the development of innova-

tive cancer therapies that are based on the manip-

ulation of NKT cells. NKT cells act as potent ac-

tivators of antitumor immunity when stimulated 

with the synthetic agonist α-galactosylceramide 

(α-GalCer) in experimental models. However, 

in some settings, NKT cells seem to act as sup-

pressors and regulators of antitumor immunity. 

To date, the most well-characterized glycolipid 

ligand recognized by NKT cells is α-GalCer dis-

covered initially in marine sponges (Agelas) 

from a screen of natural products with antican-

cer properties. α-GalCer has a strong affinity for 

CD1d molecules in both humans and mice. Rec-

ognition of CD1d-bound α-GalCer elicits a strong 

cytokine response by NKT cells. Due to this 

strong agonist activity, various chemical analogs 

of α-GalCer have been developed and used exten-

sively to study the function of NKT cells. These 

approaches have also led to the use α-GalCer and 

its analogs as vaccine adjuvants, an approach 

that is aimed at boosting specific B and T cell 

responses to a vaccine candidate by concomitant 

activation of NKT cells in anti-tumor immuno-

therapy. We have developed a novel reagent, the 

CD1d Dextramer, that accurately and with high 

sensitivity directly detects NKT cells in blood 

samples using flow cytometry.

The CD1d Dextramer can be used to characterize 

phenotype and function of NKT cells, to better 

understand the effector functions, migratory 

patterns and survival properties of NKT cells in 

humans. We will demonstrate how various NKT 

cell subsets can be identified using this reagent. 

Increased understanding of the effector function 

of specific subsets of NKT cells in cancer will be 

essential to improve current strategies for NKT-

cell-based immunotherapeutic approaches. 

Jakobsen S.N.1, Hansen B.E.1
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Accurate detection of NKT cells using CD1d Dextramers
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Breast cancer is one of the most common cancers 

among women. The risk of breast cancer has in-

creased dramatically recently and larger numbers 

of elderly women are being diagnosed with the 

disease. Myeloid-derived suppressor cells (MDSCs) 

have been implicated in breast cancer prognosis.

Their frequency has been associated with tumour 

burden and studies have shown a poor prognosis 

in metastatic breast cancer. MDSCs are known to 

impair the proliferation of T-cells and to promote 

T-cell apoptosis.The association between MDSC 

levels and immune responses of the host to tumour-

associated antigens has not been investigated. 

Here, we have studied peripheral T-cell respons-

es to overlapping 15-mer peptides covering the 

entire Her-2 molecule, as well as the frequency 

of Tregs and MDSCs in blood of 78 breast cancer 

patients (aged 28-87years) at diagnosis prior to 

any treatment. After a 12-day in vitro expansion 

of memory cells and intracytoplasmic staining of  

TNF, IFN-ϒ, IL-2, IL-5, IL-10 and IL-17 in single cells 

by polychromatic flow cytometry, we found that  

CD4 T-cells reactive to Her-2 were detectable in 88% 

of the patients. In contrast, only 51% of patients had 

Her-2-reactive CD8 T-cells. The patients who lacked 

a CD8 response had significantly higher frequen-

cies of Lineage(neg)CD14(pos)HLA-DR(neg) cells, 

defining a subset of MDSC (p=0.002). Importantly, 

the 4-year survival rate for patients who mounted a 

CD8 response and had lower frequencies of this par-

ticular subset of MDSC was 95% compared to only 

75% of patients without Her-2-reactive CD8 T-cells 

and with higher frequency of MDSCs (p=0.1). This 

tendential survival advantage was more striking 

and highly significant in older patients (>65 years), 

where only 46% of those without a CD8 response to 

Her-2 and having high levels of MDSCs survived for 

4 years. Strikingly, 100% of older patients who had 

a CD8 response to Her 2 and a lower frequency of 

MDSCs survived over this 4 year period (p=0.016). 

In marked contrast to the impact of MDSC, the fre-

quency of Tregs did not correlate with patient CD8 

responses or with survival. 

These data emphasize the impact of MDSCs on 

survival of early-stage breast cancer patients, most 

likely by dampening favorable immune responses 

to tumor-associated antigens, and of over-riding 

importance for the survival of elderly patients. 

Kini Bailur J.1, Gueckel B.2, Pawelec G.1, Derhovanessian E.1
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Presence of circulating Her-2-reactive CD8 T-cells is associated 
with lower frequency of MDSCs and better survival in elderly 
breast cancer patients.
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Immunotherapeutic approaches are emerging as prom-

ising new treatment options for patients with solid 

cancers. The host immune system in cancer patients is 

known to be compromised due to a number of reasons. 

The degree of immunosuppression in a patient varies 

at the time of diagnosis and depends on the particular 

type of cancer, stage, and prior anti-cancer therapies. 

For many tumor types, the immune alterations of the 

respective patient population are not further character-

ized even though the patient̀ s immunophenotype may 

be prognostic for the course of the disease or predic-

tive with regard to benefit from specific types of treat-

ments, including immunotherapy. 

Therefore, we systematically monitored the immune 

status of 30 patients with heavily pretreated, advanced 

adenocarcinoma of the stomach and gastro-esophage-

al junction and 8 healthy donors as comparators by 

means of frequency, phenotype, and activation status 

of several immune-cell subsets. We have used quality-

controlled, multi-colored flow-cytometry panels for 

the identification and characterization of the follow-

ing immune cell subsets: B cells, T cells and regulatory 

T cells (Treg), natural killer (NK) cells, Vδ2 T cells, 

as well as several myeloid-derived suppressor cell 

(MDSCs) subsets.

We simultaneously performed a highly sensitive and 

robust monitoring of 24 different immune-cell subsets 

with state-of-art flow cytometry. We observed differ-

ences in frequency, phenotype, or activation status of 

major immune-cell subsets such as T cells, B cells, and 

NK cells, but also in rare subsets, that have so far not 

been studied extensively, such as Vδ2 T cells or MDSC 

subsets. The median frequency of B cells was decreased 

and NK-cell frequency was increased in patients com-

pared to healthy donors. Regarding γδ T cells, the fre-

quency of activated CD25+ Vδ2 T cells was decreased in 

patients compared to healthy donors. On the other hand 

the frequency of activated Tregs (CD4+Foxp3hiCD25hiCD

127loCD45RA-) was increased, whereas the frequency of 

resting Tregs (CD4+Foxp3loCD25hiCD127loCD45RA+) was 

decreased in patients versus healthy donors. In addition, 

the frequency of several MDSC subsets was significantly 

increased in patients versus healthy donors.

In conclusion, our study provides comprehensive data 

on the immune status of patients with advanced ad-

enocarcinoma of the stomach and gastro-esophageal 

junction compared to healthy donors. This knowledge 

may help to identify new prognostic markers and/or 

markers predictive of clinical responses of cancer pa-

tients to immunotherapies.
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Phenotyping of peripheral blood mononuclear cells of patients 
with advanced heavily pre-treated adenocarcinoma of the  
stomach and gastro-esophageal junction
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The role of CD4+ T-cells in anti tumor immune re-

sponses is poorly known, especially in humans. 

Herein, we characterized a population of differen-

tiated effector CD4+ T cells defined by low levels 

of the IL-2 and IL-7 receptors (CD25-CD127-) that 

expands in several types of cancers to represent 

2-20% of total CD4+ blood T lymphocytes. Con-

trary to the similar minor (0.2-2%) subset found in 

healthy donors, these cells bear effector markers 

such as CD244 and CD11b and low levels of CD27. 

However, these cells do not cycle (Ki67neg) nor 

secrete IL-10 or IL-17 but display cytotoxic features. 

This subset encompasses oligoclonal expansions 

and its increase parallels the expansion of effector 

CD8+ T cells that include tumor antigen-specific T 

cells. During neo-adjuvant chemotherapy in breast 

cancer patients, the increase in CD127-CD25-CD4+ 

T cells correlated with tumor regression, suggest-

ing that CD4+ T cells may include tumor antigen 

specific cells, which could be generated by or par-

ticipate in tumor regression during chemotherapy. 

Altogether, these data support the hypothesis that 

CD4+ T cells are involved in anti-tumor response 

in humans. Moreover, the number and the charac-

teristics of these effector CD4 T cells in the blood 

might be predictive bio-markers for prognosis and 

staging before chemotherapy. 
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High numbers of differentiated effector CD4 T cells are found  
in cancer patients and correlate with clinical response after 
neo-adjuvant therapy of breast cancer

195 | Immunomonitoring



220

Limited treatment options are available for patients 

with advanced non metastatic renal cell carcinoma 

(RCC). Specific immunotherapy could be a prom-

ising approach, as depicted in this study. In this 

adjuvant phase I/II clinical trial, HLA-A*02 posi-

tive patients with advanced or metastatic RCC after 

complete resection were randomized to receive a 

multi-peptide cocktail either subcutaneously in 

Montanide ISA51 or intradermally together with 

GM-CSF. The vaccine was applied at 18 vaccina-

tion time points or until progression, and consists 

of four HLA-class II and ten HLA-A*02 binding pep-

tides. These peptides represent T-cell epitopes or 

HLA-ligands derived from renal tumor-associated 

antigens. In addition, two viral-derived epitopes 

were included as recall and priming controls. 

Progression-free survival was assessed by com-

puted tomography every three months. Peripheral 

blood mononuclear cells were isolated at individual 

vaccination time points and frozen until the test. 

Vaccine-specific T-cell responses were measured in 

vitro by IFN-gamma Elispot, HLA-multimer stain-

ing and intracellular cytokine staining.

Results show that multi-peptide vaccination of pa-

tients with low tumor burden in stage III RCC is 

feasible and safe. Furthermore, immunomonitor-

ing data indicate the activation of vaccine-specific 

CD4+ and CD8+ T cells. In more than 75% of ana-

lysed patients, CD4+ T cells specific for 1-3 HLA-

class II binding epitopes were detectable. These 

CD4+ effector cells were shown to secrete several 

cytokines (IFN-gamma, TNF-alpha and IL-2). In all 

tested patients, we observed vaccine-induced spe-

cific CD8+ T cells recognizing the virus-derived 

priming peptide. Tumor-associated peptides were 

also found to be immunogenic, albeit to a weaker 

extend. In 40% of the patients, CD8+ T-cell respons-

es were induced against up to three peptides. 

At the last interim analysis, cancer-specific sur-

vival (CSS) in case of advanced RCC was 49.5±8.6 

months, two patients progressed. In metastatic 

RCC after R0 resection, CSS was 49.2±6.3 months, 

and six patients progressed (time to progression: 

10.5±2.9 months).
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Results of a multi-peptide vaccination trial for high risk renal 
cell carcinoma
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The incidence of malignant melanoma is steadily 

increasing. While melanoma patients diagnosed at 

early stages of disease have a high survival proba-

bility, prognosis dramatically worsens with disease 

progression. The median survival of stage IV mela-

noma patients with unresectable distant metasta-

sis is 9 months. Despite this, a small proportion of 

patients still does survive long-term, but the factors 

which are responsible for this survival advantage 

remain so far largely unknown. Here, we report the 

identification of peripheral immune signatures as-

sociating with longer survival and provide insight 

into the mechanistic basis predictive of long-term 

survival in melanoma patients.

This study investigated peripheral blood mono-

nuclear cells (PBMCs) from 133 late-stage mela-

noma patients with distant metastasis and focused 

on the potential role of suppressive immune cell 

populations, i.e. myeloid-derived suppressor cells 

(MDSCs) and regulatory T cells (Tregs) in tumor 

immunity. Percentages of circulating MDSCs of 

the CD14+CD11b+HLA-DR-/low phenotype in-

versely correlated with survival of advanced mela-

noma patients, while no association was found 

for CD4+CD25+FoxP3+ Tregs. We have previ-

ously reported that the presence of peripheral T 

cells capable of recognizing the tumor antigens 

NY-ESO-1 and/or Melan-A, in vitro is predictive of 

clinical outcome in late-stage melanoma. High ex 

vivo MDSC levels were found to be associated with 

the absence of melanoma antigen-specific T cells 

in vitro, implying a causal relationship. Whether 

the detection of functional antigen-specific T cells 

in vitro reflects the level of antigen-specific T cells 

in-vivo or is mainly driven by the amount of MDSCs 

during the in-vitro memory cell re-stimulation in 

our assay, remains to be determined. 

Conclusions: MDSCs are likely to represent prog-

nostic markers as well as therapeutic targets in 

advanced-stage melanoma patients. Inhibition of 

MDSCs should result in improved survival medi-

ated by T cell responses to NY-ESO-1 and Melan-A 

or other target antigens released from suppression.
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CD14+CD11b+HLA-DR-/low MDSCs indirectly impact on the 
prognosis of late-stage melanoma patients by impairing the  
frequency and function of NY-ESO-1- and Melan-A-reactive  
peripheral T cells
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Emotional distress is a common response to a diag-

nosis of cancer. This distress activates the hypotha-

lamic pituitary adrenal axis resulting in excessive 

glucocorticoid production. High levels of circu-

lating glucocorticoids are well known to disrupt 

immune function. We have modeled the impact 

of glucocorticoids on the immune system in vitro 

by treatment of the NK cell line, NK92, with dexa-

methasone. Such treatment reduces natural killer 

cell activity of the cell line by reduction of perforin 

and granzyme B levels as well as the reduction of 

both the constitutive and stimulated production 

of IFN gamma, IL-6 and TNF alpha. These effects 

were a consequence of epigenetic modifications at 

the regulatory regions of each of these genes. The 

purpose of this investigation was to extend these 

observations to an analysis of the effect of this glu-

cocorticoid on the chromatin landscape by assess-

ment of the intensity and localization of nuclear 

epigenetic marks and architectural proteins. Immu-

nofluorecent detection increased for the transcrip-

tionally repressive epigenetic marks H3K9me3 and 

H3K27me3 (as judged by global mean fluorescent 

intensity, MFI) as well as nuclear localization, with 

significant accumulation at the nuclear periphery. 

In contrast, the transcriptionally active epigenetic 

mark H4K8ac was unaffected by glucocorticoid and 

exhibited diffuse nuclear staining. The effect of glu-

cocorticoid on three nuclear architectural proteins; 

CTCF, Mediator, and Cohesion was also assessed. 

Glucocorticoid increased global MFI and signal 

aggregation of Med1 (mediator) and SMC-1 (cohe-

sion) with no effect on the CTCF. Med1 localized 

to the nuclear periphery with SMC-1 localized to 

the nuclear center. No change in the localization of 

CTCF was observed. These results demonstrate the 

impact of glucocorticoids on the chromatin land-

scape and suggest the effects of glucocorticoids on 

immune function to be in part mediated by not only 

changes in the detection of epigenetic marks and 

architectural proteins but also their sub-nuclear lo-

calization. Detection of such effects in the periph-

eral blood of cancer patients may not only provide 

a means by which to dissect the effect of emotional 

distress upon the immune system but may serve to 

identify those cancer patients at immunologic risk.
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The effect of glucocorticoids on the chromatin landscape
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Question: In oligometastatic Breast Cancer (BC) pa-

tients, the use of Stereotactic Ablative Radiothera-

py (SABR) favours the local control of the treated 

lesions minimizing normal tissue damage. SABR 

may contribute to break local tolerance and release 

tumor-associated antigens (TAAs), improving host 

anti-tumor immune responses. A careful immuno-

monitoring of BC patients undergoing SABR may 

allow the identification of predictive/prognostic 

biomarkers, particularly for patients concomitantly 

treated with drugs acting through immune-mediat-

ed mechanisms, as Trastuzumab. 

Methods: This phase II study enrols oligometa-

static BC patients with ≤ 6 metastatic lesions di-

agnosed by FDG-PET/CT, controlled loco-regional 

disease, and no documented brain metastases. 

SABR consists of 30 Gy in 3 consecutive fractions. 

Immune profiling included the analysis of serum 

cytokine levels (IL-1β, IL-6, IL-8, IL-10, TNF-α) by 

ELISA, the characterization of circulating immune 

populations (T and B lymphocytes, NK cells, my-

eloid-derived suppressor cells, regulatory T cells), 

and the analysis of polyfunctional T-cell responses 

against known BC TAAs (survivin, mammaglobin-

A, Her2) by flow cytometry. The efficacy of patients‘ 

NK cells in mediating Trastuzumab-dependent 

ADCC was evaluated by an in vitro assay. Analyses 

were carried out before SABR, 24h, 1 and 4 months 

after SABR.

Results: Ten patients resulted evaluable; 6 had 

luminal A, 2 luminal B, 1 Her2+ luminal B, 1 

Her2+ non luminal BC. Three patients presented 1 

single metastasis. The site of metastasis was bone 

only in 8 cases, bone and axillary lymph node in 1 

case, and lung in 1 case. Six patients received con-

comitant hormonal therapy, 1 patient Trastuzum-

ab, 1 Trastuzumab+steroids, and 1 chemotherapy 

only. With a median follow-up of 6 months, tumor 

control of the treated lesions was documented in 

all patients.

At diagnosis, patients disclosed higher levels of 

IL-6 (p< 0.01) and lower amounts of IL-8 (p< 0.01) 

in comparison to healthy women (n=5). One month 

after SABR, IL-6 levels were still significantly 

higher (p< 0.01), while IL-8 levels were similar to 

those of controls. SABR treatment seemed to induce 

a decrease of circulating B cells (p< 0.05), and an 

increase (p=0.01) in CD56bright NK cells at a fol-

low-up of 1 month. In patients treated with Trastu-

zumab (n=2), in vitro ADCC efficacy increased 24h 

after treatment. In comparison to diagnosis levels, 

a higher number of HLA-A*02 and B*35-restricted 

survivin-specific T cells was noticed in 3/4 patients 

1 month after SABR. Two/5 patients disclosed the 

appearance of polyfunctional T cells against HLA-

A*02- and A*24-restricted Her2-derived epitopes 1 

month and 4 months after SABR.

Conclusions: These preliminary data suggest that 

SABR may improve host anti-tumor immune re-

sponses, possibly contributing to the induction 

of clinical responses to treatment, both locally 

and systemically. The possible predictive value of 

immune biomarkers will be assessed after comple-

tion of the study.
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We have shown previously that lymphocytes can 

form homocellular gap junctions, but consequences 

of these contacts still stays unclear. One of the intra-

cellular proteins associated with GJs is ZO-1, which 

is responsible for cell cycle regulation. There were no 

published data on use of ZO-1 expression for the prog-

nosis of lymphoma/leukemia. The aim of this study 

was to determine ZO-1 expression in B CLL cells com-

pared to healthy donor B cells.

Methods: 113 periferal blood samples from B CLL pa-

tients and 50 blood samples from healthy donors were 

examined. Lymphocytes were isolated on percoll 

gradient following PBS washing. Following diagnos-

tic flow cytometry panel was used: CD3/CD5/CD10/

CD13/CD19/CD20/CD22/CD23/CD25/CD33/CD34/

CD38/CD79/CD103/CD138/cytoKappa/CytoLambda/

ZAP70/FMC-7/Cx43 (Beckman Coulter, R&D). We 

used Beckman Coulter FC500 for flow cytometry. B 

CLL was confirmed by prevalence of cells with the fol-

lowing phenotype: CD19+/CD20+dim/CD22+dim/

CD23+/CD5+/CD10-. For the further analysis we 

isloated CD19 expressing cells, using MagCellect 

Human B Cell Isolation Kit (R&D Systems). Cells 

were incubated in 24 well plates, 5% CO2, 37oC, in 

RPMI1640 medium. 1-octanol and carbenoxolone 

were used as GJ inhibitors. Apoptosis was evalu-

ated using Annexin V-FITC Apoptosis Detection Kit 

(Sigma). Cells were lysed in a concentration of 5×107 

using 150mM NaCl, 2mM MgCl2, 0.5mM CaCl2, 

1% Triton X, 0.1% SDS, 50mM TRIS pH 7.4, 1mM 

EDTA and CompleteTM protease inhibitor cocktail 

(Roche Diagnostics) on ice during 20 minutes, than 

centrifuged for 1 min at 15000 rpm. ZO-1 expres-

sion was assesed by western blotting assay using 

primary antibodies: Anti-ZO1 tight junction protein 

antibody [mAbcam 61357] (abcam). Cx43 expres-

sion was assayed using Human Connexin 43/GJA1 

Allophycocyanin MAb (Clone 578618), Mouse IgG2A 

(R&D). Detection was performed using Immun-Blot 

Goat Anti-Mouse IgG (H + L)-AP Assay Kit (Bio Rad). 

Membrane was scanned and image was analysed in 

ImageJ software.

Qantitative data are shown as Mean±SD, data compared 

using Student T test. Qualitative data shown as absolute 

frequencies, compared using Pearson Chi square test. A 

p-value of < 0.05 is considered statistically significant. 

Data were analysed using SPSS 12.0 software.

Results: 

1. ZO-1 and Cx43 expressed at significantly lower 

levels in B CLL than in healthy B cells.

2. ZO-1 expression levels negatively correlated with 

expression of CD38 and Zap70 as assessed by flow 

cytometry. ZO-1 expression was reduced only in 5 

CD38-/Zap70- patient samples (which constituted 

54% of all patient samples), but in 13 C D38+/Zap70+ 

(28%) samples. At the same time, 80% normal lym-

phocytes expressed ZO-1.

3. B cell apoptosis was reduced when incubated with 

anti-Cx43 antibodies. Apoptosis was less reduced in 

lymphoma cells, and correlated with ZO-1 levels. On 

addition of 1-octanol or carbenoxolone, apoptosis 

was reduced even more. Our data suggest that ZO-1 

expression may negatively correlate with lymphoma 

prognosis. 
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Purpose: Belatacept (Bela) blocks T cell activation 

via inhibition of the interaction between CD28 and 

B7.1/2. As it acts specifically, side effects in com-

parison to calcineurin inhibitors (CNI) are minimal 

but it is known that patients under Bela medication 

have increased risk of early rejections after kidney 

transplantation (KTx). Reactivation with Ebstein-

Barr virus (EBV) in kidney recipients represents a 

huge problem. EBV-vaccination would be a solu-

tion, but there is no vaccine available. However, 

EBV-derived virus like particles (VLPs) could be a 

feasible strategy. Little is known about the effect of 

Bela on virus-specific T cell activation and if it is 

possible to induce a virus specific immune reaction 

with EBV-VLPs.

Methods: IFNg-ELISpots with PBMCs of healthy 

donors (n=5) or KTx patients (n=5) in the pres-

ence of Bela, CTLA-4-Ig or CNI were performed. 

PBMCs were stimulated with a pool of CMV, EBV, 

Flu peptides (CEF), an allogeneic B cell line, EBV-

specific VLPs or PHA as positive control. In par-

allel, supernatants were collected and cytokines 

were measured via multiplex analysis. Binding of 

Bela to B7.1/2+ cells was compared to CTLA-4-Ig by 

flow cytometry.

Results: Bela was not able to reduce the CEF-pep-

tide-specific IFNg production in contrast to CNI. 

Allo-specific IFNg responses were reduced by Bela 

and CTLA-4-Ig in some donors (healthy controls 

and KTx patients). Interestingly, the allo-specific 

IL-2 production was diminished significantly by 

Bela and CTLA-4-Ig while IL-10 secretion was un-

affected. Binding of Bela and CTLA-4-Ig to B7.1/2+ 

cells showed that Bela binds stronger to B7.1/2 on 

Monocytes and B cells. EBV-specific VLPs induced 

weak IFNg production in healthy donors whereas 

they failed in most KTx patients to induce a VLP-

specific immune response.

Conclusions: In contrast to CNI, the memory 

CD8+ T cell response to viruses was not impaired 

by costimulation blockade (Bela, CTLA-4-Ig). 

However, the allo-specific immune response was 

partially blocked by costimulation blockers which 

primarily affected the IL-2 production while all 

other cytokines remained unaffected. This dif-

ference may explain the increased number of re-

jections early after Tx. EBV-specific VLPs may 

represent one possibility to vaccinate immunosup-

pressed patients. Our studies indicate that sensitiv-

ity towards Bela varies among healthy donors and 

Tx recipients which implies that predisposition of 

the immune response may determine the suscepti-

bility to Bela treatment. 

Neudoerfl C.1, Daemen K.1, Stevanovic-Meyer M.1, Lehner F.2, Haller H.3, Blume C.3,  
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Belatacept can inhibit allo-specific T cell responses in a  
donor-dependent manner but preserves virus-specific memory 
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BK virus (BKV) is a ubiquitous polyomavirus, 

which persists in a latent and asymptomatic state in 

healthy individuals after primary infection. In im-

munocompromised patients BKV reactivation may 

occur, which then can cause, e.g. haemorrhagic 

cystitis after allogenic stem cell transplantation 

or loss of the allograft after renal transplantation. 

Therefore, the characterization of BKV specific T 

cells for better understanding the BKV immune re-

sponse is necessary to develop strategies like the 

adoptive transfer of virus specific T cells for the 

prevention or treatment of infections in immuno-

compromised patients. 

BKV-specific T cells are rare in healthy donors and 

conventional flow cytometric detection methods 

are limited in sensitivity to characterize these 

cells. Recently a protocol for sensitive and broad 

functional analysis of rare antigen-specific CD4+ 

T cell repertoires directly ex vivo was developed. 

This antigen-reactive T cell enrichment (ARTE) ap-

proach utilizes after short-term antigen stimulation 

the magnetic selection of activated CD154+ CD4+ T 

cells to subsequently uncover its phenotypical and 

functional profile by flow cytometry. In our work 

we focused on the analysis of BKV-specific T cells 

using a streamlined ARTE protocol with regard to 

time period and hand-on time.

Up to 2.5x107 PBMC of healthy donors were stimu-

lated with BKV peptide pools, covering the com-

plete sequence of the large T antigen (LT) and virion 

protein1 (VP1). Both proteins are immunodominant 

targets for T cell immunity. After six hours cells 

were fluorescently labeled for detection of various 

cell surface markers like CD4, CD45RA, and CCR7, 

and in parallel magnetically labeled for CD154, 

before cell fixation. All steps were performed di-

rectly in the cell culture plate without cell harvest-

ing and washing to simply the procedure and to 

reduce hand-on time. Afterwards the cell surface 

labeled and fixed cells are harvested and directly 

applied onto a column in a magnetic field to enrich 

BKV antigen activated CD154+ T cells. The retained 

cells are permeabilized, intracellular stained for 

cytokines and washed directly on the column to 

avoid centrifugation steps. Finally, CD154+ T cells 

are eluted from the column for subsequent flow cy-

tometric analysis. The ARTE approach allows us 

to process larger cell numbers compared to flow 

cytometric detection only and therefore facilitate 

the detection and enumeration of TNF-a, IFN-g, 

IL-2, and IL-10-producing memory T cells within 

the entire BKV-reactive CD4+ T cell pool. 

In summary, we developed a rapid and convenient 

protocol to detect and characterize in blood very 

rare antigen-specific CD4+ T cell subpopulations 

combining magnetic cell enrichment and flow cy-

tometric analysis. 

Niemoeller M.1, Assenmacher M.1, Richter A.1
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The rapid antigen-reactive T Cell enrichment procedure enables 
direct ex vivo BKV-specific CD4+ T cell characterization
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γδ T lymphocytes are of interest in the context of 

T cell-based immunotherapeutic strategies due 

to their capacity to kill various tumor cells HLA-

independently and to acquire antigen-presenting 

features. The success of immunotherapies, where 

the cytotoxic activity of circulating γδ T cells is 

activated by aminobisphosphonates, requires 

a profound knowledge about cell numbers and 

functional capacity of patients´ γδ T lymphocytes. 

To this end, we established an immune monitoring 

system that allows the determination of absolute 

cell numbers of not only conventional αβ T- and 

B lymphocytes and Natural Killer (NK) cells, 

but also of total γδ T lymphocytes and γδ T cell-

subpopulations in small volumes (50µl) of 

whole blood. A possible influence of radio- or 

chemotherapy on the cell number of circulating γδ 
T cells or other cells of the immune system can 

be easily determined. Additionally, we analyzed 

the functional cytotoxic activity of circulating 

γδ T cells as well as of αβ T cells and NK cells 

from patients within a low number of peripheral 

blood mononuclear cells (PBMC). To demonstrate 

the efficacy of the established immune monitoring 

system, we analyzed the blood of patients with 

pancreatic ductal adenocarcinoma (PDAC). PDAC 

is a very aggressive malignancy characterized by 

a desmoplastic stromal microenvironment where 

conventional treatment approaches including 

surgery, chemotherapy and radiation are often not 

effective. Our results revealed no changes in the 

distribution of different γδ T cell subpopulations in 

untreated patients with advanced PDAC compared 

to age-matched healthy donors. To overcome the 

immunosuppression by PDAC stromal cells such 

as myofibroblasts on cytotoxic cells, we designed 

novel bispecific antibodies with specificity for CD3 

on T cells, for CD16 on NK cells and γδ T cells and for 

Vγ9 on γδ T cells, and for human epidermal growth 

factor receptor Her2/neu expressed on PDAC cells. 

Besides their capacity to selectively target T cells 

or NK cells to tumor antigens and to enhance 

the cytotoxic activity of these immune cells, the 

bispecific antibodies were used to examine the 

functional capacity of cytotoxic cells within PBMC 

by Real-Time Cell Analyzer. Taken together, our 

results revealed that the determination of absolute 

cell numbers of different cell populations as well as 

the analysis of the cytotoxic capacity of circulating 

T cells or NK cells from patients against tumor 

cells of interest can give a better assessment of a 

personalized tumor treatment.
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Background: FoxP3+ CD4+ Regulatory T cell (Treg) 

infiltration in tumor correlates to reduced survival. 

We observed reduced percentage of Treg in bone 

marrow of breast cancer patients that correlates to 

an increase in peripheral blood. We hypothesize 

that Treg mobilize out of bone marrow and infil-

trate the tumor via blood route. On Contrary, CD4 

T effector cells (Teff) are not efficiently mobilized 

from bone marrow.

Rationale: Sphingosine-1-Phosphate receptor 1 

(S1P1) is well studied for its role in T cell egress 

guided by a gradient of its ligand Sphingosine-

1-phosphate (S1P). CCR7 has been reported to play 

a role in cell retention in lymph nodes. CXCR4 - 

CXCL12 interaction is also reported in homing 

and retention of cells in bone marrow. We studied 

surface expression levels of S1P1, CXCR4 and CCR7 

on Teff and Treg and analyzed the ligands for 

these receptors in bone marrow and blood plasma 

of breast cancer patients in comparison to healthy 

individuals. 

Results: Plasma S1P levels revealed the existence 

of an S1P gradient with low to high concentrations 

of S1P in bone marrow to blood respectively. While 

expression levels of CCR7 ligands remained unal-

tered, CXCL12 expression levels in bone marrow 

plasma of patients was drastically reduced in com-

parison to healthy individuals but not to patient 

blood plasma. S1P1 transcript and protein expres-

sion levels between Teff and Treg was not altered. 

Interestingly, surface S1P1 expression was detected 

in around 5% of Treg but not Teff. CCR7 surface ex-

pression was high on Teff whereas CXCR4 surface 

expression levels between Teff and Treg were 

similar. Using MHC II tetramers detecting mam-

maglobin (Mam) specific T cells we find that the 

percentage of Mam specific Treg was low in bone 

marrow and high in blood. The percentage of Mam 

specific Teff was high in bone marrow. Higher 

surface S1P1 expression was detected on Mam spe-

cific Treg compared to Teff. Peripheral blood Teff 

and Treg had no/very low S1P1 surface expression. 

Influence of T cell activation on receptor expression 

was investigated by co-culturing primary antigen 

presenting cells (APC) with sorted Teff and Treg 

along with polyclonal stimulation. High surface 

S1P1 expression was detected 3 days after activa-

tion both in Teff and Treg while surface CXCR4 ex-

pression was reduced. Interestingly, surface CCR7 

expression on Teff was not reduced upon activation. 

Conclusion: Higher S1P1 and lower CCR7 expres-

sion on the surface of bone marrow Treg and pres-

ence of reduced CXCL12 levels in bone marrow 

could lead to preferential exit of Treg from bone 

marrow of breast cancer patients. Retention of Teff 

in bone marrow could be attributed to higher CCR7 

and lower S1P1 expression. Exit signals coupled 

with loss of retention signals thus may guide cell 

egress from bone marrow. 

Rathinasamy A.1, Ge Y.1, Umansky L.1, Domschke C.2, Beckhove P.1
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MHC (major histocompatibility complex) class I 

molecules are membrane proteins that play a central 

role in mammalian antiviral immune response by 

presenting the viral proteome to the cell surface 

for the recognition by cytotoxic T lymphocytes. In 

our previous work1, we have shown that peptides 

as small as two amino acids (dipeptides) can ef-

ficiently fold the class I allotypes HLAA*02:01 and 

H-2Kb in vitro. Such dipeptides also accumulate and 

stabilize the peptide receptive A2 and Kb molecules 

on the cell surface. Now, we have looked at the ex-

change of class I bound peptide for an exogenous 

peptide of interest in the presence of dipeptide. We 

found that dipeptides accelerate the dissociation 

of high-affinity peptides both on the recombinant 

and on the cell surface A2 and Kb molecules in an 

allotype-specific manner. We also demonstrate 

that cell surface peptide exchange, catalyzed by 

dipeptides, can be used to activate peptide specific 

T lymphocytes. We successfully employed this 

peptide exchange technique to produce epitope-

specific MHC tetramers from MHC monomers that 

were originally folded with a different peptide. This 

technique allows us to create different tetramers of 

a desired specificity from a single starting monomer 

in one day. We could show that these tetramers are 

equally efficient in the detection of virus specific T 

cells from human blood samples.

Reference: 

1. Dipeptides promote folding and peptide binding of MHC 
class I molecules. Saini et al. (Proc Natl Acad Sci U S A. 
2013 Sep 17;110(38):15383-8.)
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It is well established that accumulation of regula-

tory T cells (Tregs) in cancer patients is associated 

with tumor progression, poor prognosis and the 

suppression of anti-tumor immune effector func-

tions, and Treg-mediated immunosuppression is 

therefore considered a major obstacle for successful 

cancer immunotherapy. Given their profound effect 

on the outcome of immunotherapy trials, Treg fre-

quency and function are being studied extensively. 

Unfortunately, no consensus has been reached on 

a) the (minimal number of) markers required to 

define the frequency of human Tregs and b) which 

assay is the best to measure Treg suppressor func-

tion. 

Here we propose essential marker sets for flow cy-

tometric enumeration of Tregs and report on the 

side-by-side comparison of two flow cytometric ap-

proaches that measure Treg suppressor function. 

Based on the outcome at the workshop organized 

by the CIMT immunoguiding program (CIP) work-

group on the detection and functional testing of 

(antigen-specific) Tregs and subsequent discus-

sions with leading experts in the field, we propose 

the following context-dependent (i.e. in peripheral 

blood / tumor / lymph node (LN)) marker set for 

flow cytometric Treg analysis: CD3, CD4, CD25, 

CD127 (IL7-R), FoxP3, CD45RA and helios. Yet, as 

some of these markers are also expressed on acti-

vated conventional effector T cells (Tconv), meas-

urement of Treg suppressive function is crucial for 

the discrimination of Tregs from activated Tconv. 

Classically, in suppressor cell assays the inhibition 

of responder cell proliferation or cytokine produc-

tion is measured in a 3-7 days long period. However 

these assays require large numbers of Tregs and are 

technically challenging. Recently, an assay meas-

uring Treg-mediated prevention of CD69 and CD154 

up-regulation on CD4+tT cells has been described 

as an alternative and shorter (7-20 hours) method. 

So far, correlation between these two methods to 

determine suppressive function has not been for-

mally shown. To study the suitability of the latter 

assay, the ability of Tregs to inhibit CD25, CD69, 

CD154 and CD137 up-regulation on CD4+ and CD8+ 

T cells was determined, and compared to the ca-

pacity of Tregs to inhibit proliferation of the effector 

T cells (as assessed by cell trace violet dye dilution). 

We show that indeed Tregs, which were isolated 

through CD4 and CD25 magnetic beads, are able to 

inhibit aCD3/CD28-bead-induced up-regulation of 

CD25, CD69 (on CD4 and CD8) and CD154 (on CD4), 

but not CD137 (on CD8) T cell activation markers 

on responder T cells. Moreover, this inhibition of 

activation marker up-regulation significantly cor-

relates with suppression of their proliferation, indi-

cating that measuring inhibition of T-cell activation 

is well-suited for analyzing Treg suppressive func-

tion. In conclusion, the T-cell activation marker 

assay is a simple, fast and robust assay to measure 

Treg suppressive activity and should be considered 

as an alternative short-time assay for functional 

Treg testing. 
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The long-term goal of our study is to establish a 

T-cell based immune therapy for patients with lo-

calized prostate carcinoma (PCa) in combination 

with dose escalated radiation therapy (RT). To this 

aim, we monitored the cellular immune status of 

PCa patients treated with RT.

Twenty-one HLA*A2-positive patients were in-

cluded in the study. All patients received external 

beam RT (78Gy in 39 fractions) to the prostate and 

the seminal vesicles. In a subset of patients with 

high risk PCa, the pelvic lymphatics were treated to 

50.4Gy in 28 fractions. Most patients received con-

comitant hormone ablative treatment. Peripheral 

blood mononuclear cells (PBMC) were obtained at 

four timepoints: prior to the first RT fraction, after 

four weeks of treatment, on the day of the last day 

of treatment and three months after completion 

of treatment. PBMC were frozen until the day of 

analysis, which was conducted by multicolor flow 

cytometry.

Comparing the median percentages of various cell 

subsets at the beginning vs. at the last day of the 

RT, we found some changes in the immune status 

(19 patients). While the T- and B-cell populations 

within viable lymphocytes decreased (T: 63.3 vs. 

58.6%; B: 4.1% vs. 1.9%), the percentages of natural 

killer -NK- cells and regulatory T-cells -Treg- in-

creased (NK: 31.1% vs. 38.8%; CD4+CD25+Foxp3+-

Treg: 4.2% vs. 6.3%). An increase in the prolifera-

tion rate was observed for NK-, B-, T-, and Treg-cells 

(NK: 5.9% vs. 12.6%; B: 3.7% vs. 11.2%; T: 2.5% 

vs. 5.8%; Treg: 11.2% vs. 14.7% -fraction of Ki67+ 

cells-). The proportion of the CD4- and CD8-posi-

tive T-cell subsets did not change significantly.

From five patients, we also performed complete 

blood counts with differentials at each timepoint. 

The absolute lymphocyte counts decreased from 

1323.0/µl before RT to 552.1/µl at the last day of RT.

The data obtained so far show a significant change 

of several immune cell subsets during RT in PCa 

patients. The potential effect of the treatment on 

the cell viability, cell-differentiation and function 

of viral-specific CD8+ T-lymphocytes is under in-

vestigation and will be presented.
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Severe infections with Aspergillus fumigatus play a 

relevant role in immunodeficient patients e.g. after 

allogeneic hematopoietic stem cell transplantation. 

In these patients prolonged neutropenia is a major 

risk factor for fungal infections indicating an es-

sential role of innate immune system in antifun-

gal defense. Data from previous studies suggest 

that NFAT is a key player in signaling pathways of 

innate immunity e.g. in polymorphonuclear neu-

trophils (PMN) and that it can be modulated by 

commonly used agents like cyclosporin A (CsA). 

The aim of our work is to elucidate the relevance of 

NFAT-dependent activation signals in PMN, their 

potential modulation by calcineurin/NFAT inhibi-

tors and their significance in immune responses 

against Aspergillus fumigatus.

We firstly performed in vitro experiments using 

human (healthy donors) PMN after purification 

and from whole blood regarding their effector 

functions in absence or presence of CsA in titrated 

doses appropriate to therapeutic levels. Phagocyto-

sis and activation-induced shedding of CD62L was 

measured by flow cytometry using polychromatic 

microspheres and appropriate surface markers 

(CD11b-PB, CD62L-APC, CD66b-FITC). Genera-

tion of reactive oxygen species was analyzed by 

dichlorofluorescein assay (DCF) and activation-

induced synthesis of IL-8 by enzyme-linked im-

munosorbent assay (ELISA) and intracellular flow 

cytometry. Secondly, we applied a murine Asper-

gillus fumigatus pneumonia model to study the 

antifungal innate immune response in vivo with 

or without intraperitoneal administration of CsA. 

Here, PMN recruitment to the lungs, pulmonary 

clearance of Aspergillus fumigatus and survival of 

infected mice was examined. PMN-depleted mice 

using an murine Gr1-antibody served as controls.

Administration of CsA had no significant influence 

on human granulocyte expression of activation 

markers and shedding of CD62L. Moreover, ad-

ditional functional testing indicated also no sub-

stantial influence on generation of reactive oxygen 

species (5245 RFU ± 354 vs. 5763 ± 520 (control) 

after stimulation with LPS, mean ± SEM) com-

pared to controls. Likewise the activation-induced 

synthesis of IL-8 was not reduced in presence of 

CsA in vitro (519pg/ml ± 81 vs. 463 ± 131 (control) 

after stimulation with LPS). In contrast, phago-

cytosis was rather stimulated in presence of CsA  

(83.5% ± 1.7 vs. 71.0 ± 1.5 (control) after stimula-

tion with LPS). Regarding survival of Aspergillus 

fumigatus infected mice, successful granulocyte-

dependent clearance of fungal infection was not 

impaired in relevant degree through CsA medica-

tion.

Early granulocyte-based innate immune function 

is not inhibited by CsA, suggesting that NFAT may 

play a more crucial role in granulocyte differentia-

tion under steady state conditions. Therefore, we 

are planning in vivo experiments with long-term 

CsA-pretreated mice and also ex vivo analysis of 

patient blood samples under continuous CsA medi-

cation. 

Teschner D.1, Plein K.1, Michel C.1, Prüfer S.2, Stein P.3, Theobald M.1, Schild H.2, Radsak M.1,2

1	University Medical Center of the Johannes Gutenberg-University, Third Department of  
	Medicine - Hematology, Oncology, Pneumology, Mainz, Germany, 
2	University Medical Center of the Johannes Gutenberg-University, Institute of Immunology,  
	Mainz, Germany, 
3	University Medical Center of the Johannes Gutenberg University, Center for Thrombosis and  
	Hemostasis, Mainz, Germany 

Early granulocyte effector function is not impaired by  
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Background: IMAB362 is a novel monoclonal an-

tibody specifically binding to the tight junction 

protein CLDN18.2 which is almost exclusively 

present on tumor cells. It is currently undergoing 

Phase II clinical testing in patients with advanced 

gastroesophageal cancer. In order to identify pa-

tients who would benefit the most from treatment 

with IMAB362, we examined parameters that could 

serve as potential biomarkers.

Materials and methods: Patients included in these 

ancillary analyses were enrolled in an international, 

multi-center, Phase IIa clinical trial evaluating the 

safety and efficacy of repeated intravenous infu-

sions of IMAB362 at 300 mg/m2 and 600 mg/m2. 

We examined the CLDN18.2 positivity, several 

immune cell phenotypes, the capacity of patient-

derived blood components to exert antibody-medi-

ated modes of action (antibody-dependent cellular 

cytotoxicity [ADCC] and complement-dependent 

cytotoxicity [CDC]) in vitro, and the presence of 

immune-related genetic single-nucleotide polymor-

phisms (SNPs).

Results: CLDN18.2 is expressed on primary tumors 

as well as on metastasis thereof. More patients with 

adenocarcinoma of the stomach and the gastroe-

sophageal junction express CLDN18.2 compared to 

patients with adenocarcinomas of the esophagus. 

Regarding immune effector cells administration of 

a single-dose of IMAB362 did not alter frequency, 

phenotype, or activation status of evaluated immune 

cell populations. ADCC and CDC with patient ma-

terial did not differ pre- and post-treatment with 

IMAB362. Finally SNPs showed a variant allele 

pattern which allows testing for frequency shifts 

of SNP alleles between patient subpopulations and 

ideally the identification of a putative responder 

population.

Conclusions: Analysis of the correlation of the 

evaluated parameters with clinical outcome data 

is currently ongoing. This will help to identify bio-

markers predictive for a response to IMAB362 in 

patients. 
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Until recently, studies on human NK cells mainly 

focused on cells isolated from peripheral blood. 

Little is known about the development and func-

tional role of human NK cell subpopulations in sec-

ondary lymphoid organs. In this study, we report 

on a detailed phenotypic and functional charac-

terization of human NK cell subsets isolated from 

thymic tissues. 

NK cells can be classified according to the expres-

sion of CD56 and CD16 into immunoregulatory, 

cytokine-producing CD56highCD16dim and cytotoxic 

CD56dimCD16high NK cells. It is widely accepted that 

NK cells derive from bone marrow and that the 

final development takes place in secondary lym-

phoid tissues. Recently, it has been reported that 

thymic CD34+ cells can differentiate into NK cells 

under treatment with IL-2 in vitro. However, it is 

still unsolved if NK differentiation also occurs in 

secondary lymphoid tissues such as the thymic 

organ.

The main objective of our study was the profound 

analysis of the phenotypical and functional profile 

of NK cell subsets from thymic tissues. Therefore, 

we performed detailed immune monitoring and 

characterization of NK cells isolated from more 

than 200 thymus preparations obtained from dif-

ferently aged children undergoing heart surgery. 

Our flow cytometry analysis revealed a different 

subset composition of child thymic NK cells com-

pared to peripheral blood NK cells of both chil-

dren and adults. Thymic NK cells have not only a 

lower CD56-expression but also a different ratio of 

CD16high/CD16dim NK cells. Furthermore, thymic NK 

cells display a specific phenotype with low expres-

sion of KIRs, CD117, CD57, CD62L, and CX3CR1, 

and upregulation of NKG2A, NKG2D, CD27, and 

CD127 on at least one NK cell subset. 

Importantly, functional assays of sorted thymic 

NK cell subsets demonstrated the capability to kill 

tumor cells in a perforin-dependent manner and to 

produce a large range of cytokines. However, a pro-

longed stimulation period or a specific trigger was 

required to gain cytotoxic and cytokine-producing 

functions.

In summary, this study provides deep insight on 

the phenotype and function of human NK cells in 

thymic tissue being of great value for further un-

derstanding NK cell development and education. 
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Introduction: HLA tetramer combinatorial coding 

(HTCC) technology is an epitope discovery and im-

munomonitoring platform in which directly ex vivo 

20+ different antigen (Ag)-specific CD8+ T cell 

populations can be detected simultaneously within 

a single sample. We here combine HTCC with addi-

tional markers to simultaneously characterize the 

individual Ag-specific T cells. Immunomonitoring 

of Ag-specific T cells becomes more important, e.g. 

for determining treatment effect in early trials. Phe-

notypic and functional characterization gives extra 

insight in T cell responses induced by natural infec-

tion or vaccines. 

Material and methods: In the HTCC approach T 

cells are stained with tetramers and visualized by 

flow cytometry. For each peptide-HLA combination 

2 tetramers are created, each conjugated with a dif-

ferent fluorochrome using a unique combination 

of colors (i.e. each peptide-HLA combination has 

a unique ‚2-color code‘; 8 different fluorochromes 

yield 28 unique dual coding combinations). 

We have standardized and validated the technol-

ogy for implementation in clinical trials. Periph-

eral blood mononuclear cells (PBMCs), derived 

from buffy coats of healthy subjects, were used for 

reproducibility studies. HLA-A2-negative PBMCs 

containing an HLA-B*07:02 EBV (RPPIFIRRL)-

specific T cell response were spiked with a de-

creasing number of HLA-A2-restricted influenza 

A (GILGFVFTL)-specific T cells and analyzed by 

combinatorial coding flow cytometry using a LSRII 

in order to test sensitivity. 

Results: The detection of Ag-specific CD8+ T cells by 

dual coding (n = 26) was found to be as efficient as 

detection with conventionally fluorescently-labeled 

HLA multimers (n = 8). Importantly, dual coding 

resulted in reduced background staining, thereby 

making it a more sensitive method than the classi-

cal assay. Intra and inter assay variations were low 

and demonstrate that HTCC is a robust technology. 

We were able to detect influenza A-specific T cells 

even at a frequency of 0.004%. 

In patient samples, 20-plex HTCC was combined 

with 4 phenotypic markers defining naive, memory 

and effector Ag-specific CD8+ T cells. We observed 

that T cell populations directed against different 

epitopes of a single virus had different characteris-

tics. Therefore this HTCC gives immediate insight 

in the differential development of Ag-specific T cell 

responses. 

Conclusion: Our data show that the HTCC technol-

ogy is robust, more sensitive than classical tetram-

er staining and can be combined with phenotypic 

analysis. It is in particular suitable for the charac-

terization of the breadth of T cell responses induced 

by natural infection or vaccines, or for the moni-

toring of therapeutic interventions using limited 

patient material. 

Mok J.Y.1, Nguyen M.1, Brasser G.2, Hombrink P.2, van Esch W.1

1	Sanquin Blood Supply, Dept. R&D, Div. Reagents, Amsterdam, Netherlands, 
2	Sanquin Blood Supply, Lab. of Adaptive Immunity, Dept. of Hematopoiesis, Amsterdam,  
	Netherlands 

HTCC allows the characterization of differential CD8+ T cell 
responses against 20+ antigens in a single patient sample
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Most humans carry a considerable number of per-

sisting viral infections, frequently in a latent state. 

Chronic infections may intermittently reactivate es-

pecially under immune suppression and play an im-

portant role as trigger or cofactor for autoimmune 

diseases and cancer. Correlation of such infections 

with diseases is difficult. An analysis of antibody 

repertoire in chronic infection may provide infor-

mation about patterns of virus reactivation.

Following primary infection the herpes virus 4 

(EBV) results in persistent mostly asymptomatic 

latent infection. About 95% of the adult population 

are EBV seropositive. EBV infections are known as 

cofactors for various diseases such as lymphomas, 

multiple sclerosis and chronic fatigue syndrome.  

The detailed mapping of humoral immune response 

in human serum samples allows a high resolution 

analysis of the antibody repertoire against EBV an-

tigens. 

We developed a peptide microarray platform with 

peptide libraries of up to 6900 members. Here 

we present data using a library of peptide scans 

through major EBV antigens from incubations with 

serum samples of healthy human donors, patients 

diagnosed with chronic fatigue syndrome or mul-

tiple sclerosis.

Even though there are shared epitopes between the 

specimens and cohorts, different epitope patterns are 

observed for a number of antigens and antigen areas. 

The patterns of antibody responses could be of di-

agnostic value for multiple sclerosis and chronic 

fatigue syndrome.

von Hoegen P.1, Pawlowski N.1, Jansong J.1, Reimer U.1, Löbel M.2, Ruprecht K.3,  
Scheibenbogen C.2
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Investigation of humoral immune response towards persisting 
Epstein-Barr virus infections in multiple sclerosis and chronic 
fatigue syndrome using peptide microarrays
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In recent decades, bispecific antibodies (bsAb) 

have emerged as promising tools for antigen-

specific cancer immunotherapy. In general, bsAb 

molecules are composed of two different antigen 

binding moieties that bind simultaneously two dif-

ferent cell types. Most bsAb are designed to redi-

rect cytotoxic immune cells to cancer cells, which 

results in the specific lysis of the latter. The poten-

tial of bsAb to mediate tumor cell eradication has 

already been successfully substantiated in various 

in vitro and animal studies as well as in pilot clini-

cal trials. 

Recently, a novel humanized bsAb for the redirec-

tion of T cells was developed in our group, that 

targets the CD3-complex on T cells and the surface 

molecule CD33, which is widely overexpressed on 

acute myeloid leukemia (AML) blasts. Our in vitro 

and in vivo data have already demonstrated that 

this bsAb facilitates an efficient and specific eradi-

cation of AML blasts, with low risk of side effects. 

However, one downside of bsAbs is their short half-

life in vivo which leads to the continuous adminis-

tration of such agents to achieve the desired effect, 

resulting in high costs treatment.

To address this problem we engineered an im-

mortalized human bone-derived mesenchymal 

stem cells (hMSCs) cell line, known as single-cell-

picked clone 1 (SCP-1), in order to develop a cellular 

vehicle for the constant delivery of the humanized 

CD33-CD3 bsAb to the tumor microenvironment. 

In vitro assays have shown that the produced bsAb 

by the engineered hMSCs is effective in redirecting 

T cells toward CD33+ AML target cells, leading to 

an high specific T cell-mediated tumor cell killing. 

In addition to the parental CD33-CD3-secreting 

hMSC line a sub-line was further generated, which 

expresses on the surface the T cell costimulatory 

ligand 4-1BBL (CD137L), a member of the tumor 

necrosis factor receptor (TNFR) family, which pro-

vides an additional stimulation of T cells, resulting 

in a higher T cell expansion, an enhanced release 

of pro-inflammatory cytokines and a more efficient 

anti-tumor effect, as it has been recently demon-

strated by our group. Indeed, our preliminary in 

vitro data have shown that the application of addi-

tional stimulation of T cells through the 4-1BB and 

4-1BBL-hMSCs (CD137/CD137L) interaction leaded 

to a significant improvement of the anti-tumor ac-

tivity and prolong the immune response.

In sum, our data show that continuous in situ de-

livery of bsAb CD33-CD3 by genetically modified 

hMSCs facilitates efficient activation of T cells for 

specific and efficient killing of AML blasts over pro-

longed period of time. Therefore, the idea presented 

here could be a promising alternative to continuous 

exogenous administration of short-lived antibodies 

for AML immunotherapy. In vivo antibody produc-

tion would result in effective and persistent levels 

of these therapeutic agents.

Aliperta R.1, Cartellieri M.1, Arndt C.2, Feldmann A.1, Koristka S.2, Michalk I.2,  
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Redirection of T cells towards acute myeloid leukemia blasts 
via bispecific antibody-releasing human mesenchymal stem 
cells 
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The human homologous of the murine double-

minute 2 protein (MDM2) tumor-associated antigen 

(TAA) is overexpressed in a variety of human 

tumors, including soft tissue sarcoma, multiple 

myeloma (MM) and melanoma. MDM2 protein 

overexpression was particularly observed in in-

vasive and metastatic melanoma and was associ-

ated with enhanced survival of MM cells. Adoptive 

transfer of TAA-specific T cell receptor (TCR) T cells 

is an attractive approach to treat cancer patients. 

We have already described that using HLA-A*0201 

(A2.1) transgenic mice can circumvent self toler-

ance to human TAAs. We have generated an HLA.

A2-restricted CD8-dependent MDM2 (81-88)-spe-

cific TCR from a high-avidity murine CTL clone 

derived from CD8 x A2Kb transgenic mice to redi-

rect human T cells. We focused on a new approach 

in adoptive T cell immunotherapy where cancers 

overexpressing MDM2 can be targeted by human 

T cells transduced with the MDM2 (81-88)-specific 

TCR.

Human T cells were retrovirally transduced with 

the wild-type (wt) MDM2-TCR. We analyzed the 

TCR expression level by flow cytometry and meas-

ured the affinity to bind HLA.A2 molecules loaded 

with the MDM2 (81-88)-peptide using labeled te-

tramers. We screened melanoma and MM cell lines 

for MDM2 protein expression via Western Blot and 

analyzed the HLA.A2 expression by flow cytom-

etry. Cell lines which were highly HLA.A2 positive 

and also expressing MDM2 were tested for recog-

nition by the wt MDM2 (81-88)-specific TCR in a 

cytolytic assay. Our data demonstrated that these 

cell lines can be lysed by human T cells transduced 

with wt MDM2-TCR compared to melanoma or MM 

cell lines which do not express HLA.A2 or exhibit 

weak MDM2 levels.

We also modified and optimized the wt MDM2-

TCR-construct to increase the expression level of 

introduced TCR. To increase the expression level of 

transduced TCR we codon-optimized the sequence 

and cloned it in a bicistronic retroviral vector con-

taining the self-cleaving 2A virus-derived peptide. 

The risk of TCR heterodimers formation with 

unknown specificity and generation of potentially 

autoreactive T cells was reduced via addition of an 

inter-chain disulfide bond between TCR α and β 
constant domains.

These results demonstrate that melanoma and MM 

can be targeted by MDM2-specific TCRs. In addition 

we are currently engineering an optimized single 

chain MDM2-TCR to prevent any residual forma-

tion of mixed heterodimer TCRs and to improve 

safety for its use in adoptive T cell therapy. This can 

be a promising approach for targeting cancer cells 

overexpressing MDM2.

Amann E.1, Antunes E.1, Theobald M.1,2,3, Echchannaoui H.1,3
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Targeting melanoma and multiple myeloma using a  
high-affinity TCR specific for human MDM2 tumor-associated 
antigen
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Background: Encouraging results have been 

achieved after tumour infiltrating lymphocytes 

(TILs) transfer in patients with metastatic mela-

noma with objective responses ranging from 50 to 

72% including 20% complete remissions. Unfortu-

nately, attempts to use TIL therapy with other solid 

tumours failed to obtain comparable clinical re-

sponses. We focused on renal cell carcinoma (RCC) 

and investigated a modified protocol to isolate and 

expand TILs in order to overcome the issues previ-

ously encountered when applying the melanoma 

protocol.

Methods: Tumour samples were enzymatically 

disaggregated overnight or with the GentleMACS™ 

dissociator and activating beads were added to the 

culture with high-dose IL-2. Remaining digest was 

frozen and used as autologous tumour target to test 

TILs‘ in vitro functionality via IFN-γ secretion in 

ELISA assays at the end of the expansion period. 

Results: We managed to successfully expand TILs 

in 90% of RCC samples processed. 33% of TILs ex-

panded after overnight digestion and 55% of TILs 

grown after GentleMACS™ dissociation showed re-

activity to the autologous tumour as measured by 

IFNγ production in ELISA assays. The difference 

between the two methods was likely to be due to 

downregulated expression of surface markers on 

the tumour cells (in particular of class I) rather 

than lack of activity of the expanded TILs, as TILs 

expanded after overnight digest did not show any 

reduction in reactivity when co-cultured with 

tumour cells derived from samples processed with 

the GentleMACS™ dissociator. Surface staining 

of each tumour digest using flow cytometry con-

firmed this hypothesis.

Conclusions: A robust method to isolate and expand 

TILs has been established and we aim to incorpo-

rate it into future clinical work. 

Baldan V.1, Hawkins R.1, Gilham D.1
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Optimisation of the isolation and expansion of tumour  
infiltrating lymphocytes from renal cell carcinoma
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The transduction of human T-cells with recombi-

nant T-cell receptors (TCRs) requires amphotropic 

pseudotyped retroviral vetors (RV). These are con-

sidered safe in principle, however, TCR-coding 

transfer vectors and packaging vectors could the-

oretically recombine to produce replication com-

petent vectors (RCV). Therefore TCR transduced 

T-cell preparations intended for adoptive transfer 

must be proven free of RCV. To eliminate the need 

for RCV testing, we transduced human T-cells with 

retroviral vectors (RV) which were pseudotyped 

with the ecotropic envelope of murine leukemia 

virus. Ecotropic RV by themselves transduce ex-

clusively rodent cells and thus potentially arising 

RCV would be non-infectious for human cells. To 

enable TCR transduction into human T-cells, we 

created susceptibility for ecotropic RV by transfect-

ing mCAT-1, the receptor for murine retroviruses, 

before proceeding to transduction. Here we show 

that electroporation of mRNA encoding mCAT-1 

enabled ecotropic transduction of human T-cells 

with rates ranging between 60% and 80%. mCAT-

1-dependent ecotropic transduction rates corre-

lated to the mRNA dose used for electroporation. 

At optimal doses, ecotropic transduction was more 

efficient and robust than amphotropic transduction 

performed in parallel. Moreover, after electropora-

tion with mCAT-1 mRNA T-cells lost susceptibil-

ity for ecotropic retroviral vectors within a week, 

which corresponded to a functional mCAT-1 half-

life of about 3h. We could further show that eco-

tropic transduction is suitable for reprogramming 

of T-cell reactivity. Upon re-stimulation, CD8+ 

T-cells transduced with a TCR targeting the CMV-

pp65 model antigen secreted IFNg and TNFa in 

CMV-pp65-dependent manner. 

We conclude that ecotropic RV represent a versa-

tile, safe and potent tool to prepare T-cells for adop-

tive transfer. 
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T-cell receptor transfer into human T-cells with ecotropic  
retroviral vectors
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We have previously shown in preclinical models 

that a new generation of fast DCs, using a matura-

tion cocktail containing IL-1β, TNFα, IFNγ, PGE2 

and the TLR7/8 ligand R848, is more efficient than 

the standard 7 day DCs. These DCs show a high 

up-regulation of HLA-DR and co-stimulatory mol-

ecules like CD80, CD83, CD86 and CD40 combined 

with a down regulation of CD14. They have a good 

migratory capacity towards CCL19 and are espe-

cially characterized by IL-12p70 production when 

stimulated with CD40L transfected mouse fibro-

blasts, whilst IL-10 production is low. 

Here we investigated if the new generation DCs 

maintain their properties when produced by GMP 

standards and if they are able to mount specific 

immune responses in patients.

Monocytes were enriched using the Elutra cell sepa-

rator and cultivated either fresh or after cryopreser-

vation. Monocytes were cultured in Teflon bags in 

the presence of IL-4 and GM-CSF and the matu-

ration cocktail was added on day 2 or 3. After 24 

hours DCs were harvested and electroporated with 

mRNA. After 2-4 hours recovery, cells were frozen 

with either 2.5E+6 or 5E+6 transfected DCs per vial.

Productions from one lung cancer, one prostate 

cancer and 4 glioblastoma patients showed the 

same characteristics with only some slight varia-

tions in the amounts of IL-12p70 released after co-

culture with CD40L transfected mouse fibroblasts. 

The first patient treated with the new generation 

DCs transfected with hTERT and survivin mRNA 

suffered from stage IV lung cancer with brain me-

tastases. Following diagnosis in June 2011 she was 

treated with chemotherapy and radiotherapy. Since 

December 2011 she has been vaccinated and has 

obtained a status of stable disease. DC vaccina-

tion was interrupted in 2/2013 when an attempt 

was made to re-open an occluded bronchus with 

radiotherapy. During irradiation the patient devel-

oped an inflammation of the pleura, which was 

treated with high dose cortisone. During cortisone 

therapy the patient developed 2 new brain metas-

tases, which were treated with Dexamethasone and 

local radiotherapy using Cyberknife. DC vaccina-

tion was continued in 6/2013 and health conditions 

gradually improved bringing the patient again into 

a status of stable disease. 

The second patient receiving DC vaccination had 

a hormone resistant prostate cancer in a very ad-

vanced stage and dropped out immediately after 

start of treatment. 

Treatment of four glioblastoma patients with hTERT 

and survivin transfected DCs plus either with au-

tologous tumour mRNA or hCMVpp65 mRNA DCs 

has started. All patients show strong local DTH re-

sponses and flu-like symptoms after vaccination at 

an earlier time point, but it is too early to evaluate 

clinical outcome. 

Altogether our results show that the new genera-

tion DCs can successfully be used clinically in dif-

ferent kinds of cancer. Whether the strong DTH re-

actions and flu like symptoms observed following 

the DC vaccinations turn into strong specific T-cell 

responses is under investigation. 
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First clinical experience with a new generation of fast DCs 
transfected with mRNA from hTERT, survivin and autologous 
tumour
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Photodynamic therapy (PDT) is an emerging treat-

ment modality for cancer. In PDT a light-sensitive 

photosensitizer (PS) is administered and after a 

latency period the malignant lesions are selective-

ly irradiated with light of a specific wavelength, 

thereby exciting the photosensitizing agent. In the 

presence of oxygen, activated PS-molecules gen-

erate singlet oxygen and reactive oxygen species, 

which provoke lethal oxidative damage in aberrant 

cells. However, tumor selectivity after systemic ap-

plication of PS is limited and healthy tissues also 

accumulate PS. The general distribution of the pho-

tosensitizing agent leads to adverse effects, like eye 

and skin photosensitivity. In order to circumvent 

these obstacles, tumor-targeting PDT strategies are 

under investigation.

Here, we report on the feasibility of a cell-based drug 

targeting concept, using bispecific antibody (bsAb, 

EpCAM×CD3) redirected human T lymphocytes 

as selective transport vehicles for the model pho-

tosensitizer 5,10,15,20-tetrakis(3-hydroxyphenyl)-

porphyrin (mTHPP) in vitro. This photosensitizing 

agent is the parent porphyrin of mTHPC, which is 

the active pharmaceutical ingredient of Foscan. 

In the context of adoptive cell transfer (ACT), the 

concept aims at enhancing the selectivity and ef-

ficacy of PDT, while simultaneously decreasing 

adverse effects. Most notably, the approach intends 

to combine the phototoxicity of PS-molecules de-

livered by redirected CD4+ and CD8+ T cells (drug 

effect) with the cytotoxicity of retargeted CD8+ T 

cells (T cell effect) in a synergistic manner.

We have demonstrated that ex vivo activated human 

polyclonal T lymphocytes take up water-soluble 

complexes composed of hydrophobic mTHPP and 

poly(styrene sulfonate) sodium salt (PSS) after 

short-term incubation. In absence of light and 

when drug loading occurred at a tolerable concen-

tration of PSS/mTHPP-complexes, viability and cy-

totoxic function of carrier cells were not impaired. 

When “drug-enhanced” T cells were co-cultivated 

with EpCAM expressing human carcinoma cells, 

mTHPP was transferred to target cells. Interest-

ingly, in the presence of bsAb, which cross-links 

effector and target cells thereby inducing the cytol-

ytic activity of cytoxic T lymphocytes, significantly 

more PS was transferred. Therefore, the bsAb does 

not only provide tumor cell specificity but also in-

directly enhances drug specificity. Consequently, 

redirected drug-loaded T cells were more effective 

in killing A549 lung carcinoma and SKOV-3 ovarian 

carcinoma cells than retargeted unloaded T cells 

upon irradiation of co-cultures. Notably, the addi-

tive approach using redirected unloaded T cells in 

combination with separately applied PSS/mTHPP 

equal to the amount of complex carried by T cells 

was less efficient, as well. Thus, the combined cy-

totoxicity of transferred photosensitizer molecules 

and T lymphocytes exhibited synergistic antitumor 

effects. Our findings support the feasibility of the 

envisioned T cell-based targeted PDT approach.
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A photosensitizer delivered by bispecific antibody retargeted 
human T lymphocytes boosts cytotoxicity against carcinoma 
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Adoptive T-cell Transfer is a promising therapeutic 

approach for a variety of malignancies. However, 

in vitro expansion of T-cells specific for tumor-

associated antigens is hindered by the preferential 

expansion of T-cells with low functional avidity, 

defined by their lacking capacity to lyse tumor cells 

presenting the cognate antigen endogenously.

However, T-cell function is also context-dependent, 

as an inflammatory or suppressive microenviron-

ment affects the T-cell response. We therefore asked 

how inflammatory cytokines affect functionality of 

in vitro-primed, human T-cells specific for tumor-

associated antigens. 

Highly purified naïve CD8+ T-cells were primed 

in optimized conditions using IL-12-producing, 

peptide loaded DCs. At the peak of antigen-specific 

proliferation, 8 days after the initial TCR trigger, 

various inflammatory cytokines were added alone 

or in certain combinations. 48h later antigen-spe-

cific function was evaluated using intracellular 

cytokine staining and cytotoxicity assays as read-

out. Only IL-12 pretreatment resulted in increased 

antigen-specific cytokine production and tumor 

cell killing in these short-term cultured, policlonal 

T-cell lines, whereas the other inflammatory cy-

tokines had no antigen-specific effect. 

We next wanted to evaluate T-cell function on a 

clonal level and analyzed individual T-cell clones 

generated against the six-transmembrane epithe-

lial antigen of the prostate 1 (STEAP-1) as well as 

clones against preferentially antigen expressed in 

melanoma (PRAME). In contrast to the short-term 

cultures, which display an early effector memory 

phenotype (CD62L+; CCR7+/-, CD27+, CD28+-), T-cell 

clones obtained after 3 rounds of restimulation and 

an approximate culture time of 6 weeks, are termi-

nally differentiated (CD62L-; CCR7-, CD27-, CD28-)).

Similar to early effector memory T-cells, IL-12 

increased antigen-specific cytotoxicity in T-cell 

clones in a dose-dependent manner. Surpris-

ingly - and in contrast to early effector T-cells - 

TCR- and HLA-independent cytotoxicity was also 

clearly increased. Careful analysis of this observa-

tion, revealed a critical role of signaling through 

the NK-cell activating receptor DNAM-1, but not 

NKG2D. Increased TCR-independent lysis could be 

blocked by DNAM-1-inhibiting antibodies and cor-

related with an increase of DNAM-1 expression in 

cultured T-cell clones. 

In conclusion, we show a dual effect of IL-12 on 

TCR-dependent and TCR-independent activation of 

human T-cells. Less differentiated T-cells respond to 

IL-12 with higher functional TCR avidity, whereas 

DNAM1-mediated, antigen-independent effects 

dominate the T-cell response after IL-12 preincuba-

tion in terminally differentiated T-cells. 

IL-12 may be suitable for fine-tuning T-cell activ-

ity prior to adoptive transfer, however caution is 

required when interpreting effects of fully differ-

entiated T-cells in an inflammatory environment. 
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IL-12 enhances T-cell receptor-dependent and -independent  
tumor cell recognition by human effector T-cells
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Dendritic cells (DCs) are the most potent antigen-

presenting cells (APCs) of the immune system. 

Originating from hematopoietic precursors in the 

bone marrow, DCs migrate to the periphery as im-

mature cells. They become mature in presence of 

microbial stimuli and proinflammatory cytokines 

or by interacting with CD40L-expressing T cells 

during an infectious or inflammatory event. The 

mature DC is characterized by its expression of 

high levels of MHC II costimulatory molecules.

They play an important role in orchestrating the cell-

mediated immune response. Thus, DCs are of great 

interest for manipulation of immunity in context of 

cancer therapy. To study the effects of new thera-

peutical approaches on DCs in vitro systems are 

needed. We compared different protocols for gen-

erating mouse bone marrow-derived DCs (BMDCs) 

and established a long-term growth factor-depend-

ent DC culture. Cultured with GM-CSF these cells 

display an immature phenotype. In the presence of 

additional IL-4 the BMDCs exhibit an intermediate 

maturation stage. The cells are stimulable by i.e. 

LPS, CpG, and TNF-alpha to full maturation. Since 

the capacity to induce antitumor immune respons-

es correlates with degree of DC maturation, these 

BMDCs are a good basis for in vitro experiments 

testing new DC-based immunotherapies. 
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In vitro model for immunotherapy - Generation of a long-term 
growth factor-dependent DC culture
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The Human Epidermal Growth Factor Receptor 

2 (HER2) represents one of the most extensively 

studied antigens in the field of targeted tumor ther-

apies and is found to be overexpressed in many 

different cancers. Engaging immunotherapeutic 

approaches, treatment options for advanced stage 

malignancies with HER2 overexpression have im-

proved dramatically. However, it is questionable if 

HER2 actually serves as a favourable target antigen 

for T cell receptor (TCR) responses as independ-

ent studies of several research groups revealed 

that HER2 expression modifies adaptive immune 

responses, especially cytotoxic T cell reactivity. 

In order to elucidate the actual functionality of 

HER2-specific T cells, we stimulated healthy naïve 

T cells in the autologous or single HLA-mismatched 

setting by using different conditions. After Multim-

er specific enrichment, clonal expansion and func-

tional testing, we were able to isolate seven different 

TCR recognizing two previously described HER2 

epitopes (aa369-377, aa689-697).In these studies, 

we confirmed large similarities between CDR3 

regions of the alpha chains of TCR with specific-

ity for HER2 aa369-377. During subsequent char-

acterization, despite defined peptide reactivity, the 

TCR displayed recognition patterns against diverse 

malignant cell lines derived from various primary 

tumors which did not always correspond to endog-

enous HER2 expression of the respective cell line. 

Moreover, recognition and lytic capacity of our TCR 

against various target cells stably transduced with 

the complete HER2 construct or the extra- or intra-

cellular domain did not show a clear correlation 

to HER2 expression. In addition, we investigated a 

possible cross-recognition of peptides derived from 

other members of the HER family (HER1, HER3 and 

HER4) by titrating peptide reactivity for each analo-

gous epitope. Indeed, some of our TCR specifically 

cross-reacted against selected peptides, although 

not all recognized target cells expressed the cor-

respondent HER protein.

As our technical approach resulted in highly spe-

cific T cell populations when targeting other an-

tigens, especially differentiation antigens, our 

profound studies of HER2-specific T cell stimula-

tion and isolated TCR with specificity for HER2-

derived peptides further confirm that HER2 may be 

a problematic tumor associated antigen for T cells. 

Cross-reactivity of TCR for peptides derived from 

other HER2 family members was partially present 

and cannot be certainly ruled out for alternative 

proteins which would imply that selected peptides 

may not be optimal. However, our data would be 

also explainable by published data about a negative 

impact of HER2 expression on peptide processing 

and presentation potentially being responsible for 

the lack of correlation between mRNA expression 

and MHC peptide recognition previously commu-

nicated also by others. Future analyses will aim 

to improve understanding of the molecular mech-

anism of HER2 dependent antigen specific target 

reactivity.
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Cellular therapies have become a powerful tool 

to complement impaired immune reconstitution 

in patients after hematopoietic stem cell trans-

plantation (HSCT). HSCT patients are at risk of 

experiencing recurrent reactivation of persisting 

viruses like Cytomegalovirus (CMV) and Epstein-

Barr virus (EBV) or lytic viruses like Adenovi-

rus (ADV). If available, seropositive stem cell 

donors may serve as a source for antiviral T cells. 

However, we and others showed that granulocyte-

colony stimulating factor (G-CSF)-mobilization 

has negative effects on T-cell function in an anti-

gen-dependent and independent way. In vivo and 

in vitro G-CSF treated antiviral T cells were found 

to be impaired in their cytotoxicity, the secretion 

of effector molecules and degranulation capac-

ity. So far, the mechanisms of G-CSF treatment 

affecting CD8+ T cells are not known. An indirect 

effect via antigen presenting cells (APCs) or CD4+ 

T cells is assumed. 

As the G-CSF receptor (G-CSFR) was found to be 

expressed on CD8+ T cells, we aimed to eluci-

date the mechanism of G-CSF treatment on an-

tigen-specific T cells. Isolated CD8+ T cells were 

stimulated in vitro in the presence of bead-based 

viral peptide-loaded artificial APCs (aAPCs). This 

setup was chosen to exclude any influence from 

G-CSF-treated non-T-cell populations. After stimu-

lation the proliferation capacity, cytotoxicicity in 

response to peptide-loaded target cells and the se-

cretion of effector molecules was determined. Ad-

ditionally, mRNA expression profile and telomere 

length analysis were performed in CD8+ T cells 

from G-CSF-mobilized donors. 

Our results showed for the first time, that G-CSF 

treatment directly affects antiviral CD8+ T cells re-

sulting in a decreased T-cell functionality. Interest-

ingly, the proliferation capacity and the viability of 

the antigen-specific T cells are not hampered. The 

secretion of IFN-γ in response to peptide-loaded 

target cells was reduced by 33% after in vitro treat-

ment. In vivo analysis of mRNA expression levels 

showed changes in surface marker expression like 

CD57, CD95L or CD137 and proteins involved in 

signaling pathways associated with G-CSF. The 

length of CD8+ T-cell telomers of in vivo G-CSF 

treated donors was unaffected. 

In further studies we investigate the influence 

of G-CSF treatment on miRNA-21, - 139, -150 and 

-155 in antiviral T-cells and the expression of the 

G-CSFR isoforms I and IV and observed differ-

ences in miRNA expression and functionality with 

respect to the different isoforms expressed. Freshly 

isolated T cells and the cytotoxic T-cell line TALL-

104 were transduced with lentiviral vectors encod-

ing either isoform I or IV and their impact on cyto-

toxicity was evaluated. 

Taken together, our results demonstrate that G-CSF 

directly affects CD8+ antigen-specific T cells. Our 

study shows that during G-CSF mobilization, the 
functional activity of antiviral memory T cells 
is impaired, indicating that even stem cell 
donors may not be the best source of T cells. 
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The adoptive transfer of autologous, patient-derived 

T cells engineered with chimeric antigen receptors 

(CARs) is currently considered as a highly promis-

ing therapeutic option for treatment of otherwise 

incurable malignant diseases. CARs combine the 

cellular and humoral arm of the immune response 

by assembling a single-chain fragment variable 

(scFv) as binding moiety which provides the anti-

gen-specificity and an activating immune receptor. 

It has been demonstrated both in vitro and in vivo, 

that CAR engrafted effector T cells mediate long-

lasting anti-tumor responses. Moreover, in recent 

clinical trials CAR modified T cells efficiently erad-

icate leukemia of B cell origin in late-stage cancer 

patients. 

Despite these promising results, there are still some 

critical issues remaining to be solved before the CAR 

technology can be widely applied for cancer treat-

ment. One major limitation of the CAR approach is 

that the fixed binding moiety of CARs allows the 

recognition of only a single predefined antigen by 

each CAR construct. However, a monotherapeutic 

approach targeting only a single antigen implies 

the risk for development of tumor escape variants, 

which have lost the target antigen during treat-

ment as reported in recent clinical trials (Grupp et 

al. 2013). To overcome limitations of the conven-

tional CAR approach a flexible modular targeting 

system for CAR engrafted T cells was developed. 

First, T cells are engineered to express a univer-

sal CAR (U-CAR), which has specificity for a short 

peptide motif of 10 amino acids derived from a 

human nuclear protein. The second components 

of the modular system are individualized target 

module (TM), which provides tumor antigen speci-

ficity for U-CAR armed T cells. Here we provide first 

prove of concept for this new approach. Antigen-

specific redirection of T cells armed with the uni-

versal CAR in the presence of different targeting 

modules against various antigens (PSCA, PSMA, 

CD33, CD123, CD19) was effective even at femto-

molar concentrations of the targeting module. The 

modular approach of the U-CAR system also lowers 

the risk for life-threatening “on target, off site” side 

effects which can develop in case that CAR engraft-

ed T cells recognize their target antigen on healthy 

tissue as reported from two clinical studies (Lamers 

et al. 2006, Morgan et al. 2010). Half-life time of 

small molecules like TMs in humans is very short, 

most likely restricted to a few hours, so in case of 

adverse reactions against healthy tissue or occur-

rence of excessive tumor lysis syndromes halting of 

TM infusion will dampen ongoing adverse immune 

reactions. Taken together, the modular nature of 

U-CAR technology will allow retargeting of au-

tologous, patient-derived T cells to several anti-

gens under controlled pharmacological conditions 

and has the potential to become a highly effective 

treatment option for late stage cancer patients with 

reduced risks for side effects. 
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Effective treatment of patients undergoing allo-

geneic hematopoietic stem cell transplantation 

(AHSCT) for chemo-refractory acute myeloid leu-

kemia (AML) depends on the graft-versus-leukemia 

(GvL) effect mainly mediated by donor T cells. Un-

fortunately, this effect is frequently hampered by 

alloreactivity of donor lymphocytes resulting in 

graft-versus-host disease (GvHD) and insufficient 

GvL-reactivity to prevent relapse. Thus, protocols 

that include additional cellular therapy to improve 

antileukemia responses are warranted. In the 

present study we therefore sought to establish a 

GMP-compliant manufacturing protocol for pro-

ducing highly AML-reactive, patient-individual-

ized donor CD8+ T lymphocytes to confer sustained 

antileukemic immunity while reducing the risk of 

GvHD in leukemia patients post AHSCT. Based on 

a reliable protocol published previously (Albrecht 

et al., 2011, Cancer Immunol. Immunother.) naïve 

CD45RA+CD8+ T cells from healthy donors were 

immuno-magnetically isolated by the MACSTM 

technology and stimulated with fully HLA class 

I-matched, primary AML blasts under optimized 

cytokine conditions comprising Interleukin (IL)-7/-

12/-15 and -21 in allogeneic mixed lymphocyte/leu-

kemia cultures (MLLCs) for 28 - 42 days (d). IL-12 

was replaced by IL-2 after 14d of culture. In com-

parative studies MLLCs were then substituted with 

research-grade reagents or available GMP-grade 

components (IL-2, -7, -15, -21, TexMACS® medium, 

human serum) to define optimal GMP-culture con-

ditions. Moreover, a newly developed 96/24 well 

micro structured cell culture system was tested in 

first studies to allow the setup of GMP-compliant 

MLLCs. So far, five different HLA class I-identical 

patient-donor MLLCs using naive CD8+ T cells 

either isolated by the non-GMP-grade Naïve CD8 

T cell isolation Kit or a GMP-guided CD45RO de-

pletion/CD8 isolation procedure were performed 

and compared for purity of CD45RA+CD8+ cells, 

growth/expansion rates and numbers of individual 

AML-reactive T cell populations obtained from 

these MLLCs following culture in titrated standard 

research-grade versus (vs) GMP-grade components. 

In addition, we examined AML-reactivity of these 

individual populations by IFN-g ELISpot analyses. 

While purity was slightly higher (~100% vs ~90%) 

using the Naïve CD8 T cell isolation Kit, the fre-

quency and AML-reactivity of T cells obtained upon 

culture in the presence of research-grade vs GMP-

grade cytokines was overall comparable. Finally, 

generation of leukemia-reactive T cells required the 

presence of human serum despite the use of T cell 

compatible GMP-medium. In summary, AML-reac-

tive T cells can be generated in vitro under GMP-

grade conditions with comparable frequency and 

reactivity when compared to antileukemic T cells 

cultured at standard research-grade level. Further 

studies to evaluate the biological activity of these 

GMP-compliant T cells in a patient-tailored pre-

clinical AML xenograft model and to validate the 

upscaling procedure are in progress. 
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Glioblastoma multiforme (GBM) is the most 

common and lethal brain tumor in adults with a 

very dismal prognosis. Numerous efforts are made 

to investigate the cellular properties of GBM cells 

and to develop more effective therapies. In the era 

of personalized therapy a variety of new drugs 

and immune approaches with specific molecular 

targets are in the focus of research.

For the development of novel treatment strate-

gies optimal in vitro models of GBMs are essen-

tial, generated from individual patients and ana-

lysed at early passages to avoid culture artefacts. 

Currently, a variety of cell culture methods with 

different properties are available. However, dif-

ferences between the classical monolayer cell 

culture, spheroid culture and cultures in cancer 

stem cell selective medium (= serum-free, sup-

plemented with growth factors) are not defined in 

detail. Thus, the aim of our study is to analyse dif-

ferently cultured GBM cells established from the 

same primary tumor with a focus on their molecu-

lar biology and response to numerous drugs. First 

results show that some individual GBM cell lines 

grow as adherent monolayers in cancer stem cell 

selective medium, whereas GBM cell lines derived 

from other primary tumors only grow as multicel-

lular spheroids under the same culture conditions. 

In consistency with the cancer stem cell hypothesis 

individual GBM cancer stem cell lines show an in-

creased tumorigenicity in vitro compared to their 

respective serum culture counterparts as demon-

strated by anchorage independent growth assays.

Proposed cancer stem cell markers like CD133 and 

Nestin appear to be not exclusively expressed in 

cancer stem cell cultures of our individual GBM 

models, but also in their respective standard 

culture counterparts. However, cancer stem cell 

cultures established from different primary GBMs 

show an elevated expression of FoxP3 compared 

to tumor cells cultured under standard conditions. 

These observations point towards a specific cell 

signalling and marker expression architecture in 

the cancer stem cell subpopulation that differs 

from the standard serum containing culture. The 

identification of cancer stem cell specific antigens 

has a great potential in specifically targeting this 

subpopulation of tumor cells with targeted drugs 

or immune approaches to prevent regrowth of the 

tumor.
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Tumors frequently evade immune recognition 

through shutdown of the antigen processing ma-

chinery, resulting in failure to present tumor an-

tigens to cytotoxic T cells. The bottleneck in the 

processing pathway is the peptide transporter TAP, 

which translocates peptides into the ER for loading 

MHC class I molecules. We previously revealed 

that TAP-deficiency induces an unique alterna-

tive peptide repertoire and some of these peptides 

are immunogenic neo-antigens. We named these 

peptides TEIPP: 'T-cell epitopes associated with 

impaired peptide processing‘ (Van Hall, Nat Med, 

2006). The prototypic TEIPP antigen is derived 

from the housekeeping protein Trh4, which is 

ubiquitously expressed, but selectively emerges in 

MHC-I on TAP-deficient cells. 

We investigated the generation and behavior of 

TEIPP-specific T cells using a TCR-transgenic 

mouse, as these peptides are hidden ‚self antigens‘. 

We observed an efficient thymic selection of TEIPP-

specific CD8+ T-cells and a strong activation by en-

countering cognate antigen in vitro, indicating that 

this novel anti-tumor T-cell subset is not hampered 

by central tolerance. Importantly, vaccination with 

synthetic peptide or irradiated tumor cells with 

forced overexpression of the Trh4 antigen resulted 

in massive expansion and effector functions of 

in vivo transferred T-cells. TAP-deficient tumors, 

however, failed to elicit T cell responses, unless co-

stimulatory molecules were co-expressed or Trh4 

was over-expressed, pointing at a weak capacity 

to cross-present this novel type of tumor antigens 

via host APC. Collectively, these findings implied 

that TEIPP-T cells are still naïve and unspoiled in 

tumor-bearing mice, but are ready to be exploited 

by vaccination. We are currently optimizing the 

protocols for effective eradication of TAP-deficient 

tumors that are otherwise resistant to conventional 

T cell specificities. Our study reveals unique char-

acteristics of TEIPP T-cells as a new subset of anti-

tumor lymphocytes and opens up a salvage treat-

ment for tumors that display antigen processing 

defects. 
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Infection and reactivation of human cytomegalo-

virus (CMV), Epstein-Barr virus (EBV) and ad-

enovirus (ADV) are common complications of he-

matopoietic stem cell transplantation (HSCT) and 

solid organ transplantation (SOT). In recent years 

increasing numbers of viral pathogens expanding 

from herpes-simplex virus (HSV), polyoma virus 

BK, herpes virus (HHV)-6, respiratory syncytial 

virus, parainfluenza and influenza virus have been 

shown to cause substantial morbidity and mortal-

ity in the immunocompromised host. Adoptive im-

munotherapy with virus-specific T cells can effec-

tively reconstitute antiviral immunity with limited 

acute toxicity or risk of GvHD. Third-party partially 

HLA-matched antiviral T cells from virus-seropos-

itive individuals would offer an alternative option 

in patients receiving an allogeneic cord blood (CB) 

transplant or a transplant from a seronegative 

donor and since donor blood is generally not avail-

able for solid organ recipients. Furthermore, stem 

cell donors seem to be unsuitable T-cell donors 

because of an impaired functionality of antiviral 

memory T cells during and after mobilization with 

granulocyte colony-stimulating factor (G-CSF). 

Frequency assessments of virus-specific memory T 

cells in more than 450 HLA-typed healthy donors as 

well as in HSCT/SOT donors using a high through-

put T-cell assay were performed over a period of 4 

years at Hannover Medical School. To identify the 

most efficient antigens for adoptive immunothera-

py, we assessed the frequencies of CMV, EBV, ADV, 

HHV6 and BK-specific memory T cells in healthy 

donors in response to HLA-restricted peptides and 

overlapping peptide pools. 

For each virus, we identified at least >60% poten-

tial CTL donors with highly significant differences 

in frequencies of T cells against viral antigens of 

different species as well as against different viral 

epitopes from one species. Among the antigens 

tested frequencies for CMVpp65, EBV-BZLF1, and 

HHV6-U90 peptide pools were highest. Overall 

frequencies of antiviral T cells detected by T-cell 

receptor staining were lower than those of the cor-

responding peptide pools. Especially in the case 

of ADV a donor response to a certain peptide may 

not be determined without prior short-term in vitro 

stimulation. In addition, confirmatory testing for 

CMV serology using western blot technique re-

vealed approximately 15% false-positive results, 

possibly influencing future analysis and selection 

of potential SCT and T-cell donors. 

We established a registry of potential T-cell donors 

(“T cells of interest” registry, TOI registry) which 

provides detailed information‘s about donors‘ HLA 

type (class I and II high resolution), virus serology, 

virus-specific T-cell frequencies, best T-cell detec-

tion method, and results of functional and alloreac-

tivity assays. TOI registry will facilitate rapid avail-

ability of T cells for adoptive immunotherapy of 

virus-associated diseases in transplant recipients 

without an adequate T-cell donor. 
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Adoptive transfer of genetically engineered, autolo-

gous T cells is a treatment strategy that has accom-

plished good clinical responses in cancer patients. 

Peripheral lymphocytes are isolated, stimulated, 

equipped with a new TCR or CAR receptor and ex-

panded ex vivo before being reinfused back to the 

patient. Once transferred, the T cells should be able 

to circulate, expand, recognize and kill tumor cells 

for as long as tumor cells remain in the host. There 

are many aspects to consider for optimization of 

T cell therapies. One such aspect is how to best 

culture T cells ex vivo in order to retain their full 

potency upon transfer.

The two most commonly used protocols for ex-

panding T cells in association with adoptive T cell 

therapy of cancer is to use beads with immobilized 

anti-CD3 and anti-CD28 antibodies together with 

IL-2 or to use the rapid expansion protocol (REP), 

which utilizes soluble anti-CD3 antibody (OKT-3), 

IL-2 and irradiated allogeneic feeder cells. However, 

bead- or REP-expanded T cells are sensitive to the 

harsh tumor microenvironment and often short-

lived after reinfusion.

We have developed a new T cell expansion protocol 

based on preactivated, allo-sensitized allogeneic 

lymphocytes (ASALs) as helper cells to license al-

logeneic mature dendritic cells (DCs). The ASALs 

and DCs are prepared in advanced and can then be 

used together with OKT-3 and IL-2 to expand T cells 

upon request. We found that the ASAL/DC combi-

nation yields an enriched Th-1 polarizing cytokine 

environment (IFN-γ, IL-12). Furthermore, the 

ASAL-licensed DCs express co-stimulatory (CD80, 

CD86) and survival (CD70, CD40) molecules for T 

cell activation/stimulation as well as CD64 (FcgRI), 

which anchors the OKT-3 antibody and induce 

optimal proliferation/differentiation signals to 

CD8+ T cell. This is reflected by the dual benefit of 

anti-CD3-TCR crosslinking and the costimulation 

provided by cell-cell interaction between T cells 

and FcγRI+ DCs.

When genetically engineered T cells were expand-

ed by this co-culture system, they showed better 

survival and cytotoxic efficacy under oxidative 

stress and when exposed to immunosuppressive 

cytokines, as well as superior proliferative response 

during tumor cell killing. Our results suggest a new 

method to expand T cells with improved quality for 

adoptive T cell therapy of cancer. 
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Background: Although adoptive infusion of EBV-

specific T cell lines constitutes a promising strat-

egy for nasopharyngeal carcinoma (NPC) therapy, 

however, the clinical benefit of current protocols 

is still poor. One major limitation is constituted by 

the restricted number of EBV antigens that can be 

targeted and their poor immunogenicity. The onco-

genic EBV protein BARF1 is expressed in the ma-

jority of NPC cases and may constitute an optimal 

target. We have previously demonstrated that NPC 

patients have strong spontaneous CD4 and CD8 T 

cell responses against BARF1 protein and derived 

epitopes. Moreover, BARF1-specific cytotoxic T 

lymphocytes (CTLs) can be easily generated from 

healthy donors. Nevertheless, T cell lines obtained 

with current protocols for adoptive immunotherapy 

of NPC include only negligible numbers of BARF1-

specific CTLs, pointing to the need to implement 

these T-cell cultures in BARF1 specificities. 

Aim: To develop optimized, GMP-upgradable pro-

tocols for adoptive immunotherapy of NPC based 

on the generation of T-cell lines enriched in BARF1-

specific effectors.

Methods: Lymphoblastoid cell lines (LCLs) were 

treated with different EBV lytic cycle inducers at 

doses able to induce abortive or limited EBV repli-

cation while preserving cell viability. Expression of 

BARF1, LMP1, ZEBRA and EA mRNA was quanti-

fied by qRT-PCR. EBV-specific donor- and patients-

derived CTLs were generated with LCLs treated 

with the different drugs from PBMCs. Standard cy-

totocxicity assays were used to assess the specific-

ity of CTLs. Content in Granzyme B granules was 

assessed by multispectral imaging flow cytometry.

Results: T reatment with low doses of doxorubicin 

(DX) proved to be the most suitable and simple 

protocol to enhance BARF1 expression (3.3 fold 

increase), without down-regulating other viral an-

tigens that are targeted by EBV-specific CTLs. By 

contrast, TPA/Na-butyrate (TPA+NaB) or cisplatin 

(CSP) were less effective in up-regulating BARF-1 

and induced higher levels of cell apoptosis. CTLs 

induced with DX-treated LCLs (DX-CTLs) showed 

high levels of specific cytotoxicity against NPC 

cells endogenously expressing BARF1 (c666.1-A2, 

>90% of specific lysis) or T2A2 cells loaded with 

BARF1 or LMP1 HLA-A2 peptides (30% specific 

lysis). CTLs generated with LCLs either untreat-

ed or exposed to TPA+NaB of CSP induced only 

low levels of BARF1 or LMP1 specific cytotoxic-

ity. Notably, the extent of specific lysis induced by 

DX-CTLs was higher against the BARF-1 peptides. 

In addition, qRT-PCR and Western blot showed up-

regulation of HLA class I and immunogenic cell 

death markers activation in DX-LCLs. DX-CTLs 

have also a higher content in Granzyme B granules. 

The identified protocol were also verified using pa-

tients-derived LCLs.

Conclusions: These findings provide the rationale 

for a rapid up-grading at the GMP level of the use 

of DX-treated LCLs for the generation of CTL lines 

enriched in BARF1 specificities for adoptive immu-

notherapy of resistant or relapsing NPC. 
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Reactivation of CMV and EBV after allogeneic stem 

cell transplantation (aSCT) impacts negatively on 

outcomes. Following aSCT approximately 20-30% 

of all patients reactivate EBV and 40-50% CMV, re-

spectively. Specific antiviral therapy is only avail-

able for CMV. With the exception of Ganciclovir 

all drugs are being used outside their approved in-

dication. Similarly, the use of Rituximab as B-cell 

depleting antibody seems to be effective in case 

of EBV reactivation, but bears strong side effects 

including long term B-cell depletion making fre-

quent transfusion of immunoglobulins a must. 

Furthermore, all therapies are cost-intensive. We 

have developed a manufacturing protocol accord-

ing to GMP standards that allows the generation 

and expansion of T-cells with specificity for CMV 

and EBV out of the G-CSF mobilized stem cell graft 

from EBV and CMV seropositive donors. G-CSF mo-

bilized peripheral blood mononuclear cells (PBMC) 

were purified using Ficoll gradient centrifugation 

and stored in liquid nitrogen. After thawing, up 

to 1x109 PMBC were stimulated with 21 peptides 

derived from CMV and 29 peptides derived from 

EBV. All peptides exhibit a defined HLA restric-

tion covering 80% of the central European popula-

tion with at least one HLA class I haplotype. After 

peptide stimulation, cells were incubated in closed 

system culture bags for 9 days at 37oC, 5% CO2 in 

GMP certified media supplemented with 50IU/ml 

IL-2. 

Reactivity of PBMC for both viruses prior to peptide 

stimulation ranged from 0.1% to 0.7%, as tested by 

ELISpot; on average 15% of all cells showed reactiv-

ity against EBV and CMV after peptide restimula-

tion, resulting in a more than 20-fold expansion of 

reactive T-cells. Flow cytometric analyses by pen-

tamer staining confirmed ELISpot results showing 

virus-specificities up to 60% as well as an activated 

phenotype. Activation marker is up-regulated upon 

9 days of culture with CMV/EBV-peptides. 

This protocol exhibits several advantages: (i) The 

stem cell graft can be used as a source for PBMC, 

no second apheresis is required. (ii) PBMC as raw 

material can be stored stably until generation of 

T-cells is desired. (iii) The manufacturing process 

makes use of standard clean room equipment. (iv) 

The protocol can be easily adapted to local require-

ments and preferences. (v) Costs for production 

would be competitively low compared to current 

prices for antiviral therapies and associated com-

plications. 

Gary R.1, Aigner M.1, Moosmann A.2, Moi S.1, Schaffer S.1, Bruns H.1, Rösler W.1, Winkler J.1, 
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GMP compliant expansion of CMV- and EBV-specific, donor 
derived, peptide-stimulated T-cells from G-CSF mobilized stem 
cell grafts
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Natural killer (NK) cells are the body ś first line 

of defense against viral infections and malignant 

cells. In addition to primary NK cells, continuously 

expanding cytotoxic cell lines such as NK-92 hold 

promise for cancer immunotherapy. The therapeu-

tic utility of such cells can be further enhanced 

by genetic modification with chimeric antigen re-

ceptors (CARs), which recognize antigens differen-

tially expressed on the surface of tumor cells. CARs 

typically consist of an extracellular antigen-spe-

cific single-chain antibody fragment (scFv) fused 

via a flexible hinge and transmembrane region 

to an intracellular signaling moiety such as CD3 

zeta chain or a composite CD28-CD3 zeta fusion 

molecule. Here we generated second generation 

CAR constructs specific for the epidermal growth 

factor receptor (EGFR) and its variant EGFRvIII. 

Overexpression and malignant activation of EGFR 

has been described for many tumors of epithelial 

origin. Likewise, enhanced EGFR levels and ex-

pression of the constitutively active EGFR mutant 

form EGFRvIII are a particular feature of glioblas-

toma. We developed a panel of humanized and 

codon-optimized CARs that employ scFv antibody 

fragments either recognizing epitopes restricted to 

wildtype EGFR or ERGFRvIII, or an epitope common 

to both target receptors. For signaling these CARs 

carry a composite CD28-CD3 zeta domain. Upon 

lentiviral transduction of NK-92 cells, single cell 

clones were derived and characterized for CAR 

expression. Functional analysis in vitro revealed 

high and specific cytotoxicity of CAR-expressing 

NK-92 cells towards established and otherwise 

NK-resistant glioblastoma cells carrying EGFR or 

EGFRvIII. Furthermore, anti-tumoral activity of 

retargeted NK-92 cells was demonstrated in a sub-

cutaneous glioblastoma xenograft model in NOD/

SCID common gamma chain knockout (NSG) mice. 

Ongoing work now aims at the evaluation of retar-

geted NK-92 cells in orthotopic tumor models based 

on established and primary glioblastoma cells. 

Genssler S.1, Zhang C.1, Burger M.2, Sahm C.1, Schönfeld K.1, Steinbach J.P.2, Wels W.S.1
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Genetically modified natural killer cells targeting  
EGFR-expressing malignancies
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Introduction: Generating bulk T cell populations 

with defined anti-tumour specificity requires 

genetic manipulation, which requires the combi-

nation of viral vectors with strong mitogenic stimu-

lation to ensure high surface expression of the re-

ceptor. However, this simultaneously drives T cell 

differentiation. Current thinking suggests T cells of 

an earlier differentiation state are more capable of 

long-term persistence, potentially driving improved 

anti-tumour response in the solid tumour setting. 

We therefore characterised the degree of differen-

tiation promoted by several activation agents, in 

both mixed and early differentiated human T cells 

populations. 

Methods: Mixed T cells and CCR7+ cells from 

healthy donors were activated with either αCD3/

αCD28 coated plates; αCD3/αCD28 coated microbe-

ads or αCD3/αCD28 coated artificial antigen pre-

senting cells. T cells were transduced with a ret-

rovirus containing the MART-1 specific DMF5 TCR 

before phenotypic and functional characterisation 

after 14 days in IL-2 culture. 

Results: Both mixed and CCR7+ T cell populations 

activated with αCD3/αCD28 coated microbeads 

demonstrated significantly faster growth kinetics 

and although all T cells exhibited a degree of dif-

ferentiation, mixed and CCR7+ cells activated with 

αCD3/αCD28 coated microbeads had significantly 

more central memory T cells with enhanced co-

stimulatory marker expression. Bead activated 

cells also produced the lowest IFNγ levels upon 

co-culture with HLA-matched MART-1+ melanoma 

cell lines. Interestingly, no difference in functional-

ity was noted in late differentiated CCR7- popula-

tions, irrespective of the activation stimulus used.

Conclusion: Activation with αCD3/αCD28 coated 

microbeads maintains gene modified T cells at a 

less differentiated stage which may be beneficial 

for studies of long-term adoptive T cell transfer 

Gornall H.1, Gilham D.E.1

1	Clinical and Experimental Immunotherapy, Institute of Cancer Sciences, The University  
	 of Manchester, Manchester, United Kingdom 

The mode of activation impacts on the differentiation status of 
gene modified T cells used in adoptive immunotherapy
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Recent results obtained in clinical trials of cancer 

immunotherapy evaluating the adoptive transfer 

of anti-tumor T cells show great promise. One ap-

proach in this field exploits tumor-infiltrating lym-

phocytes (TILs) isolated from fresh tumor biopsies, 

which are capable of recognizing tumor antigens 

through their endogenous TCR. Another approach 

which gains momentum utilizes autologous T cells 

genetically engineered to recognize tumor through 

either MHC-bound peptides by exogenous TCR 

genes or surface antigens with genes encoding chi-

meric antigen receptors (CARs). While reports of 

high clinical response rate are encouraging, new 

strategies are needed for improving T cell survival 

and tumoricidal activity and reducing the severe 

toxicity often associated with the clinical protocols. 

To enhance the survivability and functional prop-

erties of anti-tumor T cells and minimize toxic-

ity we created three classes of genetic adjuvants 

designed to operate autonomously, independently 

of immunomodulatory agents. One class encodes 

membrane-attached derivatives of IL-2, single-

chain IL-12 and IL-15. The other produces constitu-

tively-active (ca) toll-like receptors devoid of their 

ligand-binding domain. The third encodes a novel 

homo-oligomerizing configuration of tumor necro-

sis factor receptors, inducing ligand-free activation. 

Aside from caCD40 presented here, evaluation of 

ca4-1BB and caOX40 is underway. For gene deliv-

ery into human TILs or polyclonal T cells we have 

been using electroporation of in-vitro-transcribed 

mRNA.

In the complete absence of exogenous cytokines, 

mRNA-encoded membrane IL-2, IL-12 and IL-15 

supported the proliferation of human CD8 and CD4 

T cells for at least 6 days post-transfection, compa-

rably to exogenous IL-2. In CD8 T cells adjuvants 

elevated IFN-γ, OX40, CD25 and CD69. In anti-mel-

anoma TILs they induced a panel of cytokines and 

chemokines, including high level IFN-γ, display-

ing a marked synergistic effect. Even when this 

initial effect waned, a considerably higher fraction 

of transfected, compared to control-transfected 

TILs, responded robustly to autologous, but not 

mismatched, melanoma. Transfected short-term 

cultured ´young´ TILs revealed exceptional up-

regulation of 4-1BB, OX40, CD25 and CD28 and an 

increase in IFN-γ production, but no change in the 

inhibitory receptors PD-1 and CTLA-4. 

Our findings so far suggest that this new panel of 

genetic adjuvants can substantially improve the 

functional properties of anti-tumor T cells, offer-

ing a new tool in cancer immunotherapy through 

adoptive T cell transfer.

Gross G.1,2, Pato A.1,3, Weinstein-Marom H.1,3, Levin N.1,3, Lotem M.3, Machlenkin A.3,  
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New genetic adjuvants for improving T cell function in  
adoptive cell therapy of cancer
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Dendritic cells (DCs) are professional antigen-pre-

senting cells that are essential in regulating and 

orchestrating T-cell-based immunity. This prop-

erty has prompted intense research in the use of 

DC-based immunotherapy. Nevertheless, DC vac-

cination is still in its infancy and improvements 

in terms of DC preparation, antigen-loading and 

increasing their immunostimulatory capacity are 

required. Here, we describe a potent and novel type 

of DC generated by CD137-ligand reverse signalling 

into peripheral monocytes.

The ligand for CD137 (CD137L) is expressed on pe-

ripheral human monocytes and delivers a potent 

activating signal via reverse signalling. Treatment 

of monocytes with a recombinant CD137 protein 

that induces reverse signalling through CD137L 

reduces typical macrophage characteristics such 

as phagocytosis and CD14 expression. However, 

distinct DC characteristics including endocytosis, 

costimulatory molecule expression and the ability 

to stimulate proliferation of allogeneic naïve T-cells 

are induced. Allogeneic CD8+ T cells activated by 

CD137L-generated DCs (CD137L-DCs) are able to 

induce the demise of target cells more potently than 

T cells activated by conventional DCs. Additionally, 

CD137L-DCs can be further matured which leads to 

an increase in DC marker expression such as CD83, 

CD86 and HLA-DR. This in turn enables a stronger 

activation of allogeneic T cells. 

Using gene expression arrays and protein expres-

sion analysis, we deduced that CD137L-DCs express 

high levels of ALCAM, a ligand for CD6 on T cells 

and which their long-term interaction has been re-

ported to contribute to T-cell proliferation. Indeed, 

we find that the blockade of ALCAM-CD6 engage-

ment using antagonist antibodies partially abro-

gates T-cell proliferation, suggesting that ALCAM 

expression is important for CD137L-DC‘s function.

Next, we also tested the ability of CD137L-DCs to 

initiate antigen-specific T-cell activation in an au-

tologous setting. Using cytomegalovirus (CMV) 

pp65 peptides, we show that mature CD137L-DCs 

are able to activate pp65-specific T cells more po-

tently than conventional DCs as evidenced by an 

enhanced IFN-gamma production by both CD4+ 

and CD8+ pp65-specific T cells. More importantly, 

these T cells are able to induce a stronger antigen-

specific killing of HLA-A2 matched target cells 

as compared to T cells activated by conventional 

DCs. These in vitro data show that CD137L-DCs 

are potent antigen-presenting cells and should be 

evaluated for human anti-tumour immunotherapy. 

Harfuddin Z.1, Kwajah S.1, Sim A.2, Macary P.2, Schwarz H.1
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A novel form of dendritic cell (DC) for immunotherapy:  
CD137 ligand-generated DCs are more potent than conventional 
DCs in inducing cytotoxic T-cell responses
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T cell receptor (TCR) gene therapy, the grafting of 

a new antigen specificity onto patients‘ T cells by 

gene transfer, is a promising approach for cancer 

treatment. For TCR gene therapy, the cancer-testis 

antigen NY-ESO-1 is an interesting target, since 

it appears to be expressed only in testis, placenta 

trophoblasts, presumably the thymus, and also 

cancer cells. So far, only NY-ESO-1 157-165 with 

suboptimal binding to HLA-A2*0201 (IC50 = 1262 

nM), was described. Here, I tested two other po-

tential epitopes with better prediction bindings, 

NY-ESO-1 108-116 (IC50 = 63 nM) and NY-ESO-1 

120-128 (IC50 = 326 nM), to determine their im-

munogenicity in transgenic ABabDII mice carry-

ing the human TCR alpha-beta gene loci and the 

human MHC I HLA-A2*0201 gene. These transgenic 

mice are non-tolerant to NY-ESO-1 and avoid the 

problem of deletion of high avidity T cells due to 

self-tolerance in humans. My results demonstrate 

that NY-ESO-1 108-116 elicits a specific CD8+ T cell 

response. However, the peptide was not endog-

enously processed, since specific CD8+ T cells did 

not respond when co-cultured with NY-ESO-1 en-

dogenously expressing cells. Furthermore, I found 

no evidence that NY-ESO-1 120-128 is immuno-

genic. Taken together, the results demonstrate that 

NY-ESO-1 108-116 is immunogenic but not endog-

enously processed, whereas NY-ESO-1 120-128 is 

not immunogenic. Both results suggest that these 

peptides are not suitable epitopes, although they 

are predicted as stronger binders to HLA-A2*0201 

in comparison with NY-ESO-1 157-165. 

Hsu M.-T.1,2, Chen X.1,2, Blankenstein T.1,2
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NY-ESO-1 108-116 and NY-ESO-1 120-128 are not epitopes for 
TCR gene therapy
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Adoptive transfer of genetically engineered T cells 

offers great opportunities in cancer immunother-

apy. Most studies have focused on the transfer 

of HLA class I-restricted T-cell receptors (TCRs), 

however, several preclinical and clinical trials have 

shown the importance of CD4 T-cell help during 

this type of therapy. 

We have identified and cloned HLA class II-restrict-

ed CD4+ T cells isolated from patients vaccinated 

with the long peptide GV1001 derived from tel-

omerase (hTERT 611-626). In some patients with 

stage III lung cancer and stage IV melanoma we ob-

served an outstanding clinical response to vaccina-

tion with >10-year survival. Furthermore, strong 

T-cell responses against hTERT peptides other than 

the vaccination peptide were detected, suggesting 

epitope spreading. After studying several such pa-

tients, T-cell responses against certain peptides as-

sociated with clinical benefit were identified and 

formed the basis for a second generation peptide 

vaccine currently tested in the clinic. CD4+ T-cell 

clones recognizing novel hTERT peptides were 

isolated. These HLA-DR and -DQ restricted T-cell 

clones recognized target cells loaded with a 30-mer 

peptide (hTERT 660-689) at concentrations as low 

as 0.06 µM and one of the CD4+ Tc clones was also 

reactive against a melanoma cell line with the cor-

responding HLA allele. 

The TCRs from these CD4+ T-cell clones were iden-

tified and separately cloned into an mRNA expres-

sion vector. Transient TCR expression represents a 

safer alternative compared to stable gene transfer 

for the first clinical evaluation of novel TCRs, but 

requires multiple T-cell infusions to compensate for 

the short-lasting transgene expression. 

Electroporation of mRNA encoding the TCRs into 

polyclonal, in vitro expanded human T cells showed 

that both CD8+ and CD4+ T cells expressing the 

TCR were functional following co-incubation with 

peptide-loaded targets. Redirected T cells produced 

TNF-α, IFN-γ and some IL-2 upon target recogni-

tion and became CD107a positive.

T-cell redirection using such HLA class II-restricted 

TCRs may be useful both in haematopoietic malig-

nancies and in melanoma where tumour cells often 

express HLA class II. In addition, combining the 

redirection of T cells with both HLA class I- and 

class II-restricted TCR may provide a more power-

ful therapeutic effect in adoptive T cell therapy. 

Inderberg-Suso E.M.1, Wälchli S.1,2, Myhre M.R.1, Kyte J.A.1, Lislerud K.1, Kvalheim G.1,  
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TCRs from CD4+ T cells are expressed and functional in both 
CD4+ and CD8+ T cells upon T-cell redirection
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Studies using Tcell receptor (TCR) or chimeric 

antigen receptor (CAR) transduced T cells have 

shown the effectiveness of adoptive immunother-

apy to treat different malignancies. The efficacy 

and safety of such interventions greatly depends 

on good target selection to prevent off-tumor tox-

icity. Tumor-associated self-antigens which are 

either overexpressed in malignant tissue or dem-

onstrate tissue-restricted expression present at-

tractive targets. However, the broad application 

of TCR-based adoptive immunotherapy directed 

against such targets is hampered by a lack of an 

effective immune response against self-antigens. 

Through self-tolerance, T cells carrying high-af-

finity TCRs reactive to self-antigens are deleted 

during negative thymic selection. Exploiting the 

immunogenicity of allogeneic human leukocyte 

antigen (alloHLA) molecules to generate an effec-

tive immune response against self-antigens can be 

an attractive strategy to overcome self-tolerance. 

Here, we describe a protocol to efficiently isolate 

highavidity alloHLA-restricted T cells targeting 

the B-cell compartment.

From a B-cell peptide elution library 15 peptides 

derived from genes exhibiting Bcell restricted ex-

pression were identified and peptide-MHC mul-

timers (pMHC) of HLAA*0201 were generated. Via 

MACSorting and FACSorting a plethora of pMH-

Cbinding Tcell clones from HLA-A*0201-negative 

individuals were isolated. Generated Tcell clones 

were selected based on peptide-specificity and 

avidity for further characterization.

We successfully isolated two distinct T-cell clones 

carrying high-affinity TCRs specific for a CD20 

peptide presented in HLAA*0201. CD20 depend-

ent recognition could be demonstrated by geneti-

cally engineering CD20-negative K562-A2 cells to 

express CD20. The isolated Tcell clones efficiently 

recognized CD20expressing HLAA*0201 primary 

chronic lymphocytic leukemia (CLL), acute lymph-

oblastic leukemia (ALL) and mantle cell lympho-

ma (MCL), while recognition of CD20-negative 

hematopoietic and non-hematopoietic cell-subsets 

was absent. In addition, the CD20 specific T-cell 

clones were able to more efficiently recognize ALL 

cell-lines than CD20 specific antibodies. We dem-

onstrated that on target cells with only very low 

CD20 surface expression, the CD20 specific T cell 

clones could still efficiently recognize endogenous-

ly processed CD20 derived peptides in the context 

of HLA-A*0201.

In summary, we developed a platform for the rapid 

identification of high-affinity TCRs of therapeutic 

relevance targeted to self-antigens by combining 

gene expression data with valuable information on 

peptide processing from peptide elution studies and 

exploiting the immunogenicity of allogeneic HLA. 

Using this platform we successfully isolated CD20-

specific TCRs which could broaden the application 

of immunotherapies targeted to CD20 in cases were 

CD20-cell surface expression is low. Based on its 

general principle the developed platform could 

easily be adapted to target other malignancies.
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High-affinity CD20-specific TCRs suitable for adoptive  
immunotherapy can be readily isolated from the allo-repertoire 
using reverse immunology

237 | Cellular Therapy



263

Adoptive T cell therapies are a promising approach 

to treat cancer. However, which subset and func-

tional quality of CD8+ T cells is more suitable for 

achieving effective and durable responses in the 

strong immunosuppressive context of cancer is still 

a matter of debate and investigation. We detected 

recently that in average 25% of human memory 

CD8+ T cells express CD40L, a strong immunostim-

ulatory molecule of activated CD4+ T helper cells 

that is even able to overcome cancer-induced im-

munosuppression. Therefore, we analyzed the role 

of this distinct CD8+ T cell population in antitumor 

responses.

First, we assessed the expression of CD40L on 

CD8+ T cells in a tumor model where B6 mice were 

challenged with SV40 TAg-expressing cancer cells. 

Here CD40L+CD8+ T cells represented 50% of the 

protective tumor-specific CD8+ T cell response. To 

analyze the impact of CD40L expression on CD8+ T 

cells in vivo we challenged Rag1-/- mice with cancer 

cells and adoptively transferred wt or CD40L-/-CD8+ 

T cells. Application of wt CD8+ T cells prevented 

the formation of solid tumors, whereas transfer 

of CD40L-/-CD8+ T cells alone or together with wt 

CD4+ T cells resulted in a non-controlled tumor 

progression. The necessity of CD40L on CD8+ T 

cells for tumor rejection was further demonstrated 

by injecting cancer cells in mice that lack CD40L 

expression only on mature CD8+ T cells. This 

newly generated E8Icre x CD40Lflox mouse strain 

was significantly more susceptible to tumor forma-

tion than wt mice. Since the injection of the cancer 

cells in complete CD40L-/- but not in CD40-/- mice re-

sulted in tumor formation, we assume that CD40L-

mediated rejection does not depend on interaction 

with CD40+ host cells but more on CD40 expression 

by the cancer cells.

Taken together, our data reveal that the presence of 

tumor-specific CD40L+CD8+ T cells may represent a 

crucial element in control and rejection of tumors. 

Therefore the capability of CD8+ T cells to express 

CD40L should be considered and implemented in 

future adoptive T-cell therapies against cancer.

This work was supported by the SFB TR36 and Th806/5-1.
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The mutational load in melanoma is high relative to 

that in most other human malignancies, resulting 

in the possible expression of large numbers of pa-

tient-specific mutated antigens. This may, in part, 

explain the immunogenicity of this disease and the 

high rate of responsiveness to immunotherapeutic 

strategies such as tumor-infiltrating lymphocyte 

(TIL) therapy. Indeed, recent data have shown that 

cytotoxic T-cell reactivity targeting neo antigens 

may be common in human melanoma TILs. Impor-

tantly though, the clinical relevance of neo-antigen 

specific T cell populations remains uncertain.

To directly address the tumoricidal potential of 

defined neo-antigen specific T cell populations, 

we first identified two neo-antigen specific T-cell 

populations within a bulk melanoma TIL culture 

by the combination of exome sequencing and MHC 

multimer-based T cell screens. Subsequently, we 

generated TIL products that are highly enriched for 

these neo-antigen reactivities and we compared the 

anti-tumor activity of these neo-antigen enriched 

TIL with that of ‚standard‘ bulk TIL in NSG mice 

bearing the autologous tumor. We observed out-

growth of the tumors in mice treated with standard 

TIL. In contrast, tumors in mice treated with en-

riched TILs were controlled long-term. Additional 

experiments showed that this superior activity of 

neo-antigen enriched TIL was caused by the in-

creased numbers of T cells with a high anti-tumor 

activity, rather than the depletion of cell popula-

tions with inhibitory activity. Furthermore, once 

tumors eventually recurred these were still recog-

nized in vitro by cells from the initially infused 

TIL culture. 

Together, these preclinical data demonstrate that 

neo-antigen reactive T cells within bulk TIL cul-

tures form a critical component of anti-tumor reac-

tivity and provide a further basis to target mutated 

antigens with cancer immunotherapy.
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Neo-antigen enriched TIL therapy mediates superior tumor 
eradication in a patient-derived xenograft model of human 
melanoma
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Introduction: Advanced Ewing Sarcomas (AES) 

are associated with poor prognosis. Despite multi-

modal therapeutic approaches including surgery, 

irradiation and chemotherapy, overall survival 

does not exceed 15 per cent. Allogeneic stem cell 

transplantation (allo-SCT) has been applied as an 

experimental option for patients with AES with 

mixed results. We aim to generate T cell receptor 

(TCR)/CD20 co-transduced allorestricted T-cells 

directed against ES specific or selective antigens 

for adoptive transfer. 

Methods and Results: ES associated antigens 

PAPPA, ADRB3, and PRSS35 were elected as 

target antigens. Suitable peptide candidates with 

high HLA-A*0201 affinity were selected and 

tested for their MHC binding. Antigen specific, 

allogenic HLA-A*0201 restricted cytotoxic T cells 

were generated by priming HLA-A*0201- T cells 

with HLA-A*0201+ dendritic cells (DCs). Positive 

cells were isolated via FACS sorting. After single 

cell dilution antigen specific T cells were iden-

tified and characterized via ELISpot assays for 

interferon gamma and granzyme B. For further 

characterization T2 peptide binding assays with 

decreasing peptide concentrations were used. 

LCL from different donors were used to test for 

cross reactivity. 

For the most promising clones the alpha and beta 

chain of the corresponding TCR have been iden-

tified via PCR and cloned into a retroviral vector 

system. Sequences underwent codon optimization 

and minimal murinisation of the constant region. 

After retroviral transduction, donor T-cells ex-

pressed the transgenic TCR, stained highly posi-

tive in FACS analyses and showed peptide spe-

cific recognition in ELISpot assays using T2 cells.  

Transduction of T cells with codon optimized CD20 

already resulted in CD20+CD8+ double positive T 

cells, rendering these cells susceptible for Rituxi-

mab (RTX) in case of unexpected cross-reactivity 

in vivo. 

Conclusion: We have generated specific cytotoxic T 

cells directed against tumor-associated antigens in 

ES. In vitro assays verified their target specificity, 

avidity, and lack of cross-reactivity. After identi-

fication of the TCR and viral transduction, donor 

T-cells still show specificity towards their peptide-

MHC complex. Further a transduction of CD20 

for a suicide switch generates CD8+CD20+ double 

positive T-cells for a complement depletion of these 

cells using RTX in case of an adverse event. These 

cells constitute a tool to eradicate minimal residual 

disease after allo-SCT in the future.
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HLA-A*0201-restricted cytotoxic T cells directed against Ewing 
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Acute myeloid leukemias are highly aggressive 

diseases with often unfavorable prognosis. Allo-

geneic hematopoetic stem cell transplantation and 

subsequent donor lymphocyte infusions are effec-

tive, still treatment failure is frequent. Redirection 

of T cells by chimeric antigen receptors or T cell 

receptors (TCR) are currently considered as novel 

therapeutic strategy in order to selectively target 

leukemia cells. In order to identify suitable target 

structures for TCR we recently used the immun-

opeptidomic approach and identified novel HLA 

ligands that are derived from genes with restricted 

expression to the hematopoetic system and pre-

sented on different HLA molecules. We further-

more established a workflow that allows isolation 

of peptide specific T cells after stimulation of naïve 

T cells in the single HLA-mismatched setting with 

the aim to generate a biobank of leukemia-reactive 

TCR. Using that workflow we were previously able 

to isolate a leukemia reactive TCR with specific-

ity for an HLA-B*07:02-restricted MPO epitope by 

using HLA multimer based cell sorting (Klar et al. 

Leukemia in revision). We furthermore identified 

an HLA-B*15:01-restricted epitope (ITGA2B1) of 

Integrin alpha IIb (ITGA2B), which is expressed 

in megakaryocytes and platelets and shows high 

expression in different myeloid neoplasms. As the 

generation of ITGA2B1-HLA multimers was not suc-

cessful, we aimed to isolate T cells with specificity 

for this peptide by IFN-γ capture assay.

Therefore, naïve T cells of an HLA-B*15:01 nega-

tive healthy donor were co-incubated with peptide-

pulsed single HLA-mismatched dendritic cells and 

restimulated on day 10. On day 20, cells were co-

incubated with peptide-pulsed C1R-B15 cells and 

IFN-γ producing cells were isolated with the IFN-γ 
Cell Enrichment Kit (Miltenyi). After cloning by lim-

iting dilution we were able to isolate a clone and 

its TCR (b5-7D) that shows peptide specific lysis of 

T2-B15 cells as well as IFN-γ production after co-

incubation with ITGA2B1 pulsed T2-B15, C1R-B15 

and K562-B15 cells. We furthermore could observe 

a high functional avidity of TCRb5-7D-transgenic 

T cells with an EC50 value of 1.5x10-9M. Most im-

portantly, reactivity against the HLA-B*15:01-trans-

duced myeloid leukemia cell lines HL-60, NB4, 

KG1a and K562 has been observed but not against 

the lymphoid cell lines C1R and Molt4. Further ex-

periments to analyze recognition of healthy cell 

populations and primary leukemia cells are cur-

rently ongoing.

Taken together, we herein present a leukemia-re-

active TCR with specificity for a previously iden-

tified HLA-B*15:01 ligand of the megakaryocytic 

antigen ITGA2B that was isolated in a single HLA-

mismatched setting by IFN-γ capture assay. This is 

a further proof - beneath the previously described 

MPO-specific TCR2.5D6 - that the combination 

of immunopeptidomics and isolation of TCR in 

the single HLA-mismatched setting is a powerful 

method to develop effective tools for the treatment 

of therapy-resistant leukemias.
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The demand for human monocyte-derived den-

dritic cells (moDCs), as well as for primary human 

B and T lymphocytes for immunological research 

purposes has increased in recent years. Classically, 

these monocytes are isolated from blood, leuka-

pheresis products or buffy coats of healthy donors 

by plastic adherence of peripheral blood mononu-

clear cells (PBMCs), followed by stimulation with 

granulocyte macrophage colony-stimulating factor 

(GM-CSF) and interleukin (IL)-4, while lympho-

cytes are usually isolated from the non-adherent 

fraction (NAF) by magnetic cell sorting. However, 

donor-blood is a limited resource and not every 

blood bank offers leukapheresis products or buffy 

coats for laboratory use. Additionally, a leukapher-

esis is very expensive and also the generation / 

isolation of cells is time- and cost-intensive. To 

overcome some of these obstacles, we evaluated if 

low-cost leukoreduction system chambers (LRSCs), 

which arise after routine donor plateletpheresis 

procedures, and are usually discarded, would be 

an alternative and appropriate source of PBMCs 

to generate moDCs and to isolate lymphocytes. By 

analyzing the number and phenotype of immature 

and mature dendritic cells (DCs), as well as of B 

and T lymphocytes derived from LRSCs, we found 

all cells to be of high quantity and quality. Further 

investigations on DCs comprising transwell migra-

tion assays, allogeneic mixed lymphocyte reactions 

(MLR), cytokine secretion assays, and cytotoxic T 

cell induction assays revealed high migratory, as 

well as stimulatory capacity of these cells. In addi-

tion, DCs and T cells were efficiently electroporated 

with mRNA and showed characteristic cytokine 

production after co-culture, demonstrating LRSCs 

as an efficient, valid, and economic source for gen-

eration of moDCs and lymphocytes for research 

purposes. 
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Introduction: A limiting step for adoptively trans-

ferred tumor-specific T cells is their recruitment 

from the blood circulation to the proximity of 

tumor cells and subsequent engagement in direct 

tumor cell contact. We hypothesized that a bispe-

cific antibody recruiting T cells to a target antigen 

on tumor cells could enhance T-cell-tumor interac-

tion and thus increase the efficacy of adoptively 

transferred T cells.

Methods: A new bispecific murine IgG2a antibody 

(BsAb) was generated that recognizes EpCAM as 

a tumor antigen and truncated EGFR (D-EGFR) as 

an inert surface marker protein on transduced T 

cells. T cells from transgenic mice for TCR specific 

for the SV40 large T antigen (TCR-1) were retro-

virally transduced with D-EGFR. S.c. tumors were 

induced in C57Bl/6 mice by injecting mGC8 cells 

derived from a syngeneic large T antigen express-

ing EpCAM-positive gastric tumor.

Results: In vitro, the BsAb increased (4-fold) binding 

of transduced T cells to EpCAM positive tumor 

cells. In the presence of the BsAb, tumor-directed 

T cells efficiently lysed EpCAM-positive cells (83 

% at a 10:1 effector to target ratio). In vivo, the an-

tibody reached EpCAM+ tumor cells as evidenced 

by immunofluorescence. mGC8 tumor-bearing 

mice were treated twice with a combination of the 

BsAb and transduced TCR-I T cells. Tumor growth 

was significantly reduced for over 30 days (n=12) 

compared with control groups (transduced T-cells 

or BsAb alone) and survival was prolonged by  

> 30 days (p< 0.001). Therapeutic success was 

accompanied by an increase in T cell infiltration 

in the combination group, while no T cell recruit-

ment towards other EpCAM positive organs was 

observed.

Conclusions: Co-administration of a BsAb bridging 

adoptively transferred tumor-specific T cells via 

an inert surface molecule to a tumor-associated 

surface antigen enhances the efficacy of therapeu-

tic T cell transfer without off-target recruitment in 

healthy tissues.
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Background: Adoptive T cell therapy represents 

a powerful approach for the treatment of cancer. 

However, its efficacy is limited by a lack of T cell 

infiltration within the tumor tissue. We have previ-

ously shown, that transducing antigen-specific T 

cells with a marker antigen (EGFR) not expressed 

by normal T cells and combining T cells with an 

EGFR x EpCAM bispecific antibody can mediate 

potent anti-tumor effects in a murine gastric cancer 

model. To test the applicability of the approach to 

different T cell antigens and tumor models, we hy-

pothesized that a similar synergy could be seen in 

the B16-OVA-melanoma model using ovalbumin-

specific T cells (OT-1).

Methods and Results: We generated a B16-OVA-

mEpCAM cell line through retroviral transduction, 

as a model with a T cell targetable antigen (ovalbu-

min). We expanded CD8+ T cells from OT-1 trans-

genic mice in vitro to generate a population con-

sisting mainly of effector memory T cells (CD44+ 

CD62L-). C57Bl/6 mice were subcutaneously in-

jected with B16-OVA-EpCAM melanoma cells and 

were treated with OT-1 T cells or the combination 

of the bispecific antibody with T cells (n=6 per 

group). Tumor growth was delayed in the combi-

nation group (mean tumor size on day 15, 77 mm2 

vs 137 mm2). When we repeated the experiment 

comparing the two groups above with a group 

treated only with the bispecific antibody, we found 

surprisingly, that the treatment success relied en-

tirely on the bispecific antibody alone, while the 

T cells did not contribute to efficacy (mean tumor 

size on day 18, 8 mm2 in antibody-treated vs 106 

mm2 in untreated mice). We hypothesized that 

antibody dependent cellular cytotoxicity may be 

the mode of action of the bispecific antibody. We 

thus sublethally irradiated (5 Gy) mice 24 h after 

subcutaneous injection of B16-OVA-EpCAM tumor 

cells. We included groups with no radiation, with T 

cell-treatment alone, with bispecific antibody treat-

ment alone, with the combination or with neither 

(n=6 per group). In mice without further treatment 

sublethal irradiation lead to slight benefit (mean 

tumor size on day 22, 40 mm2 in irradiated vs  

152 mm2 in non-irradiated mice) In contrast, ir-

radiation completely abrogated the effect of the 

bispecific antibody treatment (mean tumor size on 

day 29, 146 mm2 in irradiated vs 117 mm2) in non-

irradiated mice, both antibody-treated).

Conclusions: Combination of antigen-specific OT-1 

T cells and a bispecific antibody does not synergize 

in the B16-OVA-EpCAM model. The bispecific an-

tibody was, however, effective in this model, most 

likely due to ADCC. Other strategies need to be in-

vestigated to enhance ACT in this model.

Lampert C.1, Schmollinger J.C.1, Niederfellner G.2, Sustmann C.2, Klein C.2, Endres S.1,  
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The adoptive transfer of autologous, tumor-reactive 

T cells to treat cancer patients is a promising tool 

in immunotherapy. One of our clinical goals is the 

adoptive transfer of autologous T cells transduced 

with a human epidermal growth factor receptor 2 

(HER2)-directed TCR in patients with advanced 

breast cancer. We successfully established cytotox-

ic T-cell clones and CD8+ T cells transduced with a 

TCR specific for the tumor and self-antigen HER2 

and tested their lytic capability in vitro. 

Since HER2 is a self antigen that is not only ex-

pressed by malignant cells but also in normal 

tissue, e.g. the heart, we tested the recognition of 

normal HER2+-cell lines by HER2-directed T cells 

in vitro. For this purpose HER2-directed CD8+ T 

cells were used to analyze the recognition and lysis 

of HLA-A2+ cardiomyocyte cell lines in IFNg-ELISA 

and chromium-release-assay. Compared to HER2-

overexpressing breast cancer cell lines recognition 

of the cardiomyocytes by HER2-directed T cells 

was much lower. From these data we hypothesize 

that there might be a therapeutic window, which 

may allow the treatment with HER2-directed T 

cells without having any unwanted side effects, 

like cardiac dysfunction.

To further analyse this, we are establishing a mouse 

model using HLA-A2-transgenic NOD/SCID-HHDII 

mice. We injected a human breast cancer cell line 

s.c. into NOD/SCID-HHDII mice and evaluated the 

responsiveness of tumor cells towards adoptive T 

cell transfer. Our data show a significant tumor 

growth inhibition after adoptive T cell transfer 

and IL-15 treatment. Furthermore, in the NOD/

SCID-HHDII mice we are able to detect potential 

autoimmune reactions. So far no signs auf auto-

immunity could be detected after adoptive T-cell 

therapy. These pre-clinical studies, as well as the in 

vitro tests, are important for the evaluation of pos-

sible unwanted side effects after adoptive transfer 

of TCR-transduced T cells specific for self-antigens 

like HER2.
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During the last decade chimeric antigen receptors 

(CARs) have become a potent and promising tool 

in the immunotherapy of cancer. Although CAR-

transduced T cells showed strong anti-tumor re-

sponses in cancer patients, severe side-effects oc-

curred in several patients. These side effects were 

due to an on-target, off-tissue reaction of the trans-

duced T cells, as most CARs target self-antigens, 

which are overexpressed in tumor tissues, but can 

also be found on healthy tissue. 

It is, therefore, desirable to enable the T cells to dis-

criminate between high and low antigen levels on 

tumor cells and other tissues, respectively. We thus 

wanted to explore whether this can be achieved via 

different CAR affinity and CAR density. 

To investigate these issues, it was crucial to adjust 

the surface density of the different CAR molecules 

to desired levels, to allow for a direct comparison of 

CARs with a different affinity to the target antigen. 

In contrast to retroviral transduction, where CAR 

expression levels are difficult to manipulate, the 

electroporation of CAR-encoding mRNA allows to 

directly influence CAR-expression density by ad-

justing the amount of transfected mRNA. 

In this study we efficiently electroporated T cells 

from healthy donors with mRNA encoding differ-

ent CAR-molecules, which target the same antigen 

with different affinities. We show that the amount 

of RNA used during electroporation directly 

impacts CAR-expression levels and that the recep-

tor density on the T-cell surface can be adjusted to 

identical levels for different receptors. This enabled 

us to investigate the influence of CAR affinity and 

CAR density on the recognition of cells with high 

or low antigen levels. We explored the cytokine se-

cretion profiles and cytolytic capacity of the CAR-

transfected T cells in regard to CAR density and 

binding affinity after stimulation with tumor cell 

lines with different levels of the target antigen. 

Taken together we provide a tool to investigate 

the function of CAR molecules targeting the same 

antigen with respect to antigen affinity and recep-

tor density. The method allows for the selection of 

CARs for a potential clinical application by lower-

ing the risk of unwanted T-cell activation upon rec-

ognition of low-level antigen expression on healthy 

tissue.

(C.K. and B.S. conributed equally; J.D. and N.S. share 
senior authorship) 

Krug C.1,2, Sänger B.1,2, Chmielewski M.3, Birkholz K.1, Schwenkert M.2, Fey G.2, Schuler G.1,  
Abken H.3, Dörrie J.1, Schaft N.1

1	Universitätsklinikum Erlangen, Dermatology, Erlangen, Germany, 
2	Friedrich-Alexander University Erlangen-Nürnberg, Chair of Genetics,  
	 Erlangen, Germany, 
3	Uniklinik Köln, Center for Molecular Medicine Cologne, Köln, Germany 

The influence of binding affinity and receptor density of  
chimeric antigen receptors on target-cell recognition after  
transfer by RNA electroporation

246 | Cellular Therapy



272

γδT cells are innate immune cells with strong 

anti-tumor activity and provide anti-tumor recep-

tors that are interesting tools in immune therapy 

against cancer. The introduction of γδTCR genes 

into αβT-cells allows the adoptive transfer of T 

cells that are not limited by HLA-restriction, in 

any patient with any cancer (Marcu-Malina et al., 

Blood 2011). Combinatorial γδTCR-exchange (CTE) 

has been applied to design a γ9δ2 TCR with strong 

and broad anti-tumor reactivity, referred to as TCR 

γ9-G115/δ2-cl5 (Gründer et al, Blood 2012). 

Aim of the study is to design a clinical grade pro-

cedure which guarantees an efficient expression of 

the introduced γδTCR in αβT-cells, an adequate en-

richment of engineered cells, as well as functional 

efficacy.

Firstly, γ and δ chains were introduced into the ret-

roviral vector pMP71, separated by a 2A peptide 

sequence. Gene-engineered human αβT cells ex-

pressed the γδTCR and recognized tumors of dif-

ferent hematological origin as well as solid tumors. 

Secondly the orientation of the γ and δ chains and 

the particular 2A peptide sequence influenced TCR 

expression as well as anti-tumor function as previ-

ously reported for αβTCR genes. Thirdly, introduc-

tion of the optimal γδTCR transgene cassette into 

αβT cells was followed by the depletion of non-

transduced αβTCR positive cells using a clinical 

grade anti-αβTCR antibody. This depletion proce-

dure resulted in a highly pure, but untouched, pop-

ulation of γδTCR-engineered T cells with increased 

γδTCR expression and improved anti-tumor func-

tion both in vitro but also in vivo in a humanized 

mouse model. Importantly, introduction of a γδTCR 

into αβT cells followed by clinical-grade depletion 

of non-transduced T-cells abolished residual allo-

reactivity.

All together, we developed a clinical grade GMP 

vector which allowed a deliberate choice for the 

most potent clinical γδTCR receptor cassette. In ad-

dition, clinical grade depletion of non-transduced 

and transduced T-cells expressing high levels of 

endogenous αβTCRs results in a potent γδTCR-

engineered T cell product suitable for an autolo-

gous but also allogeneic clinical scenario.

Straetemans T.1, Grunder C.1, Heijhuurs S.1, Hol S.1, Scholten K.1, Slaper I.1, Sebestyen Z.1,  
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Background: As is generally known systemical-

ly administered mesenchymal stem cells could 

migrate to sites of malignant tumor and potentially 

be an effective delivery vehicle for therapeutics. 

Genetic modification of stem cells to overexpress 

antitumor genes has provided prospects for clinical 

use as anticancer therapy. However the data about 

the effects of stem cells themselves on tumor for-

mation and progression are controversial.

Purpose: To determine the effect of intravenous al-

logenic and xenogenic transplantation of placenta-

derived mesenchymal stem cells (PDSC) at 1,2-di-

methylhydrazine (DMH) induced colon cancer in 

rats.

Materials and methods: rat PDSC were obtained 

from placentas of Albino rats by spontaneous migra-

tion from the tissue onto the culture plate and culti-

vated at DMEM high glucose medium with 10% FBS 

for 4 passages. Real time PCR, FISH, flow cytometry 

and immunocytochemistry methods were used for 

obtained cells description and immunophenotyp-

ing. Human PDSC were obtained from human pla-

centas after normal labors and cultivated at the 

same conditions. Male Albino rats were injected 

of DMH (20 mg/kg weekly) subcutaneously for 20 

weeks and treated with rat or human PDSC intra-

venously (0.5*106 and 2.0*106 cells per animal) at 

22nd week (after adenocarcinomas formation equal  

Т1-2N0-1M0 stage of human colorectal cancer). 

Animals were euthanized at 27th week, tumor 

number and size in dissected colon were measured, 

tumors and normal colonic mucosa slides stained 

with hematoxylin-eosin-orange were examined 

(light microscopy), morphometry analysis was 

carried out.

Results: The trophoblast derivation and the 

“stemness” of PDSC were confirmed. Rat PDSC 

didn‘t alter the bowel mucosa of healthy rats when 

applied at any dose, as opposed to human PDSC, 

which caused inflammation in rectum mucosa. Al-

logenic transplantation of PDSC to DMH-induced 

animals at dose of 2.0*106 cells decreased the 

tumor number twice, the tumor size by 20% and 

the total dysplasia/cancers area tripled. PDSC allo-

genic transplantation at dose of 0.5*106 cells since 

PDSC xenogenic transplantation at any dose had 

no effect on tumor progression. Rat PDSC protec-

tive effect against carcinogen-induced alterations 

of bowel mucosa with no tumors was observed: 

inflammation decrease, microvascular violations 

diminution, mucosa morphological parameters 

renewal caused by rat PDSC applied at high dose 

have been occured. On the contrast human PDSC 

escalated the DMH-induced inflammation in both 

colon and rectum mucosa.

Conclusions: Allogenic transplantation of PDSC at 

high dose inhibits tumor progression and protects 

the normal bowel mucosa under rat DMH-induced 

colon cancer model. 

Thus: 1) PDSC have a prospect for clinical use as 

anticancer therapy when applied in adequate dose; 

2) in vivo investigations of human stem cells on 

animal models require corrections.
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Adoptive cell therapy with retargeted T cells has 

produced remarkable clinical responses in recent 

trials, but also serious toxicity. For most cancer 

forms, there is a lack of safe targets for therapy 

with cytotoxic T cells. We hypothesize that therapy 

with redirected T helper cells may transform the 

inflammatory milieu and induce epitope spread-

ing, while circumventing key toxicity concerns. 

Human telomerase reverse transcriptase (hTERT) 

is overexpressed in most human cancers. We have 

conducted a series of hTERT cancer vaccine trials. 

From long term survivors after vaccination, we iso-

lated >100 CD4+ T helper cell clones recognizing 

hTERT epitopes. These T cell clones were charac-

terized with regard to HLA restriction, affinity, fine 

specificity, proliferative capacity, cytokine profile 

and recognition of naturally processed epitopes. 

Based on their characteristics, two DP4-restricted 

T cell clones (A1 and A2) were selected for molecu-

lar T cell receptor (TCR) cloning. DP4 is among the 

most prevalent HLA molecules in Caucasians.

After TCR sequence identification, TCR A1 and A2 

were cloned into the retroviral vector MP71, togeth-

er with the GMP-applicable suicide/marker/sorter 

gene RQR8. The RQR8 gene comprises an epitope 

from CD34, facilitating identification and purifica-

tion of transduced cells, and two minimal epitopes 

for rituximab, allowing for effective elimination of 

transduced cells if needed. We investigated the ex-

pression and functionality of TCR A1 and A2, after 

retroviral transduction. The results demonstrated 

that both TCRs were expressed well and that that 

the transduced T cells acquired the desired hTERT 

specificity. Interestingly, the T helper TCRs were 

expressed and functional both in CD4+ and CD8+ 

T cells. Both cell populations specifically produced 

IFNγ and CD107a upon hTERT peptide stimulation. 

Next, we cloned TCR A1 and A2 into the mRNA ex-

pression vector pCIpA102, for transient redirection 

of T cells with biodegradable TCRs. This strategy 

allows for safer clinical testing and dose escalation, 

based on repeated injections of redirected T cells 

that express the TCR for 4-7 days. We transfected 

T cells with TCR mRNA by use of electroporation. 

The results showed that both TCR A1 and A2 were 

highly expressed in T cells, and that the transfected 

T cells specifically recognized APCs pulsed with 

the relevant hTERT peptide. 

The findings demonstrate that the cloned TCRs 

confer recipient T cells with the desired hTERT-

specificity and functionality in vitro. Preclinical ex-

periments may provide limited information on the 

efficacy or toxicity of these TCRs, as T helper cell 

therapy depends on mobilizing the host immune 

system. We therefore plan to use mRNA-based bio-

degradable TCRs for a phase I trial evaluating these 

receptors. 
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Epstein-Barr virus (EBV)-associated post-trans-

plant lymphoproliferative disease (PTLD) remains 

an important complication of T lymphocyte deplete 

allogeneic haematopoietic stem cell transplanta-

tion (allo-HSCT). In this setting, almost all cases of 

PTLD arise from EBV-transformed B lymphocytes, 

which expand as a result of iatrogenic disruption of 

normal immune surveillance, in particular virus-

specific T lymphocyte responses. Although the in-

troduction of Rituximab (a B lymphocyte-specific 

anti-CD20 monoclonal antibody) has dramatically 

improved survival from PTLD, up to 30% of pa-

tients remain refractory to Rituximab and have a 

very high risk of mortality. Unselected donor lym-

phocyte infusion (DLI) has been established as 

successful salvage therapy, and in vivo expansions 

of total lymphocytes during the early weeks after 

adoptive transfer have been shown to correlate 

with clinical response. Nevertheless, the specific-

ity of expanded T lymphocytes and their functional 

characteristics have, to date, remained unknown. 

Here we report two cases of Rituximab-refractory 

PTLD complicating allo-HSCT, successfully treated 

with DLI. In both cases, PTLD arose 60-100 days 

following transplant, associated with elevated cir-

culating EBV and radiological evidence of disease. 

Both patients received standard therapy with 4 

weekly infusions of Rituximab without sustained 

response. As rescue therapy, both subsequently 

received DLI, comprising 1x10^6 unselected CD3+ 

cells/kg derived from their stem cell donors. This 

led to complete resolution of EBV loads to below 

the detection limit of 500 copies/ml blood, as well 

as complete clinico-radiological responses. We 

prospectively followed the in vivo kinetics of EBV 

epitope-specific T lymphocytes present in the DLI 

following administration. For the first time, we 

have shown that functional EBV-specific CD8+ 

and CD4+ T lymphocytes against a range of viral 

epitopes expand in vivo following DLI. These ex-

pansions coincide with both the increase in ab-

solute lymphocyte numbers and the decrease in 

EBV load in the blood. Interestingly, hierarchies of 

immunodominance in the in vivo expanded EBV-

specific T lymphocytes match those seen in the 

unselected donor lymphocytes prior to infusion. 

Importantly, expression of the viral protein targets 

of these expanded T lymphocytes was detected in 

PTLD tumour cells of patient biopsies. Although 

unfortunately Patient B died several months after 

DLI from non-PTLD related mortality, Patient A 

remains disease free after 2 years, and maintains 

viral load and EBV-specific memory T lympho-

cyte responses in the ranges seen in healthy EBV 

carriers. This study demonstrates the clinical im-

portance of adoptive therapy for the treatment of 

EBV-associated disease, and provides invaluable 

insights into the in vivo dynamics of transferred 

virus-specific T lymphocytes.

Burns D.1, Harvey C.2, Ryan G.1, Sovani V.2, Nagy E.1, Murray P.1, Fox C.2, Long H.M.1
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In vivo expansion of Epstein-Barr virus epitope-specific  
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Adoptive T-cell therapy represents an increasingly 

important option for the treatment of hematologic 

malignancies. Due to the lack of specific antigens, 

so far only tumor associated antigens (TAA) can be 

targeted. However, TAAs derive from self-antigens 

and therefore antigen specific T-cells are eliminat-

ed in the thymus resulting in tolerance. To over-

come central tolerance we utilized CD19 deficient 

animals or CD19 deficient animals on a HLA*A02:01 

(HHDII) transgenic background. Within this CD19 

non tolerant host we then identified human CD19 

derived peptides giving rise to specific T-cell re-

sponses in vitro and in vivo. 

CD19 deficient or wild type animals were lethally 

challenged with murine CD19 deficient autolo-

gous B-cell lymphoma cells transduced to express 

human CD19. As control recipients humanized 

CD19 animals were used. In CD19 deficient animals 

only antigen negative lymphomas grew out and 

26% of animals rejected lymphomas long term 

(>100 days). In contrast, due to 66% homology 

between human and murine CD19, none of the wild 

type animals rejected lymphomas and antigen loss 

was found only in 50%. Humanized CD19 animals 

neither rejected lymphomas nor antigen loss was 

found confirming tolerance towards human CD19. 

T cells isolated from surviving CD19 deficient mice 

displayed a CD19 specific response when restimu-

lated in vitro. Transfer of CD19 specific T cells into 

CD19 deficient hosts resulted in full protection 

from lethal lymphoma challenge and 100% of the 

animals survived.

We next crossed CD19 deficient animals onto 

the HHDII background to obtain HLA*A02:01 re-

stricted murine T cells specific for CD19. Using re-

petitive peptide pool immunization we identified 

single peptide specific HLA*A02:01 restricted CD8+  

T cells. When restimulated in vitro T cells show a 

strong secretion of IFNγ and expansion. Flow cy-

tometric T-cell receptor analysis revealed a Vβ5.1 

restriction. Repetitive stimulation in vitro resulted 

in expansion of CD8+ cells binding peptide loaded 

MHC multimers. 

Collectively our results demonstrate that human 

CD19 serves as a T-cell antigen in the context 

of murine MHCI and in the context of human 

HLA*A02:01. By utilizing the xenogenic approach 

central tolerance can be circumvented and human 

CD19 specific T cells can be generated and expand-

ed. Cloning of the T-cell receptor will allow to test 

this approach in preclinical model. 

Maurberger A.1, Roth E.2, Bruns H.1, Lehmann F.3, Bornkamm G.3, Mackensen A.1, Jäck H.M.2,  
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The potential of T cells to eradicate tumors pro-

voked the development of novel T cell based 

immunotherapeutic strategies. Chimeric antigen 

receptors (CARs) represent a promising new ap-

proach for the adoptive immunotherapy of cancer 

and CAR-modified T cells mediated impressive 

antitumor reactivity in early clinical trials. CARs 

are recombinant receptors that combine HLA in-

dependent scFv-mediated antigen-binding with T 

cell signaling. 

We designed a second generation CAR with speci-

ficity for Claudin-6 (CLDN6), coupled with CD28 

and CD3ζ signaling domains. 

CLDN6 is an onco-fetal gene that belongs to the 

family of tight junction proteins and is expressed 

in human stem cells and during early stage of 

epidermal morphogenesis. As it is absent in adult 

healthy tissues, but overexpressed in different 

cancers, CLDN6 represents an ideal target antigen 

for immunotherapy based on CAR-engineered T 

cells. 

For functional validation we used mRNA transfer 

for rapid expression of different CAR mutants in T 

lymphocytes and evaluated CLDN6-CAR-mediat-

ed effector functions by IFNᵞ-ELSPOT, luciferase-

based cytotoxicity and CFSE-based proliferation 

assays. 

CAR-expressing T cells exhibited specific cy-

tokine secretion and proliferation in response to 

CLDN6 expressing target cells. Furthermore, the 

CAR-engineered T cells efficiently killed CLDN6-

expressing tumor cells in vitro.

Based on these experiments we selected the best 

performing receptor candidate and evaluated the 

viral vector most suitable for clinical application. 

We compared three different retroviral vectors re-

garding transduction rate, strength of CAR surface 

expression and antigen-specific induction of cy-

tokine secretion, proliferation and cytotoxicity in 

short-term and long-term assays.

Finally, we selected one self-inactivating (SIN) ret-

roviral vectors with a favorable biosafety profile for 

stable gene transfer of our CLDN6-CAR providing 

the final lead structure for GMP production, pre-

clinical testing and finally clinical validation for 

the therapy of ovarian cancer.
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Targeting Claudin-6 with CAR-engineered T cells for  
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Human invariant NKT cells (iNKT cells) are a 

novel lymphocyte population characterized by an 

invariant T-cell receptor Vα24 chain paired with 

Vβ11. Human iNKT cells activated by a specific gly-

colipid antigen, α-Galactosylceramide (α-GalCer) 

in a CD1d-dependent manner have been shown 

to produce large amounts of cytokines such as 

IFN-Υ and also have potent killing activity against 

various tumor cell lines. One major hurdle to study-

ing the anti-tumor activity of human iNKT cells is 

they don‘t recognize antigens presented by classi-

cal MHC molecules and their tumor antigen speci-

ficity is unknown. Therefore, we expressed the 

MHC class I restricted TIL 1383I TCR into human 

iNKT cells to better understand their biology and 

anti-tumor activity. The 1383I TCR is a high affin-

ity TCR that recognizes the melanoma antigen ty-

rosinase presented by HLA-A2. In this study, we 

report the production and function of the TIL 1383I 

TCR transduced human iNKT cells. Human iNKT 

cells were activated and expanded from normal 

PBMCs by stimulating them with α-GalCer pulsed 

dendritic cells (DCs) in the presence of IL-2, IL-7 

and IL-15. The cultured cells were transduced 

using retroviral vectors encoding the TIL 1383I 

TCR and were isolated using CD34 magnetic beads. 

The TIL 1383I TCR transduced human iNKT ex-

pression was measured by flow cytometry (FACS) 

and their anti-tumor activity by intracellular cy-

tokine staining. The TIL 1383I TCR transduced 

human iNKT cells specifically produced IFN-γ in 

response to tyrosinase peptide loaded T2 cells and  

HLA-A2+/tyrosinase+ human melanomas. These 

results indicate that these engineered iNKT cells 

can lead to better understanding of their biology 

and can help generate new effector populations for 

the treatment of cancer patients. 
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Invariant NKT cells generated by the TIL 1383I T cell receptor 
gene transfer with retroviral vectors allows efficient redirection 
of human antigen specificity
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Introduction: The continuously growing NK-92 cell 

line derived from a non-Hodgkin‘s lymphoma with 

CD56+CD3-CD16- phenotype is highly cytotoxic 

against broad spectrum of tumor targets and has 

completed phase I clinical trials in humans. To 

further improve the anticancer activity, NK-92 cells 

from an FDA-licensed master cell stock were trans-

duced under GMP-compliant conditions with an 

ErbB2-specific humanized CAR construct by len-

tiviral gene transfer.The aim was to generate and 

characterize a GMP compliant Master Cell Stock of 

genetically modified NK-92 cells and to get a deeper 

insight into target-effector cell interactions to better 

understand the alternative activation pathway trig-

gered by CAR in ErbB2-targeted NK-92 cells.

Methods: Cells were expanded in X-Vivo 10 media 

supplemented with 5% heat inactivated human 

fresh frozen plasma and 500U/ml of IL-2 in VueLife 

bags to a density of 5x10e5 cells/ml and frozen in 

human serum albumin supplemented with 7,5% 

DMSO according to the established cryopreserva-

tion protocol. The identity (CD56+, CD16-) and CAR 

expression stability were monitored using two - 

step staining with ErbB2/IgG fusion protein and 

anti-human IgG F(ab)2-APC. The functionality was 

analyzed using.

FACS-based cytotoxicity assay and methylcellulose 

assay where effector cells were coincubated with 

either ErbB2 positive or negative cancer targets.

Results: After expansion (490 fold) MCS compris-

ing 200 ampules of 2,5x10e7 genetically modified 

NK-92 cells was established and qualified to meet 

predefined specifications with regard to post - 

thaw recovery (>50%), stability of CAR expression 

(>99%) and specific cytotoxicity (>80%). MCS is 

analyzed in accordance with the principles of good 

manufacturing practice (GMP) for qualification 

and release. 

The ongoing testing has already confirmed the 

identity and biological safety of MCS.

Conclusion: Efficient, tumour-specific retargeting 

of NK-92 cytotoxicity can be achieved. The MCS of 

NK-92 cells expressing a humanized ErbB2-specif-

ic CAR may serve as a platform for future clinical 

trials in novel ErbB2-targeted cell-based anticancer 

therapies. 
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Natural killer cells play a crucial role in the defense 

against viral infection and elimination of neoplas-

tic cells. Natural cytotoxicity of NK cells can be 

triggered rapidly upon appropriate stimulation, 

and is regulated by a complex balance of signals 

from germline-encoded activating and inhibitory 

cell surface receptors. In contrast to B and T lym-

phocytes, NK cells are intrinsically programmed to 

detect common modifications in cellular metabo-

lism or gene expression that are concurrent with 

an oncogenic process. Hence, different strategies 

are being developed to employ NK cells for cancer 

immunotherapy. These include activation of autolo-

gous NK cells, adoptive transfer of allogeneic NK 

cells, and pharmacological and genetic modulation 

of NK-cell activity.

As a novel approach, we investigated expression of 

a tumor-specific granzyme B (GrB) fusion protein in 

human NK cells as a means to augment their anti-

tumoral activity. The pro-apoptotic serine protease 

GrB plays a crucial role in NK-cell mediated cy-

totoxicity. In cytotoxic lymphocytes, GrB is stored 

together with other granzymes and perforin in the 

dense core of lytic granules. Following target cell 

recognition and activation, lytic granules within 

the effector cells polarize towards the immuno-

logical synapse, fuse with the plasma membrane 

and release their contents into the synaptic cleft 

between the effector and target cell. Upon release, 

GrB enters target cells in cooperation with perforin, 

and activates apoptotic cell death by various mech-

anisms. NK cells possess all pathways required for 

processing, packaging and triggered release of en-

dogenous wildtype GrB, which may also be em-

ployed by an ectopically expressed retargeted GrB 

derivative.

For selective targeting to tumor cells, we fused the 

epidermal growth factor receptor (EGFR) peptide 

ligand transforming growth factor α (TGFα) to 

human pre-pro-GrB. Established human NK cells 

transduced with a lentiviral vector encoding the 

GrB-TGFα molecule expressed this fusion protein 

in amounts comparable to endogenous wildtype 

GrB. Following activation of genetically modified 

NK cells by cognate target cells, correctly pro-

cessed and enzymatically active GrB-TGFα protein 

was released together with endogenous granzymes 

and perforin. Thereby, cooperation of the tumor-

specific fusion protein with endogenous factors 

augmented natural cytotoxicity of the modified ef-

fectors against NK-sensitive targets. Furthermore, 

GrB-TGFα protein enriched from supernatant of ar-

tificially activated NK cells displayed EGFR-specific 

binding and specifically killed EGFR-expressing 

tumor cells in the presence of an endosomolytic 

activity.

Ongoing work focuses on co-expressing targeted 

GrB variants with tumor-specific chimeric antigen 

receptors (CARs) in NK cells. While CARs can 

ensure selective targeting and efficient NK-cell ac-

tivation at the tumor site, the released GrB fusion 

protein may potentiate the antitumoral response by 

providing a dual lethal hit to the tumor cell. 

Oberoi P.1, Jabulowsky R.1, Bähr-Mahmud H.1, Wels W.S.1
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Natural killer cells modified to express a targeted granzyme  
B fusion protein for enhanced antitumoral activity
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New insights into the fine specificity and molecu-

lar regulation of NK cell functionality hold promise 

for the design of more efficient strategies to acti-

vate, expand, and deliver NK cells for cancer im-

munotherapy. We recently reported that education 

by self-specific inhibitory KIRs is required for the 

proliferation of NK cells in response to stimulation 

with cellular targets expressing HLA-E. Based on 

this finding, we have developed a protocol for se-

lective expansion of educated, NKG2C+ NK cells. 

We generated NK cell cultures with distinct spe-

cificities (2DL1 or 2DL3) and tested these at day 14 

against a panel of primary leukemic blasts from  

24 children with acute lymphoblastic leukemia 

(ALL) in a flow-cytometry-based killing assay. 

The malignant cells were identified based on the 

minimal residual disease phenotype determined by 

the NOPHO panel. The expanded NK cells displayed 

strictly specific recognition patterns based on the 

HLA genotype of the leukemic blasts (HLA-C1/C2) 

and significantly more potent cytotoxicity (on 

average 80% killing at the E:T ratio 5:1) than short-

term activated NK cells or the NK92 cell line. The 

possibility to selectively expand educated NK cells 

represent a promising first step towards exploiting 

the adaptive-like behaviour of NK cells in cancer 

therapy.
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Selective expansion of educated NK cells for cancer therapy
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Pre-emptive immunotherapy based on minimal 

residual disease (MRD) status with donor lympho-

cyte infusions (DLI) using cytokine-induced killer 

(CIK) cells may be beneficial to prevent relapse 

without causing graft-versus-host-disease (GvHD). 

CIK cells are a heterogeneous effector cell popula-

tion including T cells (CD3+CD56-), natural killer 

(NK) cells (CD3-CD56+) and natural killer T (NKT) 

cells (CD3+CD56+). They are generated by ex vivo 

expansion of peripheral blood mononuclear cells 

(PBMC) in the presence of interferon (IFN)-γ, anti-

CD3 antibody, IL-2 and IL-15, and exhibit non-

MHC-restricted cytotoxic activity. 

While CIK cells have shown potent in vivo activity 

against various cancer types such as lymphomas or 

colorectal cancer, their cytotoxicity against B-ALL, 

characterized by the expression of CD19, has been 

limited. Hence, retargeting of CIK cells using chi-

meric antigen receptors (CARs) to facilitate selec-

tive target cell recognition and enhance specific cy-

totoxicity represents a promising approach. CARs 

comprise an extracellular scFv antibody fragment 

as an antigen-binding domain, linked via a flex-

ible hinge region and a transmembrane domain to 

an intracellular signaling moiety such as CD3 zeta 

chain (first generation CAR), or zeta chain fused 

to a co-stimulatory protein domain such as CD28 

(second generation CAR). 

We established an optimized protocol for transduc-

tion of CIK cells with CD19-specific lentiviral CAR 

constructs, and characterized cells for expression of 

an EGFP marker gene and CAR surface expression. 

Effects of exposure to lentiviral vector particles on 

the development of CIK cell subpopulations were 

monitored over four weeks of continuous culture. 

In in vitro cytotoxicity assays we could demonstrate 

potent and selective cytotoxicity of retargeted  

CIK cells towards established cancer cell lines ex-

pressing CD19 and primary pre-B-ALL blasts.

To increase safety of CAR-expressing CIK cells 

and allow control of potential adverse effects in 

a clinical setting, we are investigating inducible 

caspase-9 (iCasp9) as a suicide gene. iCasp9 is a 

modified human caspase-9 fused to an FKBP12 

protein domain, which allows conditional dimeri-

zation and activation by binding of the small mo-

lecular weight compound AP20187. So far we could 

demonstrate expression of iCasp9 upon lentiviral 

transduction of CIK cells, and selective elimination 

of transduced cells upon treatment with AP20187. 

Ongoing work now aims at co-expression of CARs 

together with iCasp9, and characterization of re-

targeted CIK cells in suitable in vivo models in  

NOD/SCID common γ chain knockout (NSG) mice.
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Genetically modified cytokine-induced killer (CIK) cells for  
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Patient T cells genetically modified to express can-

cer-targeted T-cell receptors have recently shown 

great efficacy in the induction of clinical responses 

in malignant melanoma and synovial sarcoma. The 

challenge is currently lack of high-affinity TCRs 

that recognize cancer-restricted antigens for the 

majority of tumor types. 

Although shared self-proteins represent attractive 

cancer targets, the autologous T-cell repertoire is 

normally depleted of T cells with TCRs recogniz-

ing peptides from such antigens with high affinity, 

during negative thymic selection. We have previ-

ously generated high-avidity T cells that recognize 

a peptide from CD20 (SLFLGILSV) in the context 

of allogeneic HLA-A*02:01. The T cells were shown 

to efficiently and specifically kill patient-derived 

leukemia and lymphoma cells (Abrahamsen et al, 

Leukemia 2010 and Int J Cancer 2012, Kumari et al, 

PNAS 2013). A number of T cell clones were func-

tionally tested and two were selected for cloning and 

expression of the TCRs and subsequent pre-clinical 

evaluation. The TCRs A94 and A23 were cloned 

into the retroviral vector pMP71 as 2A-bicistron-

ic constructs encoding WT sequence or variants 

modified with codon optimization, murinization of 

the constant part and addition of an extra cystein 

bond in the constant part, as described by others. 

The genetic optimization led to a doubling in A23-

transduced peripheral blood T cells staining posi-

tively for the HLA-A2/CD20p multimer, whereas 

a manifold higher expression of the A94 was ob-

served. The A23opt and A94opt also mediated cor-

respondingly stronger degranulation (>90%) than 

the WT TCRs in response to target cells induced 

to express a single-chain trimer containing the 

CD20p, or to peptide-loaded HLA-A2posSupT1 cells.  

The re-directed T cells showed no cross-reactivity 

to a wide range of HLA-A2pos CD20neg cell lines of 

different histologies, including colon carcinoma, 

keratinocytes, HEK, liver carcinoma, lung adeno-

carcinoma and mesenchymal stem cells. Responses 

were rescued when target cell lines were loaded 

with the CD20p. The peptide affinity for the two 

TCRs was measured in response to target cells 

loaded with titered amounts of peptide. The A94opt 

had an EC50 between 100-10pM and was approx. 

10-fold more sensitive than A23opt. In comparison, 

the MART-1-specific TCR DMF5, which has proven 

efficient in a clinical trial utilizing TCR re-directed 

T cells, showed almost 100-fold lower sensitivity for 

the cognate WT MART-1 peptide. 

Finally, the re-directed T cells responded to 5 

different HLA-A2pos lymphoma cell lines, and to 

chronic lymphocytic leukemia (CLL) cells from 4 

HLA-A2pos patients, all endogenously expressing 

CD20. In contrast, no responses were seen to two 

HLA-A2negCD20pos lymphoma cell lines and CLL 

donors. In conclusion, the results show that T cells 

re-directed with A2/CD20p specific TCRs efficient-

ly and specifically kill malignant B cells, paving the 

way for clinical testing of these TCRs.
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T cells engineered to express two allo-restricted T cell receptors 
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Introduction: Viral reactivation or de novo infec-

tion with human pathogenic Adenovirus (AdV) 

and Cytomegalovirus (CMV) are frequent compli-

cations after allogeneic stem cell transplantation. 

In addition relapse of the underlying disease is the 

other major cause of treatment failure. Screening 

for minimal residual disease (MRD) allows identi-

fication of impending relapse and pre-emptive im-

munotherapy such as the application of donor lym-

phocyte infusions (DLI) or the transfer of cytokine 

induced killer (CIK) cells may in principle prevent 

relapse in a group of high risk pediatric patients. 

Methods: CIK cells are generated from peripheral 

blood mononuclear cells (PBMC) of CMV- seroposi-

tive healthy donors according to the standard pro-

tocol. Besides the standard stimulations, IL-15 is 

supplemented and viral CMV-antigen in the form 

of a peptide pool is presented in the medium to 

increase the frequency of existing virus-specific 

cytotoxic T-lymphocytes (CTL) identified by flow 

cytometry stained with specific MHC-Multimers. 

The cell-mediated cytotoxicity is evaluated in vitro 

targeting leukemia cell line, antigen-loaded cell 

line and primary viral infected cells.

Results: Besides the main population, contain-

ing CD3+CD56-cells, T-NK cells (CD3+CD56+) 

an essential subpopulation is expanding which 

consist mainly of a terminal differentiated ac-

tivated CD8+ TEMRA (CD45RA+CD62L-) or  

TEM (CD45RO+CD62L-) phenotype, respectively. 

The incubation with viral antigen leads to an up 

to 11.0 fold donor-dependent increase regarding  

CMV-specific CD8+ cells but results also in re-

sponder (12 donors) and non-responder (6 donors) 

. The simultaneous peptide stimulation during the 

culture period has no negative influence on the an-

ti-tumor effect directed to the M4 AML subtype cell 

line THP-1 in vitro. In subsequent in vitro experi-

ments the enhanced cytotoxic capacity of antigen-

stimulated CIK cells targeting viral antigen-loaded 

T2 cell line is shown. In follow-up in vitro experi-

ments donor-mismatched (matched in only one 

HLA antigen) fibroblasts are infected with CMV 

and first results may indicate to an increased lysis 

of the infected fibroblasts by CIKantigen pos cells com-

pared to CIKantigen neg cells. Uninfected fibroblasts 

representing healthy recipient tissue and therefore 

function as a control for Graft-versus-Host disease 

(GvHD) are not killed at all. Cytokines production 

like IL-6, IL-10, IP10, TNFα, IL12/23 and Granzyme 

B during the expansion period of the CIK cell cul-

tures were monitored using Cytometric Bead Array. 

Discussion: The generation of dual specific cyto-

toxic CIK cells may be an improved immunother-

apy after stem cell transplantation inducing cyto-

toxicity against leukemia cells and might help to 

clear specifically virus reactivation. Beyond that 

the minimal alloreactive potential and therefore 

the low risk of inducing GvHD disease, of the CIK 

cells is already shown in murine and human in 

vivo settings.
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The adoptive transfer of tumour-reactive T cells for 

cancer treatment has proven effective in various 

murine cancer models. However, isolation and ex 

vivo expansion of functional T cells from patients‘ 

tumours have been shown to be difficult and suc-

ceeded only in a minority of cases. One underlying 

reason is that tolerance mechanisms either during 

T cell development or induced by the tumour lead 

to absence of high avidity T cells in the host. Fur-

thermore, the importance of CD4 T cells in anti-

tumour responses not only by giving essential help 

to CD8 T cells but also by independent tumour de-

struction has been appreciated. Therefore, in this 

project we aim to generate MHC class II-restricted 

high affinity T cell receptors (TCRs) that can be 

used to render autologous T cells tumour-reactive 

for adoptive T cell therapy of cancer. To gener-

ate MHC class II-restricted TCRs we immunize 

TCR gene loci/HLA-DR4-IE transgenic (ABabDR4) 

mice with human tumour antigens. The advan-

tage of this model is that T cells in ABabDR4 mice 

express a diverse human TCR repertoire but were 

not subject to negative selection for human tumour 

antigens during T cell development. Thus, immu-

nization of ABabDR4 mice with tumour-associated 

antigens might result in the generation of high af-

finity TCRs that cannot be found in humans due 

to negative selection during T cell development. 

Moreover, these TCRs should not cause problems 

by immunogenicity, because they are fully human. 

So far, we demonstrated by immunization with a 

pan DR binding peptide that ABabDR4 mice are 

capable of mounting specific CD4 T cell responses. 

We will immunize the ABabDR4 mice with tumour-

associated antigens and test isolated TCRs for their 

tumour-destroying potential in a mouse model of 

adoptive T cell therapy of cancer.
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Human HLA-DR4-restricted high affinity T cell receptors 
against tumour-associated antigens
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In contrast to the general belief that pancreatic 

ductal adenocarcinoma (PDA) is a poorly immu-

nogenic tumor, we find evidence for an adaptive 

immune response in this aggressive cancer type.

Immune infiltration can readily be detected by im-

munohistochemistry and flow cytometry in tumor 

biopsies from PDA patients. The majority of tumors 

contain prominent T cell infiltrates, which are fre-

quently dominated by CD4+ T cells.

These PDA tumor-infiltrating lymphocytes (TIL) 

can be isolated and expanded ex vivo with similar 

efficiency as in melanoma and can be tumor-reac-

tive. While comparison of the T cell receptor rep-

ertoire between PDA TIL and PBMC suggests selec-

tive expansion of T cell subsets in the tumor, such 

prominent T cell clones can be lost during culture.

Our long-term aim is the development of T cell-

based therapies for recurrent PDA. Based on our 

data this is a promising approach, though cultures 

of PDA TIL for therapeutic application will benefit 

from selection/enrichment of CD8+ tumor-reactive 

T cells. 

Poschke I.1, Volkmar M.1, Bondong S.1, Hackert T.2, Strobel O.2, Bergmann F.3, Halama N.4, 
Büchler M.2, Offringa R.1,2
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Characterization of freshly isolated and expanded  
tumor-infiltrating lymphocytes from pancreatic cancer patients
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Telomerase reverse transcriptase (TERT), the 

enzyme primarily implicated in the elongation of 

telomeres in mammalian cells, is also considered 

as an important universal tumor antigen, since it 

is overexpressed in more than 85% of tumor cells 

irrespective of origin and histological type. When 

TERT is reactivated in tumor cells, the enzyme is 

processed and its antigenic peptides are presented 

within class I MHC molecules, promoting tumor 

recognition by specific cytotoxic T lymphocytes 

(CTL) in both preclinical and clinical settings. 

Recently, our group demonstrated that the adop-

tive cell transfer (ACT) of mouse (m)TERT-specific 

CTLs was able to control the progression of several 

transplantable tumor models but, at the same 

time, the repeated TERT-specific CTL administra-

tion induced a temporary autoimmune depletion of  

B cells. The higher susceptibility of activated/

transformed B cells to mTERT-specific CTL lysis 

was also successively confirmed in vitro. These 

results represent a promising background for the 

treatment of haematologic malignancies, such as  

B cell leukemia (B-CLL). 

Therefore, we explored the feasibility of telomer-

ase as a promising immunotherapeutic target in a 

transgenic mouse model, the IgH.TEµ mouse. In 

this model, the sporadic expression of SV40 large T 

antigen in mature B cells generates a murine B-CLL 

displaying common characteristics with human 

B-CLL. In order to normalize the tumor system, 

we created homogeneous B-CLL-like cases by ex-

panding malignant bone marrow cells in immune-

deficient mice. This new model is characterized 

by the expansion of CD19+ cells expressing high 

levels of active telomerase, which are recognized 

by mTERT-specific CTLs both in vitro and in vivo. 

Starting from these preliminary mouse data, we 

translated our working hypothesis to a human 

setting, to test the ability of human (h)TERT-

specific CD8+ CTL to selectively recognize trans-

formed B cells as a proof of concept of future clinic 

translation. Full-length rearranged TCR α/β genes 

were isolated from a hTERT-specific CTL clone and 

inserted in a retroviral vector system, allowing a 

simultaneous and balanced cell surface expres-

sion of both TCR subunits. Human CD3+ T cells 

transduced with hTERT-specific TCR were able to 

recognize in vitro immortalized B cell malignan-

cies expressing hTERT. These findings suggest that 

naturally processed hTERT/HLA-A2+ complexes 

presented on the surface of immortalized B-malig-

nancies are sufficiently immunogenic to be recog-

nized by hTERT-specific CTL. 

Sandri S.1, Iezzi M.2, Moxley K.3, Bobisse S.4, Fracasso G.1, Stramucci L.2, Lamolinara A.2, 
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Targeting telomerase in B-cell chronic lymphocytic leukemia
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Human adenovirus infection is life threatening after 

allogeneic haematopoietic stem cell transplanta-

tion (HSCT). Immunotherapy with donor-derived 

adenovirus-specific T cells is promising; however, 

20% of all donors lack adenovirus-specific T cells.  

To overcome this issue, we transfected CD8+ T 

cells with mRNA encoding an HLA-A*01-restrict-

ed, adenovirus-specific T-cell receptor (TCR). 

Since allo-reactive endogenous TCR of donor 

T lymphocytes would induce graft-versus-host 

disease (GvHD) in a mismatched patient, we 

transferred the TCR into γ/δ T cells, which are 

not allo-reactive.

TCR-transfected γ/δ T cells secreted low quanti-

ties of cytokines after antigen-specific stimula-

tion, which were increased dramatically after co-

transfection of CD8α-encoding mRNA. In direct 

comparison with TCR-transfected α/β T cells, 

TCR-CD8α-co-transfected γ/δ T cells produced 

more tumor necrosis factor (TNF), and lysed 

peptide-loaded target cells as efficiently. Most 

importantly, TCR-transfected α/β T cells and  

γ/δ T cells, co-transfected with the TCR and CD8α, 

efficiently lysed adenovirus-infected target cells. 

Here we show for the first time that not only CD8+ 

T cells, but also γ/δ T cells can be equipped with 

an adenovirus specificity by TCR-RNA electropo-

ration. Thus, our strategy offers a new means for 

the immunotherapy of adenovirus infection after 

allogeneic HSCT. 
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HAdV-specific γ/δ and CD8+ T cells generated by TCR  
transfection to treat adenovirus infection after allogeneic  
stem cell transplantation 

263 | Cellular Therapy



289

Background: Ewing Sarcoma (ES) is the second 

most common bone malignancy in children and 

young adolescents with a high potential of dis-

semination into lung and bones. Patients with lo-

calized disease receiving current treatment, have 

an approximate long-term survival of >65%. If 

the tumor disseminates into the lung or bone the 

rate decreases to 30% or 10%, respectively, com-

pelling the search for new therapeutic treatment 

modalities. 

Immunotherapy of cancer is an attractive treat-

ment option, however, the development of a suc-

cessful immunotherapy against autochthonous 

tumors is hampered by an ineffective T cell rep-

ertoire against tumor antigens and the inabil-

ity of the patient‘s immune system to overcome 

tolerance-inducing mechanisms. Here, the spe-

cific recognition and lytic potential of transgenic 

allo-restricted CD8+ T cells directed against the 

ES-associated antigen Six-Transmembrane Epi-

thelial Antigen of the Prostate 1 (STEAP1) was 

examined. 

Methods: Following repetitive STEAP1130 peptide-

driven stimulations with HLA-A*0201+ dendritic 

cells, allo-restricted HLA-A*0201- CD8+ T cells 

were stained with HLA-A*0201/peptide multim-

ers, sorted and expanded by limiting dilution. 

After functional analysis of suitable T cell clones 

via IFN-gamma and Granzyme B ELISpot, flow 

cytometry and xCelligence assay, TCR alpha and 

beta chains were identified by specific RT-PCR, 

cloned into retroviral vectors, codon optimized, 

transfected into HLA-A*0201- primary T cell pop-

ulations and tested again for specificity and their 

lytic capacity.

Results: Initially generated as well as derived trans-

genic T cells specifically recognized STEAP1130 

pulsed or transfected cells in the context of HLA-

A*0201 as determined by specific IFN-gamma 

release, lysed cells and inhibited growth of HLA-

A*0201+ ES lines more effectively than HLA-A*0201- 

ES lines. Transgenic T cells, furthermore, could be 

stained by HLA-A*0201/peptide multimers and 

sorted via magnetic beads for rapid expansion of 

TCR transgene bearing populations.

Conclusion: These results identify T cell clones 

capable of recognizing and inhibiting growth of 

STEAP1 expressing HLA-A*0201+ ES in vitro in 

a highly restricted manner. Its receptor could be 

cloned and transgenic T cells will be used for sub-

sequent analysis in a preclinical study. 
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Generation of transgenic antigen-specific, allogeneic  
HLA-A*0201-restricted cytotoxic T cells directed against  
Ewing Sarcoma specific target antigen STEAP1 
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Background: The Wilms tumor antigen 1 (WT1) 

is a self-antigen expressed at high levels in leuke-

mic cells, but not in healthy tissue. Because WT1 

expression in leukemic cells drives leukemogen-

esis, it is a favorable target antigen for immuno-

therapy, e.g. adoptive transfer of allogeneic T cells, 

to prevent or treat leukemic relapse after stem cell 

transplantation. To date, a comprehensive charac-

terization of CD4+ and CD8+ WT1-specific T cells is 

missing and the efficient expansion of a polyclonal 

WT1-reactive T cell population for clinical use has 

remained a major challenge. 

In this study we aim to ex vivo characterize WT1-

specific T cells present in the blood of healthy 

donors at high-resolution and to develop a rapid 

method for the generation of functionally potent, 

polyclonal CD4+ and CD8+ WT1-specific T cells.  

Methods: For ex vivo analysis of CD4+ WT1-specific 

T cells peripheral blood mononuclear cells (PBMC) 

of healthy blood donors were in vitro stimulated 

using a WT1 peptide pool for 7 hours. Subsequent-

ly, CD154 (CD40L)-expressing cells were magneti-

cally enriched and examined for expression of 

effector cytokines and differentiation status. Pres-

ence and phenotype of CD8+ WT1-specific T cells 

have been studied after stimulation of presorted 

naïve and memory T cell populations with WT-1 

peptide pool for 30 hours, magnetic enrichment of 

CD137+ (4-1BB) cells and subsequent staining using 

pMHCI-Tetramers.For the generation of polyclonal 

WT1-specific CD4+ and CD8+ T cells PBMC were in 

vitro activated with WT-1 peptide pool for 30 hours. 

CD137+ were magnetically selected and expanded 

for 9 days. 

Results: Ex vivo frequencies of WT1-specific T cells 

are low and range from 2x10-6 to 2x10-5 WT1-spe-

cific CD154+ CD4+ T cells within T cells. In over 

60% of healthy donors (n=20) a CD4+ memory 

response, accompanied by production of effector 

cytokines like IFN-γ and TNF-α against WT1 pep-

tides is present. In contrast, detected CD137+CD8+ 

WT1-reactive T cells exhibit a naïve phenotype 

(CD45RA+CCR7+) in most donors (4 of 5 donors), 

no WT1-reactive CD8+ T cells could be enriched 

from presorted memory T cells. 

After short-term expansion of CD137 enriched, 

WT1-reactive T cells high frequencies of CD4+ and 

CD8+ WT1-reactive, effector cytokine producing T 

cells could be detected. Cytotoxic activity against 

antigen-loaded target cells was demonstrated by 

direct flow-cytometry-based cytotoxicity assays 

and antigen-specific upregulation of the degranula-

tion marker CD107a. Stainings using multiple WT1-

MHCI-tetramers furthermore confirmed antigen-

specificity and suggested polyclonality within the 

CD8+ T cell population. 

Conclusions: CD4+ and CD8+ WT1-reactive T cells 

are present in all healthy donors and can be ef-

ficiently enriched directly ex vivo from the natural 

repertoire by magnetic separation of T cells after 

antigen-specific stimulation. Thus, our approach 

holds great potential for the GMP-compliant gener-

ation of WT1-specific T cells for future clinical use.
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Functional WT1-reactive T cells are present in the natural  
naïve and memory repertoire of healthy donors
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Introduction: Robust immune responses are 

thought to depend on less differentiated memory 

T cells which are long-lived, capable to self-re-

new and able to give rise to further differentiated 

progeny. Recently, a cell type with such proper-

ties has been described and termed stem cell-like 

memory T (TSCM) cell. Of note, in vitro activation 

of Wnt signalling during T cell priming has been 

suggested to trigger the formation of CD8+ TSCM 

cells. However, by contrast, CD4+ TSCM cells are 

currently only known to exist, but the signal-

ling pathways leading to their induction and their 

functional characteristics remain elusive.

Aims: We are exploring pharmacological strate-

gies aiming at the induction of CD4+ TSCM cells 

and are characterizing CD4+ TSCM cells in terms 

of function.

Results: Here, we describe the inhibition of mTOR 

complex (mTORC) 1 with concomitant activity of 

mTORC2 as underlying mechanism to arrest a 

fraction of naive CD4+ T cells in a stem cell-like 

state during T cell priming. This arrest is accom-

panied by a metabolic switch from glycolysis to 

oxidative phosphorylation. Further evidence is 

brought to this finding by the observation that 

T cell specific Raptor knockout mice, which 

lack mTORC1 activity in T cells, show increased 

numbers of TSCM cells. Of importance, in vitro 

induced CD4+ TSCM cells display features dis-

tinctive of stem cells as low mitochondrial mem-

brane potential, limited glucose uptake rate and 

a superior engraftment and long-term persistence 

after adoptive transfer in highly immunocompro-

mised mice.

Significance: Our data reveal a novel immunostim-

ulatory effect of mTORC1 inhibition by drugs like 

Rapamycin which are at present exclusively in clin-

ical use due to their immunosuppressive function. 

The induction of CD4+ TSCM cells might enrich 

the range of T cell-based immunotherapeutic ap-

proaches which are currently mainly based on 

CD8+ T cells.
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1	Translational Tumor Immunology Group, Ludwig Cancer Research, University of Lausanne,  
	Lausanne, Switzerland, 
2	Flow Cytometry Facility, University of Lausanne, Lausanne, Switzerland, 
3	Department of Visceral Surgery, CHUV, University of Lausanne, Lausanne, Switzerland 

Induction of CD4+ stem cell-like memory T cells by inhibition of 
mTOR complex 1 and concomitant activity of mTOR complex 2
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Dendritic cell (DC)-based anti-cancer immunother-

apy exploits the capacity of DCs to initiate immune 

responses. Tumor-antigen-loaded DCs are injected 

into cancer patients to stimulate T cells and initiate 

tumor eradication. In experimental clinical trials 

this approach demonstrated to be feasible and safe 

and to results in effective tumor-specific immune 

responses and some favorable clinical outcomes. 

Up to now, DC-vaccines were mostly based on ex 

vivo-cultured monocyte-derived DCs. However, 

our recent clinical study exploiting blood-derived 

plasmacytoid DCs (pDC) showed that naturally cir-

culating DCs are a promising alternative. 

Here, we report on a clinical study exploiting 

another naturally occurring DC subset: BDCA1+ 

myeloid DCs (myDCs). Fifteen patients with meta-

static melanoma received intranodal injections of 

BDCA1+ myDCs activated and loaded with tumor 

antigen-associated peptides ex vivo. Despite the 

limited number of myDCs administered, almost 

all patients mounted anti-vaccine T cell responses. 

Several patients also mounted robust tumor-spe-

cific CD8+ T cell responses, which coincided with 

improved clinical outcome. In two patients evident 

tumor regression was observed and one patient is 

in ongoing complete remission for 16+ months. 

Our results indicate that therapeutic vaccination 

against cancer with naturally occurring blood 

DCs is feasible with minimal toxicity and that in 

patients with metastatic melanoma, it induces fa-

vorable immune responses, which correlate with 

clinical outcome. 

Schreibelt G.1, Westdorp H.1,2, Bol K.F.1,2, Winkels G.3, Petry K.3, Gerritsen W.R.2, Figdor C.G.1, 
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Natural human BDCA1+ myeloid dendritic cells induce  
immunological and clinical anti-tumor responses in  
metastatic melanoma patients 
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There are several well-defined prostate-specific 

target antigens for immunotherapy of prostate 

cancer. Two such molecules are the prostate-spe-

cific membrane antigen (PSMA) and the tyrosine 

kinase receptor EphA2, which are expressed on 

normal prostatic epithelial cells and over expressed 

in most prostate cancers. Studies have mapped the 

HLA-A2-restricted target antigens from PSMA and 

EphA2 that can be recognized by antigen-specif-

ic cytotoxic T lymphocytes (CTL). These studies 

are the basis of a variety of different experimen-

tal immunotherapies, currently under evaluation, 

for treatment of prostate cancer. Still there are 

several hurdles complicating the development of 

effective prostate cancer specific therapies. First, 

prostate specific protein targets are often natural 

self-antigens thus the immune system may be toler-

ant to these; and second it has been reported that 

dendritic cells (DC) in prostate cancer patients are 

often impaired due to pre-treatment and the un-

derlying disease. Therefore, new approaches that 

stimulate potent immune response outside the 

body independent of autologous DC are especially 

interesting. 

Previously, we have shown that HLA-A2-Ig based 

aAPC can be used to replace autologous DC in pro-

tocols for the generation of antigen-specific CTL. 

Therefore, we performed aAPC stimulation for mul-

tiple donors to generate prostate cancer specific T 

cells directed at antigens from PSMA and EphA2. 

The generated T cells were highly specific and 

showed good in vitro activity as demonstrated in 

intracellular cytokine and killing assays. Experi-

ments to generate PMSA and EphA2-specific T cells 

from PBMC of prostate cancer patients are ongoing. 

Together the performed experiments demonstrate 

that aAPC can be used to generate functional active 

prostate cancer specific CTL in vitro for potential 

use in adoptive immunotherapy 

Schütz C.1, Rodgers O.1, Schneck J.P.1, Oelke M.1
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Artificial antigen presenting cells, aAPC, a new approach for 
generating prostate cancer specific T cells
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Over the past decade we and others have been 

focused on the development of an artificial Anti-

gen-Presenting Cells (aAPC) for generation and ex-

pansion of antigen-specific T cells. To date aAPC 

have successfully been used to stimulate antigen-

specific T cell responses in vitro as well as in vivo. 

To further improve the in vivo efficiency of our bead 

based aAPC technology we investigated the addi-

tion of CD47 to the surface of the aAPC to enhance 

their in vivo half live. CD47 is a species-specific 

marker of self, as it delivers a negative signal to 

SIRP-a expressed on resident macrophages subse-

quently inhibiting the clearance of intact hemat-

opoietic cells. Furthermore, CD47 has been shown 

to interact with SIRP-b2 expressed on T cells result-

ing in modulation of cell signalling pathways. We 

therefore hypothesised that adding CD47 onto our 

aAPC, will minimize macrophage mediated phago-

cytosis without negative interference on antigen-

specific T cells generation.

To test this we coated aAPC with varying amounts 

of rhCD47-Ig and co-cultured them in vitro for up 

to 3h with human macrophages. Re-isolated aAPC 

from those cultures displayed increasing amounts 

of remaining surface proteins that could be posi-

tively correlated to the amount of rhCD47-Ig. In 

summary, our data revealed a CD47 concentration 

dependent inhibition of aAPC phagocytosis. Fur-

thermore we tested the ability of CD47+ aAPC to 

generate antigen-specific T cells directed at Mart-1 

and FluM1 from multiple donors. Functional-

ity of those T cells was confirmed in a standard  

51Cr-release assay and by intra cellular cytokine 

staining. Finally, co-culture experiments of mac-

rophages, T cells and CD47+ aAPC demonstrated 

an enhanced stimulatory capacity of CD47+ aAPC 

over normal aAPC.

Thus these data support our hypothesis that addi-

tion of CD47 on aAPC has the potential to further 

improve aAPC efficiency in future in vivo applica-

tions. 
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CD47+ artificial APC demonstrate enhanced immune cell  
interaction
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Hepatitis C virus (HCV) infects approximately 3% 

of the world‘s population, often causing associated 

diseases including cirrhosis of the liver and hepato-

cellular carcinoma (HCC). Subsequent chronic in-

fections are thought to be attributed to the rapidly 

mutating HCV genome leading to immune escape 

variants. With limited effective therapies and slow 

vaccine development, alternative approaches for 

treatment and prevention of infection and its as-

sociated diseases is imperative. An immune-based 

approach for targeted therapy utilizes adoptive T 

cell transfer to genetically engineer an individ-

ual‘s T cells to become reactive to an antigen of 

choice. Our lab has firmly demonstrated its ability 

to use retroviral vectors encoding T cell receptor 

(TCR) genes to redirect the specificity of normal 

peripheral blood lymphocyte (PBL)-derived T cells 

to recognize tumor and viral antigens. We have 

previously identified and cloned two novel TCRs 

from HLA-A2-restricted, HCV NS3:1406-1415- or 

HCV NS3:1073-1081-reactive T cell clones. Here, we 

demonstrate PBL-derived T cells transduced with a 

recombinant retroviral vector encoding for the re-

spective TCR can recognize peptide-loaded targets 

and HCV+ HCC cells with cytokine production in 

a CD8-independent manner, a property consistent 

with other high affinity TCRs . We have measured 

the affinity of NS3:1406-1415 peptide/MHC to its re-

ceptor. Additionally, T cells engineered to express 

HCV NS3:1406-1405- or NS3:1073-1081-reactive 

TCRs can recognize peptide-loaded targets and 

tumor cells expressing a variety of mutant HCV 

antigens in vitro, indicating that these TCRs have 

broad crossreactivity against naturally occurring 

HCV mutant epitopes. These transduced T cells can 

recognize tumors expressing an epitope-specific 

minigene as well as the full NS3 protein, indicating 

these TCRs transfer the ability to recognize fully 

processed antigen. Initial studies also show that 

adoptive transfer of PBL-derived human T cells en-

gineered to express an HCV NS3:1406-1415-reactive 

TCR can mediate regression of human HCC tumors 

in a mouse xenograft model. Based on these ob-

servations, we hypothesize that the ability of a 

TCR to have broad reactivity is not unique to such 

isolated clones and that in patients with resolved 

HCV infection there may exist a variety of TCRs 

with the capability of recognizing many mutant 

HCV epitopes. We believe the approach to redirect 

T cells to recognize mutagenic HCV antigens may 

not only have benefits in further understanding 

TCR biology, but that despite the instability in the 

HCV genome, TCR gene modified T cells may be a 

promising clinical therapy for treating HCV infec-

tion and associated HCC.
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Recognition of fully processed Hepatitis C virus antigen and 
naturally occurring mutant HCV epitopes by HCV TCR gene 
modified T cells in the context of hepatocellular carcinoma
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Introduction: Tumor escape mechanisms, includ-

ing tumor manipulation of melanocyte-associated 

antigens (MAA), have been implicated as a factor 

in metastatic melanoma (MM) and in immunother-

apy non-responders. In clinical practice we often 

see this as loss of expression of melanoma asso-

ciated antigens by immunohistochemical staining 

methods. Here we aimed to quantify this phenom-

enon and determine if there is a difference in MAA 

expression in patients who had received immuno-

therapy compared to those who have not. 

Methods: Immunohistochemical stains for Mart-1, 

HMB-45, S100, tyrosinase, and MITF were per-

formed on formalin-fixed, paraffin-embedded 

tissue sections from 11 patients treated with im-

munotherapy and 13 untreated. Of the MM speci-

mens, there were 9 regional lymph nodes (LN) 

and 15 visceral metastases. All tumors were re-

viewed and staining was assessed semiquanti-

tatively by a board-certified dermatopathologist 

as positive (expression by 1-100% of tumor cells) 

or negative (expression by < 1% of tumor cells). 

Data was assessed for (1) differences between 

overall and individual MAA expression between 

patients with and without immunotherapy,  

(2) differences between overall and individual 

MAA expression between LN versus visceral 

metastases, and (3) assessment of relative loss 

of individual MAA expression as a percentage of 

total immunohistochemical stains performed for 

each antigen. Results were compared using a two-

tailed Fisher ś t-test.

Results: There was no statistically significant dif-

ference between overall or individual MAA expres-

sion for patients with or without immunotherapy or 

LN versus distant metastases. Although no statisti-

cal significance was reached between loss of ex-

pression of individual antigens, Melan-A, HMB-45 

and tyrosinase demonstrated the largest relative 

loss of MAA expression (25-26%), when compared 

with MITF (10%) and S100 (4.3%). 

Conclusion: MAA expression pre- and post-therapy 

has clinical importance, as it can impact the design 

of immunotherapeutic protocols. This study dem-

onstrated that MAA expression remained stable 

despite immunotherapy. Additionally, the MAA 

expression profile of our patient population for LN 

versus distant metastases and relative percentage 

of MAA loss was consistent with published litera-

ture. More extensive studies with larger numbers 

of patients pre- and post-therapy are important to 

improve immunotherapeutic efficacy and patient 

outcomes in the future. 
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How is melanoma escaping us? An assessment of melanoma 
associated antigens before and after immunotherapy
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Hematopoietic cell transplantation (HCT) with alloge-

neic hematopoietic stem cells represents the only cura-

tive treatment for high-risk hematologic malignancies, 

but human cytomegalovirus (HCMV) illness harm-

fully impacts survival. Novel approaches to accelerate 

immune reconstitution and de novo adaptive antiviral 

effects are warranted particularly for patients receiv-

ing HCT from HCMV negative grafts, as adoptive donor 

T cells cannot be expanded in vitro. Therefore, we are 

developing a novel approach for donor-derived adop-

tive dendritic cell transfer. We produced an integrase-

defective tricistronic lentiviral vector co-expressing 

GM-CSF, IFN-a and full length pp65 HCMV antigen to 

transduce monocytes overnight (MOI of 5). The out-

grown long-lived Self-differentiated Myeloid-derived 

Lentivirus-induced dendritic cells internally loaded 

with pp65 (SmyleDC/pp65) showed low number of 

integrated tricistronic vector copies (day 30 of culture: 

0.1 copies/cell). The clonal contribution of the geneti-

cally modified monocytes was monitored with a high-

throughput integration site (IS) analysis. The majority 

of ISs were below 5% and outside genes. In vitro autolo-

gous T cell stimulation assays confirmed the activation 

and expansion of CD4+ and CD8+ T cells and pp65-

specific CTL. NodRag-/-IL2gc-/- mice receiving HCT 

from G-CSF mobilized blood or from cord blood and 

adoptively transferred with donor-derived SmyleDC/

pp65 showed faster reconstitution of mature effector 

memory human CD8+ T cells producing anti-pp65 re-

active T cell responses. Mature human B cells were 

demonstrated in reconstituted lymph nodes, human 

immunoglobulins (IgG1, IgG2, IgG3, IgG4 and IgM) 

were evident in plasma and IgG reactivity against pp65 

was detectable, demonstrating human adaptive Ig class 

switch in vivo. Notably, thymus analyses (absolute 

CD4+/CD8+ double positive cell numbers) demonstrat-

ed that adoptive transfer of SmyleDC/pp65 promoted 

de novo T cell development in vivo. The tricistronic 

ID-LV-G2app65 vector was produced under GMP-

like conditions. The quality control analyses entailed 

purity, sterility and viral titer (titer after purification  

5.7 x 107 infective particles/ml). Three independent pilot 

GMP-like batches of SmyleDC/pp65 were produced fol-

lowing a 24-28h transduction protocol under standard 

operating procedures with closed bag systems and cry-

opreserved. SmyleDC/pp65 thawed and cultured for 

7 days without exogenous cytokines showed 38-60% 

recovery (relative to thaw). Preliminary Q/C analyses 

of SmyleDC/pp65 showed the expected identity and 

potency immunophenotypic markers (CD45+, CD14-, 

CD11chi, HLA-DR+, CD86+, CD80+). Intracellular stain-

ing for detection of the pp65 antigen showed 20-31% 

positive cells. Requirements for a manufacturing au-

thorization will be clarified in cooperation with the 

competent authorities for a multicentric phase I 

clinical trial.

Sundarasetty B.S.1, Daenthanasanmak A.1, Naundorf S.2, Kuehlcke K.2, Ruggiero E.3,  
Schmidt M.3, von Kalle C.3, Figueiredo C.4, Eiz-Vesper B.4, Guzmán C.A.5, Riese P.5,  
Koehl U.6, Kloess S.6, Oberschmidt O.6, Ganser A.1, Stripecke R.1
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Lentivirus-induced dendritic cells accelerate de novo  
adaptive immune reconstitution against HCMV/pp65 in  
humanized mouse models of stem cell transplantation  
and are making progress in clinical development
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Background: Novel immunologic therapies are con-

stantly developed for cancer treatment. Adoptive 

cell therapies (ACT) are a recent potent approach for 

treating cancer and adoptive transfer of autologous 

tumor infiltrating lymphocytes or genetically re-

directed peripheral blood mononuclear cells have 

successfully been used to treat patients with ad-

vanced solid tumors as well as patients with hema-

tologic malignancies. During the first two decades 

of adoptive cell therapy, safety of cell transfer per 

se has generally been good, but significant toxici-

ties and even mortality has been associated with 

the concomitant treatments used to enhance the 

therapy, including preconditioning chemotherapy 

and radiation, and the administration of systemic 

IL-2 after transfer. Other possible obstacles of ACT 

include the lack of trafficking of transferred cells to 

tumors, inability to kill tumor cells due to anergy or 

halted lymphocyte proliferation resulting in a rapid 

decline in cell numbers. 

Hypothesis: To further enhance the existing treat-

ment regimens, we aimed to study whether con-

comitant local treatment with immunomodulatory 

cytokines would increase the efficacy of adoptive 

T-cell transfer. We hypothesize that cytokine injec-

tions in combination with ACT may cause a danger 

signal that recruits T cells and other immune cells 

to tumors and thereby can favourably alter the 

tumor microenvironment by reducing immunosup-

pression and cellular anergy.

Methods: Immunocompetent B16.OVA bearing 

C57BL/6 female mice were adoptively transferred 

with 2*106 CD8a+ enriched OT-I lymphocytes on 

day 0 and treated with intratumoral injections of 

recombinant murine cytokines (diluted in saline) 

on 5 consecutive days per treatment round. A set 

of mice was sacrificed after each treatment round 

(#1 and #2), tumors were harvested and both total 

lymphocytes as well as tumor (OVA) specific OT-I 

cells were analyzed by flow cytometry.

Results: To our surprise, we observed that cytokine 

injections induced accumulation of CD8+ OVA- T 

cells at the tumor site over time, while the count 

of CD8+ OVA+ T cells in different treatment groups 

remained lower than in the saline treated or un-

treated control groups. Moreover, the total amount 

of CD3+ T lymphocytes and CD19+ B lymphocytes 

varied between treatment groups indicating al-

ternative mechanisms of action for each cytokine 

studied. 

Conclusions: Results based on our animal model 

suggest that intratumoral cytokine injections can 

result in redistribution of immune cell subsets and 

thus improve adoptive cell therapy by affecting the 

cellular composition of tumor microenvironment.

Tähtinen S.1, Parviainen S.1, Vähä-Koskela M.1, Hemminki A.1,2
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Alteration of tumor microenvironment using  
immunomodulatory cytokines for combination  
treatment with adoptive T-cell therapy
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Malignant melanoma is one of the most treatment-

refractory skin malignancies with increasing inci-

dence, frequent metastasis, and poor prognosis. On 

the other hand, melanoma is a very immunogenic 

type of cancer with repeatedly reported spontane-

ous regressions. The success of immunotherapies 

using tumor antigen-pulsed monocyte-derived 

dendritic cells for advanced stages of melanoma 

is significantly correlated with the induction of 

tumor-specific cytotoxic T lymphocytes. However, 

these therapies do not sufficiently induce cyto-

toxic adaptive immune responses, and therefore, 

the success is limited so far. Our aim is to improve 

these tumor-vaccination approaches using virus-

activated plasmacytoid dendritic cells (PDC). PDC 

and their most prominent cytokine IFN-alpha are 

already used in immunotherapies against cancer, 

because they can link innate and adaptive immu-

nity. Our hypothesis is that upon viral stimulation 

with herpes simplex virus type 1 (HSV-1), PDC are 

able to induce immune responses against melano-

ma cells. We activated PDC using the infectious, but 

replication-deficient HSV-1 d106S mutant, kindly 

provided by collaboration partners. The cells or the 

cell-free supernatants (s/n) were cocultivated with 

five melanoma cell lines and six patients‘ primary 

isolates. PDC s/n marginally reduced the growth of 

some melanoma cell lines. In contrast, cocultures 

with virus-activated PDC had a significant cytotox-

ic effect on nearly all melanoma cells. We excluded 

NK cell contamination by titration of these cells in 

melanoma cell cocultures. Interestingly, HSV-1-ac-

tivated PDC exerted similar cytotoxicity to melano-

ma cells as NK cells. More importantly, the vaccine 

construct HSV-1 d106S showed similar cytotoxic 

effects compared to wildtype virus in cocultures, 

although d106S is replication-incompetent. Even 

with UV-inactivated d106S virus, PDC could inhibit 

melanoma cell growth. To define the underlying 

mechanism, we first defined the cytotoxic poten-

tial of PDC and then used neutralizing antibodies 

against the most prominent candidates in coculture 

experiments: the IFN-a receptor (IFNaR Ab), TNF-

alpha, TRAIL, and inhibitors against granzyme B 

and prostaglandins. The effects of soluble compo-

nents were mainly due to IFN-a, whereas effects 

of activated PDC could not be neutralized by the 

IFNaR Ab. Taken together, our results suggest 

that virus-stimulated PDC inhibit melanoma cell 

growth via soluble factors and cell-contact depend-

ent mechanisms. 

Thomann S.1, Boscheinen J.B.1, Vogel K.1, Gross S.2, Schuler-Thurner B.2, Schmidt B.3
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Plasmacytoid dendritic cells - new killers for melanoma  
treatment
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Efficient early or pre-emptive treatment interven-

tion by adoptive antiviral T-cell transfer in high 

risk patients requires (i) manufacturing without 

long-term ex vivo stimulation maintaining antiviral 

CD4+ and CD8+ cells and (ii) undelayed recruit-

ment of a preferably pre-registered T-cell donor.

Over 4 years, frequencies of CMV-, EBV-, ADV- and 

HHV6-specific memory T cells in blood and stem 

cell donors were analyzed to establish a T-cell donor 

registry (“T cells of interest” registry, TOI registry). 

Potential donors are first identified by IFN-g EliSpot 

followed by detailed phenotyping and functional 

analysis. Specific eligibility was defined if >0.03% 

CD3+IFN-g+ T cells respond to the antigen in cy-

tokine secretion assay (CSA). Additionally, enrich-

ment efficiency of TOIs should result in a purity 

of >60% CD3+IFN-g+ cells. To obtain a manufac-

turing license according to the German Medicines 

Act (AMG), enrichment of clinical grade antiviral 

T cells from three donors was performed on the 

example of CMV under GMP conditions using the 

CliniMACS cytokine capture system (CCS) and 

CMVpp65 peptide pool. 

Quality control of the final products starting with 

0.05-1.7% IFN-g secreting CD3+ T cells resulted in 

19%-81% CD3+IFN-g+ T cells. A total of 0.3-1.8x106 

CD3+CD56-CD45+ and 0.54-14.2x105 CD3+IFN-g+ T 

cells (purity 19.2%-81.2%) were enriched. Among 

CD3+ T cells we found 12-68% CD8+IFN-g+ and 

5-53% CD4+IFN-g+ cells. Despite this low purity 

of IFN-g secreting T cells the number of contami-

nating IFN-g- T cells was acceptable (2.3-6.7x105). 

In all preparations contaminating B cells (4-5%), 

granulocytes (5-27%), monocytes (16-30%), and 

NK cells (12-21%) were found. 

In a first trial we generated clinical-grade EBV-

specific T-cell using the CliniMACS CCS and the 

EBV-derived EBNA-1 peptide pool. As expected, 

the number of enriched EBV-specific IFN-g+ T cells 

(recovery 13.7%) was much lower to the number 

of enriched CMV-specific IFN-g+ T cells (recovery 

67.9%). In the final T-cell product we found suf-

ficient number of total CD3+ T cells (3.15x105) and 

IFN-g+ T cells (1.6x104) with monocytes (1.66x105) 

the most common impurity. 

The manufacturing of clinical grade antiviral T 

cells by large-scale CliniMACS CCS was success-

fully validated and tested using antigens derived 

from CMV and EBV, respectively. The donor pre-

testing results indicate, that a starting frequency 

of ≥0.03% is sufficient for successful purification of 

TOIs. High proportions of CD4+ T cells negatively 

influence purity and therefore the efficacy of the 

cellular preparation.

Tischer S.1,2, Priesner C.2,3, Arseniev L.2,3, Goudeva L.1, Aleksandrova K.3, Heuft H.-G.1,  
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Rapid generation of clinical-grade antiviral T-cells: T-cell donor 
selection and manufacturing of T cells
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Background: Immunotherapy by adoptive T cell 

transfer is a known approach to reject tumors in 

cancer patients. To induce tumor regression T cells 

can be equipped in vitro by a T cell receptor (TCR) 

engineered to detect tumor antigens. The efficiency 

of TCR gene transfer can be impeded by mispair-

ing of the introduced TCRα- or β chains with the 

endogenously expressed TCR chains. To reduce mi-

spairing and to increase expression and functional-

ity of transferred TCR we optimized a human TCR 

specific for the melanoma antigen gp100. 

Methods: We constructed a single chain (sc) TCR 

by covalently linking the variable domain of the 

TCRα- chain to the TCRβ-chain and co-expressed 

the constant domain of the TCRα-chain (Cα) to 

achieve stable scTCR expression. Since the human 

scTCR/Cα was not expressed at the cell surface 

due to instability, we substituted the constant TCR 

domains by mouse TCR domains (chim scTCR/Cα). 
As mouse-derived proteins could be immunogenic 

in patients, we minimally murinized the constant 

domains by replacing only selected amino acids 

in the human constant domains of the scTCR/Cα 

by their corresponding mouse amino acids (mm 

scTCR/Cα). To increase stability, additional di-

sulfide bonds between the scTCR and the Cα were 

introduced. For further improvement, we linked 

the gene of the scTCR with the Cα by a 2A-element 

and expressed it on one retroviral vector.

Results: By retroviral transduction of human T cells 

with the scTCR/Cα, we detected a high expression 

at the cell surface for the chim scTCR/Cα and the 

mm scTCR/Cα. T cells transduced with the different 

TCR constructs were able to lyse melanoma cells 

and cells generated from melanoma metastases 

in a chromium release assay. T cell degranulation 

induced by incubation with gp100 peptide loaded 

cells was equal in T cells transduced with the chim 

scTCR/Cα and the mm scTCR/Cα. This assay also 

showed a degranulation of CD4 T cells, showing 

that the TCR reacts CD8-independent. Affinity of 

both constructs as determined by KD measurement 

with different tetramer concentrations was equal.

Furthermore we are running an in vivo experiment 

to prove rejection of melanomas by the scTCR/Cα  

constructs in a NSG mouse model. Therefore, 

melanoma cells were transduced with a luciferase 

gene to detect tumor growth and metastasis by in 

vivo imaging. A control of melanoma growth was 

especially seen in mice with a high frequency of 

transferred T cells in the blood. During the experi-

ment, we plan also to scan for a panel of cytokines 

and chemokines to reveal potential immune escape 

mechanisms.

Conclusions: Our results show equal expression 

and functionality of mm and chim scTCR/Cα. 

These optimized gp100-specific TCRs represent 

promising candidates for adoptive T cell transfer 

by providing effective antitumor responses.
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Optimizing the efficiency of TCR transfer against malignant 
melanoma 
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Tumor associated macrophages (TAM) can promote 

angiogenesis, invasiveness and immunosuppres-

sion. The cytokine CSF-1 (or M-CSF) is an impor-

tant factor of TAM recruitment and differentiation 

and several pharmacological agents targeting the 

CSF-1 receptor (CSF-1R) have been developed to 

regulate TAM in solid cancers. We show that the 

kinase inhibitor PLX3397 strongly dampened the 

systemic and local accumulation of macrophages 

driven by B16F10 melanomas, without affecting 

Gr-1+ myeloid derived suppressor cells. Removal of 

intratumoral macrophages remarkably coincided 

with retained tissue macrophages in healthy organs 

and a modest, but statistically significant, delay in 

melanoma outgrowth. Importantly, CSF-1R inhibi-

tion strongly enhanced tumor control by immuno-

therapy using tumor-specific CD8 T cells. Elevated 

IFNγ production by T cells was observed in mice 

treated with the combination of PLX3397 and im-

munotherapy. These results support the combined 

use of CSF-1R inhibition with CD8 T cell immu-

notherapy, especially for macrophage-stimulating 

tumors. 

Sluijter M.1, van der Sluis T.2, Versluis M.3, van der Velden P.3, van der Burg S.1, van Hall T.1
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Inhibition of CSF-1R supports T-cell mediated melanoma therapy
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Peripheral blood mononuclear cells transduced 

with a tumor antigen-specific T cell receptor 

(TCR) are becoming an effective treatment mo-

dality against malignancies. However, major, in 

some cases, lethal toxicities including colitis, 

cardiac and neurologic toxicities were reported. 

It was shown in animal studies that cross-pair-

ing of the TCR α and β chains of the endogenous 

TCR with the α and β chains of the transduced 

TCR chains may cause 1.limited expression of the 

tumor antigen-specific T cell receptor with loss of 

avidity for the tumor cells, and 2. may generate 

de novo auto-reactive TCR causing life threaten-

ing auto-immunity. We here studied a strategy 

for the efficient generation of naive CD8+ T cells 

with a single TCR. Transduced adult mobilized 

peripheral blood progenitor cells were differen-

tiated to TCR-expressing double positive cells 

using OP9-Delta-like 1 stromal cells. Addition 

of the tumor-specific peptide induced double 

positive precursors to cross-present the peptide, 

leading, in the absence of co-stimulation, to cell 

cycle arrest and differentiation into mature CD8+ 

T cells. Comprehensive phenotypic, molecular 

and functional analysis demonstrated the gen-

eration of naive and resting CD8+ T cells through 

a process similar to thymic positive selection. 

These mature T cells contain germline TCRA and 

TCRB loci and express high levels of the specific 

multimer-reactive TCR. Upon activation, specific 

cytokine production as well as efficient killing of 

tumor cells are induced.

Comparative expression analysis of the in vitro 

derived T cells and peripheral blood CD8 T cells 

put in evidence their very similar characteristics. 

The major difference was observed in the expres-

sion of some costimulatory/inhibitory molecules: 

CD28 expression was absent whereas on the other 

hand inhibitory molecule PD-L1 and CTLA4 were 

not or to a much lower degree expressed on in vitro 

generated T cells. This was confirmed at the protein 

level. To remediate the absence of costimulatory 

molecule CD28, precursor cells were transduced 

to express chimeric TCR in which the cytoplasmic 

tail is replaced with the CD3ζ and CD28 signalling 

intracellular part. The results obtained with these 

TCR chimeric constructs will be reported at the 

conference.

Using this strategy, large numbers of high-avidity 

tumor-specific naive T cells can be generated from 

readily available hematopoietic progenitor cells 

without TCR chain cross-pairing.
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In vitro generation of mature, naive tumor antigen-specific 
CD8+ T cells with a single T cell receptor from mobilized  
peripheral blood precursor cells
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During the last decades, the adoptive T cell therapy 

(ACT) is gradually finding its stable place among 

the other contemporary immunotherapeutic strate-

gies and expands the spectrum of available treat-

ment options in cancer therapy. We have developed 

a DC-based vaccine currently being tested in multi-

ple clinical trials. LNCap loaded mature DC-based 

vaccine has proved the ability to induce antigen-

specific T cells in vivo. Due to low frequencies of 

such induced tumor-specific T cells we try to find 

approaches that might increase their numbers. Our 

ongoing work focuses on the establishment of GMP-

compliant ACT large scale ex vivo protocol, using 

autologous tumor-specific T-lymphocytes induced 

by the DC-based vaccine. In our experiments on 

healthy donors we included antigen-specific pre-

stimulation step by the DC-based vaccine prior to 

non-specific stimulation (using Dynabeads anti-

CD3/CD28) in order to increase absolute number of 

specific T cells in the final product. In vitro stimu-

lation of autologous T cells with DC-based vaccine 

induced on average 3 % tumor-specific CD8+ and 

19. 3 % tumor-specific CD4+ T cells. Our current 

protocol setting enables the generation of T cell 

product that is of early/intermediate phenotype as-

sociated with long term in vivo persistence, surviv-

al and effector functions. Following ex vivo stimu-

lation and expansion, T cells show low expression 

of CCR7 and CD57, and high expression of CD27 

and CD28. To date, our results demonstrate that 

antigen-specific T cells can be expanded up to 1, 

42 x10/9 using Dynabeads antiCD3/antiCD28 and 

WAVE bioreactor culture system. In addition, final 

T cell product was analyzed for its proliferative 

potential (analysis with KI-67) and the frequency 

of regulatory T cells. Based on these preliminary 

results, we transfer the protocol on patient-derived 

T cells, starting with the expansion step and testing 

several GMP culture conditions. Further character-

ization and functional analysis of expanded T cells 

are under way. 

Keywords: Cancer immunotherapy, adoptive T cell 

therapy, tumor specific T cell expansion
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Generation of tumor specific T cells using DC-based vaccine for 
adoptive T cell therapy
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Background and aims: Hepatocellular carcinoma 

(HCC) is the third leading cause of cancer deaths 

worldwide with poor prognosis. Dendritic cells 

(DCs) are professional antigen-presenting cells able 

to prime antigen-specific T-cells. CD40/CD40 ligand 

(CD40L) interaction between DCs and T-cells is a 

strong co-stimulation necessary to initiate and acti-

vate an effective immune response. The aim of this 

study was to analyze the impact of CD40L on DC 

in order to improve a DC-based immune response 

towards HCC. 

Methods: Human monocyte-derived DCs were iso-

lated by ficoll densitiy gradient centrifugation and 

cultured with IL-4 and GM-CSF. DCs were adenovi-

rally transduced on day 6 with AdhCD40L encoding 

human CD40L or AdMock as a control. On day 8, 

DCs were analyzed for specific maturation markers 

by flow cytometry and for cytokine expression by 

ELISA. The supernatant of AdhCD40L-transduced 

DCs was analyzed in an apoptosis assay towards 

different HCC cell lines. 

Results: After transduction of DCs with AdhCD40L 

an efficient CD40L-expression could be detected 

on the surface of the cells and in the supernatant. 

AdhCD40L-transduced DCs expressed significantly 

higher maturation markers such as CD83 and CD86 

compared to AdMock-transduced DCs. CD40L 

significantly increased the expression of potent  

DC-typical Th1-cytokines, such as IL-12 without 

increasing immunosuppressive cytokines, such as 

IL-10. Furthermore, CD40L could even activate the 

expression of untypical DC-cytokines, such as IFNy 

on hDC. HCC-cells cultured with the supernatant 

of CD40L-expressing DC showed an increase in 

apoptosis rates: in more than 80% of Huh7, up to 

60% in HepG2 and to about 30% in CCL-13 cells 

the sub-G1-fraction was increased compared to the 

controls. 

Conclusions: Transduction of hDCs with AdhCD40L 

leads to an increased immune stimulation of DC 

and a switch to Th1 cytokines secretion. Moreo-

ver, CD40L was able to induce apoptosis in HCC 

cells. Thus, these findings emphasize the potential 

of CD40L to improve DC-based immunotherapies 

of HCC.

Vogt A.1, Meyer-Pannwitt V.1, Strassburg C.P.1, Schmidt-Wolf I.2, Gonzalez-Carmona M.A.1
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Co-stimulation with CD40(L)Ligand enhances the  
immunostimulation of human dendritic cells (hDC) and  
induces apoptosis towards hepatocellular carcinoma cells
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Th1 immunostimulatory cytokines, in particular 

IL-2, are commonly applied in different protocols 

for adoptive cell therapy (ACT) of cancer for en-

hancing function and longevity of the transferred T 

cells. Yet, the systemic administration of high-dose 

IL-2 is often accompanied by adverse physiological 

effects and the same is true for IL-12. Moreover, 

IL-2 consumption by tumor-residing Tregs aug-

ments suppression and severely reduces its availa-

bility for the effector T cells. Alternative application 

modes for IL-2 and other key Th1 cytokines such 

as IL-12 and IL-15 may reduce toxicity and improve 

the clinical efficacy of ACT. 

We chose to tackle these problems by expressing 

IL-2, IL-12 and IL-15 as integral membrane constitu-

ents in tumor-reactive T cells via the electropora-

tion of in-vitro-transcribed mRNA as a safe and 

efficient delivery method which allows the co-ex-

pression of multiple genes. Membrane expression is 

expected to avoid systemic dissemination and as-

sociated toxicity, render cytokines constantly avail-

able for the effector cells and minimize competition 

by counteracting cells. The use of mRNA prevents 

prolonged growth signaling and obviates the risk 

of cellular transformation. 

We assembled mRNA templates encoding mem-

brane (mem) human IL-2, IL-12 (single-chain) and 

IL-15 and their 3 mouse counterparts. We first con-

firmed proper surface expression by flow cytom-

etry. Ex-vivo, all 3 membrane cytokines supported 

the growth of mRNA-transfected human CD8 and 

CD4 T cells for at least 6 days post-transfection 

in the absence of IL-2, comparably to high-dose 

soluble IL-2. Similarly, memIL-2 and memIL-12 

and, to a lesser extent, memIL-15, were comparable 

to their respective soluble cytokines in supporting 

the ex-vivo growth of splenic mouse CD8 T cells. In 

a series of experiments we co-expressed each of the 

3 membrane cytokines with constitutively-active 

derivatives of TLR4 and CD40 in peripheral blood-

derived human T cells and anti-melanoma tumor-

infiltrating lymphocytes (TILs). Collectively, the 

mere expression of different combinations of these 

genes elevated the production of IFN-γ and addi-

tional cytokines and chemokines and enhanced the 

expression of 4-1BB, OX40, CD25, CD28 and CD69 

but not of CTLA4 and PD1, in some cases exhib-

iting synergistic effects. Furthermore, memIL-2 

enhanced the ability of mRNA-transfected TILs 

to specifically respond to autologous melanoma 

even 3 days post-transfection. Of note, in all CD25 

flow cytometry analyses, each transfection which 

included memIL-2 mRNA resulted in complete 

loss of signal, a phenomenon which likely reflects 

a cis mode of action, manifested in blocking the 

CD25 epitope of the detecting mAb by the bound  

memIL-2.

These results offer memIL-2 as a straightforward 

and utterly safe solution to systemic IL-2 toxicity 

and point to the 3 membrane cytokines (and ad-

ditional potential candidates) as potent T cell adju-

vants, alone or in conjunction with other genetic or 

non-genetic agents.
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Lymphocytes, expanded for clinical use, often 

consist of a small selected starting population, 

which requires multiple rounds of replication to 

achieve therapeutic doses. By using perfusion 

culture with the Xuri W5 Cell Expansion System, 

high cell density cultures which are sufficient for 

therapeutic doses, can be generated. The Cellbag™ 

bioreactors, used together with the Xuri W5 system, 

are functionally closed, single-use bioreactors that 

are delivered pre-sterilized and suitable for cGMP 

production. Perfusion is automatically maintained 

by the Xuri W5 system, which removes metabo-

lites through an internal filter while supplying the 

culture with nutrients, thus keeping the culture in 

a steady state.

The handling of only one culture using the Xuri 

W5 system, compared to having to manipulate 

multiple T-flasks, simplifies the sampling process. 

Cells produced for use in clinical trials often need 

to meet specific release criteria, which can include 

showing that the product contains low levels of 

endotoxin and is sterile. Since the cells grown in 

the Cellbag bioreactor are contained in one homog-

enous mixture, only one sample is required to get 

a representative cell count or to analyze release 

criteria. Such samples can be withdrawn from the 

Cellbag through the sample clave port, by connect-

ing a Luer syringe or other device, without the need 

of opening the system or transferring it to a laminar 

air flow hood, thus keeping the system functionally 

closed.

Wernersson K.1, Janas M.2, Mölleryd C.1, Briggs M.2
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Chronic pancreatitis (CP) as well as pancreatic 

ductal adenocarcinoma (PDAC), which is an ex-

tremely aggressive gastrointestinal malignancy, 

are characterized by a dense stromal microenvi-

ronment. CP is regarded as high risk factor for the 

development of PDAC. This study aimed to investi-

gate whether human γδ T lymphocytes, which have 

the ability to kill PDAC cells, infiltrate to the same 

extent in the inflammatory stroma in CPs compared 

to the desmoplastic stroma in PDACs. We observed 

that human CD3+ CD8+ γδ T cells were localized at 

increased frequency throughout the entire stromal 

compartment in CP tissues. In addition, γδ T cells 

accumulated in the lymphoid follicles of CP patients 

suggesting a recruitment of γδ T cells to the site of 

inflammation. In contrast, the frequency of γδ T 

cells in the stromal and ductal epithelial/tumoral 

compartment in patients with PDAC was lower. 

However, γδ T cells in PDAC tissues were distributed 

more intensively in the ductal epithelium and 

the stroma close to the ductal epithelium, which 

demonstrates mobilization and infiltration to the 

tumor site. To overcome immunosuppression of 

the stromal composition on γδ T cell-activity and 

to improve their cytotoxicity, a novel bispecific 

antibody with specificity for Vγ9 on γδ T cells 

and for human epidermal growth factor receptor 

Her2/neu expressed on PDAC cells was designed. 

[(Her2)2xVγ9] selectively enhanced the cytotoxic-

ity of γδ T cells from PDAC patients in vitro, and 

thereby the release of perforin and granzyme B. 

Moreover, the adoptive transfer of a low numbers of 

γδ T cells together with the [(Her2)2xVγ9] antibody 

reduced growth of pancreatic tumors grafted into 

SCID-Beige immunocompromised mice. Taken to-

gether, our results demonstrate that [(Her2)2xVγ9] 

selectively targets γδ T cells to tumor antigens, 

which indicates the tractable use of endogenous γδ 
T cells for immunotherapy. A further advantage for 

a γδ T cell-based immunotherapy might be given 

by their low frequency in the peripheral blood as 

well as in the tissue of PDAC patients avoiding a 

cytokine storm as it could be observed when the 

majority of the αβ T cells instead of γδ T cells is 

activated.
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Significant progress has been made over the last 

decade towards realizing the potential of natural 

killer (NK) cells for cancer immunotherapy. NK cells 

can respond rapidly to transformed and stressed 

cells, and have the intrinsic potential to extravasate 

and reach their targets in almost all body tissues. 

In addition to donor-derived primary NK cells, also 

continuously expanding cytotoxic cell lines such 

as NK-92 are being considered for adoptive cancer 

immunotherapy. High cytotoxicity of NK-92 has 

previously been shown against malignant cells 

of hematologic origin in preclinical studies, and 

general safety of infusion of NK-92 cells has been 

established in phase I clinical trials. To enhance 

their therapeutic utility, here we genetically modi-

fied NK-92 cells to express a chimeric antigen 

receptor (CAR), consisting of an ErbB2-specific  

scFv antibody fragment fused via a linker to a com-

posite CD28-CD3 zeta signaling domain.

GMP-compliant protocols for vector produc-

tion, lentiviral transduction and expansion of 

a genetically modified NK-92 single cell clone  

(NK-92/5.28.z) were established. Functional analy-

sis of NK-92/5.28.z cells revealed high and stable 

CAR expression, selective cytotoxicity against  

ErbB2-expressing but otherwise NK-resistant tumor 

cells of different origins in vitro, as well as homing 

to ErbB2-expressing tumors in vivo. Ongoing work 

now focuses on the development of these cells for 

adoptive immunotherapy of ErbB2-positive glio-

blastoma. Glioblastoma (GBM) is the most common 

and aggressive intracranial malignant tumor 

in humans. Standard therapy for GBM includes 

maximal safe surgical resection, radiotherapy and 

chemotherapy with temozolomide. However, re-

currence of GBM is very frequent, and the median 

survival of glioblastoma patients is only 12 to 15 

months. We evaluated the activity of NK-92/5.28.z 

cells against a panel of glioblastoma cell lines and 

primary glioblastoma cultures in in vitro cytotox-

icity assays and demonstrated selective cell killing 

that was dependent on the level of ErbB2 expression 

by the target cells and the time of their exposure to 

the effector cells. Antigen specificity and selective 

cytotoxicity of NK-92/5.28.z cells were retained in 

vivo, resulting in antitumoral activity against sub-

cutaneous and orthotopic glioblastoma xenografts 

in NSG mice. Our results suggest adoptive transfer 

of ErbB2-specific NK-92/5.28.z cells as a promising 

new immunotherapy approach for ErbB2-positive 

glioblastoma.
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Activation of the cellular immune response in-

volves the recognition of an antigenic peptide pre-

sented by either the class I or class II major histo-

compatibility complex (MHC) by T-cell receptors 

(TCRs). Because of the large population of potential 

antigenic peptides in comparison to the number of 

available TCRs, TCRs must be cross-reactive, yet 

must also maintain a degree of specificity to avoid 

indiscriminate T cell activation. A commonly im-

plicated factor for TCR specificity and cross reac-

tivity, as well as the current focus for this study, 

involves the flexibility of TCR complementarity-de-

termining region (CDR) loops. This study focuses 

on the DMF5 TCR, which is specific for epitopes of 

the MART-1 protein, upregulated in the majority of 

melanomas. Beyond its potential utility in cancer 

therapy, this particular TCR is of interest because 

of the apparent rigidity of its CDR loops, which con-

trasts with what traditionally has been expected of 

TCR binding loops. Molecular Dynamics simula-

tions of both the unligated and ligated DMF5 TCR 

were performed in order to assess its flexibility and 

to gain insight into the roles of mobility in DMF5 

binding.
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Infiltration of human primary melanomas with cy-

totoxic immune cells correlates with the spontane-

ous activation of the type I interferon (IFN) system 

and a favorable prognosis. Therapeutic antibody 

mediated blockade of immune inhibitory receptors 

in patients with pre-existing lymphocytic infiltrates 

prolongs survival. However, new complementary 

strategies are needed to efficiently activate innate 

and adaptive anti-tumor immunity in immune 

cell-poor human melanomas. In this study we ex-

perimentally show that primary cutaneous mela-

nomas in Hgf-Cdk4(R24C) mice, which imitate a 

sub-group of human immune cell-poor melanomas 

with a low type I IFN response signature, escape 

type I IFN-induced immune surveillance as well as 

immunoediting. Peritumoral injections of the im-

munostimulatory RNA polyinosinic:polycytidylic 

acid (polyI:C) initiated a cytotoxic inflammatory 

response in the tumor microenvironment and sig-

nificantly impaired tumor growth of primary and 

transplanted Hgf-Cdk4 melanomas. This critically 

required the coordinated activation of the type I 

IFN system by dendritic, myeloid, NK and T cells. 

However, targeted activation of the type I IFN 

system led to an up regulation of PD-L1 on mela-

noma cells and increased numbers of PD1+CD8+ 

circulating T cells. Importantly, antibody-mediated 

blockade of the IFN-induced immune-inhibitory in-

teraction between PD-L1 and PD-1 receptors sig-

nificantly prolonged survival of melanoma bearing 

mice. These results highlight important intercon-

nections between the type I IFN system and im-

mune-inhibitory receptor signaling in melanoma 

pathogenesis which serve as targets for combina-

tion immunotherapies.
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Recent studies involving maternal immuniza-

tion against neonatal tetanus and influenza 

virus have shown that this approach was very 

effective in providing newborns with protec-

tion from these pathogens. Here we studied the 

effect of an anti-tumor DNA vaccine on the pro-

gression of mammary carcinogenesis in cancer 

prone rat Her-2(neu) transgenic female (BALB-

neuT) mice born from mothers immunized 

against the extracellular and transmembrane 

domain of neu. High levels of specific anti-neu 

IgGs were detected in both milk from vaccinat-

ed mothers and in sera of their offspring. The 

progression of spontaneous mammary carcino-

genesis was hampered in BALB-neuT female 

offspring born and fed by vaccinated mothers 

as compared to controls. Immunized mothers 

KO for the µIg chain failed to transfer protec-

tion to their offspring. Likewise the protection 

was nil when the newborns were KO for FcγRI/

III. Furthermore we observed the expansion of 

low avidity CD8+ T cells bearing a TCR rear-

rangement reacting with neu dominant peptide  

(p63-71) in offspring from vaccinated mothers 

and a T-cell-mediated cytotoxic response against 

p63-71 was found. This phenomenon could be 

due to the uptake of immune complexes of IgGs 

together with part of the neu protein found in 

breast milk. Taken together our results show 

for the first time that maternal immunization 

against an oncoantigen could offer effective pro-

tection to the offspring genetically predestined 

to develop mammary carcinomas, indicating the 

potential application of this approach in neona-

tal cancer diseases.
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Inefficient T cell immigration is a major factor 

of poor prognosis in many cancers and a critical 

limitation of immunotherapy. Tumours induce 

an immunosuppressive environment, preventing 

the entry of anti-tumour immune effector cells. It 

has been shown that this barrier can be overcome 

by activating the tumour microenvironment, in 

particular by modifying the tumour vasculature 

through high dose total body irradiation. However, 

irradiation at such doses cannot be applied in a 

clinical setting. In RIP1-Tag5 (RT5) mice, a model 

of spontaneous insulinoma, we could show that 

local low dose irradiation (LDI) was sufficient to 

activate the tumour microenvironment. In combi-

nation with adoptively transferred tumour specific 

T cells, local LDI led to a normalization of aberrant 

vasculature, increased T cell infiltration, tumour 

rejection and prolonged survival. Furthermore, we 

show that T cell infiltration is mediated by iNOS+ 

macrophages that are recruited into the tumour 

upon irradiation. Moreover, adoptive transfer of 

low dose irradiated macrophages into unirradiated 

RT5 mice resulted in effects corresponding to the 

combination treatment demonstrating that mac-

rophages are indispensable for tumour immune 

rejection. To determine the effects of combina-

tion treatment on signalling pathways we plan to 

perform an RNA sequencing of tumour infiltrating 

macrophages. For this purpose we are currently 

sorting the macrophages by FACS from tumours of 

respectively treated mice. We finally assessed the 

effects of local LDI in advanced human pancreatic 

cancers in the frame of a controlled clinical study. 

Similar to the murine RT5 tumour model, local 

low dose irradiation of human pancreatic cancer 

resulted in accumulation of iNOS+ intratumoural 

macrophages and a strong accumulation of in-

traepithelial T cell infiltrates. Our findings reveal 

an indispensable role for iNOS+ macrophages in 

the joint regulation of T cell recruitment and an-

giogenesis in tumours and open new options for 

therapeutic exploitation. 
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Immunodeficiency is a severe and therapy limit-

ing side effect of anticancer therapy resulting in 

acute hematotoxicity if DNA damaging agents are 

applied. In previous studies we analysed human 

monocytes and compared them with macrophages, 

which were derived from them, as to DNA repair 

and sensitivity to the anticancer drug temozolo-

mide (TMZ). We observed that monocytes were 

more sensitive than macrophages to the killing 

effect of TMZ. We also showed that the expression 

of the base excision repair (BER) proteins XRCC1, 

LigIII3, PARP-1 and DNA-PK is lacking in mono-

cytes, but increased during their differentiation 

into macrophages [1, 2]. Here, we translated this 

study to mouse where we investigated monocytes 

in vivo. We compared mouse monocytes isolated 

from bone marrow (BM) of C57BL/6 mice with T 

lymphocytes collected from spleen by Western blot 

analysis. As shown previously for human cells, 

mouse monocytes lack the expression of XRCC1, 

LigIII, PARP-1 and DNA-PK on protein level. To 

verify this, we investigated the mRNA expression 

in monocytes, macrophages and T lymphocytes by 

qPCR. We isolated these populations stained with 

CD115 and GR-1 (monocytes), F4/80 (macrophages) 

and CD3 (T lymphocytes) by FACS. As expected, 

we observed less XRCC1 expression in monocytes 

compared to macrophages and T lymphocytes. 

Furthermore, we assessed the sensitivity of mouse 

monocytes compared to macrophages after TMZ 

treatment. Following TMZ injection in C57BL/6 

mice, apoptosis of monocytes, isolated from BM, 

and macrophages, which were collected from the 

peritoneum, was measured by annexin V stain-

ing and flow cytometry. The data revealed that 

monocytes were more sensitive than macrophages 

to TMZ. Additionally, peripheral blood was ana-

lyzed after TMZ treatment of C57BL/6 mice and 

a depletion of different cell populations, including 

monocytes was observed. In summary, we showed 

that murine monocytes are more sensitive than 

macrophages to TMZ, which is likely the result of 

downregulation of base excision and DNA double-

strand repair.
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Adoptive transfer of virus-specific T cells can 

prevent reactivation of latent viruses such as CMV 

and EBV and have been demonstrated to lead to a 

sustainable reconstitution of antiviral immunity. In 

vitro stimulation and expansion of virus-specific T 

cells is required for clinical applications. 

The multifunctional role of heme oxygenease 

(HO)-1 as immune modulator makes this an attrac-

tive target for the modification of T-cell responses. 

In the present study we asked whether modulation 

of HO-1, which is the inducible isoform of enzy-

matic heme degradation, might have effects on in 

vitro T-cell activation. We investigated whether (1) 

induction of HO-1 by cobalt-protoporphyrin (CoPP) 

or inhibition by tin-mesoporphyrin (SnMP) can 

affect expansion and function of virus-specific T 

cells, (2) application influences other cell popula-

tions (DCs, Tregs, NK cells) mediating effects on 

proliferating T cells and (3) HO-1-modulated anti-

viral T cells would be suitable for the purpose of 

adoptive immunotherapy. 

Inhibition of HO-1 via SnMP in CMVpp65-peptide-

pulsed PBMCs resulted in an increased antiviral 

T-cell activation and in the generation of a 

higher proportion of effector memory T cells  

(CD45RA-CD62L-). A more effective phenotype was 

determined by an increased capability to secrete 

IFN-g and granzyme B. These results showed that 

despite proliferation HO-1 inhibition also improve 

the functionality of antiviral T cells. In addition, 

depletion of Tregs and SnMP exposure lead to a 

15-fold increase in the number of antiviral T cells. 

As this approach opens the stage for GMP-conform 

improvements the clinical applicability of SnMP 

was proven by isolating antiviral T cells using the 

cytokine secretion assay. SnMP-treatment resulted 

in a higher cell amount and purity compared to un-

treated samples without negative impact on quality 

and effector function (CD107a, IFN-γ, TNF-α levels 

are stable).

The results underline the important role of HO-1 in 

the modulation of the adoptive immune response. 

Inhibition of HO-1 resulted in a much more effec-

tive generation of functionally active T cells appli-

cable for adoptive T-cell therapy. 

Bunse C.1,2, Fortmeier V.1, Tischer S.1,2, Zilian E.1,2, Figueiredo C.1, Blasczyk R.1,2,  
Immenschuh S.1,2, Eiz-Vesper B.1,2

1	Hannover Medical School, Institute for Transfusion Medicine, Hannover, Germany, 
2	Hannover Medical School, Integrated Research and Treatment Center (IFB-Tx), Hannover,  
	Germany 

Modulation of heme oxygenase (HO)-1 enzyme activity by  
metalloporphyrins affects the antiviral T-cell response

291 | Improving Immunity



318

Current treatment of cervical cancer is based on ag-

gressive surgery and/or chemoradiotherapy. Non-

invasive therapies, like immunotherapy, might 

enhance treatment efficacy. Recruitment of cyto-

toxic T lymphocytes (CTLs) into tumors is a critical 

component of effective cancer immunotherapies. 

Local irradiation therapy can induce chemokines 

that orchestrate this recruitment.

Here we use local low-dose tumor irradiation, 

alone or with a therapeutic immunization based 

on Semliki Forest virus (SFV) against human papil-

lomavirus (HPV)-related cancer.

We demonstrate that immunization with SFVeE6,7 

or SFVeOVA, replicon particles expressing either 

HPV16 E6/E7 or ovalbumin, results in an antigen-

specific migration of CD8+ T cells into HPV- and 

OVA-specific tumors. Irradiation alone results in a 

2-fold increase of anti-tumoral CD8+ T cells. Irra-

diation, combined with immunization, leads to a 

10-fold increase of intra-tumoral CD8+ T cells and 

to a 20-fold increase of antigen-specific CD8+ T 

cells. Most importantly, irradiation potentiates the 

SFV-induced decrease in tumor size.
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Background: Chronic Lymphocytic Leukaemia 

(CLL) is a heterogeneous disease associated with 

the accumulation of CD19+/CD5+ malignant B 

lymphocytes in the blood, bone marrow and sec-

ondary lymphoid organs. CD20 is expressed on 

both normal and malignant B cells but is absent 

from B cell precursors, mature plasma cells and 

non-lymphoid normal tissues, and has been 

targeted for antibody-based immunotherapy. 

Rituximab is a chimeric anti-CD20 monoclonal 

antibody which can induce its cytotoxic effects 

via antibody-dependent cellular cytotoxicity/

phagocytosis (ADCC/ADCP) utilising Fc Recep-

tor engagement on monocytes, macrophages or 

NK cells. It is currently used in combination 

with chemotherapy and has yielded excellent 

response rates in approximately 50% of CLL pa-

tients. Despite this, CLL remains incurable due 

to Minimal Residual Disease (MRD) and subse-

quent relapse. 

Reovirus exerts its anti-cancer activity either 

by direct oncolysis or activation of innate and/

or adaptive anti-tumour immunity. Reovirus 

treatment of PBMCs increases NK-mediated 

lysis of tumour cell targets, in vitro. Important-

ly, NK cell activation has also been observed 

in colorectal cancer patients after systemic de-

livery of reovirus, prior to surgical resection.  

This study investigates the direct cytotoxic 

effects of reovirus against CLL and examines 

whether reovirus could be used to increase the 

efficacy of rituximab-based immunotherapy. 

Results: These data show that CLL cells are rela-

tively resistant to direct reovirus oncolysis, at 

earlier time points, but demonstrate increase sen-

sitivity at 7 days. CLL cell lines are susceptible to 

NK cell-mediated lysis and reovirus activation, in 

the context of PBMCs, increases lysis of CLL cell 

targets. Importantly, NK cells from CLL patients are 

activated by reovirus, to a similar extent as healthy 

donors, and patient NK cells are activated in autolo-

gous tumour systems. Finally, this study demon-

strates that reovirus activation of PBMC increases 

the efficacy of rituximab-based immune-therapy. 

Conclusion: These results suggest that oncolytic 

viruses could be used to increase the efficacy of 

antibody-based immunotherapy and provide a 

novel treatment approach for the treatment of CLL.
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Tumor-directed and immune-stimulating therapies 

are of special interest in cancer treatment. We ana-

lysed the impact of the oncolytic parvovirus H-1 

and cytotoxic drugs like temozolomide, fotemus-

tine, dacarbacine and combination of paclitaxel 

and carboplatin to trigger melanoma cell death and 

its immunogenicity to induce human dendritic cell 

(DC). Maturation.. Adding of anti-CTLA-4 (cyto-

toxic T-lymphocyte-associated antigen 4) antibod-

ies (AB) Tremelimumab (Treme) and Ipilimumab 

(Ipi) may additionally strengthen DC maturation. 

Human Sk29Mel melanoma cells expressed CTLA-4 

on cell surface. In immature DCs (iDC) coculture 

with H-1PV infected or cytotoxic drugs pretreated 

Sk29Mel tumor cell lysates (TCL) induced matu-

ration of iDCs shown by increased expression 

of CD80, CD83 and CD86. Treme and Ipi did not 

negatively affect this DC maturation. Using ELISA, 

coculture experiments with H-1PV infected TCLs 

additionally increased cytokine production (IL-6, 

IFNγ, IL-12 and TNFα). The addition of Ipi or Treme 

did not further strengthened DC maturation. Fur-

thermore, we analysed these DC TCL cocultures 

with regulatory T cells (Tregs) to overcome the 

negative Tregs effects on DC maturation by anti-

CTLA-4 AB. Here, both Treme or Ipi significantly 

increased IL-6 and decreased TGF-ß. 

H-1PV or cytotoxic drug induced cell killing 

strengthened immunogenicity of melanoma tumor 

cell lysates. Tremelimumab and Ipilimumab addi-

tionally blocked Tregs favouring a pro-inflamma-

tory milieu and reinforced T-cell activation. This 

combination of active enhancement of tumor im-

munogenicity and concomitant blockade of the 

CTLA-4 silencing process by tumor cells and Tregs 

is therapeutically promising. 

Göpfert K.1, Heinrich B.1, Delic M.1, Linnig M.1, Galle P.1, Moehler M.1

1	Universitätsmedizin Mainz, Mainz, Germany 

Impact of CTLA-4 antibodies Tremelimumab and Ipilimumab 
on the human immune system. Results of an ex vivo human 
melanoma model with the oncolytic parvovirus H-1 or cytotoxic 
drugs
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High-risk types of human papillomavirus (HPV) 

are associated with several malignant diseases, 

including cervical carcinoma, other anogenital 

tumors and oropharyngeal carcinomas. Fortunate-

ly, most HPV infections are successfully eradicated 

by the immune system. Accumulating data show 

that both cytotoxic T cell and T helper cell respons-

es play a pivotal role in the control and clearance of 

HPV infection. To date, therapeutic HPV vaccines 

have mostly been developed to elicit tumor-specif-

ic CTL responses. The exclusive targeting of HLA 

class I-restricted HPV epitopes may lead to subop-

timal and short-lasting CD8+ T cell responses as. 

Furthermore, these responses might be insufficient 

as HLA class I surface expression can be reduced 

as a result of HPV-mediated antigen processing 

machinery changes. In contrast, HLA class II mol-

ecules are expressed in high-grade cervical lesions 

and cervical cancer. Therefore, we believe that for 

design of immunotherapeutic approaches against 

HPV-mediated lesions, it is beneficial to include 

CD4+ T helper cell epitopes derived from HPV 

target antigens. In this study, we combined in silico 

HLA class II epitope prediction methods with ex 

vivo immunological evaluation to identify promis-

cuous HPV16 E2-, E5-, E6-, and E7-derived CD4+ 

T cell epitopes. Candidate selected HPV16-derived 

epitopes were found to able to be presented by up 

to nine out of eleven tested HLA-DR molecules. Fur-

thermore, they were capable to induce frequent and 

robust HPV16 peptide-specific T cell responses in 

healthy donors and CIN/ cervical cancer patients, 

as monitored by IFN-γ ELISpot and cytokine secre-

tion assays. The observed HPV16 peptide-specific 

immunity was of the Th1 phenotype, and not as-

sociated with CD4+ regulatory T cells. These re-

sponses to the identified CD4+ T-helper epitopes 

most likely represent a memory response that cor-

related with viral clearance in healthy donors. We 

conclude that the identified T helper epitopes are 

valuable candidates for the development of a com-

prehensive therapeutic HPV vaccine. 

Grabowska A.K.1, Blatnik R.1, Steinbach A.1, Hoppe S.1, Riemer A.B.1

1	German Cancer Research Center (DKFZ), Immuntherapy und -prevention, Heidelberg, Germany 

Promiscuous HPV16-derived T-helper epitopes for improving 
HPV targeted immunotherapy
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Introduction: Preclinical data are needed to un-

derstand the interaction of oncolytic viruses with 

tumor cells. Of special interest is the influence on 

tumor-associated immune cells and the role of 

immunogenic cell death.The oncolytic virus pex-

astimogene devacirepvec (Pexa-Vec, JX-594) is a 

vaccinia virus derived from the Wyeth vaccine 

strain. JX-594 is genetically modified to express 

GM-CSF. GM-CSF is associated with activation of 

dendritic cells. Another modification is the dele-

tion of the thymidine kinase (TK) gene to guaran-

tee a selective replication in cells with high levels 

of TK, which applies to cancer cells. In this case we 

want to demonstrate the type of cell death induced 

by JX-594 in melanoma cells but also specify its 

effects on dendritic cell (DC) maturation by tumor 

cell lysates (TCL) and cytokine secretion. Therefore 

we used our human ex vivo melanoma model with 

cytotoxic T cells (CTL) and corresponding mela-

noma cells from the same patient. The data will be 

presented in contrast to the non-modified wildtype 

parvovirus H-1 (H-1PV).

Methods: Melanoma cells SK29Mel or its HLA-A2 

loss clone SK29Mel 1.22 were infected with several 

MOI ś of viruses and incubated alone or in combi-

nation with cytostatics for different time periods. 

Monocytes were isolated via adherence, and dif-

ferentiation into iDCs was achieved by stimulation 

with IL-4 and GM-CSF. Mature DCs (mDCs) were 

generated by stimulation with a cytokine cocktail. 

DCs were co-cultivated with pre-treated tumor cells 

and activation and maturation marker CD80, CD86 

and CD83 were measured via FACS. Cytokine levels 

were compared by ELISA. 

Results: Infection with JX-594 presented a MOI-de-

pendent reduction of cell viability (MOI 0.0001 - 1). 

Combination with cytostatic drugs could even 

strengthen these effects. Especially 5-FU and Doc-

etaxel were potent synergistically agents and in-

creased reduction of cell viability.JX-594 induced 

TCL further increased DC maturation with higher 

expression of CD80 and CD83. In combination with 

5-FU CD86 expression was also enhanced. JX-594 

also induced a slight increase of cytokine levels of 

TNF-α and IL-6.Immunogenic cell death markers 

will be presented at the meeting to further define 

the type of cell death which is induced by JX-594 

and H-1PV.

Conclusions: The oncolytic vaccinia virus JX-594 

presented strong reduction of cell viability for even 

lower MOIs.Increased expression of activation and 

maturation markers could be measured. Combi-

nation with specific cytostatic agents could even 

strengthen these effects.Besides H-1PV, JX-594 is 

a potent candidate for the immunotherapeutic ap-

proach of oncolytic virotherapy.

Heinrich B.1, Delic M.1, Goepfert K.1, Breitbach C.2, Lusky M.3, Erbs P.3, Preville X.3,  
Dinsart C.4, Rommelaere J.4, Galle P.R.1, Moehler M.1
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Oncolytic virotherapy as emerging immunotherapy - Influence  
of GM-CSF encoding vaccinia virus JX-594 on cell death and  
human immune system in the human ex vivo melanoma model
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Recognition of malignantly transformed or virally 

infected cells by T-cells is mediated through the 

T-cell receptor (TCR). Malignant melanoma is one 

such malignancy that is immunosensitive. One of 

the melanoma antigens presented by the MHC is 

the MART-127-35 (AAGIGILTV) nonameric peptide, 

which is recognized by the TCRs DMF4 and DMF5. 

Clinical trials involving adoptive cell therapy (ACT) 

of melanoma patients showed cancer regression of 

13% and 30% for clonally expanded T-cells geneti-

cally engineered to express DMF4 and DMF5. Our 

work involves using structure-guided computation-

al design to enhance the affinity of DMF5 towards 

the MART-127-35 peptide, with the eventual goal of 

assessing the impact of enhanced affinity on anti-

tumor immunity in mouse models of melanoma. 

Thus far, we have generated five higher affinity 

mutants of DMF5; αD26Y, αD26W, βL98W, and two 

double-mutants αD26Y/βL98W and αD26W/βL98W, 

and are optimizing a retroviral expression system 

to generate gene-modified human T cells. 

Hellman L.1, Pierce B.2, Moxley K.3, Hossain M.1, Singh N.1, Vander Kooi C.4, Nishimura M.3, 
Weng Z.2, Baker B.1

1	University of Notre Dame, Notre Dame, United States, 
2	University of Massachusetts Medical Center, Worcester, United States, 
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T lymphocytes are key players in the adaptive 

immune response. Upon activation of the CD3 and 

CD28 receptor by pathogens on the surface of an-

tigen-presenting cells, T cells become stimulated 

and start a pathogen-specific immune response. 

This takes place in spleen, thymus, lymph nodes 

or inflammatory tissues. T cells are also in contact 

with tumor specific antigens. Because radiothera-

py targets not only tumor cells but also invaded 

T cells, it is of interest to study radiosensitivity of 

activated vs. non-activated T cells. We isolated pe-

ripheral blood lymphocytes (PBLs) from buffy coat 

of human healthy donors using Ficoll density gra-

dient centrifugation. PBLs were cultivated in vitro 

with or without anti-CD3/anti-CD28 antibodies for 

2 days and were exposed afterwards with 0.5 or  

1 Gy ionizing radiation (IR). Unstimulated (unstim) 

PBLs showed 24 and 72 h after IR a high induction 

of apoptosis determined by annexinV/PI staining 

while stimulated (stim) PBLs showed a significant 

lower response. Necrosis was not detected. These 

effects were also visible in CD3+CD4+ T helper 

cells (Th) and CD3+CD8+ cytotoxic T cells (CTL) 

discriminated by flow cytometry. Significant more 

cells positive for annexinV were observed in un-

stimulated than stimulated Th and CTL follow-

ing IR. Next we checked IR-induced DNA damage 

and repair kinetics using the alkaline comet assay 

(DNA single-strand breaks) and immunohisto-

chemical detection of γH2AX (DNA double-strand 

breaks). No differences were observed in induction 

and repair of DNA damage, thus unstim and stim 

PBLs showed complete repair 4 - 8 h after expo-

sure. Unstim and stim PBLs showed 6 and 24 h after  

1 Gy induction of p53 determined by western blot 

analysis. Interestingly, cleaved caspases-8,-9,-3,-7 

and PARP-1 were only observed in stim PBLs. We 

observed that general inhibition of caspases prior 

to irradiation did not protect unstim PBLs, which 

still showed significant higher apoptosis compared 

to stim PBLs. Interestingly, stimulation of PBLs also 

resulted in protection against the anticancer drug 

and regulatory T cell depleting agent cyclophos-

phamide*. The data suggests a reasonable strategy 

for combining adoptive T cell transfer or immu-

nostimulating vaccination with radiotherapy and 

low-dose cyclophosphamide, being toxic for cancer 

cells, but not for tumor-reactive T cells. 

*Heylmann et al. (2013) PloS One e83384  

Heylmann D.1, Ernst S.1, Becker H.1, Kaina B.1

1	University Medical Center of the Johannes Gutenberg University, Toxicology, Mainz, Germany 

Stimulated versus non-stimulated lymphocytes: Do they differ 
in radiation sensitivity?
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The human immune system has the potential 

to clear tumours but fails to do so in many pa-

tients, as thymic selection removes high affinity 

T cell responses to self-antigens. This problem is 

compounded by the immunosuppressive tumour 

microenvironment, involving a complex array of 

mechanisms. To address the issues of low T cell 

affinity, tumour tolerance and low expression of 

tumour specific target antigens, we have engi-

neered bi-specific ImmTAC reagents comprising 

soluble, pico-Molar affinity T cell Receptors (TCRs) 

fused to an anti-CD3 specific scFv. The TCRs target 

peptide epitopes derived from cancer-associated 

antigens presented on the cell surface by Class I 

MHC, and the anti-CD3 moiety re-directs a potent 

anti-tumour T cell response. Target epitopes are se-

lected to meet several criteria including Mass Spec-

trometry validated tumour presentation, highly re-

stricted expression in normal tissues, and frequent 

expression in common tumour types. T cell lines 

are derived via in house cloning. Subsequently, 

TCR chains are identified by RACE and affinity 

matured before generation of ImmTAC proteins and 

cellular testing against both antigen positive and 

negative cell lines and normal tissues. 

We have demonstrated that ImmTACs are very sen-

sitive, recognising as few as 10 epitopes per cell; 

this sensitivity far exceeds that of tumour-specific 

T cell clones directly isolated from cancer patients. 

ImmTACs demonstrate potent (pico-Molar EC50) ac-

tivity in vitro and in vivo, re-directing T cell killing 

of cancer cells with very low levels of cell surface 

MHC whilst sparing antigen negative cells from 

normal tissues. Our lead candidate, IMC-gp100, 

an ImmTAC specific for the HLA-A2 presented  

gp100 (280-288) epitope, is undergoing Phase I/II 

clinical testing in melanoma patients; it is well tol-

erated and induces T cell mobilisation and tumour 

shrinkage. Several other well validated candidates 

are currently progressing through the company 

pipeline. 

Hibbert L.1, Bossi G.1, Baker D.1, Harper J.1, Dukes J.1, Paston S.1, Weigand L.1, Liddy N.2,  
Mc Grath Y.3, Cameron B.2, Johnson A.3, Vuidepot A.2, Hassan N.4, Jakobsen B.K.5
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ImmTACs: Bi-specific TCR-anti-CD3 fusions for potent  
re-directed killing of cancer cells
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Numerous humanized monoclonal antibodies 

(mAb) have been generated for cancer therapy and 

constitute a promising approach for treatment of 

patients with metastatic tumors. However, limita-

tions in the predictive value of available animal 

models restricted the in vivo analyses of these anti-

body-mediated properties so far. Humanized mice 

hold promise to overcome these limitations, being 

able to concentrate on role of the human immune 

system in cancer defense. As a proof of concept we 

established a humanized mouse model to evalu-

ate mAb in an epidermiod cancer setting using 

EGFR-expressing A431 tumor cells. In this context, 

Cetuximab has been designed to inhibit EGFR 

signaling and has been postulated as a potent me-

diator of antibody dependent cytotoxicity (ADCC). 

However, induction of ADCC in vivo is controver-

sially discussed and could not be addressed in 

conventional animal models so far. Here, we es-

tablished a human tumor-bearing mouse model 

in which human immune cells can engraft and 

mediate anti-tumor responses. Using immunodefi-

cient NOD/Scid mice transgenic for human MHC 

class I molecule HLA-A2 and adoptively trans-

ferred human HLA-A2+ PBMC after engraftment 

of human epidermoid cell carcinoma A431 lead to 

a solid coexistence without evidence of rejection. 

Addition of high dose anti-EGFR mAb in absence 

of an immune system induced a strong tumor re-

gression. However, tumor regression by low doses 

of anti-EGFR mAb treatment was immune cell-de-

pendent and surprisingly not mediated by NK cells 

but tumor infiltrating CD8+ T effector cells. This 

CD8+ T cell-mediated ADCC was restricted to IgG1 

anti-EGFR mAb. CD8+ T cell-mediated ADCC was 

also depending on binding to CD16 and could be 

inhibited after blockade. Furthermore, enhanced 

glycosylation of the Fc portion of anti-EGFR mAb 

and presence of IL-15 markedly improved ADCC 

activity of CD8+ T cells. Taken together, our results 

provide strong evidence of a novel mechanism of 

CD8+ T cell-mediated cytotoxicity induced by anti-

EGFR mAb with an IgG1 isotype and demonstrate 

that novel humanized mouse models allow the pre-

clinical testing of therapeutic mAb and the charac-

terization of their functional crosstalk with human 

immune cells in vivo.

Kubach J.1, Hubo M.1, Amendt C.2, Stroh C.2, Jonuleit H.1
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Tumor bearing humanized mice: Identification of a novel  
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IL-2 has been used for the treatment of melano-

ma and renal cell carcinoma, but this therapy has 

limited efficacy and severe toxicity. Currently, it 

is assumed that part of the limited efficacy is due 

to the IL-2-driven preferential expansion of regu-

latory T cells, which dampen the antitumor im-

munity. In this study, we characterize a human 

IL-2 mutant with higher antitumor efficacy and 

lower toxicity than wild type human IL-2 (wtIL-2). 

The mutant differs from wtIL-2 by four muta-

tions at the interface with the a subunit of IL-2R. 

The IL-2 mutant induces in vitro proliferation of 

CD8+CD44hi and NK1.1 cells as efficiently as does 

wtIL-2, but it shows a reduced capacity to induce 

proliferation of CD4+Foxp3+ regulatory T cells. 

The IL-2 mutant shows a higher antimetastatic 

effect than does wtIL-2 in several transplantable 

tumor models: the experimental metastasis model 

of MB16F0 melanoma and the experimental and 

spontaneous metastasis models for the mouse pul-

monary carcinoma 3LL-D1222. Relevantly, the IL-2 

mutant also exhibits lower lung and liver toxicity 

than does wtIL-2 when used at high doses in mice. 

In silico simulations, using a calibrated mathemati-

cal model, predict that the properties of IL-2 mutein 

are a consequence of the reduction, of at least two 

orders of magnitude, in its affinity for the a subunit 

of IL-2R (CD25). The human IL-2 mutant described 

in the present work could be a good candidate for 

improving cancer therapy based on IL-2 

Carmenate T.1, Garcia K.1, Leon K.1

1	Center of Molecular Immunology, Habana, Cuba 

Human IL-2 Mutein with higher antitumor efficacy than wild 
Type IL-2
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Purpose: Introduction of trastuzumab, a monoclo-

nal antibody to human epidermal growth factor 

receptor 2 (HER2), has significantly improved the 

survival of HER2-positive breast and gastric cancer 

patients. Nonetheless, therapeutic antibody pro-

duction is expensive and systemic administration 

of trastuzumab carries the risk of cardiomyopathy 

while local tumor concentrations may remain low. 

Oncolytic viruses can be armed with therapeu-

tic transgenes and have potential to kill infected 

cancer cells per se. Therefore, we hypothesized 

that by arming an oncolytic adenovirus with tras-

tuzumab, we could achieve local production and 

antibody activity combined with oncolysis at the 

tumor site. 

Experimental design: Antibodies are normally pro-

duced by B-cells and it is uncertain if functional 

antibody can be produced in cancer cells. Here, 

we constructed an oncolytic adenovirus with dual 

anticancer activity: First, Ad5/3-D24-tras is a chi-

meric serotype 5 oncolytic adenovirus entailing 

selective replication and oncolysis in cancer cells. 

Second, virus encodes human trastuzumab anti-

body heavy and light-chain genes, linked with an 

internal ribosomal entry site, thus coupling viral 

protein expression with local sustained produc-

tion of trastuzumab. We assessed the trastuzumab 

production, mechanism of action and efficacy of 

Ad5/3-D24-tras in vitro and in vivo.

Results: Ad5/3-D24-tras showed potent breast, 

gastric and esophageal cancer cell killing in vitro. 

Importantly, cancer cells were able to produce full-

length assembled antibody, which was released 

from infected cells to supernatant as detected by 

ELISA. Trastuzumab heavy and light chain expres-

sion was confirmed by Western blot in vitro. In 

HER2-positive gastric cancer, Ad5/3-D24-tras treat-

ment induced antibody-dependent cell-mediated 

cytotoxicity (ADCC) mediated by peripheral blood 

mononuclear immune cells. Moreover, Ad5/3-D24-

tras treatment significantly inhibited tumor-growth 

over controls in a HER2-positive gastric cancer 

mouse model; improved efficacy was coupled 

with higher local concentrations of trastuzumab 

in Ad5/3-D24-tras treated tumors compared to on-

colytic parent virus or commercial trastuzumab  

(p< 0.05, both). As indication of immune activa-

tion in xenograft model, Ad5/3-D24-tras treatment 

showed dendritic cell and natural killer cell induc-

tion in local lymph nodes.

Conclusions: Ad5/3-D24-tras showed promising 

in vivo efficacy together with functional antibody 

production and immune cell induction in HER2-

positive gastric cancer. Local trastuzumab activity 

combined with oncolytic potency of Ad5/3-D24-tras  

is an attractive anticancer approach for HER2-posi-

tive cancer and might also potentiate the other im-

munotherapeutic effects of oncolytic viruses. 

Liikanen I.1, Savola P.1, Hemminki A.1
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Oncolytic immunotherapy with an adenovirus coding for  
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Adoptive transfer of donor-derived cytolytic T cells 

(CTL) directed to leukemia has evolved as a prom-

ising strategy to improve antileukemic responses in 

immunocompromised patients following allogeneic 

hematopoietic stem cell transplantation. However, 

durable clinical responses are often hampered by 

detrimental graft-versus-host disease and limited 

capability of transferred effector T cells to establish 

sustained antileukemia immunity. Among various 

strategies such as the transfer of less differentiat-

ed, central memory T cells, Interleukin (IL)-15 has 

emerged as a promising cytokine to improve adop-

tive CTL therapy. Upon high affinity binding to the 

IL-15Rα-chain (Rα) and in trans-presentation to the 

common IL-2Rβγ-chains, it facilitates the in vitro 

generation of leukemia-reactive CTL from naïve 

CD8+ CD45RA+ precursors, supports engraftment 

of adoptively transferred CD8+ T cells in lympho-

penic hosts and promotes homeostasis and forma-

tion of T cell memory. 

We therefore generated a novel human IL-15 su-

peragonist (IL-15N72D-IL-15RαSu/Fc referred to 

as ILR-Fc) by first substituting asparagine (N) 

to aspartic acid (D) at position 72 previously re-

ported to increase the biological activity of IL-15. 

The modified IL-15 sequence was then linked to 

the 65 amino-acid spanning IL-15-binding Sushi-

domain of IL-15Rα. To improve the bioavailibility 

of the IL-15 complex we finally fused the truncat-

ed IL-15Rα to the Fc-domain of human IgG1 via a 

second linker. Production of soluble ILR-Fc using 

the Expi293™ Expression System (Life Technology) 

and protein-A affinity based purification resulted 

in ≥ 1mg recombinant protein/25 ml culture. Bioac-

tivity analyses of ILRN72D-Fc as compared to IL-15 

(N72D) produced in E coli revealed that ILR-Fc was 

10-20 fold more active on supporting proliferation 

of IL-15 dependent Mo-7e cells than E.coli derived 

IL-15. Moreover, ILR-Fc supported the generation 

and expansion of human HLA-A2 reactive CD8+ 

CTL in vitro at an efficacy superior to commercially 

available IL-15.

To further test the pharmakokinetic prolife of 

ILR-Fc in vivo we adoptively transferred EBV- and 

HLA-A2-specific CD8+ CTL into NSG and HLA-A2 

transgenic NSG (NSG-A2) mice and observed 

marked expansion and prolonged persistence in 

mice receiving weekly i.p. injections of e.g. 25 ug/ml 

ILR-Fc/mouse. To achieve comparable effects with 

E.coli-derived IL-15, mice had to be i.p. injected 

every 2nd. day with 10 ug/ml/mouse, whereas 

no sustained CD8 survival was detectable in the 

absence of IL-15. This extended bioactivity was 

partially attributed to an increased half-life of 

ILR-Fc in the serum as determined by IL-15 ELISA. 

Moreover, ILR-Fc promoted immune-responses of 

transferred CD8+ CTL in EBV+ B cell-engrafted NSG 

and NSG-A2 mice, respectively.

In summary, ILR-Fc has potent and prolonged bio-

activity to facilitate CD8+ T cell persistence and ac-

tivity in lymphopenic hosts and might thus serve 

as a valuable tool to improve selective CD8+ T cell-

mediated immunotherapy. 

Mades A.1, Schäfer A.1, Khan S.A.1, Xu Y.1, Theobald M.1, Hartwig U.F.1
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Characterization of a novel human IL-15 superagonist to  
promote engraftment and long-term persistence of human  
virus- and alloantigen-specific CD8+ T cells in humanized  
NOD/Scid IL2Rcg-null mice
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Introduction: AFM13 is a novel, tetravalent bispe-

cific antibody (Ab) belonging to Affimed‘s RECRUIT 

TandAb platform. AFM13 recruits NK-cells to kill 

CD30+ tumor cells. HL is characterized by CD30+ 

Reed-Sternberg cells. Salvage treatment of HL is 

of high medical need despite the establishment of 

brentuximab vedotin, an anti CD30 antibody-drug 

conjugate. 

Method: Binding and cytotoxic activity of AFM13 

were assessed and compared to other CD30 target-

ing Abs including those with Fc-enhanced activity. 

Based on these preclinical data, a phase I study in 

heavily pretreated patients (pts.) with R/R HL was 

initiated. Pts. received stepwise escalated doses of 

i.v. AFM13 (0.01 to 7.0 mg/kg) weekly or 4.5 mg/kg  

twice weekly over 4 weeks. Primary objectives 

were safety and tolerability, secondary objectives 

were pharmacokinetics, pharmacodynamics (PD), 

and efficacy measured using Cheson criteria (2007). 

Results: In vitro AFM13 demonstrated stronger af-

finity to CD16A compared to other Abs. NK cell 

mediated cytotoxicity (EC50) was independent of 

CD16A allotypes and required the presence of CD30+ 

cells. In the clinical phase I study, 24 patients re-

ceived AFM13 weekly, 4 patients were treated twice 

weekly. AFM13 was well tolerated with mainly mild 

to moderate adverse events (AEs). The maximum 

tolerated dose was not reached. AFM13 was detect-

able in plasma up to 168 h (highest dose) with a 

half-life of 15-22 hours. AFM13 treatment resulted 

in NK cell activation and significant decrease of 

sCD30. The clinical effect was more pronounced in 

cohorts receiving ≥1.5 mg/kg with an overall re-

sponse rate of 23% (3/13) and a disease control rate 

of 77%. AFM13 treatment was effective in patients 

refractory to brentuximab vedotin. 

Conclusion: AFM13 is a highly effective NK-cell 

recruiter. It was well tolerated and showed anti-

tumor activity in a clinical phase I study. PK data 

indicate that the dose regimen investigated was 

sub-optimal. A phase II study with an optimized 

dose regimen is in preparation. 

Marschner J.-P.1, Reusch U.1, Rothe A.2, Topp M.S.3, Burkhardt C.1, Knackmuss S.1,  
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AFM13 - a bispecific anti CD30/CD16A TandAb® for the  
treatment of CD30+ malignancies: Preclinical and first clinical 
results in patients with relapsed/refractory (R/R) Hodgkin  
Lymphoma (HL)
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Antibody drug conjugates (ADCs) are emerging 

as powerful treatment strategies with outstand-

ing target specificity and high therapeutic ac-

tivity in cancer patients. Brentuximab vedotin 

represents a first-in-class ADC directed against 

CD30-positive malignancies. We hypothesized 

that its sustained clinical responses could be 

related to the stimulation of an anti-cancer 

immune response. We here demonstrate that 

the dolastatin family of microtubule inhibitors, 

from which the cytotoxic component of bren-

tuximab vedotin is derived, comprises potent 

inducers of phenotypic and functional DC matu-

ration. In addition to the direct cytotoxic effect 

on tumor cells, dolastatins efficiently promoted 

antigen uptake and migration of tumor-resident 

DCs to tumor-draining lymph nodes. Exposure 

of murine and human DCs to dolastatins sig-

nificantly increased their capacity to prime T 

cells. Underlining the requirement of an intact 

host immune system for the full therapeutic 

benefit of dolastatins, the anti-tumor effect was 

far less pronounced in immune-compromised 

mice. When combining dolastatins with tumor-

antigen-specific vaccination or blockade of the 

PD-1/PD-L1 and CTLA-4 co-inhibitory path-

ways, we observed substantial therapeutic syn-

ergies. Ultimately, antibody-MMAE-conjugates 

induce DC homing and activate cellular anti-

tumor immune responses in patients. Our data 

reveal a novel mechanism of action for dolas-

tatins and provide a strong rationale for clinical 

treatment regimens combining dolastatin-based 

therapies, such as brentuximab vedotin, with 

immune-based therapies.

Müller P.1, Martin K.1, Theurich S.2, Speiser E.D.3, von Bergwelt-Baildon M.2, Zippelius A.1
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Microtubule-depolymerizing agents used in antibody-drug- 
conjugates induce anti-tumor immunity by stimulation of  
dendritic cells
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Taking influence on the cytokine-receptor network 

that modulates the immune response holds great 

potential for cancer immunotherapy. Although en-

couraging results have been obtained by focusing 

on individual members of the common γ-chain (γc) 
receptor and tumor necrosis (TNF) receptor family 

so far, combination strategies might be required to 

further improve the effectiveness of the antitumor 

response. Here, we propose the combination of 

IL-15 and 4-1BBL in a single, tumor-directed mol-

ecule. Therefore, a trifunctional antibody-fusion 

protein was generated, composed of a tumor-spe-

cific recombinant antibody, IL-15 linked to a frag-

ment of the IL-15Rα chain (RD) and the extracel-

lular domain of 4-1BBL. In soluble and targeted 

form, the trifunctional antibody-fusion protein 

RD_IL-15_scFv_4-1BBL was shown to stimulate 

activated T cell proliferation and induce T cell cy-

totoxicity to a similar degree as the bifunctional 

scFv_RD_IL-15 fusion protein. On the other hand, 

in targeted form, the trifunctional fusion protein 

was much more effective in inducing T cell prolif-

eration and IFN-γ release of unstimulated PBMC. 

Here, the additional signal enhancement could be 

attributed to the costimulatory activity of 4-1BBL, 

indicating a clear benefit for the simultaneous pres-

entation of IL-15 and 4-1BBL in one molecule. Fur-

thermore, the trifunctional antibody-fusion protein 

was more effective than the corresponding bifunc-

tional fusion proteins in reducing metastases in a 

tumor mouse model in vivo. Hence, the targeted 

combination of IL-15 and 4-BBL in form of a trifunc-

tional antibody-fusion protein is a promising new 

approach for cancer immunotherapy. 
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Multimeric monoclonal antibodies directed to the 

death receptor (CD95/APO-1/Fas) are capable of 

inducing apoptosis in CD95 expressing and - sen-

sitive cells. However, clinical application of such 

agonistic antibodies, e.g. to achieve killing of CD95 

expressing human cells is precarious, due to ex-

pression of CD95 on normal tissue, such as liver.

In 2001 we reported that CD95 antibodies, chemi-

cally hybridized to a second antibody directed 

against a different target antigen on the same cell, 

such as CD20, induce apoptosis of the cells if the 

expression of the target antigen exceeds a certain 

threshold level. 

Based on these results we constructed a recombi-

nant CD20 x CD95 antibody. We demonstrate that 

this reagent effectively and specifically kills lym-

phoma cells in vitro and in vivo.

In addition it induces the lysis of activated B cells 

and the suppression of antibody production in vitro.

Both suppression of lymphoma cells and killing of 

normal activated B cells by the recombinant CD20 

x CD95 antibody is more pronounced than that 

achieved with monospecific CD20 antibodies.

Nalivaiko K.1, Hofmann M.2, Grosse-Hovest L.2, Rammensee H.-G.1, Jung G.1

1	University of Tübingen, Interfaculty Institute for Cell Biology, Department of Immunology,  
	Tübingen, Germany, 
2	Synimmune GmbH, Tübingen, Germany 

Development of recombinant bispecific antibodies for selective 
stimulation of the CD95 death receptor on activated B cells and 
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Conventional cytostatic cancer treatments are 

rarely curative. New therapeutic strategies are 

more promising by targeting the tumor microen-

vironment, inhibiting angiogenesis and antagoniz-

ing the immunosuppressive activity of established 

tumors. Along these lines, plants provide a broad 

spectrum of potential drugs for cancer therapy, 

such as betulin, a pentacyclic triterpene of the birch 

tree representing the reduced congener of betulinic 

acid. The anticancer activity of betulinic acid has 

been linked to its ability to directly trigger mito-

chondrial membrane permeabilization, a central 

event in the apoptotic process. In contrast to the 

potent cytostatic action towards different tumor 

cell lines, non-neoplastic cells and normal tissue 

remain relatively resistant.

This study aimed to investigate the antitumor ac-

tivity on melanoma cells and the immune modulat-

ing effect on dendritic cells and T cells of phyto-

compounds, especially betulin. By means of MTT 

and CSFE proliferation assay as well as nuclear 

DAPI staining we could confirm that betulin de-

creased the proliferation rate of both the highly 

metastatic B16F10 and the low metastatic B164A5 

melanoma cell line. In addition, annexin V/7-AAD 

staining showed that betulin induced a higher 

rate of apoptosis in melanoma cells as compared 

to primary bone marrow derived dendritic cells 

(BMDCs) of C57BL/6 mice. Furthermore, as evalu-

ated by co-incubation assays and ELISA we found 

that betulin significantly stimulated the TLR-4-de-

pendent IL-12p70 production of murine BMDCs. We 

could further show that this increased secretion of  

IL-12p70 protein was due to an increased IL-12p35 

mRNA expression, while IL-12p40 mRNA level re-

mained unchanged. Interestingly, these results are 

in contrast to data of genistein, another plant me-

tabolite with antitumor properties, which caused a 

down regulation of IL-12p70 production of BMDCs. 

Subsequent ex vivo experiments utilizing OT I 

spleen cells revealed that the betulin-enhanced 

activation of dendritic cells loaded with ovalbu-

min resulted in an increased, antigen-specific T 

cell stimulation as demonstrated by an induction 

of IL-2 and IFN-γ. A next step would be to load 

dendritic cells with specific melanoma antigens to 

receive a directed immune response against the 

tumor tissue.

In summary, cytostatic agents like betulin that si-

multaneously exhibit immune stimulatory activity 

hold great promise as a novel approach for an inte-

grated cancer therapy. 
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Betulin - a plant-derived cytostatic drug - enhances antitumor 
immune response
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Background: The superior capacity of dendritic 

cells (DCs) to regulate adaptive immune responses 

offers the potential for using DCs in various clini-

cal settings. Monoclonal antibodies directed at DC 

surface receptors can be employed for targeted 

delivery of disease-specific antigens to DCs. For 

this purpose, DCs express a unique pattern of cell 

surface receptors that can be employed as target 

structures for such targeted delivery of antigens. 

Different surface receptors on DCs will, to a varying 

extent, lead to internalization, processing and pres-

entation of antigenic peptides to T cells. Depend-

ing on the intracellular routing of the antigen, 

antigenic peptides are presented on MHC class I 

and/ or class II facilitating induction of different T 

cell responses. While some DC surface molecules, 

e.g. CD205 and Clec9A, have already been shown 

to constitute useful targets for antigen-delivery, it 

is, however, likely that other structures could turn 

out to be even better vaccine targets. 

Methods: Mice were immunized subcutaneously 

with 5 µg of monoclonal rat antibody specific for 

each of the ten target receptors. As non-targeted 

controls, mice were immunized with a non-target-

ing isotype-matched monoclonal antibody. Mice 

were immunized twice and serum samples were 

collected at two weeks intervals until day 84. The 

levels of mouse anti-rat IgG antibodies were deter-

mined by quantitative ELISA.

Results: The results presented here demonstrated 

that antigen-delivery to DCs even in the absence of 

adjuvants may mediate strong humoral responses. 

Interestingly, considerable difference in both the 

strength and IgG subclass composition were ob-

served between the ten target receptors. The target 

receptors that elicited the strongest antibody re-

sponses were Clec7A and CD11c. Targeting of Ag 

to CD36, CD205, Clec6A and PDC-TREM did also 

induce potent humoral responses although not as 

strong as the responses obtained with CD11c and 

Clec7A. Targets like CD209, Clec9A and Siglec H did 

not lead to potent induction of antibody respons-

es as they only showed responses comparable to 

the ones elicited by the non-targeted control. The 

levels of the IgG subclasses were for the majority 

of targets dominated by an IgG1 response. Clec7A 

were the only target receptor that lead to robust 

amounts of IgG2a indicating the presence of a man-

ifest Th1 component following antigen-delivery to 

this receptor on DCs. 
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Enhanced humoral responses following antigen delivery to  
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DNA vaccines represent an attractive alternative 

for cancer immunotherapy. However, plasmids 

used for DNA vaccination can induce overexpres-

sion and activation of STAT3, a transcription factor 

that inhibits the maturation and function of den-

dritic cells and the subsequent induction of anti-

tumor T cell immunity. Therefore, developing an 

RNAi-based adjuvant targeting STAT3 represents 

an attractive strategy to overcome this potential 

limitation and enhance the potency of DNA vac-

cines encoding the tumor antigens. Plasmids 

encoding a short hairpin RNA (shRNA) against 

STAT3 (shSTAT3) and the melanoma antigen ty-

rosinase-related protein 2 (TRP2) were generated. 

STAT3 knock-down was corroborated in vitro by 

western blot and RT-qPCR and in vivo by RT-qPCR 

of mouse skin intradermally electroporated with 

plasmid DNA. STAT3 expression was up-regulated 

in transfected cells and electroporated tissue when 

using empty plasmid or control shRNA. In contrast, 

shSTAT3 was able to decrease STAT3 expression. 

We also evaluated the migration and maturation 

status of skin-derived dendritic cells in draining 

lymph nodes and skin explants by flow cytometry. 

Intradermal DNA electroporation induced a rapid 

migration of highly mature dermal dendritic cells, 

which was further promoted by co-administration 

of shSTAT3, as compared to control shRNA or 

empty plasmid. Antigen-specific CD8+ T cell re-

sponses were evaluated after two vaccinations by 

in vitro peptide stimulation followed by intracel-

lular cytokine staining for flow cytometry. Mice 

immunized with pTRP2 mounted a TRP2-specific 

CD8+ T cell response that was further increased in 

shSTAT3 co-electroporated mice. Vaccinated mice 

were then intravenously challenged with B16F10 

melanoma cells and lung melanoma foci were 

counted after three weeks. Animals treated with 

pTRP2 and shSTAT3 showed enhanced protection 

against melanoma as noted by decreased lung me-

tastasis formation compared to control groups. In 

conclusion, we showed that silencing STAT3 during 

intradermal DNA electroporation promotes migra-

tion of mature dermal dendritic cells and antitumor 

CTL responses in a mouse melanoma model. 
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DNA vaccination in combination with an RNAi-based genetic 
adjuvant silencing STAT3 promotes migration of mature  
dermal dendritic cells and antitumor T cell responses against 
B16 melanoma

310 | Improving Immunity



337

Several animal models have shown that increased 

activity in the PI3K/PKB signaling cascade alters 

T cell homeostasis and contributes to the develop-

ment of autoimmune disease. To understand the 

mechanisms that initiate disease, we examined 

whether PKB could alter the outcome of T cell toler-

ance induction in vivo and promote T cell function 

and autoimmunity. Peptide antigen administration 

generally leads to the induction of T cell tolerance 

in vivo that can be measured as the deletion of 

T cells and/or the induction of anergy. Here, we 

have found that the persistant presence of active 

PKB signaling subverts the induction of tolerance 

to peptide antigen and instead results in autoim-

munity. Furthermore, we show that PKB promotes 

autoimmunity by limiting the expression of Cbl-b 

via a novel post-translational, GSK3-dependent 

mechanism. Phosphorylation of Cbl-b by GSK-3 on 

residues Ser476 and Ser480 was found to be required 

for the stable expression of the Cbl-b protein. We 

found that reduced expression of Cbl-b protein was 

sufficient to convert tolerance to activation. These 

results define a new molecular pathway that regu-

lates the induction of tolerance versus activation 

in vivo. Furthermore, they identify GSK-3 as a key 

regulator of Cbl-b expression and a target for modu-

lation in adoptive T cell therapy for tumors. 
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Protein Kinase B (PKB/Akt) limits the expression of Cbl-b via 
Glycogen Synthase Kinase-3 (GSK-3) and converts T cell  
tolerance to activation
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Immunotherapy is the modulation of a patient‘s 

immune system to treat illness. Unfortunately 

many T cell based attempts have failed due to the 

fact that existing tumor-specific T cells are mostly 

anergic or tolerized and ex vivo generated T cells 

are often already of exhausted phenotype. There-

fore, investigators have developed alternative ap-

proaches including bispecific antibody technology 

to redirect fully functional non-tumor specific T 

cells to the tumor. This has been primarily accom-

plished through targeting CD3 which is expressed 

on all T cells to engage and redirect them towards a 

molecule that is expressed on the tumor cells. Here 

we present a novel nanoparticle based approach to 

selectively target cytotoxic T cells (CTL) and re-

direct them to kill tumors, termed ATR (Antigen-

specific T cell Redirectors). 

ATR were generated by coupling either MHC-Ig 

dimer or clonotypic anti-TCR antibody 1B2 to 

target the effector T cell population and an anti-

CD19 to re-direct those to CD19+ tumor target cells 

onto 50-100nm nanoparticles. Flow cytometry and 

microscope based data confirm that the described 

ATR phenotype efficiently and stably stain tumor 

and T cells in a dose dependent manner and ATR 

mediate antigen-specific conjugate formation of ef-

fector T cells and tumor target cells. We further 

developed two clinically relevant protocols to test 

and optimize our ATR in vitro. First a pre-treat-

ment approach in which the effector T cells are 

pre-incubated with ATR mimicking an adoptive 

transfer approach and second a co-culture protocol 

that mimics an active immunotherapy approach of 

direct ATR injection. Antigen-specific ATR medi-

ated re-direction of T cells to tumor target cells was 

demonstrated in 51Cr-release killing assays at low 

E:T ratios. Variation of ATR target-cell : effector-cell 

targeting molecule ratio could further increase ef-

ficacy. Finally, intra tumoral ATR injection induced 

T cell re-direction and reduced tumor growth in a 

s.c. Raji/SCIDbeige treatment model.

In summary this data demonstrates that ATR 

target and redirect antigen-specific CTL to tumor 

cells that would otherwise not be recognized and 

mediates their lysis. ATR can be used to develop 

new innovative immunotherapeutic approaches 

for all cancers that can be targeted with antibod-

ies or antibody-like molecules. Furthermore, ATR 

could also be used in conjunction with virus-spe-

cific immunization to specifically increase the tar-

geted CTL population. Ultimately, we expect ATR 

and their potential for clinical applications to in-

crease our understanding of tumor immunotherapy 

through T cell redirection.

Schütz C.1, Perica K.1, Haupt C.1, Oelke M.1, Schneck J.P.1

1	Johns Hopkins School of Medicine, Pathology/ Institute for Cell Engineering, Baltimore,  
	United States 

Antigen-specific T cell Redirectors (ATR): a nanoparticle based 
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As most tumor antigens represent self-proteins, 

high-avidity T cells are largely deleted from the au-

tologous repertoire. Allogeneic T cells from human 

leukocyte antigen (HLA)-mismatched donors 

provide repertoires wherein such cells have not been 

systematically deleted. We have previously reported 

the successful generation of allo-reactive cytotoxic 

T cells (CTLs) from HLA-A*02:01neg donors, specific 

for a peptide (SLFLGILSV) from the B cell antigen 

CD20 in complex with HLA-A*02:01 (A2/CD20p). 

These CTLs efficiently killed HLA-A*02:01pos/

CD20pos target cells, including primary cancer cells 

from patients with chronic lymphocytic leukemia, 

follicular lymphoma or acute lymphoblastic leuke-

mia, while a range of other HLA-A*02:01pos/CD20neg 

target cells were spared, indicating a high degree 

of specificity (Abrahamsen et al., Leukemia 2010; 

Abrahamsen et al., Int J Cancer 2011; Kumari et 

al., PNAS 2013). Another study demonstrated that 

A2/CD20p-specific CTLs could be generated from 

HLA-A*02:01pos donors, but these CTLs killed HLA-

A*02:01pos/CD20pos targets only when high effector-

to-target ratios were used, suggesting low avidity. 

The aim of the present study was to further investi-

gate and directly compare the avidity of autologous 

and allo-reactive A2/CD20p-specific T cells. Periph-

eral blood mononuclear cells from HLA-A*02:01pos 

or HLA-A*02:01neg healthy donors were co-cultured 

with antigen-loaded autologous monocyte-derived 

dendritic cells (moDCs). HLA-A*02:01neg moDCs 

were transfected with HLA-A*02:01 mRNA prior 

to antigen loading. A2/CD20p-specific CTL clones 

were established from the co-cultures following 

flow cytometric sorting of single CD8+ T cells stain-

ing positively with fluorescent multimers of mono-

meric HLA-A*02:01/CD20p. A2/CD20p multimer 

positive CTL clones were tested for degranulation 

in response to peptide-loaded HLA-A*02:01-trans-

duced SupT1 cells or target cells naturally express-

ing HLA-A*02:01 and CD20, as measured by the 

percentage of CD8+ cells that were CD107a/b+ by 

flow cytometry. When target cells were pulsed with 

high peptide concentrations of 10 nM-1 µM, the re-

sponses of autologous and allo-reactive CTL clones 

were comparable. However, at a concentration of 

100 pM CD20p, the median degranulation response 

in the allo-reactive CTL clones was > 7-fold higher 

than in the auto-reactive CTL clones. Whereas the 

median degranulation response was only 4.64% 

(range 1.75%-34.0%, n=9) among the auto-reactive 

CTL clones at 100 pM, the median response for allo-

reactive CTL clones was 42.2% (range 12.7%-72.6%, 

n=20) even at the lowest peptide concentration of 

1 pM. Thus, allo-reactive T cell clones specific for 

a self-peptide in complex with HLA-A*02:01 seem 

to be of higher avidity as compared to autologous 

clones specific for the same peptide-HLA complex, 

as indicated by manifold higher responses at low 

peptide concentrations and responses to 100-fold 

lower peptide concentrations. 
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Allo-reactive CD8+ T cell clones specific for the self-protein 
CD20 show superior avidity compared to autologous T cell 
clones of the same specificity
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Hepatocellular carcinoma (HCC) is the most fre-

quent primary liver cancer and represents the third 

and the fifth leading cause of cancer-related death 

worldwide in men and women, respectively. Hepa-

titis B (HBV) and hepatitis C (HCV) virus chronic 

infections account for more than 80% of primary 

HCC. Prognosis of HCC is generally poor because 

of the low effectiveness of available treatments and 

the overall 5-year survival rate is approximately 

5-6%. 

Immunotherapeutic interventions, including cancer 

vaccines, may represent a novel and effective strat-

egy. However, only few immunotherapy trials for 

HCC have been conducted so far with contrasting 

results, suggesting that improvements in several 

aspects of the immunotherapy approaches need to 

be implemented. 

In the present study a novel combinatorial strategy, 

based on chemotherapy plus vaccine, is evaluated 

in a mouse model. The chemotherapy is a multi-

drug cocktail including taxanes and alkylating 

agents, which is administered in a metronomic-like 

fashion. The vaccine is a multi-peptide cocktail in-

cluding HCV epitopes, derived from NS3 and core 

viral proteins, as well as universal tumor antigen 

hTERT epitopes. The combinatorial strategy de-

signed and evaluated in the present study induces a 

significant enhancement in eliciting specific T cell 

responses, when compared to vaccine alone. The 

full evaluation of the observed enhanced cellular 

immune response is currently ongoing and will be 

presented. 

Such results are highly promising and may pave 

way to relevant improvement of immunotherapeu-

tic strategies for HCC and beyond.
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Combinatorial strategy to improve immune response to cancer 
vaccine for hepatocellular carcinoma
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Cross-presentation of cell-associated antigen is 

important in the priming of CD8 T-cell responses 

to proteins that are not expressed by antigen-pre-

senting cells (APCs). In vivo, dendritic cells are the 

main cross-presenting APC, and much is known re-

garding their ability to capture and process cell-as-

sociated antigen. In contrast, little is known about 

the way death effector pathways influence the effi-

ciency of cross-priming. We hypothesized that the 

molecular mechanism of cell death influences the 

immunologic instruction given to the APC and we 

focused our attention on two of the major classes 

of programmed cell death (PCD): type I PCD (or 

classical apoptosis) and type II PCD (referred to as 

autophagic cell death or caspase-independent cell 

death). 

In our system we used wild-type mouse embryonic 

fibroblasts (MEFs) for classical apoptosis, and for 

caspase-independent cell death, with increased 

features of autophagy, we used Bax/Bak−/− double 

knockout (DKO) fibroblasts. Both were virally in-

fected with influenza as a source of cell-associated 

antigen. We found that immunization with cells 

undergoing autophagy before cell death, were su-

perior in facilitating the cross-priming of antigen-

specific CD8 T cells. Silencing of atg5 expression 

rendered the DKO fibroblast less immunogenic, il-

lustrating the need of the atg5 cascade for efficient 

cross-priming . Type II PCD resulted also in a more 

efficient cross-presentation of viral antigen and 

the availability of MHC I/peptide complexes was 

increased as monitored by proliferation of antigen 

specific transgenic CD8 T-cells. Interestingly we 

found no supporting evidence for enhanced im-

munogenic cell death, as caspase-independent 

cell death did not expose calreticulin on the cell 

surface undergoing Typ II PCD but autophagy in 

the antigen donor cell triggered the production of 

type I IFNs in phagocytic DCs. 

We conclude that autophagy is an interesting 

form of “immunogenic death” with the enhanced 

priming efficiency being a result of persistent MHC 

I cross-presentation and the induction of type I in-

terferons. We suggest to expand the research on 

non-viral antigens and suspect that targeting the 

autophagy cascade may provide a therapeutic strat-

egy for achieving robust cross-priming of viral and 

tumor-specific CD8+ T cells. 
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Autophagy within the antigen donor cell facilitates efficient  
antigen cross-priming of virus-specific CD8 T cells
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Introduction: Given their prime role in the genera-

tion of antitumor immunity, dendritic cells (DCs) 

have attracted great interest for anticancer vacci-

nation. After 2 decades of clinical trials, it is clear 

that further optimization efforts are still needed 

to fully unlock the therapeutic activity of these 

cells. Recently, evidence has emerged that natural 

killer (NK) cells may hold the key to effective DC-

based immunotherapy in cancer patients. This 

underscores the need to design novel DC vaccine 

formulations endowed with capacity to stimulate 

the innate arm of the immune system. 

Method: Human monocyte-derived DCs were gen-

erated according to our rapid DC culture protocol 

involving interleukin (IL)-15 for DC differentiation 

and a Toll-like receptor agonist for DC maturation 

(Anguille et al. J Transl Med 2009). These DCs, 

hereafter termed IL-15 DCs, were compared with 

the “gold-standard” IL-4 DCs used in clinical vacci-

nation trials today, in terms of their capacity (1) to 

induce phenotypic NK cell activation, (2) to stimu-

late NK cell cytokine secretion (IFNγ), and (3) to 

harness the antitumor cytotoxic effector function 

of NK cells. 

Results: NK cells are highly activated following 

stimulation with autologous IL-15 DCs, as evi-

denced phenotypically by the upregulation of acti-

vation markers such as CD56, CD69 and HLA-DR. 

Importantly, expression of NKG2D and natural 

cytotoxicity receptors (NCRs) NKp30 and NKp46 

on NK cells is enhanced after IL-15 DC exposure, 

whereas IL-4 DCs appear to have an adverse effect 

on expression of NKG2D and NCRs. With regard 

to the cytokine secretion function of NK cells, no 

raise in NK cell-derived IFNγ is observed after 

DC stimulation, nor after stimulation with DCs in 

combination with tumor target cells. The cytotoxic 

capacity of NK cells, however, is radically increased 

by IL-15 DCs but not by IL-4 DCs. This effect is not 

only observed against the classical NK-tumor target 

cell line K562, but also against the otherwise NK-

resistant Daudi tumor cell line. IL-15 DC-activated 

NK cells exert no “off-target” toxicity towards DCs 

themselves or towards autologous peripheral blood 

lymphocytes. Transwell experiments show that the 

enhancement of NK cell-mediated tumor cell killing 

by IL-15 DCs is predominantly contact-dependent. 

Neutralization of membrane-bound IL-15 indicates 

that IL-15 is the prime mediator in this cell-to-cell 

interaction. 

Conclusion: Here we show that IL-15 DCs, but not 

conventional IL-4 DCs, induce phenotypic NK cell 

activation and harness the cytotoxic antitumor ef-

fector function of NK cells in a contact- and IL-

15-dependent fashion. Given the importance of 

NK cells in the effectiveness of DC-based immu-

notherapy, the results of this study provide further 

support for the implementation of IL-15 DCs in DC 

cancer vaccine protocols. 
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Natural killer cells are potently activated by interleukin-15  
dendritic cells
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Cervarix™ is approved as a preventive vaccine 

against infection with the human papillomavi-

rus (HPV) strains 16 and 18, which are causally 

related to the development of cervical cancer. We 

are the first to investigate in vitro the effects of 

this HPV vaccine on interleukin (IL)-15 dendritic 

cells (DC) as proxy of a naturally occurring subset 

of blood DC, and natural killer (NK) cells, two 

innate immune cell types that play an important 

role in antitumor immunity. Our results show that 

exposure of IL-15 DC to the HPV vaccine results 

in increased expression of phenotypic maturation 

markers, pro-inflammatory cytokine production 

and cytotoxic activity against HPV-positive tumor 

cells. These effects are mediated by the vaccine ad-

juvant, partly through Toll-like receptor 4 activa-

tion. Next, we demonstrate that vaccine-exposed 

IL-15 DC in turn induce phenotypic activation of 

NK cells, resulting in a synergistic cytotoxic action 

against HPV-infected tumor cells. Our study thus 

identifies a novel mode of action of the HPV vaccine 

in boosting innate immunity, including killing of 

HPV-infected cells by DC and NK cells. 
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The cytotoxic T lymphocyte antigen-4 (CTLA-4)-

blocking antibody ipilimumab is an FDA and 

EMEA-approved treatment for metastatic mela-

noma, which induces immune-mediated long-term 

control in 15% cases. However, ipilimumab also 

results in substantial immune related side effects 

including grade III-IV colitis. To uncouple efficacy 

and toxicity we analyzed the mode of action of 

anti-CTLA4 therapy in preclinical mouse models. 

Recently, the gut microbiota was implicated in re-

sponse to anti-cancer therapies (Viaud et al 2013, 

Iida et al. 2013), but little is known about the mi-

crobiota in anti-tumor responses or toxicity devel-

opment post anti-CTLA4 therapy. Here, we show 

that disruption of the microbial balance by a broad 

spectrum antibiotic cocktail impairs the antitumor 

response following anti-CTLA4 immunotherapy. 

The anti-CTLA4 efficacy relies on Gram negative 

bacteria, since the use of specific antibiotics that 

target Gram negative bacteria (Colistin) resulted 

in reduced tumor control, whereas the antitumor 

response is maintained or ameliorated in vanco-

mycin-treated mice (antibiotic against Gram posi-

tive bacteria). Under a broad spectrum antibiotic 

regimen, the intratumoral infiltrate of leukocytes 

is reduced, CD8+ tumor infiltrating T cells respond 

poorly to therapy, with decreased interferon gamma  

(IFN-γ)-production and no upregulation of ICOS, 

while CD4+Lag3+ cells fail to lose Foxp3, yet a 

normal response to mouse ipilimumab is observed. 

Supporting a role for gut microbiota in the antitu-

mor effects of CTLA4 blockade, a loss of efficacy 

of the antibodies was observed in germ free mice 

paralleling a reduced accumulation of TH1 TILs in 

tumor beds.

Loss of epithelial barrier integrity induced by anti-

CTLA4 after 1 or 3 Ab injections is observed with 

reduced mucosal thickness, disorganization of the 

crypts at the colon level, as well as increased Goblet 

and Paneth cell numbers in the small intestine. 

Finally, we observed dramatic dysregulation of the 

lamina propria T cells with anti-CTLA4 which elic-

ited a raise in IFN-γ producing CD4+ T cells and a 

higher proportion of RORγt-expressing CD4+ T cells 

and γδ T cells while Treg remained stable. Thus, an-

ti-CTLA4 modifies the balance of immune cells in 

the gut toward a pro-inflammatory pattern. These 

modifications may facilitate Gram negative bacte-

rial translocation to secondary lymphoid organs. 

Although no overt colitis was observed with 

CTLA4 blockade, the combination of anti-CTLA4 

and anti-IL-10 antibodies aggravated the epithelial 

damage, promoted pTH17 in the spleen culminat-

ing in synergistic antitumor effects. Data on the 

biofilm pyrosequencing will be available to deline-

ate which Gram negative bacteria plays a probiotic 

role in these synergistic effects.

Our data confirm the importance of the gut micro-

biota in the clinical efficacy and potentially the tox-

icity of CTLA4 blockade and highlight the complex 

interplay between the gut mucosa, systemic and 

antitumor immunity.
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Human papillomavirus (HPV) infection has been 

recognized as a major public health problem. High-

risk HPV infection accounts for about 5 percent 

of all cancers worldwide, including virtually all 

cervical, and the majority of oropharyngeal lo-

calizations. Recurrent respiratory papillomatosis 

(RRP) is the most common benign neoplasm of the 

larynx caused by the low-risk HPV-6 and HPV-11. 

The disease is characterized by recurrent prolifera-

tion of squamous papillomas within the respira-

tory tract resulting in severe airway obstruction. 

Despite its benign nature, in 3-5% of patients, res-

piratory papillomas may undergo malignant trans-

formation to squamous cell carcinoma with quite 

poor prognosis. Currently, the main therapeutic ap-

proach in RRP is surgical removal of the laryngeal 

papillomas. The adjuvant therapy as IFN-a, some 

antiviral drugs (Ribavirin, Cidofovir) and inhibi-

tors of cyclooxygenase-3 or EGFR do not prevent 

efficiently the recurrence of the papillomas.

Bacillus Calmette-Guérin (BCG) is a potent stimu-

lator of Th1 response and has been successfully 

applied for treatment of superficial bladder tumors 

and malignant melanoma. However, data about the 

effects of combined surgical/ BCG immunotherapy 

in RRP patients are scarce.

The present study investigates the effects of BCG on 

antiviral immune response in RRP patients subject-

ed to combined CO2 microsurgery /BCG therapy.

Materials and methods: RRP patients (n = 17) sub-

jected to combined CO2 laser microsurgery / BCG-

immunotherapy were studied before (0), 6, 12 and 

20 months after the start of immunomodulation. 

The percentage of plasmocytoid dendritic cells 

(pDCs), mature dendritic cells, effector Tc1, Th1, 

Th17 and regulatory T-cells, as well as the in vitro 

stimulated secretion of Th1/Th2 cytokines were 

determined by flow cytometry in comparison to 

healthy controls.

Results: Significantly decreased levels of plasmocy-

toid and mature DCs were established in untreated 

RRP patients ( average 4.8% and 32% respective-

ly), that approached healthy control levels after 12 

months of BCG application (8.5 vs. 8, and 55 vs. 

60, p >0.5 for both). In addition, 12 months of BCG 

immunotherapy significantly decreased the share 

of proinflammatory Th17 (0.4 vs. 0.69, p< 0.05) 

and increased the level of circulating Treg (4.6 vs. 

7.1, p< 0.05). Finally, the initially decreased IFNg/

IL-4, and IFNg/IL-10 ratios were restored after 20 

months of BCG application.

These results indicate that RRP is characterized 

by ineffective antiviral response due to disturbed 

Th1/Th2/Th17 cytokine background and imbal-

anced differentiation of proinflamatory, effector 

and Treg cells.

Conclusion: BCG immunotherapy shows promis-

ing results in treatment of laryngeal papillomas as 

a result of the enhanced antiviral T-cell response. 

Further studies are warranted to confirm the poten-

tial role of BCG as adjunctive therapy approach in 

other HPV-associated tumors.
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The semi-essential amino acid L-arginine is crucial 

for the activation and the efficient function of 

primary human T lymphocytes. The depletion of 

L-arginine, as found in tumor tissues and sites of 

acute and chronic inflammation, is followed by 

both, the profound decline of T cell proliferation 

and down-regulation of their IFN-γ secretion. This 

is at least partially responsible for a deficiency of 

functional T cells in the tumor micromilieu. We 

were therefore wondering which transporters are 

responsible for L-arginine transport into human T 

cells and if L-arginine transporters play a function-

al role in human T lymphocyte activation.

The analysis of the expression of L-arginine trans-

porters in resting primary human T lymphocytes 

revealed a notable expression of the system y+L 

amino acid transporter y+LAT2 mRNA, but only 

a weak expression of hCAT-1 mRNA. In contrast, 

upon stimulation with anti-CD3/anti-CD28 coupled 

beads, hCAT-1 mRNA expression was significant-

ly induced and surpassed the expression level of 

y+LAT2. Maximal hCAT-1 mRNA expression was 

already observed after 6 hours of stimulation. On 

protein level, hCAT-1 expression increased up to 48 

hours of stimulation, our latest point of analysis. 

This was also true under L-arginine starvation, a 

condition in which translation of most proteins is 

decreased or shut down. Arginine transport was 

then measured by quantification of 3[H]arginine 

influx in resting and stimulated T cells. In unstim-

ulated T lymphocytes uptake of 3[H]arginine was 

barely detectable, whereas in activated cells L-ar-

ginine uptake was strongly induced. Additionally, 

the time courses of the rise in L-arginine uptake 

and hCAT-1 protein correlated well.

The irreversible hCAT-1 inhibitor N-ethylmaleim-

ide considerably inhibited L-arginine transport in 

stimulated T lymphocytes, demonstrating that the 

L-arginine transport was indeed hCAT-mediated. 

To elucidate the functional role of hCAT-1 in stimu-

lated T cells, hCAT-1 expression was suppressed 

by siRNA. This resulted in a strong reduction of 

hCAT-1 mRNA and protein as well as of activation-

induced L-arginine uptake. T cell proliferation in 

these cells was markedly attenuated. IFN-γ release 

remained unaffected by siRNA-mediated down-

regulation of hCAT-1.

In summary, our data indicate that the hCAT-1 

transporter is predominantly responsible for L-ar-

ginine influx into primary activated human T lym-

phocytes and that hCAT-1 plays a crucial role for 

their proliferation upon TCR- and costimulation-

mediated activation. 

Enhancement of hCAT-1-mediated L-arginine trans-

port in tumor-infiltrating T cells in combination 

with arginase inhibition in the tumor microenvi-

ronment might become part of novel immune-en-

hancing antitumoral treatment strategies.
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Background: Dendritic-cell (DC) vaccination is 

widely being investigated as a promising new 

treatment in different malignancies. However, ob-

jective and durable clinical response rates remain 

low. Type-I interferon (IFN) signaling on DCs was 

recently reported to be essential in mice for tumor 

rejection by the adaptive and innate immune 

system. Hence, targeted delivery of IFN-α by DCs 

to immune cells could boost the generation of anti-

tumor immunity following DC cancer vaccination 

while avoiding the side effects frequently associ-

ated with systemic administration. In the present 

work, we hypothesized that engineering human 

monocyte-derived DCs to secrete IFN-α enhances 

their ability to promote adaptive and innate immu-

nity.

Methods: Mature human monocyte-derived DCs 

were generated according to our two-step, clinical-

grade culture protocol with GM-CSF and IL-4 for 5 

days, followed by the addition of TNF-α and PGE2 

for an additional 2 days (Van Tendeloo et al., Proc 

Natl Acad Sci USA, 2010). After harvesting, DCs 

were mock-electroporated or electroporated with 

WT1 mRNA, IFN-α mRNA, or both WT1 and IFN-α 
mRNA. DCs were assessed in vitro for IFN-α se-

cretion, viability, phenotype, and their capacity for 

stimulating T and NK cells.

Results: IFN-α mRNA electroporation of DCs result-

ed in high levels of IFNα secretion, independently of 

coelectroporation with WT1 mRNA, and increased 

viability and phenotypic maturation. While IFNα 
mRNA electroporation reduced the induction of al-

logeneic CD4+ T-cell proliferation by DCs in a mixed 

lymphocyte reaction, it significantly enhanced 

IFN-γ secretion by a WT1specific CD8+ T-cell clone 

in response to WT1 mRNA-electroporated DCs. In 

addition, IFN-α mRNA-electroporated DCs were 

capable of expanding autologous WT1-specific 

CD8+ T cells. Finally, IFN-α mRNA-electroporated 

DCs also promoted the survival, phenotypic activa-

tion, and cytotoxicity and IFNγ secretion against 

K562 and Daudi tumor cells of autologous NK cells 

in an IFN-α-dependent manner.

Conclusions: Collectively, we show that IFN-α  
mRNA-electroporated DCs are potent stimulators of 

both adaptive and innate anti-tumor immunity in 

vitro through the secretion of IFN-α. Our work thus 

offers a new and immediately applicable strategy 

which could improve the therapeutic efficacy of DC 

cancer vaccination, and paves the way for clinical 

trial evaluation. 
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