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Foreword 

The German-Israeli Cooperation in cancer research was founded in 1976 and next year the 

33rd annual meeting of our cooperation will take place in Israel. 

In 2006, during the 30th Anniversary of the Cooperation, the idea of a “German Israeli Cancer 

Research School” was born to serve the students of the cooperation program. Our aim was 

to bring together young scientists of cancer research from both countries, Israel and Germa-

ny, in a friendly and casual atmosphere where the exchange of ideas could take place. Lec-

tures from well-renowned scientists from both countries are given the opportunity to discuss 

the most recent scientific methods and achievements. 

After the successful Schools in 2008 in Pichl, Austria and in Ein Geidi at the Dead Sea, 

Israel, we have decided that instead of covering the broad field of cancer research in 

general, the next School will focus on one topic. For this school of cancer research, the topic 

“Immunology in Cancer” was chosen. I am indepted to Lea Eisenbach and Günter 

Hämmerling for organizing the scientific program and Mrs. Mang for all organizational 

matters. 

In particular, I would like to express my sincere gratitude for Varda Rotter my Israeli 

counterpart as coordinator of the school. 

Again, as during the other schools, enough time will be reserved for social activities to 

enhance interactions amongst both the participating students and scientists. 

I look forward to your participation in the 3rd German Israeli Cancer Research School in Pichl, 

Austria. 

Wolfhard Semmler 

DKFZ-Coordinator Israel-Cooperation 
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Program 

Sunday, February 28, 2010 

 Arrival at Hotel Pichlmayrgut 

16:00  Welcome Addresses 
Wolfhard Semmler, DKFZ, Heidelberg 
Varda Rotter, Weizmann Institute of Science, Rehovot 

16:15 Introduction of participants 

17:00 Haskala. The age of Jewish enlightenment and its influence on modern Judaism 
Esther Graf, Juedische Kulturvermittlung, Mannheim 

18:00 Dinner 

20:00 Get-together 

Monday, March 1, 2010 

09.00 General Overview: Cancer Immunology 
Guenter Haemmerling, DKFZ, Heidelberg 

09:10 Over-coming the tumor endothelial barrier 
Guenter Haemmerling, DKFZ, Heidelberg 

09:45 Tumor antigens, antitumor immunotherapy and tolerance 
Lea Eisenbach, Weizmann Institute of Science, Rehovot 

10:30 Anti-tumor immune responses in malignant melanoma 
Stefan Eichmüller, DKFZ, Heidelberg & Medical Faculty Mannheim 

11:15 Tumor recognition by natural killer cells – molecular basis and immune 
monitoring 
Christine Falk, NCT, Heidelberg 

12:00 Skiing/winter sports  

16:00 Coffee and cake 

16:30 Poster session and short presentations by students  

19:00 Dinner 

20:00 Poster session and short presentations by students  

Tuesday, March 2, 2010 

09:00 Development of HPV-vaccines 
Lutz Gissmann, DKFZ, Heidelberg 

09:45 Engineering T-cell anti-tumor immunity 
Cyril Cohen, Bar Ilan University, Ramat Gan 

10:30 The physiological roles of caspases: lessons from our studies of caspase-8 
David Wallach, Weizmann Institute of Science, Rehovot 

11:15 Engineering immune effector molecules for new cancer immunotherapies 
Yoram Reiter, Technion, Haifa 



 

Tuesday, March 2, 2010 (cont.) 

12:00 Skiing/winter sports  

16:00 Coffee and cake 

16:30 Poster session by students and general discussion 

19:00 Dinner 

20:00 Sledging 

22:00 Social gathering  

Wednesday, March 3, 2010 

09:00 Antibody therapy of cancer 
Gerhard Moldenhauer, DKFZ, Heidelberg 

09:45 Complement- and tumor therapy: Escape mechanisms and strategies of 
intervention 
Michael Kirschfink, University of Heidelberg 

10:30 Lessons from mouse models of human liver cancer 
Eli Pikarsky, Hebrew University, Jerusalem 

11:15 Genetic screening for phosphatases that regulate the NF-kB pathway in T-cells 
Ruediger Arnold, DKFZ, Heidelberg 

12:00 Skiing/winter sports  

16:00 Coffee and cake 

16:30 MHC-I antigen presentation in cancer immunotherapy 
Gideon Gross, Tel-Hai Academic College, Upper Galilee 

17:15 Regulation of T-cell responses in cancer 
Philipp Beckhove, DKFZ, Heidelberg 

19:00 Dinner 

20:00 Keynote lecture: p53 / Thirty years of research 
Varda Rotter, Weizmann Institute of Science, Rehovot 

Thursday, March 4, 2010 

09:00 Insights from live 2-photon microscopy into antigen-specific rejection of 
melanoma 
Guy Shakhar, Weizmann Institute of Science, Rehovot 

09:45 Targeting the innate immune system to cancer 
Alexander Levitzki, Hebrew University, Jerusalem 

10:30 The innate immune response to cancer 
Adelheid Cerwenka, DKFZ, Heidelberg 

11:15 Cellular senescence in tumor suppression and tissue damage. 
Valery Krizhanovsky, Weizmann Institute of Science, Rehovot 

12:00 Skiing/winter sports  

16:00 Coffee and cake 

16:30 Meet the experts (Discussion with lecturers) 

19:00 Dinner 

Friday, March 5, 2010:  

04:30 Departure 
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Genetic screening for phosphatases that regulate NF-B activity in 
T lymphocytes 

Markus Brechmann1, Thomas Mock1, Dorothee Nickles2, Felice Frey2, Michael 
Boutros2, Peter H. Krammer1, and Rüdiger Arnold1 
1 Division of Immunogenetics, Tumor Immunology Program, German Cancer Research 
Center (DKFZ), Im Neuenheimer Feld 280, 69120 Heidelberg, Germany. 
2 Signaling and Functional Genomics, German Cancer Research Center (DKFZ), Im 
Neuenheimer Feld 580, 69120 Heidelberg, Germany. 

A central transcription factor in the immune system is the nuclear factor-
kappaB (NF-B). The NF-B pathway plays a key role in cell survival and pro-
liferation by inducing anti-apoptotic genes and regulates a plethora of cyto-
kine-mediated cellular responses. Constitutive NF-B activity is frequently 
observed in several types of lymphomas and leukemias and aberrant NF-B 
activation contributes to a variety of autoimmune disorders. 

While multiple kinases and phosphorylated target proteins that induce NF-B 
activity have been identified, the molecular machinery involved in the termi-
nation of antigen receptor-mediated NF-B activation remains largely elusive. 
Since signal transmission emanating from activated receptors to NF-B 
largely relies on phosphorylation events phosphatases are expected to play a 
major role in the modulation and termination of NF-B activity. 

In order to functionally define phosphatases that are involved in T cell recap-
tor (TCR)-induced NF-B signaling we have developed an NF-B-dependent 
reporter system based on the expression of secreted luciferase in T lympho-
cytes. This system allows for semi-automated high throughput screening on a 
subgenome-wide scale in T cells. Using an RNAi screening approach we 
have identified several novel phosphatase genes that play a role in negative 
regulation of both TCR- and tumor necrosis factor receptor (TNFR)-induced 
NF-B activity in T cells. Initially, RNAi phenotypes were confirmed by inde-
pendent siRNA oligos and multiple candidate genes have been successfully 
validated by secondary screening. Knock down of selected phosphatases 
significantly enhanced induction of bona fide NF-B target genes and cytokine 
secretion upon stimulation. Conversely, overexpression of phosphatases sig-
nificantly impaired NF-B activation in response to TCR or TNFR engagement 
in Jurkat T cells. The mechanisms through which these identified phosphate-
ses govern negative regulation of NF-B activity in T lymphocytes are subject 
to further studies. 
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Regulation of spontaneous T cell responses in cancer patients 

Philipp Beckhove 

Dept. Translational Immunology, German Cancer Research Center, Heidelberg 

  
Tumour antigen specific effector T cells (Teff) can efficiently control tumour 
progression. The induction and activity of Teff is, however, inhibited by regulatory T 
cells (Treg). Understanding the mechanisms that determine the balance between 
Treg and Teff is a requirement for the development of effective cancer 
immunotherapy.  
Functionally competent tumour antigen-reactive Teff are present in the bone marrow 
of many cancer patients. These cells, upon antigen specific reactivation, mediate 
rejection of autologous, xenotransplanted tumours in vivo and can be used for the 
treatment of advanced metastasized cancer.  
Tumour specific CTL are also detectable in tumour tissues. Here, they show 
selectively increased activation and cytotoxic activity when compared to CTL in 
normal tissues. However, cytotoxic activity is low (app. 2% of total CTL) and total 
CTL infiltration is much lower in tumour tissues than in surrounding normal tissue. 
This is partly due to local inhibitory activity of regulatory T cells (Treg). Treg have 
been detected in human carcinomas and may play a role in preventing the rejection 
of malignant cells. In contrast to effector T cells which lack appropriate addressins, 
Treg express a distinguished pattern of homing receptors that matches the set of 
adhesion molecules expressed by the pathologically altered tumour vasculature and 
are thereby recruited selectively into cancer tissue.  
We analyzed the distribution and antigen specificities of Treg in cancer patients. In 
contrast to healthy individuals, patients contain increased numbers of tumour-specific 
Treg in their blood and in tumour tissues. These efficiently suppress the activation of 
tumour-specific T cells. The reason for the striking enrichment of Teff in the BM of 
cancer patients is a reduced local activity of Treg. Thus, during tumour progression, 
Treg in the BM become activated and migrate into the blood and into tumour tissue, 
leaving in the BM an unprotected niche for the development of tumour-specific Teff 
responses, which, however, are suppressed by Treg upon tumour infiltration. Thus, 
reduction of Treg activity, selective blocking of Treg infiltration into tumour tissue or 
selective increase of Teff in tumour tissue might provide a therapeutic option for 
cancer treatment. Possibilites to therapeutically exploit these possibilities, are 
discussed.   
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The innate immune response to cancer 

Adelheid Cerwenka, Eva Schlecker, Ana Stojanovic 

Innate Immunity (D080), German Cancer Research Center (DKFZ), Im Neuenheimer Feld 
280, 69120 Heidelberg, Germany. 

The innate immune response against cancer is accomplished by specialized 
cell populations including Natural Killer (NK) cells and Myeloid cells. These 
cells can directly kill tumor cells, produce cytokines and chemokines and are 
an important component of the tumor microenvironment. In addition, they 
interact with cells of the adaptive immune system and facilitate/regulate T cell 
priming. The importance of NK cells in anti-tumor immunity has been 
emphasised by several observations. It was reported that high activity of 
human NK cells is associated with reduced risk of cancer. In certain tumor 
entities, increased numbers of NK cells in the tumor tissue correlate with 
improved prognosis of cancer patients. In addition, in mouse models depletion 
of NK cells accelerates tumor growth of NK-sensitive tumors. NK cell 
activation is determined by a delicate balance of inhibitory and activating 
receptors. NK cells are important effector cells in particular when tumor cells 
express low amounts of inhibitory ligands and high amounts of activating 
ligands for NK cell receptors. Therefore, tumor cells that have lost expression 
of MHC class I that interacts with inhibitory receptors on NK cells are often 
effectively killed by NK cells. In addition, tumor cells often express ligands for 
the activating receptors NKG2D or NCRs. In vitro, NK cells kill most target 
cells very well. However, eradication of larger solid tumors is usually not 
efficient despite low expression of MHC class I on many tumor cells. In this 
lecture, we will discuss strategies to harness NK cells against these tumors. 
The following strategies are the focus of the research of our group I.) A better 
understanding of NK cell function in tumor bearing hosts II.) Increasing the 
numbers of NK cells in tumors, III.) Enhancing susceptibility of tumor cells to 
NK cell mediated killing and IV.) Counteracting suppressive forces exerted by 
other cells or the tumor microenvironment. In addition to NK cells, we are also 
focussing on myeloid cells in tumor patient and tumor bearing mice. In 
general, myeloid cells in tumors can have multi-faceted functions promoting or 
counteracting tumor growth. Among different myeloid cell populations, so 
called myeloid derived suppressor cells have gained a lot attention in tumor 
immunology. These are mononuclear or polymorphonuclear subsets that 
accumulate in tumor bearing mice and potently suppress T cell proliferation. 
Their mechanisms of suppression and their impact on tumor progression will 
be discussed in this lecture.  
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Engineering T-cell Immunity 

Cyrille J. Cohen, Ph.D. 

The Laboratory of Tumor Immunology and Immunotherapy; The Mina and Everard Goodman 
Faculty of Life Sciences 

Cancer treatment encompasses classical therapies including surgery, chemo- 
and radio-therapy, and lately, immunotherapy. In that regard, adoptive cell 
transfer (ACT) of tumor-infiltrating lymphocytes (TIL) is an effective approach 
for the immunotherapy of patients with metastatic melanoma leading to an 
objective response rate that exceeds 50%, with a third of those patients 
experiencing complete regression of their metastatic tumors. However, this 
approach requires pre-existing anti-tumor immune cells in the patient; 
additionally, the feasibility of this approach is sometimes hampered as it is not 
always possible to isolate or expand TIL that pre-exist in the patient. 

 Recently, an alternative approach aiming at the ex vivo generation of tumor-
reactive lymphocytes was developed. In that regard, we and others have 
shown that it is possible to engineer lymphocytes to express human T-cell 
receptors (TCRs) that confer novel anti-tumor activity directed against various 
types of cancer. Indeed, the sole specificity of T-lympocytes is dictated by 
their TCR, which recognizes antigens as short peptides bound to Major Histo-
Compatibility (MHC) class I molecules. Such peptides, derived from TAA - 
tumor associated antigens, have been identified in the past few years and the 
presence of tumor-specific MHC/peptide complexes on the surface of tumor 
cells may represent a specific target for the immune system. This approach 
has been recently proven clinically beneficial as transfer of such 
“reprogrammed” cells to terminally-ill melanoma patients led to tumor 
regression in 13%  up to 30%  of the patients treated.  Problems inherent to 
this approach will be discussed. In addition, we will also comment on the use 
of chimeric antigen receptors (CARs) to redirect the specificity of 
lymphocytes. Together, these approaches represent novel ways to reprogram 
the patient immune system in order to have it recognize and kill effectively 
tumor cells. 
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Anti-tumor immune responses in malignant melanoma 

Stefan Eichmüller 

Clinical Cooperation Unit for Dermato-Oncology, DKFZ and Medical Faculty Mannheim 

Our group is working on different aspects of specific immune responses 
against malignant melanoma, a tumor originating from the neuroectodermal 
melanocytes. In this seminar lecture, I will give background information as 
well as own results of these different topics. 

Presentation and processing of HLA-dependent epitopes, derived from tumor 
associated antigens is a main issue in T cell recognition of tumor cells. We 
have investigated defects in the processing machinery of melanoma cells. For 
the identification of HLA-presented epitopes reverse immunology has widely 
been use. We utilize HLA-transgenic mice which are vaccinated with global 
antigen and subsequent peptide library screening to finally identify epitopes 
recognized by T cells. Examples of this project are presented. 

Furthermore, we have set up a high throughput system for the analysis of 
autoantibodies in the serum of cancer patients. These autoantibodies are 
presently analyzed for their predictive and prognostic values. Possible 
implications drawn from such profiles will be discussed. 

Immune responses in tumor patients are sometimes accompanied by so-
called paraneoplastic syndromes: This is the destruction of normal tissues not 
invaded by the tumor. The likely mechanism is an immune attack originally 
mounted against tumor-associated antigens, which are also expressed in the 
affected normal tissues. In melanoma patients, melanoma-associated 
retinopathy (MAR) is a rare paraneoplasia. We have defined a new class of 
antigens, called cancer-retina antigens, as they comprise proteins normally 
located in retina only, but which are also expressed by some 
(neuroectodermal) tumors and autoantibodies against these can be found in 
Melanoma patients. These antigens might be targeted in case of MAR. 
Indications for the involvements of the immune system in MAR, a mouse 
model of MAR, as well as antibody and cellular immune responses against 
cancer retina antigens will be presented and discussed. 
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Tumor antigens, antitumor immunotherapy and tolerance. 

Lea Eisenbach 

Department of immunology, Weizmann Institute, Rehovot, Israel. 

The idea to use the immune system to fight cancer goes back to pioneers 
such as William Coley and Paul Ehrlich who showed that acute inflammatory 
responses to bacteria can cause tumor shrinkage. The existence of Tumor 
specific Antigens was first demonstrated in carcinogen induced tumors in 
mice, indicating these were specific to individual tumors. Cell surface 
“common” antigens were identified in the 1970th by monoclonal antibodies. 
The breakthrough came only in the 1990th with the discovery of tumor 
rejection antigens. Tumor cells express tumor-associated-antigens (TAAs) 
that are distinguishable from healthy tissues by overexpression, mutations, 
posttranslational mutations, or aberrant glycosylation in comparison to their 
expression in healthy tissues. In addition, the tumor may express antigens 
that are specific to embryonic development or germ cells under normal 
conditions. What distinguishes these as TAAs is their potential to elicit tumor-
specific T-cell responses that provided a basis for precise anticancer therapy. 
Since then, enormous efforts have been made to identify tumor antigens and 
utilize these to control cancer through the development of vaccination 
strategies. We will discuss some of the methods to identify TAAs and 
vaccination strategies. The immune system as a complex multicellular 
network is characterized by a tight balance between immunity and 
autoimmunity. As most TAAs are ‘self’, the targeting of tumor cells is 
controlled by multiple mechanisms of tolerance and immunosuppression. We 
will discuss these mechanism and some of the strategies to circumvent them. 
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Tumor Recognition by Natural Killer Cells – Molecular basis and 
Immune Monitoring 
Human Natural Killer Cells – more than just killers? 

Christine Falk 

National Center for Tumor Diseases Heidelberg, Immuno Monitoring 

Human Natural Killer Cells are part of the innate immune system, and their 
name, “natural” killer cells was given with the first description by Kiessling & 
Klein 1975 as “Cytotoxic cells with specificity for mouse Moloney leukemia 
cells”. From this first discovery, it took more than two decades until the first 
NK-specific receptors were identified, and another 15 years until the 
impressive plasticity and diversity of NK cells with respect to phenotypes and 
functions became obvious. Currently, the attention is focused on special NK 
cell subtypes that are involved in tissue integrity and the immunological 
control of tissue remodelling, e.g. in tonsils or in the gut (Malmberg and 
Ljunggren 2009, Di Santo, 2008; Colonna 2008). 

In contrast to immune cells of the adaptive immune system, T and B 
lymphocytes, which are characterized by their individual antigen-specific 
receptor (B cell receptor (BCR) or T cell receptor (TCR), respectively, NK cells 
do not have one individual, antigen-specific receptor. Instead, They are 
regulated by a whole variety of activating and inhibitory receptors and the 
balance between activating and inhibitory signals in a single NK cell 
determines its effector function, i.e. cytotoxicity and/or cytokine secretion. The 
nature of these NK receptors in various species (rodents and human/non-
human primates) represents another remarkable difference compared to the 
evolutionary conserved process of BCR and TCR rearrangement that is the 
molecular basis for the antigen-specificity of B and T lymphocytes. 

In contrast, human NK cells are regulated by a balance of activating and 
inhibitory receptors and the “decision” process of this complex regulation is 
poorly understood. NK clones express individual sets of surface receptors that 
are encoded primarily in two large gene clusters, the leukocyte receptor 
complex (LRC) located on chromosome 19q13.1 and the natural killer 
complex (NKC) on chromosome 12p13. While most genes of the NKC belong 
to the C-type-lectine-receptors that are also present in the mouse, the two 
major gene clusters of the LRC, the killer-immunoglobuline-like receptors 
(KIR) and the immunoglobulin-like transcripts (ILT), only exist in humans and 
in different forms in non-human primates. The 16 genes within the KIR locus 
with their several hundred alleles represent the second most polymorphic 
gene cluster after the Human Leukocyte Antigen (HLA) complex that is 
localized within the major histocompatibility locus (MHC) on chromosome 
6p21. The relevance of both polymorphic systems for disease associations 
and cancer is investigated intensively (Kulkarni et al. 2008, Moretta et al. 
2008). More importantly, classical HLA class Ia molecules function as ligands 
for KIR receptors (HLA-Bw4 and HLA-C, in particular), the non-classical HLA-
Ib molecule HLA-E is the ligand for the NKC receptor heterodimer 
CD94/NKG2A. Thus, HLA class I molecules play an important role in the 
regulation of both - innate and adaptive immune system - because they serve 
as ligands for NK cells via different activating and inhibitory receptors and for 
cytotoxic T lymphocytes (CTL) via the activating TCR/CD3/CD8 complex.  
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Although, “natural” cytotoxicity against virally-infected cells and tumor cells is 
responsible for their name, more and more attention is paid recently on other 
NK cell functions like cytokine secretion, especially in the context of tissue 
integrity and lymphoid tissue formation. The infiltration of NK cells into human 
tumors is studied in our group with the example of colorectal cancer and 
metastases in the liver. Poor infiltration of NK cells in primary tumor tissue and 
liver metastases shows the discrepancy between the in vitro killing capacity 
and the in vivo localization of NK cells. Therefore, it is important to understand 
NK cells function in the context of the microenvironment in the tissue.  
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Development of vaccines against papillomavirus-induced cancer 

Lutz Gissmann 

Abtl. Genomveränderungen und Karcinogenese, DKFZ, Heidelberg 

Since the causal role of high-risk HPV types and malignant anogenital tumors 
(most importantly cancer of the uterine cervix) has been firmly established, 
development of HPV-specific vaccines was a logical consequence. During the 
natural history of cervical cancer there are different possible windows for 
vaccination: 

Prevention of infection (prophylaxis): As demonstrated in studies with 
animal papillomaviruses, the induction of neutralizing antibodies directed 
against the L1 major structural protein of the virus particle are protective 
against virus infection and also against tumor development. Immunization was 
most successful when performed with virus-like particles (VLP) that are 
generated by recombinant expression of the L1 protein. Placebo-controlled 
clinical trials with HPV 16 and 18 VLPs in humans demonstrated safety and 
immunogenicity. Efficacy was shown by prevention of persistent viral infection 
and of high-grade SIL in the vaccine but not in the placebo groups. The critical 
endpoint, i.e. reduction of the incidence of cervical cancer will require longer 
follow-up time after vaccination campaigns have been initiated on a large 
population basis. Nevertheless, the data obtained so far are so compelling 
that licenses have been granted and several million doses of the vaccines 
have been applied worldwide. Several open questions need to be addressed 
in population-based (phase IV) trials, such as the vaccination of males, the 
most cost-effective time point of vaccination and the putative risk of 
replacement by non-vaccine HPV types. Yet the major challenge is to offer 
the current or second generation vaccines to resource-poor countries that 
carry the largest burden of cervical cancer. 

Treatment of malignant disease and precursor lesions: The viral 
oncoproteins E6 and E7 are consistently and specifically expressed in 
transformed cells. Therefore most immune therapeutic approaches based on 
the induction of cellular immune responses are directed against these 
proteins. A number of clinical trials with patients suffering from cervical cancer 
or intraepithelial neoplasia (of the cervix vulva or anus) have been completed. 
The studies proved safety of the vaccines and showed immunogenicity in 
some patients as well as promising clinical responses in the patients with 
cancer precursors. In most instances, however, no clear correlation between 
T cell- (CTL, T helper) and clinical response was reported. 
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MHC-I antigen presentation in cancer immunotherapy 

Gideon Gross 

Tel-Hai Academic College, Upper Galilee 

Ample experimental evidence demonstrates the ability of cytotoxic T 
lymphocytes (CTLs) to recognize and kill tumor cells in-vivo. That they indeed 
do so physiologically is perhaps best reflected in the diverse escape 
mechanisms acquired by tumors, which collectively affect practically every 
station along the MHC-I antigen presentation pathway. Much effort in the field 
of cancer immunotherapy is therefore put into recruiting tumor-specific CTLs 
and improving their clinical potency. 

The list of tumor-associated antigens (TAAs) which give rise to MHC-I binding 
peptides is constantly expanding. It includes cell type-specific differentiation 
antigens, overexpressed or aberrantly expressed cellular proteins, products of 
mutated oncogenes, tumor suppressor genes and other endogenous genes, 
antigens produced by intracellular pathogens, oncofetal proteins, clonally-
distributed lymphocyte antigen receptors and others. 

Naïve CTLs are primed in secondary lymphoid organs, following their 
productive encounter with MHC-I-bound peptides at the surface of dendritic 
cells (DCs) in the proper immunostimulatory context. Accordingly, optimizing 
peptide presentation by DCs at this critical stage is a prerequisite for 
enhancing vaccine efficacy. The recent elucidation of the MHC-I antigen 
processing and presentation pathway and the subsequent identification of its 
major bottlenecks, together with the advent of increasingly powerful gene- and 
protein-based technologies have provided researchers with a versatile toolbox 
with which to pursue this goal.  

In this lecture we will overview the elaborate machinery that produces CTL 
ligands and describe how this knowledge is implemented to direct the 
immunogenic cargo delivered by new cancer vaccines to selected cellular 
targets along this pathway. 
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Control of tumor immunity by the microenvironment 

Günter J. Hämmerling 

Division of Molecular Immunology, Tumor Immunology Program,  
German Cancer Research Center, Im Neuenheimer Feld 280, D – 69120 Heidelberg 

The clinical success of immunotherapy of tumors is still rather limited. Here 
we show that the tumor vasculature contributes to this failure. In general, the 
vasculature of solid tumors displays an aberrant morphology characterized by 
dilated and fragile vessels, intensive vessel sprouting, and loss of hierarchical 
architecture. Such an aberrant vasculature is also found in Rip.Tag mice de-
veloping autochthonous insulinomas in a multi-step process, therefore re-
sembling the clinical situation. Vaccination against the Tag tumor antigen or 
transfer of tumor-specific T lymphocytes fails to eliminate the tumors, because 
the aberrant tumor endothelium forms a barrier against infiltration by tumor-
specific lymphocytes. However, induction of an inflammatory environment in 
the tumor, e.g. by irradiation or immunostimulatory CpG oligonucleotides, will 
result in activation of the endothelia and in efficient infiltration of effector cells 
into the tumor tissue and tumor eradication. Gene expression profiling iden-
tified RGS5 (regulator of G protein signalling 5), which is overexpressed in the 
tumor vasculature, as a master gene involved in the barrier function. Thus, tu-
mors developing in RGS5 knockout mice display a normalized tumor vascula-
ture. Importantly, this normalized vasculature permits strong T cell infiltration 
resulting in tumor eradication.  

However, increased T cell infiltration results also in higher numbers of infiltra-
ting regulatory T cells. In order to study the role of Tregs, we have developed 
Foxp3.Luci.DTR mice for bioluminescence imaging of intratumoral Tregs and 
depletion by Diphtheria toxin. Our results indicate that depletion of Tregs en-
hances not only tumor-specific T cell priming, but also the intratumoral CTL 
activity required for tumor elimination. 

In conclusion, we suggest that for successful clinical cancer immunotherapy 
vaccination or adoptive T cell transfer should be combined not only with elimi-
nation of Tregs, but also with an anti-angiogenic therapy resulting in modula-
tion or normalization of the tumor vasculature, thereby enhancing T cell infil-
tration. These observations open the way for novel therapeutic interventions. 

References: 

 Suffner J, et al., Dendritic cells support homeostatic expansion of Foxp3+ regulatory T cells in 
Foxp3.LuciDTR mice. J. Immunol.184(4):1810-1820, 2010 

 Hamzah J, et al., Targeted liposomal delivery of TLR9 ligands activates spontaneous antitumor 
immunity in an autochthonous cancer model. J.Immunol. 183(2):1091-1098, 2009 

 Hamzah J, et al. Vascular normalization in RGS5-deficient tumors promotes immune destruction. 
Nature 453(7193):410-414, 2008  

 Ryschich E, et al. Molecular fingerprinting and autocrine growth regulation of endothelial cells in a 
murine model of heptocellular carcinoma. Cancer Research 66(1):198-211, 2006 

 Garbi, N, et al., CpG motifs as proinflammatory factors render autochthonous tumors permissive 
for infiltration and destruction. J. Immunol. 172(10), 5861-5869, 2004 

 Ganss, R., et al., Combination of T cell therapy and trigger of inflammation induces remodelling of 
the vasculature and tumor eradication. Cancer Research, 62, 1462-1470, 2002 



 

 

13

Complement and tumor therapy: Escape mechanisms and 
strategies of intervention 

Michael Kirschfink 

Institute of Immunology, University of Heidelberg 

Complement-mediated tumor cell lysis is hampered by several protective 
mechanisms and represent a major barrier for successful antibody-based 
cancer immunotherapy. Mechanisms of resistance include the (over)expres-
sion of membrane-associated complement regulatory proteins, such as CD55 
(DAF, Decay-Accelerating Factor), CD46 (MCP, Membrane Cofactor Protein) 
and CD59, on malignant cells. To generate a protective microenvironment, 
tumor cells secrete several soluble complement inhibitors and express on 
their surface ecto-proteases that degrade complement proteins or ecto-protein 
kinases which impair by phosphorylation the functional activity of certain com-
plement components. Increased sialic acid expression also confers comple-
ment resistance to cancer cells and has been correlated with increased meta-
static activity in certain cancers. Tumor cell protection can be also induced or 
augmented upon stimulation with cytokines, hormones, drugs or even with 
sublytic doses of complement and other pore-forming molecules. Attempts are 
now being made to counteract these resistance mechanisms, including a tar-
geted neutralisation of surface complememt regulation on tumor cells, either 
by bispecific anti-tumor-anti-complement regulator antibodies or by gene 
silencing (antisense oligonucleotides, siRNA).  

Understanding the complex molecular mechanisms involved in basal and 
induced tumor cell resistance to complement is essential for the development 
of strategies to interfere with these evasion mechanisms and for effectively 
targeting the cytotoxic activity of complement to cancer cells in antibody-
based immunotherapy.   
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Cellular senescence in tumor suppression and tissue damage 
response 

Valery Krizhanovsky 

Department of Molecular Cell Biology, Weizmann Institute of Science, Rehovot 76100, Israel 

Cellular senescence is a stable form of cell cycle arrest that limits the prolife-
rative potential of cells.  It can be triggered in many cell types in response to 
diverse forms of cellular damage or stress.  As an anti-proliferative program, 
cellular senescence imposes a potent barrier to tumorigenesis and contributes 
to the cytotoxicity of certain anti-cancer agents.  Consistent with the role of 
cellular senescence as a barrier to malignant transformation, senescent cells 
activate the p53 and p16/Rb tumor suppressor pathways.  Senescent cells 
display a large flattened morphology and accumulate a senescence-associ-
ated β-galactosidase activity.  In addition, they down-regulate genes involved 
in proliferation and extracellular matrix production, and up-regulate inflamma-
tory cytokines and other molecules known to modulate the microenvironment 
or immune response. Moreover, some secreted factors in senescent cells 
may actively reinforce the cell cycle arrest through paracrine or autocrine me-
chanisms.  In some circumstances in vivo, senescent cells can be cleared by 
components of the innate immune system.  This targeting of senescent cells 
by the immune system might be triggered by the up-regulation of inflammatory 
cytokines and various immune surveillance molecules.  Interestingly, our stu-
dies have suggested that this mode of senescence and the interaction of se-
nescent cells with the immune system participate in short term tissue damage 
response and it plays protective role in non-cancer pathologies. Taken toge-
ther, these results suggest that the process of senescence plays critical role in 
multiple pathologies and can be modulated to open the door for the 
development of senescence-based therapies.  
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Targeting the immune system to cancer 

Alexei Shir and Alexander Levitzki 

Unit of Cellular Signaling, Department of Biological Chemistry, The Alexander Silberman; 
Institute of Life Sciences, The Hebrew University of Jerusalem, Jerusalem 91904, Israel 

Targeted therapy for cancer has gained momentum during the past decade. 
Two types of agents have been developed: small molecules and antibodies. 
Both types of agents were found to have limited efficacy since the oncogenic 
network is complex and cannot be effectively inhibited by blocking a few path-
ways (1,2). The recognition that hunting down cancer cells and/or reinstating 
immune surveillance is the key to winning the war on cancer has led to a 
number of approaches to harness the immune system to fight cancer. A 
powerful strategy to draft the immune system to the tumor is to tilt the media-
tors released by the cancer cells to those that attract the NK cells, T cells and 
macrophages to attack the tumor. How can that be achieved? Since many 
cancer cells overexpress different types of surface proteins, which internalize 
upon ligand binding, we devised non-viral “Trojan horses” that home to these 
proteins and carry a long chain double stranded RNA (dsRNA). Why dsRNA? 
Because dsRNA evokes a plethora of signal transduction pathways leading to 
rapid cell death as well as strong by stander effects, affecting neighboring 
cells that have not swallowed the dsRNA. Remembering that tumor cells are 
more vulnerable than normal cells to all stresses (3) we hypothesized that we 
can define a wide enough therapeutic window to affect almost exclusively tu-
mor cells, sparing the normal cells surrounding the tumors. The strategy has 
the advantage over other immunotherapeutic approaches since both the in-
nate immune system and the adoptive immune system can be activated. 
Moreover, our strategy can overcome immuno-inhibitory mechanisms deve-
loped by many cancers. Here we briefly describe the success of this approach 
in the treatment of EGFR over-expressing tumors. In this approach, we are 
not attempting to attenuate the EGFR signaling that has been found to be 
weak and temporary, utilizing EGFR kinase directed tyrphostins or anti-EGFR 
antibodies. We have in fact converted the high expression of EGFR in certain 
tumors into the Achilles heel of the tumor. We utilized EGF guided chemical 
vectors carrying the synthetic dsRNA PolyIC that home to the EGFR and 
internalize into the cell. We have proven that this strategy is effective by either 
local application to EGFR over-expressing tumors (4) and to disseminated 
EGFR over-expressing tumors (5). In both cases complete eradication of the 
tumors is achieved with 100% survival.  
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Antibody therapy of cancer 

Gerhard Moldenhauer, Silke Wolterink, Peter Altevogt 

Translational Immunology Unit (D015), German Cancer Research Center, Heidelberg 

Monoclonal antibody-based therapy of Non-Hodgkin’s lymphoma and a vari-
ety of solid tumors has proven to be rather successful. During the past two de-
cades molecular biology has provided means to create chimeric, humanized 
or fully human antibodies for the treatment of major malignant diseases. To 
date, 9 antibodies are approved as cancer therapeutics and on the market. 
They comprise unmodified antibodies as well as conjugates with toxins or ra-
dionuclides. The new reagents are able to interact with human effector mo-
lecules and thereby synergize with or even substitute for conventional 
chemotherapeutic regimens. 

Recent work has indentified L1CAM (CD171) as a novel marker for human 
carcinoma progression. Functionally, L1CAM promotes tumor cell invasion 
and motility, augments tumor growth in nude mice and facilitates experimental 
tumor metastasis. These functional features qualify L1 as an interesting target 
molecule for tumor therapy. Therefore, we generated a series of novel mAbs 
to the L1CAM ectodomain that were characterized by biochemical and func-
tional means. All novel mAbs reacted specifically with L1CAM and not with the 
closely related molecule CHL1. Among the novel mAbs, L1-9.3 was selected 
and its therapeutic potential was analyzed in various isotype variants in a 
model of SKOV3ip cells growing intraperitoneally in CD1 nude mice. Only 
therapy with the IgG2a variant efficiently prolonged survival and reduced 
tumor burden. This was accompanied by an increased infiltration of F4/80 
positive monocytic cells. Clodronate pretreatment of tumor bearing animals 
led to the depletion of monocytes and abolished the therapeutic effect of L1-
9.3/IgG2a. The novel antibodies to L1CAM could become helpful tools for the 
therapy of L1-positive human carcinomas.  
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Lessons from mouse models of human liver cancer 

Eli Pikarsky 

Department of Immunology & Cancer Research, Hebrew University Hadassah Medical 
School 

Liver cancer, primary or metastatic to the liver, is a deadly disease. Faithful 
mouse models of human liver cancer can be used to facilitate the develop-
ment of novel treatment modalities. In the lecture I will describe two projects.  

In the first, we studied the effect of non-steroidal anti-inflammatory drugs 
(NSAIDs) in prevention of primary liver cancer. NSAIDS hold promise as can-
cer preventive agents and are associated with a lower risk of several cancer 
types, yet the molecular mechanisms responsible for this activity are not 
known. We employed the Mdr2-Knockout (KO) mouse strain, which sponta-
neously develops cholestatic hepatitis followed by hepatocellular carcinoma 
(HCC), a mouse model for inflammation-associated HCC, to test whether 
NSAIDs may prevent HCC. Prolonged treatment of Mdr2-KO mice with 
Sulindac resulted in a 2 fold decline in serum ALT, a marker for liver damage 
that correlates with the severity of liver inflammation. Treated mice exhibited a 
dramatic reduction in the number of tumors compared with controls. We have 
previously shown that the TNFaxis is activated in Mdr2-KO mice and that its 
inhibition results in apoptosis of dysplastic cells. c-Jun is an oncogenic target of 
TNF signaling, which is activated by Jun N-terminal phosphorylation through 
Jun N-terminal Kinases (JNKs). While cJun levels were not different between 
the Sulindac treated and untreated mice, we detected a profound reduction of 
cJun phosphorylation in the parenchyma as well as in hepatic tumors of 
Sulindac treated mice compared with controls. To investigate the tumorigenic 
relevance of cJun phosphorylation in inflammation induced HCC, we 
backcrossed Mdr2-KO mice with JunAA mice which harbor a mutant cJun that 
cannot be phosphorylated by JNK. Mdr2-/- JunAA/AA mice show a significant 
reduction in HCC load. Accordingly, we conclude that cJun phosphorylation is 
an important player in inflammation associated HCC and could be a 
therapeutic target in cancer. I will discuss the possible mechanisms through 
which cJun phosphorylation facilitates hepatocarcinogenesis.   

The second project deals with the decreased regenerative capacity of the 
aging liver. We found that pregnancy markedly improved liver regeneration in 
aged mice concomitantly with inducing a switch from proliferation-based liver 
regeneration to a regenerative process mediated by cell growth. We found 
that the key mediator of this switch was the Akt/mTORC1 pathway - its 
inhibition blocked hypertrophy, while increasing proliferation. Moreover, 
pharmacological activation of this pathway sufficed to induce the hypertrophy 
module, mimicking pregnancy. This treatment dramatically improved hepatic 
regenerative capacity and survival of old mice. Thus, cell growth mediated 
mass reconstitution, which is relatively resistant to the detrimental effects of 
aging, is employed in a physiological situation and holds potential as a 
therapeutic strategy for ameliorating age-related functional deterioration. 
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Engineering immune effector molecules for new cancer 
immunotherapies 

Yoram Reiter 

Technion-Israel Institute of Technology, Haifa 

In recent years recombinant DNA technologies and protein engineering ap-
proaches have been utilized to generate new hybrid molecules which enabled 
the engineering of immune effctor molecules thus generating new immunothe-
rapeutic approaches. These include recombinant antibodies, whether genera-
ted by traditional hybridoma technology or by recombinant DNA strategies, 
Antibody- fusion molecules; recombinant engineered MHC constructs etc. All 
these have evolved from Paul Ehrlich’s “magic bullets” to a modern age 
“guided missile”. In the recent years of immunologic research we are witnes-
sing development in the fields of antigen screening and protein engineering in 
order to create specific anti-cancer remedies. The developments in the field of 
recombinant DNA, protein engineering and cancer biology, have let us gain 
insight into many cancer-related mechanisms. Moreover, novel techniques 
have facilitated tools allowing unique distinction between malignantly trans-
formed cells, to regular ones. This understanding has paved the way for the 
rational design of a new age of pharmaceuticals; monoclonal antibodies and 
their fragments. Antibodies can select antigens on both a specific and high 
affinity account, and further implementation of these qualities is used to target 
cancer cells by specifically identifying exogenous antigens of cancer cell 
populations. The structure of the antibody provides plasticity resonating from 
its functional sites.  

The presentation will screen some of the many novel antibody-based 
approaches that are being currently developed for clinical applications as the 
new generation of anti-cancer agents. 
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p53 the wild type and mutants 
- Thirty years of research - 

Ran Brosh and Varda Rotter 

Department of Molecular Cell Biology, Weizmann Institute of Science, Rehovot, 76100, Israel 

Ample data indicate that mutant p53 proteins not only lose their tumour sup-
pressive functions, but also gain new abilities that promote tumorigenesis. 
Moreover, recent studies have modified our view of mutant p53 proteins, 
portraying them not as inert mutants, but rather as regulated proteins that 
influence the cancer cell transcriptome and phenotype. This influence is 
clinically manifested as association of TP53 mutations with poor prognosis 
and drug-resistance in a growing array of malignancies. Here, we review 
recent studies on mutant p53 regulation, gain-of-function mechanisms, 
transcriptional effects and prognostic association, with a focus on the clinical 
implications of these findings. 

 Brosh, R. and  Rotter, V. (2009). When mutants gain new powers: news from the mutant p53 field. 
Nat Rev Cancer 9, 701-713 
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Live Imaging of CTL-mediated killing inside melanoma tumors. 

Guy Shakhar, Yoav Manaster 

Department of Immunology, Weizmann Institute of Science, Rehovot, Israel 

Adoptive cell transfer is an emerging therapy for late-stage melanoma 
patients. Better understanding of CTL-mediated tumor rejection might improve 
current protocols. Most of our knowledge on the cellular interactions between 
tumor cells and CTLs comes from in vitro studies, which poorly emulate the 
complex tumor microenvironment. In recent years, several groups utilized 
intravital imaging to study such interactions in vivo. These described isolated 
instances of tumor cell lysis, but did not demonstrate how these events lead to 
total tumor eradication. 

We use two-photon intravital imaging to describe the regional progression of 
tumor elimination, focusing on the role of the vasculature and of cellular 
coordination.  To image complete rejection of an orthotopic melanoma tumor 
in C57BL6 mice, we produced a B16 tumor cell line expressing OVA-IRES-
EGFP. Following intradermal inoculation, mice were intravenously injected 
with TCR-transgenic OT-I CTLs, and imaged starting one day later. 

Three major observations emerged: CTLs initially infiltrated the tumor through 
intratumoral and surrounding skin blood vessels. Infiltrating CTLs were mostly 
confined to their entry areas and CTL velocities dropped twofold at a distance 
of 100 µm from the nearest blood vessels. CTLs accumulated near entry 
vessels reaching cell densities of over 850 CTLs per 500µm2 to create dense 
swarms, in which several CTLs surrounded each tumor cell before it was 
killed. When tumors contained mixed antigen+ and antigen- tumor cells, the 
latter cells were left intact. 

These results suggest that:  CTL depend on vasculature to eliminate tumor 
cells on the as they need high oxygen levels to migrate inside the tumor. Most 
tumor cell lysis results from collaborative killing by several CTLs contacting 
single tumor cells.  Although killing occurs mostly within dense CTL swarms, it 
mostly relies on direct antigen-specific mechanisms. 
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Lack of Conventional Dendritic Cells Is Compatible with Normal 
Development and T Cell Homeostasis, but Causes Myeloid 
Proliferative Syndrome 

Liat Bar-On*, Tal Birnberg, Anita Sapoznikov, Michele L. Caton,  Luisa 
Cervantes-Barraga´ n, Divine Makia, Rita Krauthgamer, Ori Brenner, Burkhard 
Ludewig, Damian Brockschnieder, Dieter Riethmacher, Boris Reizis and 
Steffen Jung. 

*Weizmann Institute of Science, Rehovot, Israel 

Dendritic cells are critically involved in the promotion and regulation of T cell 
responses. Here we report a mouse strain that lacks conventional CD11chigh 
dendritic cells (cDC) due to constitutive cell-type specific expression of a 
suicide gene. As expected, cDC-less mice failed to mount effective T cell 
responses resulting in impaired viral clearance. In contrast, neither thymic 
negative selection nor T regulatory cell generation or T cell homeostasis were 
significantly affected. Unexpectedly, cDC-less mice developed a progressive 
myeloproliferative disorder characterized by prominent extramedullary 
hematopoiesis and increased serum levels of the cytokine Flt3 ligand (Flt3L). 
Our data identify a critical role of cDC in the control of steady-state 
hematopoiesis, revealing a novel feedback loop that links peripheral cDC to 
myelogenesis through soluble growth factors, such as Flt3 ligand. 
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Development of novel genetic cancer vaccines encoding dendritic 
cell activation receptors  

Gal Cafri, Eytan Amram*,Alon Margalit*, Esther Tzehoval, Gideon Gross*  and 
Lea Eisenbach 

Department of Immunology, Weizmann Institute of Science, Rehovot, Israel 
* Laboratory of Immunology, MIGAL Research Institute, Kiryat Shmona, Israel 

Eradication of established tumors by T lymphocytes has proven feasible. Yet, 
attempts to recruit dendritic cells (DCs) to induce tumor-reactive T cells 
through active immunization rarely yield curative responses in clinical studies 
and underscore the need for more effective vaccines. Direct gene delivery to 
DCs offers potential benefits, which stem from extensive and prolonged 
expression of tumor-associated antigens (TAAs), better targeting of antigens 
to the MHC presentation pathway, continuous supply of immunostimulatory 
signals and reversal of CTL tolerance. Here we propose a novel approach in 
the development of genetic cancer vaccines, which implements all these 
functions through the product of a single gene.  T cells activation critically 
depends on DC maturation, which normally involves engagement of toll-like 
receptors (TLRs) with pathogen constituents. However, many TAAs are self-
proteins, which rather induce peripheral T cell tolerance, mainly by evoking 
regulatory T cells (Tregs). Only vaccines capable of triggering persistent TLR-
mediated signaling can suppress Tregs and induce T cells in the absence of 
infection. Our main objective is to develop genetic vaccines exerting these 
essential features via multi-functional polypeptide products. In this research 
we evaluate function and immunogenicity of both membranal �2m and MHC-II 
constructs supplemented with TAA peptides and TLR activation domains, first 
in ex-vivo DCs and then as genetic vaccines against mouse melanoma.  
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Myeloid differentiation and maturation are regulated by an 
interplay between IL-1 and IL-17 in experimental lung metastasis 

Yaron Carmi, Gal Rinott, Shahar Dotan, Moshe Elkabets, Peleg Rider, Elena 
Voronov and Ron N. Apte 

The Shraga Segal Department of Microbiology and Immunology and The Cancer Research 
Center, Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva 84105, 
Israel. 

Inflammatory cytokine/chemokine mediators play an important role in 
modulating immune responses during tumor progression and metastasis. IL-1 
is a major proinflamatory cytokine with profound effects on tumor 
microenvironment and immunity. We assessed the role of IL-1 molecules on 
tumor progression in a model of experimental lung metastasis. By using 
knock-out mice model and neutralizing antibodies we have demonstrated that 
IL-1 induces the production of IL-17 in a tissue-specific manner through 
recruitment and activation of �� TCR T cells in the lungs of tumor-bearing 
mice. Surprisingly, both the absence and excess of IL-1 signaling have 
resulted in a poor prognosis and high mortality rate. However, it resulted from 
two distinct mechanisms of CTL suppression. On one hand, the lack of IL-1 
signaling results in impair activity of DC and a cytokine/chemokine network 
that favors Treg cell differentiation. On the other hand, high levels of IL-1 
promote accumulation of CD11bhigh/Gr1high myeloid precursor cells and 
enhanced their suppressor activity. We have also demonstrated the role of IL-
17 and/or IL-17 induced genes in directing the differentiation of myeloid 
precursor cells towards macrophages rather then dendritic cells. These 
results highlight the dual role of inflammation during lung metastasis and the 
balanced signaling needed in order to induce a potent anti-tumor immune 
response. 
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SPERA - Recruitment of immune Effector cells against 
astrocytoma by MHC-Chlrotoxin chimeric proteins.  

Cohen-Inbar, Or 

Glioblastoma Multiforme (GBM) is a very common highly malignant primary 
neoplasm of the central nervous system and the most devastating one having 
a mean survival time of 12 months with optimal medical care. This figure 
remains constant throughout the last decades, despite significant progress in 
all areas of medical research and treatment as well as in molecular biology in 
the scope of cancer treatment. GBM is viewed not as a surgical disease 
rather as a death sentence postponed for a few months by surgery, 
radiotherapy and chemotherapy. The lack of an efficient immune response to 
the tumor and the microinvasive nature of the malignant cells has been 
explained by the immunosupressive capabilities of the tumor cells, and the 
immunosupressive local environment.  

In this proposed construct, our aim is to design a molecule that specifically 
bind MMP-2 expressed specifically on glioma cells and most abundantly on 
GBM cells, and through its effector domain mobilizing and recruiting different 
elements of the immune system to mount an effective global antitumor 
reaction. We aim to design a new molecular construct, in which the targeting 
moiety is the small and compact 36-amino acid chlorotoxin. The effector end 
of the chimera is a single chain HLA-A2 (Human leukocyte antigen subtype 
A2, also termed Major Histocompatibility complex MHC) covalently bound to 
the pp65 (phosphoprotein 65) derived from the cytomegalovirus (CMV), to 
which most of the human population has developed a specific immune 
response. This will create a new family of molecules which contain a non-
antibody compact and highly specific targeting domain. This platform 
approach can generate a multitude of molecules that target various tumors, 
combined with the ability to recruit different lymphocyte populations using 
HLA-molecules bearing a single, preselected, highly antigenic peptide derived 
from immunogenic tumor, viral, or bacterial T cell epitopes. Moreover, the 
recruitment of potent memory CTL’s to the tumor’s milieu may be resistant to 
the previously described local immunosuppressive environment created in 
part by TH2 secretion profile, and may enables the shift to TH1 cytokine 
profile resulting in specific massive tumor destruction. This construct project 
opens new possibilities for treating highly immnuo-evasive tumors and 
diseases through masking the tumor cells and recruiting own immune 
response. This enables Avoiding the bothersome and at times overwhelming 
side-effects and limited tolerability of current chemotherapeutic drugs. 
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Intratumoral 224Ra-loaded wires combined with chemotherapy can 
destroy solid malignant tumors of various histological types in 
mice, and prolong survival 

Cooks T.1, Horev G.1, Reitkopf S.1, Marshak G.2, Arazi L.3,4, Schmidt M.3, Kelson 
I.3,4, Keisari Y.1. 
1Dept. of Human Microbiology, Sackler Faculty of Medicine, 2Davidoff Center, Rabin Medical 
Center, 3School of Physics and Astronomy, Sackler Faculty of Exact sciences, Tel Aviv 
University, and 4Althera Medical, Tel Aviv, Israel 

Objectives: Alpha particle radiation is highly lethal for cancer cells but has so 
far not been used in the treatment of solid tumors because of its short range. 
We developed a new intratumoral treatment for cancer utilizing 224Ra-loaded 
wires that continually release by recoil short-lived alpha-emitting atoms. 
These disperse in the tumor and deliver a lethal dose over a region measuring 
3-7 mm in size. The method was termed Diffusing Alpha-emitters Radiation 
Therapy (DART). The present study examines the curative effects of a 
combination between the 224Ra-loaded wires and anti-tumor chemotherapy, 
against tumors of various histological types. 

Methods: Tumor cells from pancreatic (Panc02), squamous cell (SCC) (SQ2), 
and colon carcinomas (CT26), were injected subcutaneously to mice. Tumors 
4-10 mm in diameter were implanted with stainless steel 224Ra-loaded wire(s) 
(0.3 mm-diameter and 3-5 mm long). Chemotherapeutic agents were 
administered concurrently. Animals were monitored for tumor development 
and survival. Also an in-vitro set-up was used to assess killing of cancer cells 
by alpha particles.  

Results: Treatment of SCC with two i.v doses of cisplatin (5 mg/kg) given 
concomitantly with two 224Ra-loaded wires (11-28 kBq), caused substantial 
growth arrest of 93%, extended survival from 44 to 87 days, and also reduced 
metastatic spread to the lungs. Treatment of Pancreatic tumors with a 
combination of one 224Ra wire (13-45 kBq) and Gemcitabine (60 mg/kg) 
achieved significant reduction in tumor volume relative to any treatment 
modality alone.  
224Ra-loaded wires (15-17 kBq/wire), inhibited tumor growth of colon 
adenocarcinoma tumors (4-6 mm) by 45%, and even led to complete cure. 
Injection of 5-FU (75 mg/kg) with the 224Ra wire augmented tumor destruction 
and growth retardation (35% compared to 224Ra or 5-FU alone, and 74% 
compared to no treatment). 

In vitro experiments with all tumor cells exposed to alpha particles revealed a 
dose dependent killing of the tumor cells. The combined treatment with alpha 
particles and chemotherapy achieved the highest killing rate of tumor cells 
compared to each cytotoxic component alone. 

Conclusions: DART is an effective treatment to treat solid malignant tumors, 
and can be further potentiated in combination with chemotherapy. This 
combined treatment modality holds significant potential for the treatment of 
non-resectable human cancer. 
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4-1BB transduced human T cells demonstrate an improved anti-
tumor activity 

Daniel-Meshulam I., Cohen C. 

Bar-Ilan University, Faculty of Life Sciences, Ramat Gan 

Adoptive cell transfer of tumor reactive lymphocytes pre-existing in the patient 
or genetically engineered to express a tumor specific T cell receptor (TCR) 
has been shown to mediate the regression of large solid tumors in cancer 
patients that were refractory to previous treatments. However, inadequate T-
cell persistence and reduced reactivity may represent major factors that would 
limit the clinical response to those treatments. 
Apart from the binding of the TCR to its peptide/MHC target, additional 
interactions often referred as co-stimulation, are known to actively shape the 
lymphocyte response.  4-1BB (CD137) is a co-stimulatory molecule 
expressed on T cell surface following TCR engagement, while its ligand 4-
1BBL can be found on professional antigen presenting cells, but more 
importantly, also on the surface of tumor cells. The role of 4-1BB/4-1BBL 
pathway has emerged as central in cytotoxic CD8+ responses and survival, 
and consequently, it is possible that its manipulation could provide us with a 
way to change current anti-tumor cellular therapies. 
Herein, we generated a retroviral producer-cell clone which retroviral 
supernatant yielded high levels of transduction and expression of 4-1BB in 
primary human lymphocytes. Retroviral transduction of tumor-specific T cells 
with a retrovirus encoding 4-1BB improved their cytokine secretion upon co-
culture with peptide pulsed dendritic cells, but more interestingly, with 
melanoma tumor lines. In addition, we observed an increased expression of 
an activation marker such as CD25, and decrease in apoptosis by reduction 
of Annexin V binding to the membrane of lymphocytes transduced with 4-1BB.  
We also found that unspecific stimulation with OKT-3 enhanced the 4-1BB 
transduced lymphocytes activation, while blockade with mAb Anti-41BB or 
soluble 41BBL reduced the activation. Thus, we conclude that costimulatory 
pathway 4-1BB/4-1BBLcan be utilized to improve anti-tumor activity, which 
may apply to the genetic modification of cancer patient lymphocytes. 
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p53 does not suppress tumor development in the progress of liver 
cell carcinogenesis but attenuates the inflammatory process 

Elad Horwitz 

Hebrew University, Jerusalem 

Hepatocelluar Carcinoma (HCC) is a one of the commonest and deadliest 
forms of cancer for which medicine holds a very poor arsenal of treatments to 
deal with. In search of potential drugable molecular targets for HCC, we 
explored a mouse model of this disease (Mdr2 KO) that mimics the course of 
development of the human disease – chronic liver inflammation followed by 
tumor formation. 

In order to understand the role of the well known tumor suppressor p53, we 
conditionally ablated the expression of p53 in these mice at adult age using a 
floxed allele and adenovector mediated Cre transduction. Surprisingly, in the 
chronically inflamed p53 ablated livers, the rate of tumor appearance was 
similar to that of the control group. Furthermore, induction of p53 by 
application of the DNA damaging agent Doxorubicin in tumors of p53 WT 
mice led in most tumors to an intact p53 response. We further performed an in 
vivo cell competition assay were we deleted p53 sporadically in inflamed 
livers. The loss of p53 in single cells did not convey them with increased 
proliferative capacities. Taken together we show that the tumor suppressive 
mechanisms of p53 can by bypassed by yet unknown mechanisms in this 
cancer model.  

However, we found that the cytokines CCL5, MCP1 and IP-10, were elevated 
in the p53 deficient inflamed livers. Furthermore, histological analyses 
revealed more severe inflammatory infiltrates in these mutant livers. This was 
confirmed using immunohistochemical staining for. Taken together this 
suggests that p53 can suppresses liver inflammation.  

Thus we suggest that in this model of liver tumorigenesis p53 plays a non cell 
autonomous role in the early stages of inflammation rather than acting on 
from within the tumor cell itself. 

Cancer-retina antigens as therapeutic targets for immunotherapy 

Maria Jesiak, German Cancer Research Center Heidelberg 

Melanoma is a fast progressing tumor, which originates from melanocytes and 
it is known to be highly resistant to many therapies. Malignant melanoma has 
a very poor prognosis, because it withstands the conventional therapies like 
surgery or chemotherapy. Although it has been proven to be very 
immunogenic and a number of various melanoma specific antigens are well 
known [1], nevertheless, the immune response of the patients is often not able 
to fight back and eliminate all tumor cells.  

It has been recently shown that a new class of tumor antigens called cancer-
retina antigens (CRA) apart from being expressed in a healthy retina and 
pineal glands can be expressed at the mRNA and protein level in melanoma 
[2]. Transducin, cGMP-phosphodiesterase 6 (PDE6), guanylyl cyclase, 
recoverin and arrestin have been detected in tumors of melanoma patients 
and in tumor bearing mice. These antigens can elicit humoral and cellular 
immune responses causing melanoma-associated retinopathy. 
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Autoantibodies against transducin and arrestin were found in patients’ sera, 
as well as in tumor bearing mice [3]. 

In our project we aim to clone human and murine CRA such as recoverin, 
PDE6 alpha and beta and use them for DNA-immunization of mice. By IFN-γ 
ELISPOT assay employing synthetic peptide libraries, immunogenic peptides 
will be identified. Further on, the CRA specific T cell epitopes will be 
determined, specific T cells generated and their therapeutic efficiency 
checked in mouse models. For this purpose, transplantable murine tumor 
models and transgenic mice with spontaneous melanoma tumor formation will 
be used [4] and peptide libraries will be utilized to screen for HLA-restricted T 
cell epitopes presented by class I and class II molecules [5]. 

In addition to murine melanoma models, patients’ tumor samples will be used. 
Peripheral blood mononuclear cells (PBMCs) from tumor patients will be 
analyzed for the presence of specific T cells against the identified epitopes. 
These cells will be expanded and tested for a number of markers defining T 
cell subtype and activation status. Their specificity and cytoxicity will be 
checked on human HLA-matched tumor cell lines. Finally, both expanded 
CRA-specific T-cell lines and “long” synthetic peptides (20mers) will be tested 
in therapeutical and preventive settings in melanoma animal tumor models. 
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Cancer-retina antigens as therapeutic targets for immunotherapy 

Maria Jesiak 

German Cancer Research Center Heidelberg 

Melanoma is a fast progressing tumor, which originates from melanocytes and 
it is known to be highly resistant to many therapies. Malignant melanoma has 
a very poor prognosis, because it withstands the conventional therapies like 
surgery or chemotherapy. Although it has been proven to be very 
immunogenic and a number of various melanoma specific antigens are well 
known [1], nevertheless, the immune response of the patients is often not able 
to fight back and eliminate all tumor cells.  
It has been recently shown that a new class of tumor antigens called cancer-
retina antigens (CRA) apart from being expressed in a healthy retina and 
pineal glands can be expressed at the mRNA and protein level in melanoma 
[2]. Transducin, cGMP-phosphodiesterase 6 (PDE6), guanylyl cyclase, 
recoverin and arrestin have been detected in tumors of melanoma patients 
and in tumor bearing mice. These antigens can elicit humoral and cellular 
immune responses causing melanoma-associated retinopathy. 
Autoantibodies against transducin and arrestin were found in patients’ sera, 
as well as in tumor bearing mice [3]. 
In our project we aim to clone human and murine CRA such as recoverin, 
PDE6 alpha and beta and use them for DNA-immunization of mice. By IFN-γ 
ELISPOT assay employing synthetic peptide libraries, immunogenic peptides 
will be identified. Further on, the CRA specific T cell epitopes will be 
determined, specific T cells generated and their therapeutic efficiency 
checked in mouse models. For this purpose, transplantable murine tumor 
models and transgenic mice with spontaneous melanoma tumor formation will 
be used [4] and peptide libraries will be utilized to screen for HLA-restricted T 
cell epitopes presented by class I and class II molecules [5]. 

In addition to murine melanoma models, patients’ tumor samples will be used. 
Peripheral blood mononuclear cells (PBMCs) from tumor patients will be 
analyzed for the presence of specific T cells against the identified epitopes. 
These cells will be expanded and tested for a number of markers defining T 
cell subtype and activation status. Their specificity and cytoxicity will be 
checked on human HLA-matched tumor cell lines. Finally, both expanded 
CRA-specific T-cell lines and “long” synthetic peptides (20mers) will be tested 
in therapeutical and preventive settings in melanoma animal tumor models. 
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Interaction of HBV with p53 “gain-of-function” mutants inhibits 
apoptosis of HBV-infected hepatocytes  

Joschko N.1, 2, Rademacher A.1, Langhein A.1, Sun L-A.1, Steinebrunner N.1, 
Koch A.1, Stremmel W.1, Müller M.1 
1 Department of Internal Medicine IV, University Hospital Heidelberg, Germany 
2 German Cancer Research Center, Heidelberg 

Chronic Hepatitis B Virus (HBV) infection causes liver cirrhosis leading to over 
80% of hepatocellular carcinomas (HCC) worldwide. We have previously 
shown that a functional p53- and an intact CD95-signaling pathway are 
essential for elimination of HBV-infected cells. Furthermore, we have 
described the role of the p53 family in hepatocarcinogenesis, therapeutic 
response and prognosis of HCC. Whereas the hallmark of wild-type (wt) p53 
is its tumor suppressor activity, tumor-associated mutant p53 proteins can 
exert novel anti-apoptotic “gain-of-function” (GOF) activities, which confer a 
selective advantage for tumor cells harboring such mutations. “GOF” mutants 
of p53 are oncogenic by repressing the activity of genes regulating both the 
extrinsic and the intrinsic apoptosis signaling pathway. 

We investigated the impact of an alteration/ inactivation of the p53 signaling 
pathway on apoptosis of HBV-infected hepatocytes. Combined adenoviral 
transfer of HBV and wt p53 led to an increased CD95 gene transactivation as 
well as CD95 protein expression, thus sensitizing HBV-infected hepatocytes 
towards CD95-mediated apoptosis. In contrast, transfection of a p53 “GOF” 
mutant, namely the hot-spot mutant p53R248W, inhibited viral clearance and 
apoptosis of HBV-infected hepatocytes. Whereas wt p53 transactivated the 
CD95 gene in HBV-infected hepatocytes, p53R248W dramatically repressed 
CD95 gene transactivation and CD95-dependent apoptosis.  

Our data show that the p53 “gain-of-function” mutant, p53R248W, contributes 
to viral persistence by inhibiting CD95-mediated apoptosis of HBV-infected 
hepatocytes. This suggests a possible synergy of alterations of the p53 
pathway and HBV-induced hepatocarcinogenesis. 
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Ectopic gene expression in the bone marrow and implications for 
the activation and expansion of regulatory T cells 

Felix Klug, P Beckhove 

Department of Translational Immunology, German Cancer Research Center, Heidelberg, 
Germany. 

Malignant transformation and tumor progression can be controlled by the 
immune system which is able to mount spontaneous T cell responses against 
tumor associated antigens (TAAs). Regulatory T cells (Treg) are a specialized 
subpopulation of T cells that are able to specifically suppress or inhibit T cell 
responses.  

It was described for breast cancer patients that spontaneous T cell responses 
against TAAs are formed predominantly in the bone marrow but not in the 
peripheral blood. This is entailed by a cell population consisting of TAA 
reactive Treg which are enriched in the bone marrow and subsequently 
migrate during tumor disease to the peripheral blood. This process 
encompasses the bone marrow as a compartment of tumor specific induction 
and expansion of regulatory T cells, which comprises the encounter with 
cognate TAAs presented by antigen presenting cells. The origin of presented 
TAAs in the bone marrow as well as the corresponding antigen presenting 
cells required for stimulation of accumulated regulatory T cells in the bone 
marrow is not clarified yet whereas a potential mechanism could comprise an 
ectopic gene expression of self antigens in the bone marrow. 

To identify a potential cell population which has the ability for an ectopic gene 
expression human and murine bone marrow cells were characterized by flow 
cytometry and subsequently separated by cell sorting. To describe gene 
expression real-time reverse-transcription polymerase chain reaction 
experiments of selected tissue-specific genes were performed as well as real-
time polymerase chain reactions to quantify expression levels. Out of a set 
containing seven tissue-specific genes the expression of four genes could be 
detected in distinct cell populations. To visualize the targeted cell population 
in respect of the relation of mRNA expression and protein level we employed 
immunohistochemical examinations which resulted in the identification of 
scattered cells expressing the Autoimmune regulator (Aire) on protein level. 

Our data provide evidence that bone marrow stromal cells are able to express 
tissue specific genes and suggests the mechanism of promiscuous gene 
expression as it is described in the thymus. 
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Two Photon imaging of CTLs inside the tumor microenvironment 
in a live mouse. 

Yoav Manaster 

Weizmann Institute of Science, Rehovot, Israel 

Introduction: Adoptive cell transfer is an emerging therapy for late-stage 
melanoma patients. A better understanding of CTL-mediated tumor rejection 
might improve current protocols. Most of our knowledge on the cellular 
interactions between tumor cells and CTLs comes from in vitro studies, which 
poorly emulate the complex tumor microenvironment. Here, we use two-
photon intravital-imaging to describe the regional progression of melanoma 
tumor elimination, focusing on the role of the vasculature and of cellular 
coordination.  

Results: Our imaging experiments led us to four major observations: 1. CTLs 
initially infiltrated the tumor through intratumoral and surrounding skin blood 
vessels. Infiltrating CTLs were mostly confined to their entry areas and CTL 
velocities dropped by two fold at a distance of 100 µm from the nearest blood 
vessels. 2. CTLs accumulated near entry vessels reaching cell densities of 
850 CTLs per 500 µm2 to create dense swarms. 3. Tumor-cell killing by 
individual CTLs occurred in only 3% of Tumor-CTL stable conjugations. 
However, the frequency of tumor-cell killing increased by ten fold when more 
than 5 CTLs were conjugating individual tumor cells. 4. Tumor elimination 
occurred in an antigen-specific manner as neighboring tumor cells that did not 
express antigen were left intact. 

These results suggest that: 1.CTL tumor-infiltration is vascular-dependent, as 
CTL motility is highly dependent on tumor oxygen levels. 2. Most tumor-cell 
killing results from collaborative killing of several CTLs contacting individual 
tumor cells. 3. Although killing occurs mostly under dense CTL swarms, CTL 
killing is mostly antigen-specific. 
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Development of Novel RNA Vaccines Against Human Melanoma 

Aviad Pato1,2, Gal Cafri1,3, Michal Lotem2, Arthur Mechlenkin2, Shoshana 
Frankenburg2, Alon Margalit1,4& Gideon Gross1,4 
1Laboratory of Immunology, MIGAL, Kiryat Shmona, Israel. 2Sharett Institute of Oncology, 
Hadassah University Hospital, Jerusalem, Israel. 3Department of Immunology, Weizmann 
Institute of Science, Rehovot, Israel. 4Department of Biotechnology, Tel-Hai Academic 
College, Upper Galilee, Israel 

Current CTL-inducing cancer vaccines rarely yield curative responses in 
clinical studies. Priming of CTLs entails their productive encounter with 
activated dendritic cells (DCs), which display sufficient MHC-I peptide ligands 
and provide adequate costimulatory signals. Optimizing CTL priming is a 
prerequisite for the elicitation of an effective anti-tumor response. 

We have recently created a potentially universal genetic vaccine platform, 
based on membrane-anchored 2-microglobulin (2m). This design combines 
MHC-I stabilization with exceptional presentation of pre-selected peptides 
covalently linked to 2m. We demonstrated its potency in a series of in-vivo 
experiments in a mouse melanoma model.  

Membranal 2m is an ideal scaffold for coupling antigen presentation to DC 
activation by engrafting the intracellular signaling domain of DC activation 
receptors. In preliminary experiments we showed that the incorporation of the 
signaling domain of toll-like receptor 4 (TLR4) as the anchor portion of these 
constructs confers a constitutively activated phenotype on transfected mouse 
APCs. We have implemented this design in RNA vaccines directed against 
human melanoma and evaluated their function in ex-vivo propagated human 
DCs. These vaccines encode the HLA-A2-binding gp100209-217 or MART127-35 

melanoma peptides in the context of 2m-TLR4 or 2m-A2 (an HLA-A2-
derived, inert anchor).  

Recently, several protocols have been developed which shorten the period 
required for differentiation and subsequent maturation of ex-vivo-propagated 
human DCs from 7-8 days to 2-3 days only. In this study we evaluated the 
ability of our 2m-based vaccines to potentiate peptide presentation and cell 
activation in gene-modified DCs grown according to the shorter procedure. 
We first used flow cytometry to show that DCs manipulated according to the 
fast or the traditional protocol express comparable levels of CD83, CD86 and 
HLA-DR. Next we showed that membrane-anchored 2m is a potent scaffold 
for presentation of N-terminally linked peptides by these DCs. We then 
demonstrated that electroporation of day-3 old DCs with mRNA encoding 
gp100209-217-2m-TLR4, but not gp100209-217-A2 is sufficient to drive DC 
maturation in the absence of external cytokines or adjuvants. This activation is 
manifested by upregulation of the surface co-stimulatory molecules CD80, 
CD83 and CD86.  

The combination of the fast protocol and mRNA transfection offers a powerful 
tool for the generation of DC-based cancer vaccines with significantly 
extended life-span and elevated CTL priming potency. 
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Characterization of the heparan sulfate epitopes recognized by 
natural cytotoxicity receptors 

Rosental B.1, Hecht M. 2, Hershkovitz O.1, Seeberger P.2, Porgador A.1. 
1 Ben Gurion University of the Negev, Department of Microbiology and Immunology, Faculty 
of Health Sciences, Beer-Sheva  
2 Laboratory for Organic Chemistry, Swiss Federal Institute of Technology (ETH) Zurich 

Natural cytotoxicity receptors (NCRs), expressed by natural killer (NK) cells, 
trigger NK lysis of tumor cells upon interaction with cell-surface ligands of 
these target cells. We have determined that recognition of tumor cells by the 
NCRs NKp30, NKp46 and NKp44 involves heparan sulfate (HS) epitopes 
expressed on the tumor cell membrane and we identified the heparan sulfate 
binding sites for NKp46 and NKp44. We then showed that HS/heparin 
epitope(s) recognized by NKp44 differ from those recognized by NKp30 or 
NKp46. We further characterized the HS epitopes recognized by the NCRs. 
Microarray and surface plasmon resonance experiments with a small library of 
HS/heparin oligosaccharides helped to clarify the binding preferences of the 
three NCRs. We demonstrate that the NCRs interact with highly charged 
HS/heparin structures, but differ in preferred modification patterns and chain 
lengths. The affinity of NKp30 and NKp44 for synthetic HS/heparin is 
approximately one order of magnitude higher than the affinity of NKp46. We 
further showed the relevance of synthetic HS/heparin for the binding of NCRs 
to tumor cells and for NCR-mediated activation of natural killer cells. In 
conclusion, NCRs recognize different microdomains on heparan sulfate with 
different affinities. Our studies provide new evidence for the identity of the 
ligands for NCRs and indicate that a broader definition should be applied to 
pathological patterns recognized by innate immune receptors.  
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Design, Synthesis and Evaluation of Quinazoline T Cell 
Proliferation Inhibitors 

Idit Sagiv, Ester Weiss Lavi and Alexander Levitzki 

Unit of Cellular Signaling, Department of Biological Chemistry, The Alexander Silberman 
Institute of Life Sciences, The Hebrew University of Jerusalem, Jerusalem 91904, Israel. 

We present here a novel class of quinazoline molecules that inhibit T cell 
proliferation. The most potent compound N-p-tolyl-2-(3,4,5-
trimethoxyphenyl)quinazolin-4-amine (S101) and its close analogs were found 
to inhibit the proliferation of T cells from human peripheral blood mononuclear 
cells (PBMC) and Jurkat cells, with IC50 in the sub-micro molar range. The 
inhibitor induced G2 cell cycle arrest but did not inhibit IL-2 secretion. The 
inhibitor did not affect proliferation of non-hematopoietic cells. This new class 
of specific T cell proliferation inhibitors may serve as lead molecules for the 
future development of agents aimed at diseases in which T cell signaling 
plays a role and may be used to induce tolerance to grafted tissues or organs.  
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Comparative immunologic analysis of differently modified HPV16 
L1 capsomeres 

Lysann Schädlich, Britta Gerlach, Tilo Senger, Norbert Mücke, Corinna Klein, 
Ignacio G. Bravo, Martin Müller, Lutz Gissmann 

German Cancer Research Center, Heidelberg 

Infection with the mucosal human papillomavirus type 16 is associated with 
the development of cervical cancer, currently one of the most frequent causes 
for death in women worldwide. 

The recent introduction of two virus-like particle (VLP-)-based prophylactic 
vaccines, CervarixTM and Gardasil®, represents an important milestone in 
eliminating this and other HPV-related cancers.  However, these vaccines will 
likely remain unavailable to resource-poor countries unless the currently high 
production costs are lowered. We therefore seek a cheaper, high-yield 
process for the development of cost-effective prophylactic (and therapeutic) 
vaccines against cervical cancer that can be made available to less affluent 
countries as well as the industrialized world.  

It has recently been shown that immunisation with capsomeres, the L1 
pentameric subunits of VLPs, results in both high titers of neutralizing 
antibodies and strong cytotoxic T cell responses. HPV16 L1 capsomeres can 
be purified in high amounts from E. coli and therefore represent an economic 
alternative to the current generation of vaccines. However, a previous report 
showed that capsomeres -- generated from an L1 protein lacking the cysteine 
residues at position 175 and 428 -- are much less immunogenic than VLPs 
with regards to the humoral immune response. However, several 
modifications of L1 have been shown to allow capsomere formation. 

We have compared the immunogenicity of eight variously modified L1 
proteins purified as capsomeres from E. coli. Despite the almost identical 
structures observed by electron microscopy and confirmed by sedimentation 
analysis, the proteins differed extensively in immunogenicity. We suggest that 
this difference can be attributed to the assembly properties of the 
capsomeres; the ability of the proteins to assemble into stable larger particles 
correlated strongly with higher immunogenicity. 

Moreover, injection of mice with the one of the analysed L1 proteins, the 
L1∆N10, resulted in antibody titers equal to those seen after immunization 
with VLPs. However, an assembly step prior to immunization did not increase 
the immunogenicity of the L1 proteins in vivo. Taken together, these data 
suggest that the modification of various structural features of the L1 protein 
can affect immunogenicity and that certain L1 capsomeres can be as 
immunogenic as VLPs. Capsomeres purified from E. coli thus represent a 
cost-effective alternative to VLP-based vaccines against HPV16. 
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Defining tumor-associated HLA ligands recognized by regulatory T 
cells for the design of HLA multimers to identify regulatory T cells 
in tumor patients 

Hans-Henning Schmidt, Yingzi Ge, Philipp Beckhove 

Department of Translational Immunology, German Cancer Research Center, Heidelberg, 
Germany 

Regulatory T cells (Treg) are a subset of CD4+ T cells which are able to 
suppress immune reactions. In tumor immunology Treg are shown to play a 
detrimental role as elevated tumor-infiltrating Treg correlate with poor 
prognosis in several cancer types. It has been shown that engagement of 
cognate antigen presented by suitable HLA molecules can activate Treg 
suppressive activity. However, antigen specificity of breast cancer patient 
derived Treg is ill defined. Our previous studies showed that an otherwise 
latent T effector/memory response against some TAAs was enabled by the 
depletion of Treg as shown by short term (40 h) IFN-γ ELISPOT analysis. This 
was especially true for Mammaglobin A, a tumor-associated antigen in breast 
cancer. The novel Treg-specificity assay designed by our group confirmed 
that Treg recognize a polypeptide (50 amino acids) derived from 
Mammaglobin A.   

The bioinformatic tool SYFPEITHI was used to predict potential HLA ligands 
from the TAAs found to activate regulatory T cells. These peptides were 
tested upon their potential to activate regulatory T cells from breast cancer 
patients in our Treg-specificity assay. In this assay, suppression of the 
proliferation of polyclonally activated effector T cells by regulatory T cells 
stimulated with the predicted peptides is tested. Out of 10 patients tested, one 
showed a significant activation of the regulatory T cells after stimulation with a 
peptide derived from Mammaglobin A. Our results show that this approach is 
feasible and further research has to be done. With the defined antigens HLA 
multimers can be formed which can be used to stain Treg according to their 
specificity. With these multimers the effect of different cancer therapies on the 
tumor specific Treg can be monitored. Furthermore the multimers can be used 
to evaluate the functionality of tumor associated regulatory T cells according 
to their localization and migratory behavior in humans. 
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Generation of a vaccine against cutaneous papillomaviruses 

Tilo Senger, Lysann Schädlich, Lutz Gissmann 

Infection and Cancer, German Cancer Research Center, Heidelberg, Germany 

There are more than 100 different types of human papillomaviruses (HPV) 
identified so far that can be distinguished by their tropism for the skin or the 
mucosae. Some of the mucosotropic HPV types are causative agents of 
cervical cancer. Recently two vaccines based on virus-like particles (VLPs) 
that are generated by recombinant expression of the major structural protein 
L1 have been licensed, targeting the most frequent of these oncogenic HPVs. 
In contrast, the evidence for an association of HPV skin types to cancer is 
scarce yet but they are clearly linked to cutaneous warts. HPV-induced skin 
warts represent a major burden for immunosuppressed patients, such as 
organ transplant recipients. We aim to generate an L1 VLP-based 
prophylactic vaccine to prevent infections by the alpha-HPV types 2, 27, and 
57, the most frequent causative agents of skin warts in immunocompromised 
patients.  

An improved protocol for the efficient recombinant production of virus-like 
particles (VLPs) in insect cells has been developed. As determined in 
preclinical studies, high titers of cross-reactive L1-specific antibodies are 
triggered upon immunization with HPV 2, 27, or 57 VLPs. However, 
pseudovirion-based assays demonstrated that the antibodies generated by 
immunized mice were type-restricted in their neutralizing capacity. These 
findings are supported by a comprehensive analysis of 94 monoclonal 
antibodies (MAbs) raised against the same antigens. Even though cross-
reactive and type-specific MAbs were generated, only some of the type-
restricted MAbs are neutralizing. However, significant levels of neutralizing 
antibodies against all three HPV types could be achieved by immunization 
with a trivalent VLP pool.  

Our findings suggest that L1 VLP-based vaccination may constitute a 
promising strategy to prevent infections by cutaneous HPV types. Clinical 
studies will be conducted to explore this prospect.  
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Paclitaxel in ultra-low doses increases survival and immune 
responses in ret transgenic tumor bearing mice 

Alexandra Sevko1, Dirk Schadendorf2, Michael Shurin3, Viktor Umansky1 

1 German Cancer Research Center, Heidelberg, Germany, 2 Department of Dermatology, 
University Hospital Essen, Essen, Germany; 3Departments of Pathology and Immunology, 
University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA 

It has been recently shown that such chemotherapeutic drugs as paclitaxel, 5-
FU, doxorubicin applied in ultra-low, noncytotoxic doses stimulate dendritic 
cell activity, and induce antitumor immune responses in mouse transplantable 
tumor models.  

We studied effects of ultra low-dose paclitaxel on tumor progression in ret 
transgenic mouse model of spontaneous melanoma, which closely resembles 
human melanoma regarding histopathology and clinical development. We 
found that survival of melanoma bearing mice upon the treatment was 
significantly increased as compared to nontreated group. To evaluate the 
mechanism of this antitumor effect, we focused on immunosuppressive cells 
like myeloid derived suppressor cells (MDSC) and regulatory T cells (Treg). 
Paclitaxel was found to decrease MDSC numbers in primary tumor and 
metastatic lymph nodes. Importantly, the amount of MDSC producing 
immunosuppressive agent nitric oxide was also decreased. In addition, we 
found a reduction of Treg numbers in primary tumors without affecting the 
total number of CD4+ T cells.  

We suggest that ultra low-dose paclitaxel therapy can neutralize tumor-
induced immune suppression, which leads to the prolonged survival of tumor 
bearing mice. 
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IL-9 inhibits corticoid-induced Bmf expression in mouse thymic 
lymphomas via the Jak-STAT pathway. 

Amel Tounsi 

German Cancer Research Center, Heidelberg 

BW5147 is a mouse thymic lymphoma cell line that proliferates autonomously 
in the absence of cytokines and is sensitive to corticoid-induced apoptosis. 
Cytokines and chemokines such as IL-9 and CCL1 (I-309) protect these cells 
against apoptosis, but the mechanisms responsible for this activity remain 
unknown. By using a microarray approach, we found that expression of the 
BH3-only family member Bmf was upregulated by dexamethasone (Dex) and 
that this effect was inhibited by both IL-9 and CCL1. Bmf expression was 
induced by Dex as soon as 2 hours after stimulation at concentrations 
required to induce apoptosis in BW5147. IL-9 decreased both Dex-induced 
and steady-state expression of Bmf, but did not affect the induction of other 
corticoid-induced genes such Spl3. CCL1 and CXCL12 (SDF-1), which 
partially protect these cells against Dex-induced apoptosis, had a similar 
effect on Bmf induction.  Bmf expression was also induced by Dex in other 
corticoid-sensitive thymic lymphoma cell lines such as 9T4A2, TH1821 and 
NM3T2 in which Dex-induced apoptosis and Bmf expression were partially 
inhibited by IL-9. In addition, two other BH3-only family members, Puma and 
Bim were also induced by Dex, and this induction was blocked by IL-9 as well. 
Bmf regulation by Dex and by IL-9 was abolished by the transcription inhibitor 
actinomycin D, and the half life of the Bmf mRNA was not affected by IL-9 
pointing to a transcriptional regulatory mechanism. Using a series of mutated 
human IL-9R that specifically differed in their ability to activate STAT 
transcription factors, we showed that STAT activation, and particularly STAT3, 
is required for Bmf downregulation by IL-9. Taken together our data show that 
BH3-only proteins such as Bmf, Bim and Puma are upregulated during 
corticoid-induced apoptosis of mouse thymic lymphomas and that this process 
can be reverted by IL-9 via activation of STAT transcription factors. 
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Semaphorin 3G as a novel regulator of vascular functions 

Simone Kutschera, Anja Weick, Mélanie Héroult, Maria Riedel, Claudia Prahst, 
Hellmut G Augustin 

Joint Research Division Vascular Biology, Medical Faculty Mannheim (CBTM), Heidelberg 
University, and German Cancer Research Center (DKFZ-ZMBH Alliance), Heidelberg, 
Germany 

Semaphorins were originally identified as axon guidance molecules. Yet, they 
also play important roles in the regulation of immune responses, angiogenesis 
and tumor progression. Five classes of semaphorins have been identified in 
vertebrates that are either secreted or expressed as transmembrane proteins. 
We have performed a transcriptomic screen of angiogenic blood and 
lymphatic endothelial cells and identified semaphorin 3G (Sema3G) as being 
selectively expressed in sprouting endothelial cells upon stimulation with 
VEGF-A and bFGF. Sema3G is the seventh member of the class 3 
semaphorin family that has largely been ignored, most likely due to its limited 
expression in neuronal cells. Full-length Sema3G (100kDa) is a secreted 
molecule that is cleaved by pro-protein convertases similar to other class 3 
semaphorins to yield 65kDa and 35kDa fragments. Cleavage enhances the 
angiogenic activity of Sema3G in an in vitro 3D HUVEC sprouting assay. The 
pro-angiogenic acting molecule is abundantly expressed in vascular rich 
tissues such as the heart, the lungs and the kidneys. The limited expression in 
the cerebellum indicates that Sema3G is primarily a vascular semaphorin 
rather than a neuronal guidance molecule. In addition to endothelial cells, 
Sema3G is also secreted by a number of tumor cells. To study the role of 
Sema3G in tumor progression and metastasis, we implanted endogenously 
Sema3G expressing MiaPaCa cells and Sema3G expression silenced 
MiaPaCa cells subcutaneously into nude mice. Sema3G had no prominent 
effect on tumor growth, blood vessel density or the perfusion of blood vessels 
in pancreatic MiaPaCa tumors. Surprisingly though, the number of lymphatic 
vessels was strongly reduced in Sema3G-expressing MiaPaCa tumors. 
Correspondingly, Sema3G inhibited VEGF-C and b-FGF induced tube 
formation of lymphatic endothelial cells in vitro. Taken together, the data 
identify Sema3G as a novel regulator of vascular function.  
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