
Charles Rodolphe Brupbacher Stiftung

Breakthroughs in 
Cancer Research and Therapy

Edited by

Josef  Jiricny
Nancy Hynes

Ponte Press 
2017



2 Impressum

Breakthroughs in Cancer Research and Therapy 2017
Josef Jiricny, Nancy Hynes (Eds.)
Ponte Press Verlags GmbH
D-44892 Bochum
ISBN 13: 978-3-920328-77-5

Impressum
Charles Rodolphe Brupbacher Stiftung
Wissenschaftliches Sekretariat
Bahnhofstrasse 24
P.O. Box 
CH-8024 Zürich
Schweiz

Layout:
Anke Redegeld
Lisa Marxt, lic. phil.

Druck:
Karl Schwegler AG,  Zürich

neutral
Printed Matter

No. 05-16-250803 – www.myclimate.org
© myclimate – The Climate Protection Partnership

PERFORMANCE



3Inhalt / Contents

Inhalt

Charles Rodolphe Brupbacher Preis für Krebsforschung 2017

Programm der Preisverleihung 6

Laurence Zitvogel  
 Laudatio  8
 CV und Publikationen  10
 Festvortrag 13

Guido Kroemer  
 Laudatio  8
 CV und Publikationen  16
 Festvortrag 20

Sir Adrian Peter Bird 
 Laudatio  23
 CV und Publikationen  24
 Festvortrag 27

Bisherige Preisträger 28

Symposium 2017 30
 Programm 31
 Abstracts der Referenten 34
 Poster Abstracts 50

Charles Rodolphe Brupbacher Stiftung 120
 Die Stiftung 122 
 Charles Rodolphe Brupbacher 123 
 Stiftungsrat 125
 Wissenschaftlicher Beirat 126 
 Kontakt 127

Adressen  128

Index  131

Contents

Charles Rodolphe Brupbacher Prize for Cancer Research 2017

Program of the Award Ceremony 7

Laurence Zitvogel  
 Laudatio  8 
 CV and Publications 10
 Award Lecture 13

Guido Kroemer  
 Laudatio  8 
 CV and Publications 16
 Award Lecture 20

Sir Adrian Peter Bird 
 Laudatio  23
 CV and Publications  24
 Award Lecture 27

Previous Laureates 28

Symposium 2017 30
 Program 31
  Abstracts of Invited Speakers 34
 Poster Abstracts 50

Charles Rodolphe Brupbacher Foundation 120 
 The Foundation  122
 Charles Rodolphe Brupbacher 123
 Foundation Board 125 
 Scientific Advisory Board 126 
 Contact 127

Address List 128

Index  131



4 Charles Rodolphe Brupbacher Preis für Krebsforschung 2017

Preisverleihung

Charles Rodolphe Brupbacher Preis 
für Krebsforschung 2017

Award Ceremony

Charles Rodolphe Brupbacher Prize 
for Cancer Research 2017



5Charles Rodolphe Brupbacher Prize for Cancer Research 2017

Die Stiftung verleiht alle zwei Jahre den Charles Rodolphe 
Brupbacher Preis für Krebsforschung an Wissenschaftler, die auf  
dem Gebiet der Grundlagenforschung hervorragende Leistungen 
erbracht haben. Die Preisverleihung findet statt im Rahmen eines 
internationalen  wissenschaftlichen Symposiums, an dem auch der 
öffentliche Charles Rodolphe Brupbacher Vortrag gehalten wird.

Der Preis für das Jahr 2017 wird verliehen an:

Laurence Zitvogel, Paris, Frankreich 
Guido Kroemer, Paris, Frankreich und
Sir Adrian Peter Bird, Edinburgh, U.K.

Biennially, the Foundation bestows the Charles Rodolphe 
Brupbacher Prize for Cancer Research upon a scientist who has 
made extraordinary contributions to basic oncological research.
The Award Ceremony takes place within the framework of  a 
Scientific Symposium, which includes the Charles Rodolphe 
Brupbacher Public Lecture.

The recipients of  the 2017 Awards are:

Laurence Zitvogel, Paris, France 
Guido Kroemer, Paris, France and
Sir Adrian Peter Bird, Edinburgh, U.K.

Charles Rodolphe Brupbacher Preis 
für Krebsforschung 2017

Charles Rodolphe Brupbacher Prize 
for Cancer Research 2017



6 Programm der Preisverleihung

Begrüssung
Prof. Dr. Michael Hengartner, Rektor der Universität Zürich

Mozart:  Trio KV 502, 1. Satz

Preisverleihungen

Laudatio
Laurence Zitvogel, MD/PhD und Guido Kroemer, MD/PhD

durch
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Referat der Preisträgerin
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Sir Adrian Peter Bird, PhD

durch
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Sir Adrian Peter Bird, PhD
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Introduction
Prof. Dr. Michael Hengartner, Rector of the University of Zurich

Mozart: Trio KV 502, first movement

Awards

Laudatio
Laurence Zitvogel, MD/PhD and Guido Kroemer, MD/PhD

by
 Miriam Merad

Acceptance Speech
Laurence Zitvogel, MD/PhD

Beethoven: Rondo e cappriccio

Acceptance Speech
Guido Kroemer, MD/PhD

Chopin: Cello Sonata Op. 65, Largo

Laudatio
Sir Adrian Peter Bird, PhD

by
Josef Jiricny, PhD

Acceptance Speech
Sir Adrian Peter Bird, PhD

Piazzolla: Invierno porteno

Final address

 

Apéro



8 Charles Rodolphe Brupbacher Prize for Cancer Research 2017

attending clinician who had just returned from the United States after 3 
years spent in a cancer immunology research lab. Laurence’s passionate 
teaching of cancer immunotherapy, which contrasted so much with 
the discussions we had on the clinical floors, inspired me to learn 
immunology and, twenty years later, there is still so much to learn and 
discover.

Laurence was born in France in a suburb of Paris from a family of 
Artisans. When she was six-years old, she announced to her family that 
she will  become a doctor, and the long suffering and early death of a 
father she adored strengthened her intention. To this day, Laurence’s 
vocation to seek novel cures and alleviate suffering has remained intact. 

It is my great pleasure to give the laudation for Laurence Zitvogel and 
Guido Kroemer, winners of the Brupbacher Prize for Cancer Research 
in recognition of their contribution to cancer immunology research. 

I am standing here presenting this eulogy today because of a fortunate 
encounter I have made with Laurence Zitvogel 20 years go. In 1996, 
I was a 3rd resident in hematology/oncology at the Gustave Roussy 
Cancer Institute in Paris, when I was introduced to Laurence, a new 

Laudatio

Miriam Merad
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by the immune system.  They tested hundreds of compounds for more 
than 10 years and together they finally discovered that anthracyclines 
and oxaliplatin, two common chemotherapy agents, can induce a type 
of cancer cell death that elicits an anticancer immune response, hence 
allowing the immune system to control residual tumor cells. They 
identified  the distinct molecular alterations that lead a dying cell to 
induce an immune response,  distinguish this type of cell death from 
conventional apoptosis and showed that the immune response against 
dying tumor cells controls the clinical outcome of many chemotherapy 
regimen, both in mouse models and in cancer patients. These results led 
to a novel paradigm they named immunogenic cell death, a paradigm 
that revolutionizes our understanding of anti-cancer chemotherapies 
and should influence the development of combination chemo-
immunotherapy regimen for the treatment of cancer patients. 

During the course of these studies, Laurence became fascinated by 
the differential effects of chemotherapy on the immune system and 
she started systematically to monitor immune responses induced 
upon administration of chemotherapy. Soon she discovered that  
cyclophosphamide induced the release of interleukin-17, which was 
essential for the induction of antitumor immunity and that IL-17 release 
was dependent on the presence of gut comensal microbes. This led her 
to hypothesize for the first time the key role of the gut microbiome 
in the control of chemotherapy-mediated antitumor immunity. This 
work, published in “Science“ in 2013, was soon followed by another 
breakthrough. Prompted by the finding that the checkppoint blockade 
of CTLA4 leads to gut tissue damage, Laurence then searched whether 
the gut microbiota was also instrumental in inducing tumor response to 
CTLA4 blockade. In a subsequent study, also published in “Science“, 
she showed that, in mouse experimental tumor models, CTLA4-
mediated antitumor immunity was also dependent on the presence of 
gut commensals. The discovery of the role of the gut microbiome in 
cancer treatment had enormous implications for the field and ignited a 
worldwide effort in academia and industry to develop novel microbe-
based therapies to potentiate antitumor therapies. 

I have met many physicians and scientists throughout my professional 
life, but to date I have not met scientists as passionate and as engaged 
as the Zitvogel & Kroemer team. They have dedicated their intellectual 
and personal lives to the finding of a cure for cancer and their passion 
has transformed our understanding of antitumor immune response 
and dramatically influenced and inspired generations of scientitists 
throughout the world. 

Laurence attended La pitie Salpetriere’s Medical School in Paris and 
very early decided to specialize in Oncology. Frustrated by her training 
in clinical oncology and saddened by the bleak outcome of her patients, 
Laurence decided to take some time off from the clinical training to 
learn about immunology, as she had become fascinated by the process 
of vaccination and immune protection. Intrigued by the work of Steven 
Rosenberg, a surgical oncologist at the NIH and a pioneer of tumor 
immunotherapy, she decided to join the laboratory of Michael Lotze, 
a former Rosenberg’s trainee, who was leading a Cancer Immunology 
laboratory in Pittsburgh University.  After a successful time there, 
she returned to Paris to start her own laboratory at Gustave Roussy 
Cancer Research Institute , where she has been since. Soon after 
starting her laboratory , she became interested in the role of targeted 
and conventional therapy on the immune system. She discovered that 
imatinib (Glivec), a tyrosine kinase inhibitor targeting the oncogenic 
kinases Brc-Abl, c-Abl and c-Kit, promotes tumor response partly 
though its ability to stimulate natural killer (NK) cells to attack tumor 
cells, a findig that was to dramtically influence her subsequent  research 
with Guido Kroemer. It is at Gustave Roussy that Laurence met Guido 
for the first time, a meeting that was to transform their personal and 
professional lives. 

Guido is a trained pathologist, immunologist and molecular biologist. 
In the mid 90’s he discovered that mitochondrial membrane 
permeabilization constitutes the central checkpoint of apoptosis, 
thereby laying the grounds for the comprehension of regulated cell 
death. Kroemer’s team discovered that, in mammalian cell death, 
mitochondrial membrane permeabilization constitutes the point-of-
no-return of the lethal process and thus defines the lethal checkpoint. 
Instead of considering apoptosis as a process dominated by proteases and 
nucleases, cell death is now viewed as a process that is largely controlled 
by mitochondria. This discovery has had impotant implications for the 
understanding of cell death. A prolific author and one of the most cited 
biologist in the world, Guido obtained many scientific awards including 
the International Cell Death Society Life Achievement Award and the 
European Cell Death Society Career Award. 

In contrast to most immunologists at that time, who focused mainly 
on tumor vaccines or T cell adaptive therapies, Laurence and Guido 
inspired by Laurence’s finding on the immunogenic role of Glivec and 
Guido’s work on the mechanisms of cell death  started to question 
whether all types of cell death were equal and searched for compounds 
that could  induce tumor cell death in a way that could be recognized 
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Laurence Zitvogel

Summary Curriculum vitae 

Appointment Scientific Director of  OncoImmunology,  
 Gustave Roussy Cancer Center (GRCC)

Address 114 Rue Edouard Vaillant
 94800 Villejuif, France

Date of  Birth December 25, 1963

Current Positions

2016– Director, Torino-Lumiere, Program Project, Paris,
 France
2011– Member of  Co-Directorate, Gustave Roussy Cancer
 Campus, Villejuif, France
2003–  Full Professor, Immunology  & Biology, Kremlin 
 Bicêtre School of  Medicine, University Paris XI
2002–  Co-Director, Center of  Clinical Investigations in 
 Biotherapies of  Cancer, GRCC-Curie, Paris
2000–  Director, Laboratory “Tumor immunology and 
 immunotherapy” INSERM U1015, GRCC
1998– Hospital Practioner, Breast Cancer Department, 
 Clinical attending, GRCC

Previous Positions

1995-2000 Associate Professor, Clinical attending, 
 Medical University of  Paris XI, Villejuif
1995-1998 Post-doctoral fellowship, Adenovirus Gene 
 Therapy, Pr Pericaudet’s lab, Villejuif, France

It is my distinct pleasure today,  Laurence and Guido, to present you this 
well-deserved Charles Rodolphe Brupbacher Prize for Cancer Research 
in recognition of your contribution to cancer immunology research.
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1994-1995 Assistant Professor, University of  Pittsburgh,  
 Pittsburgh Cancer Institute, USA
1992-1994 Instructor, University of  Pittsburgh, 
 Pittsburgh Cancer Institute, USA
1990 Master in Tumor Immunology, Prof. Fridman’s 
 lab. Institut Curie, Paris
Education

1987 MD, School of  Medicine, Pitié Salpétrière, 
 University of  Paris VI, France
1992 Board Certificate, Medical Oncology, 
 University Paris VII, France
1995 PhD, Immunology, University Paris VII, France -
 Pittsburgh Cancer Institute, Pittsburg, PA, USA
1998 Habilitation, University Paris XI, France

Fellowships and Awards

2014 Swiss Bridge Award for Cancer Research, Switzerland 
2013 Ligue Française contre le Cancer, Research Prize, 
 Conseil Général des Yvelines, Versailles
2012 Member of  the National Academy of  Medicine, 
 Biology Division, Paris, France
2012 Permanent member of  the European Academy of  
 Cancer Sciences, ECCO 
2011  Medical Research Prize, Price Raymond Rosen 
 Fondation pour la recherché médicale, France
2007 INSERM Prize for Translational Research, 
 French Medical Research Council (INSERM)
2007 Gallet & Breton Prize, National Academy of  
 Medicine, Paris, France
2005  Charles Oberling Prize, Senate of  the French 
 Republic, Paris, France
2000  Gustave Roussy Prize, National Academy of  Sciences,  
 Paris, France
1999 Prize of  the Chancellery, University of  Paris
 City Hall Paris
1996 Ligue Française contre le Cancer, Research Prize, 
 Conseil Général Haute Loire, France
1995 Merit Award, Society for Biological Therapy, 
 Nappa Valley, CA, USA

1994 Presidential Award, American Society of  Clinical 
 Oncology, LA, CA, USA
1992 Vocation Prize, Bleustein Blanchet Foundation, 
 Paris, France
1992 Gold Medal, Internal Medicine, first Prize, 
 Assistance Publique-Hôpitaux de Paris

Principal Commissions of  Trust

2016– Scientific Advisory Board (SAB), Transgene, 
 Paris-Illkirch, France
2015– SAB, Lytix Ltd., Oslo, Norway
2015– SAB, NeoVacs, Paris, France
2015– SAB, GSK, Philadelphia, PA, USA
2014– Board of  Directors/Executive Board, Transgene, 
 Paris, France
2014– Board of  Directors/Executive Board, National 
 Institute of  Cancer (INCA), Paris
2011-2014  SAB, DKFZ, Heidelberg, Germany
2011 Helmoltz Foundation, research committee
2001-2003 French Medical Research Council (INSERM)
1997 EORTC, Immunology Scientific Commitee

Organization of  Scientific Meetings

2017 Organizing comittee, AACR Conference, 
 Washington DC, DC, USA
2016 Organizing comittee, Cold Spring Harbor, 
 Shuzhu, China
2015-2016 Organizing comittee, AACR/CIMT/CRI/EATI 
 Conf. Tumor Immunology NYC, USA
2013 Co-Organizer, Keystone Symposium, Vancouver, 
 British Columbia, Canada
2013  Coordinator, Cancéropôle Ile-de-France, 
 Microbiota Conf, Paris, France
2011 Co-Organizer, Keystone Symposium, Santa Fe, 
 New Mexico, USA
2006-2016  President and co-organizer, Miltenyi Immunology 
 Annual Conferences, Paris, France
2015  Organizing comittee, AACR Conference on
 Tumor Immunology, San Diego, CA, USA
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2013  Organizing comittee, ECDO Conference, Paris, 
 France

Principal Editorial Activities

2012– Editor-in-Chief, OncoImmunology 
 (Landes Bioscience), Austin, Texas, USA
2010-2016 Editor (Immunology), Cell Death & Disease 
 (Nature Publishing Group), London, UK
2005-2012 Associate Editor, Cancer Research (AACR),
 Philadelphia, PA, USA

Guest Editor
2016 J. Clinical Investigations 
 (series on exosomes biology)
2008  Current Opinion in Immunology  (Springer)
2008 Cell Death Differentiation 
 (Nature Publishing Group)
2007  Immunological Reviews (Munksgaard-Springer)

Major Collaborations

Together with some hundreds of  collaborators/co-authors, 
our team has published close to 360 PubMed-indexed papers 
(search Zitvogel_L). The most important collaborative efforts 
include  G. Kroemer from Les Cordeliers, University Paris 
Descartes (230 common publications) on the immunogenic 
cell death concept (together with Dr D. Green, St. Judes 
Hospital in Memphis, Dr M. Pittet, Harvard Medical School), 
Mark J. Smyth from QIMR Berghofer Medical Research 
Institute in Australia (>20), the Dendritic cell team (Dr Miriam 
Merad, Mont Sinai, NYC, USA, Dr Florent Ginhoux, A*Star, 
Singapoor, Dr Federica Sallusto, Bellinzona, Switzerland, 
Dr Dhodapkar, University of  Yale, Connecticut, USA) the 
Microbiota team (Dr Ivo Gomperts Boneca, G. Eberl, and 
Dr Mathias Chamaillard, Institut Pasteur, Lille and Paris, 
France, Dr Joel Doré and Dr P. Lepage, Metagenopolis, INRA, 
Jouy-en-Josas, France), the Clinical team for breast cancer 
and melanoma (Dr F. André, Dr S. Delaloge, Gustave Roussy 
Cancer Center, Dr D. Jaeger, DKFZ, Heidelberg, Germany, Dr 
J. Wolchock, MSKCC, NYC, USA, Dr M. Maio, University of  
Siena, Italy, Dr B. Weide University of  Tübingen, Germany), 

and the exosome team (Dr S. Amigorena, INSERM, Institut 
Curie, Dr Clotilde Théry, Institut Curie, Dr O. Lantz, Institut 
Curie).
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Acceptance Speech

Laurence Zitvogel

Preamble
Prof. L. Zitvogel, MD. PhD. is 52 and graduated in Medical Oncology, 
School of  Medicine, University of  Paris in 1992 before starting her 
scientific career at the University of  Pittsburgh, Pennsylvania, US. She 
established her own lab at the Institut Gustave Roussy in Villejuif. 
She developed her career in the field of  cancer immunology and 
immunotherapy and reconciled basic and translational research to 
design novel cancer vaccines and conduct Phase I and II trials.  Her 
scientific discoveries over the last 20 years rely on 4 pillars.

1: The role of  dendritic cells and their exosomes in cancer immunology 
and immunotherapy
Having triggered the therapeutic potential of  DC for cancer therapy, 
Pr Zitvogel investigated the cellular mechanisms whereby DC mediated 
tumor regression in vivo. She unraveled four novel and critical 
biological pathways: DC not only elicit T cell responses but also trigger 
the activation of  innate effectors such as NK and NKT cells (Ikarashi 
et al. J. Exp. Med. 2001, Zitvogel L J Exp Med 2002, Fernandez et 
al. Nat. Med. 1999, Fernandez et al. Eur. Cyt. Netw. 2002, Terme et 
al J. Immunol. 2004, Borg et al. JCI, 2004, Walzer et al. Blood 2005). 
DC/NK cell cross-talks appeared critical to dictate cognate immune 
responses (in the context of  viruses or tumors) and control certain 
types of  human malignancies (such as leukemia, gastrointestinal 
sarcoma and neuroblastoma), DC directly interact with T cells but also 
secrete membrane vesicles called “exosomes” that bear major complex 
histocompatibility molecules and heat shock proteins inducing, on their 
own, antitumor effects (Zitvogel et al Nat Med 1998, Wolfers et al Nat 
Med 2001, Thery, Zitvogel, and Amigorena, Nat Rev Immunol 2002, 
André et al The Lancet, 2002, André et al J Immunol 2004, Chaput et al, 
J Immunol 2004, Taieb J, J. Immunol 2006). Having demonstrated the 
immunogenicity of  DC-derived exosomes in vitro and mouse models, 
Pr Zitvogel conducted two clinical trials based on patents and support 
from a Biotech Cie at first. Indeed, in collaboration with Institut Curie, 
she launched a Phase I trial using autologous DC derived-exosomes 
in stage IV melanoma patients in an academic cell therapy unit 
(Escudier et al J Transl Medicine 2004, results confirmed in parallel 
by an American team (Morse et al J Transl Med 2004). Exosomes were 
able to restore NKG2D-expression levels in both CD8+ T cells and 

NK cells due to their high contents in IL-15R and MICA/B (Viaud 
et al PloS One, 2009). A Phase II in non small cell lung cancer using 
second generation exosomes (from DC propagated in GM-CSF/IL-4/
IFNγ) has been completed and submitted to JCI. It demonstrates the 
bioactivity of  DC IFNγ exosomes on NK cell functions in NSCLC, 
specifically on NKp30 effector functions due to B7-H6 expression on 
exosome membranes. This illustrates that therapeutic intervention on 
the host immune system using exosomes may be of  therapeutic value. 
A novel DC subset (called “IKDC” for IFN producing killer DC), 
with a unique morphology and unique potentials (IFNγsecretion and 
TRAIL-dependent lysis in contact with a variety of  transformed cells) 
involved in tumor immunosurveillance (J. Taieb, Nature Med, Feb. 
2006). 
Moreover, facing the reality of  tumor-induced tolerance, she undertook 
the investigation of  DC pathophysiology during tumor progression 
in mouse and human specimen. She discovered two novel concepts 
of  immunosuppression:  i) tumor cells pervert DC and convert them 
into TGF- secreting cells promoting the expansion and accumulation 
of  naturally occurring regulatory T cells (suppressor T cells, Treg) 
(Ghiringhelli et al J Exp Med 2005a), ii) such Treg interfering with not 
only conventional T cells but also blunting all NK cell functions in 
tumor bearing hosts (Ghiringhelli et al J Exp Med 2005b).

2: The role of  NK cells in human malignancies and discovery of  
NKp30-associated biomarkers
Her team valued the study of  a potential impact of  NK cells in tumor 
immunosurveillance. She conducted mouse models of  transplantable 
tumors and studied human malignancies. In addition to the well 
recognized prognostic value of  NK cells in leukemias, her team 
contributed to highlight for the first time the critical prognostic role (and 
predictive value of  NKp30 isoforms) of  NK cells in gastrointestinal 
sarcoma (GIST) and high grade neuroblastoma (HGNB).
She first characterized various subsets of  NK cells in mouse models 
of  expanding tumors such as IKDC (a subset of  CD11b+ class II+ 
NK capable of  APC functions, Terme et al. Cancer Res. 2008, a subset 
of  regulatory NK cells CD27+ Kit+, dictated by IL-18, Terme et al. 
Cancer Res. 2010, Cancer Res. 2011). 
Next, she reported that NK cells are major components of  human 
gastrointestinal sarcoma and high grade neuroblastoma and are 
endowed with prognostic value in large cohorts of  metastatic patients 
(Borg C, J.Clin. Invest 2004, Ménard C et al Cancer Res. 2006).
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Based on the finding that the NK specific NKp30 receptor was 
selectively downregulated in tumors, her team was the first to describe 
a post-transcriptional regulation of  three distinct NKp30 isoforms 
and their functional  consequences on NK cell effector properties and 
patients prognosis (Delahaye, Nat Med 2011, Rusakiewicz, Cancer Res 
2013, Semeraro, Sci Transl Med in press, Rusakiewicz, JCI submitted). 
Importantly, her medical background and constant preoccupation for 
clinical care in oncology led her to highlight a novel mode of  action 
of  the c-Kit tyrosine kinase inhibitors (the paradigmatic STI571/ 
imatinib mesylate/Gleevec° used for chronic myeloid leukemia and 
gastrointestinal sarcoma (GIST)). Her team showed that STI571, in 
addition to cell autonomous effects on tumor cells, exerts potent NK 
cell-mediated tumor regression in vivo in tumor models resistant to 
the antiproliferative effects of  STI571 in vitro. This statement also 
applies to humans since GIST -bearing patients treated with STI571 
exhibit enhanced NK cell effector functions after 2 months of  therapy 
(Borg et al J. Clin Invest 2004, Ménard C, Cancer Res 2009). Moreover, 
STI571-induced NK cell triggering is an independent surrogate marker 
of  efficacy of  Gleevec° associated with prolonged disease free survival 
(Borg et al J Clin Invest 2004, Ménard et al. Cancer Res 2009). This 
discovery prompted her to find a biomarker of  response to imatinib, 
by describing isoforms of  NKp30 activating receptors dictating the 
prognosis of  GIST (Delahaye N et al. Nat. Med. 2011, Rusakiewicz 
S, Cancer Res 2013). Together with Novartis Pharma, she launched 
a Phase I/II study combining STI571 to drugs enhancing NK cell 
activation (Cyclophosphamide and IL-2, Locher C, OncoImmunology, 
2013, Chaput N, OncoImmunology 2013).

3: The concept of  immunogenic cell death: how chemotherapy can be 
viewed as a cancer vaccine?
Our groups (Zitvogel L in collaboration with G. Kroemer) invalidated 
the dogma that apoptosis is a non-immunogenic cell death modality. We 
demonstrated that, depending on the upstream triggers, apoptosis can 
be immunogenic and hence alert the innate immune system and instruct 
it to stimulate a cognate response against dead-cell antigens. This has 
opened a new field of  research at the frontier between immunology 
and cell biology, allowing us to define the molecular properties of  
immunogenic cell death (ICD). We found that ICD is characterized 
by autocrine stimulation of  type 1 interferon (IFN) receptors (and 
the TLR3/TRIF pathway), the pre-apoptotic exposure of  calreticulin 
(CRT) on the cell surface, release of  ATP during the blebbing phase 
of  apoptosis, and post-apoptotic exodus of  the chromatin-binding 

protein high mobility group B1 (HMGB1). Type 1 interferon secretion 
depends on the stimulation of  TLR3, CRT exposure on an endoplasmic 
reticulum stress response, ATP release on pre-mortem autophagy, 
and HMGB1 exodus on secondary necrosis. CRT, ATP and HMGB1 
interact with three receptors  (CD91 receptor, purinergic P2Y2 or P2X7 
receptors, and toll-like receptor 4, respectively) that are present on the 
surface of  dendritic cells or their precursors. CD91, P2Y2, P2RX7 
and TLR4 promote engulfment of  dying cells, attraction of  dendritic 
cells, production of  interleukin-1β and presentation of  tumor antigens, 
respectively. We have launched and then proven the hypothesis that 
the immune response against dying tumor cells dictates the therapeutic 
success of  anticancer chemotherapy, both in mouse models and in 
cancer patients (Obeid et al. Nat Med. 2006, Apetoh et al Nat. Med. 
2007, Ghiringhelli et al. Nat. Med. 2009, Ma Y, JEM 2011, Michaud 
M et al. Science 2011, Menger L, Sci. Transl. Med 2012, Senovilla L, 
Science 2012, Sistigu et al. Nat Med 2015).
Obviously, this discovery has had major consequences for the 
comprehension, conception and implementation of  anticancer 
chemotherapies. Indeed, we postulate that, at least in certain cases, both 
classical and targeted anticancer therapies require an active contribution 
of  the immune system to be optimally efficient. We obtained clinical 
evidence that this hypothesis holds true for anthracycline-treated 
breast cancer, oxaliplatin-treated colorectal cancer, and imatinib-treated 
gastrointestinal stromal tumors. 

4: The unsuspected role of  gut microbiota in cancer therapies
Her team has recently highlighted the crucial role of  gut microbiota in 
eliciting innate and adaptive immune responses beneficial for the host 
in the context of  effective therapies against cancer (chemotherapies, 
immunotherapy based on immune checkpoint blockers).
1/ Context of  cyclophosphamide (CTX): 
Chemotherapeutic agents, by compromising, to some extent, the 
intestinal integrity, facilitate the gut permeability and selective 
translocation of  Gram positive bacteria in secondary lymphoid organs. 
There, anti-commensal pathogenic TH17 T cell responses are primed, 
facilitating the accumulation of  TH1 helper T cells in tumor beds 
post-chemotherapy as well as tumor regression. Importantly, the redox 
equilibrium of  myeloid cells contained in the tumor microenvironment 
is also influenced by the intestinal microflora, contributing to tumor 
responses. Hence, the anticancer efficacy of  alkylating agents  is 
compromised in germ-free mice or animals treated with antibiotics. 
These findings represent a paradigm shift in our understanding of  
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the mode of  action of  many compounds having an impact on the 
host-microbe mutualism (Viaud S, Science 2013).These findings have 
been extended to platinum salts (oxaliplatine, cis-platine) as well as to 
a combination of  anti-IL-10R mAb+CpG for Iida et al. Science Nov 
2013 (Trinchieri’s group at the NIH, USA).
2/ Context of  CTLA4 blockade :
The immune checkpoint blocker (ICB) anti-CTLA4 Ab is a first-in class 
compound approved for reinstating cancer immunosurveillance and 
prolonging survival in metastatic patients. However, this clinical benefit 
is often associated with immune –related side effects at sites exposed to 
commensal flora such as the large intestine. Uncoupling efficacy from 
toxicity is a challenging issue for the future development of  ICB. Her 
team showed (and submitted to Science) that the antitumor effects of  
CTLA4 blockade, largely dependent upon Toll like receptor (TLR)2/
TLR4 receptors, markedly rely on the regulatory commensal Bacteroides 
fragilis (Bf) (in coordination with Burkholderia cenocepacia). Innate 
signaling induced by specific TLR2/TLR4 agonists failed to compensate 
the lack of  tumoricidal activity mediated by CTLA4 blockade in germ 
free (GF) or antibiotics-treated mice while the IL-12-dependent 
cognate immunity directed against Bf  could do so.  Hence, anti-CTLA4 
Ab elicited protective Bf-specific Th1 immune responses in specific 
pathogen free (SPF) mice that could be substituted, in GF animals, by 
oral Bf, purified Bf-associated polysaccharides or a Bf-specific adoptive 
T cell transfer, without triggering overt colitis. Ipilimumab could also 
restore Bf-specific Th1 immune responses in a fraction of  advanced 
melanoma patients. This study unravels the key role of  B.fragilis in 
the immunostimulatory effects of  anti-CTLA4 Ab, opening up novel 
strategies to safely broaden its clinical efficacy (Vétizou et al. Science 
Nov. 2015). At the same time, Gajewski’s group in Chicago showed 
that Bifidobacteria from the gut influence the tumor microenvironment 
in such a way that anti-PDL-1 Ab can induce a prominent anticancer 
immune responses (Sivan et al. Science Nov. 2015). 
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it led to an operational redefinition of  apoptosis (the prevalent form 
of  regulated cell death), changed the method of  apoptosis detection 
and conditioned the theoretical framework allowing for the ordering 
of  pro-apoptotic signaling molecules. Instead of  considering apoptosis 
as a process dominated by proteases and nucleases, cell death is now 
viewed as a process that is largely controlled by mitochondria. This 
has had far-reaching implications for the therapeutic manipulation of  
cell death, including the chemotherapeutic induction of  cell death in 
cancer cells, which can be achieved by directly triggering mitochondrial 
permeabilization, as well as for the prevention of  unwarranted cell death 
in stroke and infarction, which can only be achieved when targeting 
pre-mitochondrial or mitochondrial (but not post-mitochondrial) 
events. We explored the fine mechanisms of  mitochondrial cell death 
control, as well as the molecular pathways that explain the inhibition of  
cell death in cancer cells, upstream of  or at the level of  mitochondria. 
We found that pro- and anti-apoptotic proteins of  the BCL2 family 
regulate mitochondrial membrane permeability through interactions 
with proteins from the ATP synthasome and lipids. Beyond these 
mechanistic details, our work contributed to the comprehension of  
the mode of  action of  a series of  oncogene products, in particular the 
proteins from the Bcl-2 family. 

At a subsequent step of  our work on the cell biology of  cancer, we 
turned to autophagy, which is a bulk degradation pathway in which 
portions of  the cytoplasm are enwrapped by membranes to form 
vesicles, so-called autophagosomes, which subsequently deliver their 
content to lysosomes. We noted that cell death is often preceded by 
cytoplasmic vacuolization with formation of  autophagosomes, yet 
that suppression of  autophagy by appropriate pharmacological and 
genetic interventions did not prevent cell death but rather accelerated 
the apoptotic or necrotic demise of  stressed cells. We deciphered part 
of  the molecular crosstalk between apoptosis and autophagy, showing 
that proteins with BH3 domains (BCL2 family members carrying 
BCL2 homology domains) can control both catabolic events and that 
activation of  prominent elements of  the classical NFκB activation 
pathway (in particular TAK1 and the proteins of  the IKK complex) are 
required for the optimal induction of  autophagy. We discovered that 
the pro-apoptotic tumor suppressor protein p53 plays a dual role in the 
control of  autophagy, namely as an autophagy-inducing transcription 
factor and as an autophagy-repressing cytoplasmic factor. We also 
found that STAT3 can inhibit autophagy via the inhibition of  PKR. We 
identified spermidine as a novel, non-toxic inducer of  autophagy and 

Cancer cell stress and death: cell-autonomous and immunological 
considerations

Guido Kroemer

Cancer can be viewed in two rather distinct ways, namely (i) as a cell-
autonomous disease in which malignant cells have escaped control from 
cell-intrinsic barriers against proliferation and dissemination or (ii) as a 
systemic disease that involves failing immune control of  aberrant cells. 
The first vision has been prevailing in the area of  cancer research over 
the last 50 years, while the latter has gained vast support only during the 
past few years. 

In the cell-autonomous vision of  cancer, the supreme goal of  cancer 
research is to identify drugs that selectively kill cancer cells, much like 
antibiotics kill microbial pathogens yet spare host cells. This can be 
achieved by cytotoxic chemotherapies that kill rapidly proliferating 
cells (and hence induce the death of  cancer cells more efficiently than 
normal host cells) or more elegantly – at least in theory – by identifying 
tumor cell specific signal transduction pathways that are responsible 
for the malignant phenotype and that can be regarded as cancer cell-
specific therapeutic targets. Such tumor-specific targets would allow 
for “personalized” therapeutic interventions guided by the rules of  
“precision” medicine. Although some “personalized” therapies have 
undoubtedly been successful (such as the utilization of  imatinib and 
its follow-up drugs for the treatment of  Philadelphia-positive chronic 
lymphoid leukemia, CML, and gastrointestinal stromal tumors, GIST), 
thus far most “personalized” anticancer drugs have failed in clinical 
trials. 

Adopting the view of  cell biologists, my team has long been 
investigating one peculiar characteristic of  cancer cells, namely their 
intrinsic resistance against lethal stimuli, meaning that malignant cells 
survive in conditions in which normal cells would succumb. This 
particular characteristic renders cancer cells resistant against otherwise 
lethal endogenous stress (such as lack of  trophic transport, hypoxia, 
shortage of  nutrients etc.) as well as against therapeutic interventions 
with cytotoxic chemotherapeutics and radiotherapy. We discovered in 
1994 (and published for the first time in 1995) that, in programmed 
cell death, mitochondrial membrane permeabilization constitutes the 
point of  no return of  the lethal process and hence defines the cell death 
checkpoint. This discovery has initiated a scientific revolution in that 
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determined its mode of  action as a life span-extending drug in yeast, 
nematodes, flies and mice. We accumulated extensive evidence that 
acetyl-coenzyme A and protein acetylation repress autophagy and that 
“caloric restriction mimetics” including spermidine induce autophagy 
via deacetylation reactions. We launched the (still valid) hypothesis that all 
longevity extending manipulations, be they metabolic, pharmacological 
or genetic, must induce autophagy to be efficient.

As we were working on the cell biology or apoptosis, autophagy 
and necrosis, we were wondering whether these cell stress and death 
mechanisms might influence the perception of  cancer cells by the immune 
system. Driven by a discussion with my spouse, Laurence Zitvogel, 
as well as by our prior discovery that mitochondrial permeabilization 
constituted a lethal event that causes apoptosis accompanied by caspase 
activation as a default pathway, yet necrosis when caspases are inhibited, 
I launched a working hypothesis that a posteriori (and luckily) turned 
out to be wrong. I thought that, as the most prevalent pathway of  
physiological cell death execution, apoptosis would be immunologically 
silent (or even tolerogenic), while necrosis would be immunogenic. 
Hence, we injected CT26 colorectal cancer cells into immunocompetent 
BALB/c mice (which bear the same major histocompatibility locus as 
CT26 cells) and treated them with anthracycline-based chemotherapy 
alone, knowing that anthracyclines induce apoptosis, or anthracyclines 
plus a broad-spectrum caspase inhibitor (Z-VAD-fmk), knowing that 
this combination induces necrosis. We expected that the latter pro-
necrotic regimen would be much more efficient than the pro-apoptotic 
treatment in stimulating an anticancer immune response and hence 
reducing tumor growth. To my dismay, the experiment yielded exactly 
the opposite result. Anthracyclines alone efficiently reduced tumor 
growth, while anthracyclines combined with caspase inhibitors failed 
to do so. Moreover, the capacity of  anthracyclines to mediate tumor 
growth control were lost when CD8-positive cytotoxic T lymphocytes 
were depleted from the mice, indicating that their therapeutic action 
was entirely dependent on a cellular immune response. Driven by these 
unexpected results and a long-standing collaboration with Laurence 
Zitvogel, my group radically changed the working hypothesis to 
postulate that some chemotherapeutic agents including anthracyclines 
can stimulate a modality of  cell death that we baptized “immunogenic 
cell death” (ICD) and that stimulates anticancer immunosurveillance 
through a partially caspase-dependent pathway. 

In subsequent rounds of  experiments, we demonstrated that, depending 
on the upstream triggers, apoptosis can be immunogenic and hence 
alert the innate immune system and instruct it to stimulate a cognate 
response against dead-cell antigens. This has opened a new field of  
research at the frontier between immunology and cell biology, allowing 
us to define the molecular properties of  ICD. We found that ICD is 
characterized by autocrine stimulation of  type 1 interferon (IFN) 
receptors, the pre-apoptotic exposure of  calreticulin (CRT) on the cell 
surface, release of  ATP during the blebbing phase of  apoptosis, and 
post-apoptotic exodus of  annexin A1 (ANXA1) and the chromatin-
binding protein high mobility group B1 (HMGB1). Type 1 interferon 
secretion depends on the stimulation of  TLR3, CRT exposure on an 
endoplasmic reticulum stress response, ATP release on pre-mortem 
autophagy, and annexin A1/HMGB1 exodus on secondary necrosis. 
CRT, ATP, ANXA1 and HMGB1 interact with four receptors  (CD91 
receptor, purinergic P2Y2 or P2X7 receptors, formyl peptide receptor-1 
[FPR1], and toll-like receptor 4 [TLR4], respectively) that are present on 
the surface of  dendritic cells or their precursors. CD91, P2Y2, FPR1, 
P2RX7 and TLR4 promote engulfment of  dying cells, attraction of  
dendritic cells, juxtaposition of  dendritic and dying cells, production 
of  interleukin-1β and presentation of  tumor antigens, respectively. 
Local induction of  endoplasmic reticulum stress in the tumor bed 
and systemic induction of  autophagy increase anticancer immune 
responses. We have launched and then proven the hypothesis that the 
immune response against dying tumor cells dictates the therapeutic 
success of  anticancer chemotherapy, both in mouse models and in 
cancer patients. Obviously, this discovery has had major consequences 
for the comprehension, conception and implementation of  anticancer 
chemotherapies. Indeed, we postulate that, at least in certain cases, both 
classical and targeted anticancer therapies require an active contribution 
of  the immune system to be optimally efficient. We obtained clinical 
evidence that this hypothesis holds true for anthracycline-treated 
breast cancer, oxaliplatin-treated colorectal cancer, and imatinib-treated 
gastrointestinal stromal tumors, among others. 

Since macroautophagy/autophagy generally increases the fitness 
of  cells (and entire organisms) as well as their resistance against 
endogenous or iatrogenic stress, it has been widely proposed that 
inhibition of  autophagy would constitute a valid strategy for sensitizing 
cancer cells to chemotherapy or radiotherapy. Colliding with this cell-
autonomous vision, however, we found that immunosurveillance 
against transplantable, carcinogen-induced or genetically engineered 
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cancers can be improved by pharmacologically inducing autophagy with 
caloric restriction mimetics, which are non-immunosuppressive but 
rather immunostimulatory. This positive effect depends on autophagy 
induction in cancer cells and is mediated by alterations in extracellular 
ATP metabolism, namely increased release of  immunostimulatory ATP 
and reduced adenosine-dependent recruitment of  immunosuppressive 
regulatory T cells into the tumor bed. The combination of  autophagy 
inducers and chemotherapeutic agents is particularly efficient 
in reducing cancer growth through the stimulation of  CD8+ T 
lymphocyte-dependent anticancer immune responses.

Altogether, our past and present research indicates that the efficacy 
of  conventional and targeted anticancer agents does not only involve 
direct cytostatic/cytotoxic effects, but also relies on the (re)activation 
of  tumor-targeting immune responses. Chemotherapy can promote 
such responses by increasing the immunogenicity of  malignant cells, 
or by inhibiting immunosuppressive circuitries that are established 
by developing neoplasms. These immunological ‘‘side’’ effects of  
chemotherapy are desirable, and their in-depth comprehension will 
facilitate the design of  novel combinatorial regimens with improved 
clinical efficacy.
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The Watson-Crick model of  DNA consists of  two anti-parallel sugar-
phosphate chains that are held together in the double helix by pairs 
of  complementary bases: adenine/thymine and guanine/cytosine. But 
DNA of  most organisms contains also a fifth base, 5-methylcytosine, 
first described in 1925 by Johnson and Coghill as a constituent of  
nucleic acid isolated from Mycobacterium tuberculosis. The biological 
roles of  5-methylcytosine have remained enigmatic for many years 
until the demonstration that it is a key component of  the bacterial 

restriction/modification system, which brought Werner Arber, Daniel 
Nathans and Hamilton Smith the 1978 Nobel Prize in Physiology 
or Medicine, and made restriction enzymes the primary tools of  
molecular biology. Four decades have passed since then, but the role 
of  5-methylcytosine in eukaryotic DNA metabolism is still shrouded 
in mystery. We know that the sperm methylation pattern is largely 
erased after fertilization and that methylation is gradually reintroduced 
during embryogenesis and differentiation, but the processes that 
regulate the cell type- and tissue-specific methylation patterns remain 
to be elucidated. We have also learned that DNA can be not only 
methylated, but also demethylated, and that aberrant methylation 
can lead to disease - including cancer. Again, how these processes are 
regulated remains to be discovered. However, we have learnt a great 
deal about 5-methylcytosine metabolism during the past three decades 
and much of  our knowledge came from the laboratory of  Adrian Bird.

Adrian spent his doctoral and postdoctoral time in Max Birnstiel’s 
laboratory, first in Edinburgh and then in Zurich, studying the 
amplification of  ribosomal DNA in Xenopus laevis. In this organism, 
genomic rDNA in somatic tissues is highly methylated, while the 
extrachromosomal amplicons are unmethylated. When he returned 
to Edinburgh to establish his own group, Adrian set out to study 
the methylation pattern of  these loci using the newly-available 
methylation-sensitive restriction enzymes. Moving from frog to sea 
urchin to mice, he noted that while genomic DNA was largely resistant 
to cleavage with HpaII, a restriction enzyme inhibited by methylation, 
a small fraction was cut into very small fragments, which he called 
HpaII tiny fragments, or HTF islands. These genomic features, later 
renamed CpG islands, were subsequently shown to be frequently 
associated with active housekeeping genes and to be generally 
unmethylated. Their aberrant methylation, for example in cancer cells, 
resulted in transcriptional silencing and Adrian was able to show that 
the latter phenomenon was linked to the binding of  factors displaying 
high affinity for densely-methylated DNA. These polypeptides share 
a conserved “methylated-CpG binding domain”, and have many 
interesting biological roles. Thus, MBD2 and 4 have been shown to 
suppress intestinal tumourigenesis. However, one member of  this 
protein family, MeCP2, stands out from the rest. Adrian’s laboratory 
established a knock-out mouse model and noted that its pathology 
was reminiscent of  that seen in individuals affected with a severe 
neurological disorder, Rett Syndrome (RTT), which affects around one 
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person (predominantly female) in 10’000. Indeed, RTT patients could 
be shown to carry mutations in the MeCP2 gene. Importantly, the Bird 
laboratory showed that the resulting severe neurological phenotype is 
reversible when the protein is re-expressed, which promises that the 
Rett Syndrome might be curable in the future.
     
Adrian has unquestionably made a major contribution not only to our 
understanding of  DNA methylation, but also to the entire field of  
epigenetics, which plays a key role in development and in disease. But 
his influence is much broader that that. He is a role model for young 
scientists as a teacher, as a tutor and as a member of  numerous advisory 
boards. He is also a member of  key strategic bodies that decide on the 
future of  scientific research. With people like Adrian at the helm, the 
ship of  science need not fear even the stormiest seas.

Summary Curriculum vitae 

Appointment  Buchanan Professor of  Genetics

Address University of  Edinburgh
 The Wellcome Trust Centre of  Cell Biology
 The King’s Buildings, Mayfield Road
 Edinburgh EH9 3JR
 United Kingdom

Date of  Birth July 3, 1947

Education

1968-71  PhD, University of  Edinburgh
 Supervisor: Dr. Max L. Birnstiel
 Thesis title: “The Cytology and Biochemistry of   
 Ribosomal DNA amplification in Xenopus laevis  
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1965-68  BSc.(Hons.) Biochemistry 2(1)
 University of  Sussex

Post-Doctoral Positions

1974-75  Swiss National Fund Fellowship
 University of  Zürich, Switzerland
 Laboratory of  Prof  Max L Birnstiel
1971-73  Damon Runyan Memorial Fellowship
 Yale University, USA, Laboratory of  Dr. J.G. Gall
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 Cambridge
1999–11 Director, Wellcome Trust Centre for Cell Biology, 
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1990– Buchanan Chair of  Genetics, University of   
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1987–90 Senior Scientist, Research Institute for Molecular  
 Pathology, Vienna, Austria
1987  Head of  Structural Studies Section, MRC Clinical  
 and Population Cytogenetics Unit Western General  
 Hospital, Edinburgh, U.K.
1975–86  Research Group Leader, MRC Mammalian  
 Genome Unit, Edinburgh, U.K.

Awards & Honors

2016  Harold Ackroyd Lecture, Caius College, Cambridge 
2016  Francis Crick Lecture, MRC Laboratory of  Molecular  
 Biology, Cambridge
2016  Shaw Prize in Life Science and Medicine, Hong Kong 
2015  Jordan Translational Medicine Lecture, University of   
 Oxford
2014  BBVA Frontiers of  Knowledge Award, Madrid
2014  Jacob’s Ladder Norman Saunders International  
 Research Prize, Toronto
2014  Knighthood New Year’s Honours list 
2014  Rosalind Franklin Lecture, King’s College London 
2013  GlaxoSmithKline Prize Lecture, Royal Society, London 
2012  Royal Society GlaxoSmithKline Prize Lecture and  
 Medal 
2012  Jean Shanks Lecture, Academy of  Medical Sciences,  
 London
2011  Gairdner International Award, Toronto 
2010  Honorary Doctorate, Sussex University 
2008  Charles-Léopold Mayer Prize, French Academy of   
 Sciences, Paris
2007  Novartis Medal of  The Biochemical Society 
2005  Commander of  the Order of  the British Empire 
2002  Almroth Wright Lecturer, Imperial College London 

2002  34th Bruce-Preller Prize Lectureship, Royal Society of   
 Edinburgh
1999  Louis-Jeantet Prize for Medicine, Geneva 
1999  Gabor Medal of  the Royal Society, London 
1986  Federation of  European Biochemical Societies  
 Anniversary Prize of  the Gesellschaft für Biologische  
 Chemie 
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• Elected Foreign Associate, US National Academy of   
 Sciences (2016)
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• Elected Fellow of  the Academy of  Medical Sciences (2001)
• Elected Fellow of  the Royal Society, Edinburgh (1994)
• Howard Hughes International Fellow (1993-98)
• Elected Fellow of  the Royal Society, London (1989)
• Elected to European Molecular Biology Organisation  
 (1987)
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• International jury for the Start and Wittgenstein Prize of   
 the Austrian Science Fund (2016-2021)
• Governing Body, Lister Institute for Preventive Medicine 
  (2015)
• Adviser to the National Autism Project, The Shirley  
 Foundation, UK (2015)
• Trustee and Chair of  Research Strategy Committee at  
 Cancer Research UK (2010-present)
• Scientific Advisory Boards: Gurdon Institute, Cambridge;  
 Friedrich Miescher Institute, Basel; Stratified Medicine  
 Scotland, Glasgow; Crick Institute, London
• Trustee of  the Kirkhouse Trust, Scotland (2001-present)
• Trustee of  the Rett Syndrome Research Trust, USA  
 (2008-present)
• Editorial Boards: PeerJ
• Governor of  the Wellcome Trust (2000-2010)
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Public Engagement

• Rett Syndrome Anniversary family weekend, Northampton 
 (2015)
• Abcam Scientist of  the month (July 2015)
• HowTheLightGetsIn Philosophy Festival, Hay on the Wye,  
 Wales (2013)
• Café Scientifique, Cockermouth, UK (2012)

Keynote Lectures

• London Chromatin Club Meeting, University College  
 London (2016)
• SyBoSS Conference, Oberstdorf  (2015)
• Edinburgh University Alumni weekend (2015)
• Keystone Symposia on DNA methylation/epigenetics,  
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• Newlife Foundation Brighter Minds Symposium, London, 
 UK (2014)
• Chromatin & Epigenetics Conference Cold Spring Harbor,  
 New York (2012)
• EMBO Dynamic Genome Meeting, Nice (2013)
• 12th International Workshop of  Developmental  
 Nephrology, Edinburgh (2013)
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• Lectures to 4th year students in “Gene Expression”,  
 “Molecular Biology of  Disease” and “Medical Biology
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 licenced to New England Biolabs, Oncomethylome  
 Sciences, Sigma Aldridge, Qiagen and Active Motif.
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 Babraham Institute). Licensed to Diagenode.
• MBD reagents: antibodies licensed to Millipore (Upstate)
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Current Research Funding

Rett Syndrome Research Trust
“A research consortium to define the function of  MeCP2: A 
step towards the development of  therapeutics for treating Rett 
Syndrome”
Amount awarded: £673,484
Dates: 14 Jan 2014 - 15 Jan 2017

Sylvia Aitken Charitable Trust
Understanding Rett Syndrome by generating animal models 
with altered versions of  the MeCP2 gene
Amount awarded: £181,924
Dates: 1 Sept 2014 - 30 Aug 2017

Wellcome Trust Studentship
Grant ref: 100469
“Genetic manipulation of  MeCP2 in the human neuronal 
LUHMES cell line with a view to gene therapy of  Rett 
Syndrome
Amount awarded: £151,134
Dates: 1 Oct 2012 - 30 Sept 2016

Wellcome Trust Investigator Award
Grant ref: 107930
“Towards understanding and treatment of  MeCP2-related 
disorders”
Amount awarded: £2,814,000
Dates: 1 Jan 2016 – 31 Dec 2020
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European Research Council Advanced Grant
Grant ref: EC 694295 Gen-Epix (ERC-AdG)
“Genetic determinants of  the epigenome”
Amount awarded: €2,499,717
Dates: 1 Jun 2016 – 31 May 2021

DNA methylation patterns and cancer

Sir Adrian Peter Bird

The instructions for constructing the human body are stored by the 
genome as a sequence of  DNA bases. This chemical code directs the 
synthesis of  thousands of  different proteins needed for life. To facilitate 
the controlled release of  the information, the genome acquires chemical 
marks in the form of  methyl groups that are added to genomic DNA as 
an extra layer of  “epigenetic” regulation. The human genome has high 
DNA methylation levels throughout, but this “sea” of  methylation is 
interrupted by short “islands” that are methylation-free. These so-called 
CpG islands coincide with many gene control regions and they serve as 
platforms for binding of  enzymes that modify chromosome structure, 
thereby facilitating gene regulation. In cancer cells, CpG island 
control regions often acquire DNA methylation, leading to aberrant 
shutdown of  the associated gene. In fact altered methylation patterns 
in tumours usually affect large domains that include many genes and 
also inter-genic DNA, but the underlying cause for this epigenomic 
de-regulation is unknown. Our recent research implicates proteins 
that recognize short DNA sequence motifs in modulating DNA 
methylation and other features of  the “epigenome”. The results suggest 
that the epigenome, which is often thought to respond to the external 
environment, is greatly influenced by the “hard-wired” sequence of  the 
genome. Proteins that appear to link the genome with the epigenome 
are frequently mis-expressed in cancer and are likely to be important 
contributors to oncogenesis.



28 Charles Rodolphe Brupbacher Prize for Cancer Research 2015
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National Cancer Institute, Bogota, Colombia
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Nuffield Department of  Clinical Medicine, University of  
Oxford, Oxford, United Kingdom
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Department of  Genetics, Erasmus Medical Center, Rotterdam, 
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«DNA Damage and its Impact on Cancer, Aging and Longevity»
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The Sidney Kimmel Comprehensive Cancer Center
Johns Hopkins University, Baltimore, MD, USA
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Michael KARIN
Department of  Pharmacology
University of  San Diego, California, USA
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Charles Rodolphe Brupbacher Symposium 2017
Breakthroughs in Cancer Research and Therapy

Tuesday, January 31, 2017

19:00 – 20:00 Charles Rodolphe Brupbacher
  Public Lecture
 Aula of the University of Zurich, Main Building, 
 Rämistrasse 71, 8006 Zurich

 Reinhard Dummer, Zurich
 Ist Hautkrebs heilbar?

Wednesday, February 1, 2017

12:00 – 13:30 Registration / Sandwich Lunch

13:30 – 15:00  Cancer Genomics
 Chair: Holger Moch, Zurich

 Richard Houlston, London
 Polygenic susceptibility to colorectal cancer - 
 mechanisms and impact
 
 Jussi Taipale, Stockholm
 Systems biology of cancer
 
 Charles Swanton, London
 Cancer chromosomal instability, diversity and evolution:
 TRACERx

15:00 – 15:30 Coffee break

15:30 – 17:30 Cancer Signalling and Targeted Therapy
 Chair: Nancy Hynes, Basel

 Myles Brown, Boston
 Hacking the hormone code in cancer  

 Yibin Kang, Princeton
 Stromal niches in bone that mediate the seeding, 
  progression and treatment resistance of metastatic  
 breast cancer

 Lew Cantley, New York
 PI 3-kinase and cancer metabolism

 Gerard Evan, Cambridge
 How and Why Ras and Myc cooperate

18:30 – 21:30 Posters, Beer and Pretzels
 Evening for all participants
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Thursday, February 2, 2017

08:00 – 08:30 Registration  and Coffee

08:30 – 10:00 Genomic Instability
 Chair: Lauri Aaltonen, Helsinki
 
 Simon Boulton, London
 Mechanism and regulation of DNA-protein crosslink  
 repair by the DNA-dependent metalloprotease SPRTN
 
 David Pellman, Boston
 Rapid evolution of the cancer karyotype

 Angelika Amon, Cambridge (MA)
 Aneuploidy and cancer - a complicated relationship

10:00 – 10:30 Coffee break 

10:30 – 12:00 Cancer Epigenetics
 Chair: Josef Jiricny, Zurich
 
 Adrian Bird, Edinburgh
 Genetic determinants of the epignome in development  
 and cancer

 Maarten van Lohuizen, Amsterdam
 Context-dependent roles of polycomb repressors
 in cancer and development

 Margaret Goodell, Houston
 DNMT3A in hematopoietic stem cells, cancer and  
 aging

12:00 – 13:30 Lunch and Coffee 

13:30 – 15:00 Cancer Stem Cells
 Chair: Markus G. Manz, Zurich

 Kornelia Polyak, Boston
 Heterogeneity in breast cancer

 Benjamin Ebert, Cambridge (MA)
 Clinical and biological consequences of clonal 
 hematopoiesis

 Yusuf Hannun, Stony Brook (NY)
 Contributions of extrinsic factors to cancer

15:00 – 15:30  Coffee Break

15:30 - 17:00 Tumour Microenvironment, Tumour Immunity
 Chair: Alexander Markham, Leeds

 Miriam Merad, New York
 Contribution of myeloid cells to tumour outcome

 Guido Kroemer, Villejuif, Paris
 Cell death in pathophysiology: inexorable, avoidable 
 or desirable

 Laurence Zitvogel, Villejuif, Paris
 The unsuspected impact of the gut microbiota on  
 cancer immunosurveillance

17:15 – 18:45 Award ceremony
 Charles Rodolphe Brupbacher Prize for
 Cancer Research 2017
 All participants are kindly invited to attend

19:00 – 19:30 Apéro
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Friday, February 3, 2017

08:00 – 08:30  Coffee 

08:30 – 10:00 Breakthroughs in Cancer Therapy
 Chair: Miriam Merad, New York

 Michael Hallek, Cologne
 Towards control of chronic lymphocytic leukemia

 Jedd Wolchok, New York
 Combination checkpoint blockade:
 combinations and mechanisms

 Mark O‘Connor, Cambridge (UK)
 Development of olaparib: the first cancer therapy
 based on a targeted DNA damage response inhibitor

10:00 – 10:30  Coffee break

10:30 – 11:30 Breakthroughs in Cancer Biology
 Chair: Markus G. Manz, Zurichl
 
 Alberto Bardelli, Turin
 Cancer evolution as a therapeutic target
 
 David Lane, Singapore
 Drug discovery in the p53 pathway
 
11:30 – 12:00 Young Investigator Awards
 Referees: Josef Jiricny, Nancy Hynes
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Öffentlicher Vortrag: 
Ist Hautkrebs heilbar?

Reinhard Dummer

Die Haut ist das Organ, das am häufigsten von einer bösartigen Erkrankung 
betroffen ist. Das Lebenszeitrisiko für einen Schweizer, eine bösartige Haut-
krebserkrankung zu entwickeln, liegt bei etwa 30%. 
Klinische Untersuchungen haben gezeigt, dass jeder zweite über 70-jährige 
Schweizer bereits von Hautkrebs betroffen war. Die häufigsten Hautkrebser-
krankungen gehen von den verhornenden Keratinozyten (Oberhautzellen) 
aus. Dazu gehören die sogenannten Basalzellkarzinome und die spinozel-
lulären Karzinome der Haut.
In der Oberhaut finden sich auch zahlreiche pigmentbildende Zellen, die den 
Ursprung für das Melanom der Haut (häufig schwarzer Hautkrebs genannt) 
darstellen. 
Hautkrebserkrankungen können in der Regel durch operative Massnahmen 
oder auch durch Radiotherapie sicher geheilt werden. Deswegen kann man 
klar sagen: Die meisten Hautkrebserkrankungen sind heilbar. 
Liegen jedoch Ableger in inneren Organen vor, waren die Überlebensaussi-
chten insbesondere beim schwarzen Hautkrebs (Melanom) sehr schlecht. Bis 
zum Jahr 2010 sind wir davon ausgegangen, dass innerhalb eines Jahres 
75% aller betroffenen Patienten an der Krankheit versterben müssen. Neue 
Entwicklungen haben nun diese schlechten Aussichten deutlich verbessert.
Molekularbiologische Untersuchungen konnten zeigen, dass sich das Mela-
nom aus verschiedenen Untergruppen zusammensetzt. Je nach den im Erb-
gut vorliegenden genetischen Veränderungen können heute Behandlungen 
ausgewählt werden. Diese Behandlungen führen bei bis zu 80% der Pati-
enten zu einem schnellen Rückgang der Ableger (Metastasen). Ein Teil der 
Patienten kann auch durch diese Behandlung über lange Zeit profitieren.
Die andere Revolution im Bereich der Hautkrebserkrankungen ist durch 
Erkenntnisse der Immunologie entstanden. Ausführliche Untersuchungen 
der Aktivierung von T-Lymphozyten (weisse Blutkörperchen) und die Blocki-
erung ihrer Funktionen ergaben neue Zielstrukturen für die Immunbehand-
lung von Hautkrebserkrankungen. Der Erfolg dieser Behandlungen ist häu-
fig nicht kurzfristig (innerhalb von Monaten) zu sehen, sondern langfristig. 
Er äussert sich über eine Gruppe von Patienten die ein Langzeitüberleben  
(> als 5 Jahre) erzielen. Der Anteil dieser Patienten hat in den letzten Jahren 
kontinuierlich zugenommen. Lag er im 2010 bei etwa 5% gehen wir heute 
davon aus, dass 40 – 45% aller Patienten ein Langzeitüberleben erreichen 
können. 
Können wir diese Hautkrebserkrankungen heilen? Die Antwort lautet aus 
meiner Sicht zum Teil ja; aber es gibt noch viel zu tun. 

Universitäre Einrichtungen sind hier sehr gefordert. Wichtig ist eine intensive 
Zusammenarbeit mit Patientengruppen (Selbsthilfegruppen) um den poli-
tischen Boden zu bereiten, dass diese Patienten in den Zentren behandelt 
werden, die in der Lage sind, Gewebeproben und Blutproben kontinuierlich 
zu analysieren und herauszufinden warum immer noch die Hälfte der Pati-
enten nicht auf die oben genannten Behandlungen ansprechen. Solche Un-
tersuchungen benötigen die Unterstützungen von medizinischen Bioinfor-
matikern, die gewohnt sind mit grossen Datenmengen umzugehen und am 
allerwichtigsten ist und bleibt, dass Patienten so viel wie möglich im Rahmen 
von prospektiven kontrollierten Studien behandelt werden.

Polygenic susceptibility to colorectal cancer - mechanisms and 
impact

Richard Houlston

The Institute of Cancer Research, Sutton, UK

Inherited susceptibility contributes significantly to colorectal cancer (CRC) 
risk. High-risk mutations in APC and the mismatch repair genes account 
for <5% of all CRC and most of the heritable risk appears to be polygenic. 
This model of CRC has been supported by genome-wide association studies 
(GWAS). Individually, these variants have only a modest impact on CRC risk, 
but the combined effect of multiple single-nucleotide polymorphisms (SNPs) 
has the potential to achieve a degree of risk discrimination that is useful for 
population-based prevention and screening programmes. Mechanistically, 
the identification of this class of susceptibility has provided new insights 
into CRC biology. Many of the SNPs associated with CRC often reside within 
regulatory elements and exert effects through long-range regulation of gene 
expression. The application of Hi-C based strategies to the CRC risk loci is 
allowing us to identify key long-range chromatin interactions in cis and trans 
involving the gene regulatory elements that play a role in oncogenesis.

Systems biology of cancer

Jussi Taipale

Karolinska Institutet, Sweden

Cancer is the most complex genetic disease known – mutations in more 
than 380 genes have been associated with the formation of different types 
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of malignant tumors in humans. Yet, the malignant phenotype is simple, 
characterized by unrestricted growth of cells that invade neighboring 
healthy tissue and in many cases metastasize to distant organs. One possible 
hypothesis explaining the complexity of cancer genotypes is that oncogenic 
mutations would commonly activate cell type specific upstream mechanisms, 
which would then drive the expression of a common set of downstream 
genes responsible for the cancer phenotype. We are taking a systems-biology 
approach to identify such mechanisms, and to understand how lineage-
specific factors collaborate with oncogenic signals to drive cell proliferation. 
For this purpose, we have developed computational and experimental 
methods to identify direct target genes of oncogenic transcription factors 
that are commonly activated in major forms of human cancer. In addition, 
we have used high-throughput RNAi screening to identify genes required 
for cell cycle progression.  Combining these two sets of data allows the 
identification of specific transcription factors and gene regulatory elements 
that drive growth in particular tissues and tumor types. This analysis has 
identified MYC and CDK4/6/7/CCRK families as common targets of lineage-
specific oncogenic pathways. The same mechanisms were also identified by 
analysis of common genome-wide association signals from multiple cancer 
types. Our results indicate that lineage-specific oncogenic transcription 
factors commonly regulate the same set of target genes important for 
growth control, and pave the way for the development of broadly-active 
antineoplastic and chemopreventive agents against cancer.

1. Sur, I., and Taipale, J. The role of enhancers in cancer. Nature Reviews 
Cancer, in press, 2016.

2. Jolma, A., Yin, Y., Nitta, K.R., Dave, K., Popov, A., Taipale, M., Enge, M., 
Kivioja, T., Morgunova, E. and Taipale. J. DNA-dependent formation of 
transcription factor pairs alters binding specificity. Nature 527: 384-388, 
2015.

3. Yan, J., Enge, M., Whitington, T., Dave, K., Liu, J., Sur, I., Schmierer, B., 
Jolma, A., Kivioja, T., Taipale, M., and Taipale, J. Transcription factor binding 
in human cells occurs in dense clusters formed around cohesin anchor sites. 
Cell, 154: 801-816, 2013.

4. Jolma, A., Yan, J., Whitington, T., Toivonen, J., Nitta, K. R., Rastas, P., 
Morgunova, E., Enge, M., Taipale, M., Wei, G.-H., Palin, K., Vaquerizas, J. 
M., Vincentelli, R., Luscombe, N. M., Hughes, T. R., Lemaire, P., Ukkonen, E., 
Kivioja, T. and Taipale J. DNA-binding specificities of human transcription 
factors, Cell, 152: 327-39, 2013.

5. Sur, I., Hallikas, O., Vähärautio, A., Yan, J., Turunen, M., Enge, M., Taipale, 
M., Karhu, A., Aaltonen, L. A., and Taipale, J. Mice lacking a Myc enhancer 
element that includes human SNP rs6983267 are resistant to intestinal 
tumors. Science 338: 1360-3, 2012.

Cancer chromosomal instability, diversity and evolution: TRACERx 

Charles Swanton 

The Francis Crick Institute, London, UK

CIncreasing evidence supports complex subclonal relationships in solid 
tumours, manifested as intratumour heterogeneity. Parallel evolution of 
subclones, with distinct somatic events occurring in the same gene, signal 
transduction pathway or protein complex, suggests constraints to tumour 
evolution that might be therapeutically exploitable. Drivers of tumour het-
erogeneity will be presented that change during the disease course and 
contribute to the temporally distinct origins of lung cancer driver events. 
APOBEC driven mutagenesis appears to be enriched in subclones in multiple 
tumour types. Oncogene, tumour suppressor gene and drug induced DNA 
replication stress are found to drive APOBEC mutagenesis. Genome dou-
bling, occurring early or late in tumour evolution, exacerbates chromosomal 
instability contributing to intercellular heterogeneity and poor outcome.  
Ongoing chromosomal instability is found to be a major driver of ongo-
ing intratumour heterogeneity in non-small cell lung cancer, contributing 
to parallel evolution and selection. The finding of subclonal driver events 
combined with genome instability driving cell to cell variation is likely to 
limit the efficacy of targeted monotherapies, suggesting the need for new 
approaches to drug development and clinical trial design and integration 
of cancer immunotherapeutic approaches. Emerging data from TRACERx, a 
longitudinal lung cancer evolution study will be presented and the use of the 
clonal neo-antigenic architecture of tumours to develop precision immune-
oncology will be discussed.
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Hacking the hormone code in cancer

Myles Brown

Dana-Farber Cancer Institute and Harvard Medical School, Boston, USA

Endocrine therapies targeting the estrogen receptor (ER) are the mainstay 
of treatment for the majority of breast cancers. While ER antagonists and 
aromatase inhibitors are effective adjuvant therapy for patients with early 
stage ER+ breast cancers, patients with advanced disease invariably develop 
resistance. Using genome-wide CRISPR screens we have identified genes 
essential for the growth of ER+ breast cancers including key components of 
the ER signaling pathway such as ER itself, ER coregulators and transcription 
factors we previously identified as playing important roles in ER function. 
Importantly, we also identified genes whose loss confers endocrine 
resistance. Most strikingly, loss of CSK, a negative regulator of SRC family 
kinases (SFK), is sufficient to drive estrogen independent growth in culture 
and in xenografts and to confer resistance to ER antagonists. Examination 
of the ER cistrome revealed an ER bound enhancer upstream of the CSK 
transcription start site and deletion of this enhancer was also sufficient to 
block the estrogen induction of CSK and to promote estrogen independent 
growth. A synthetic lethality screen for genes essential in the absence of 
CSK identified the PAK2 kinase. Inhibitors of PAK2 or SFK block estrogen-
independent breast tumor growth and synergize with the complete ER 
antagonist fulvestrant. These findings reveal an estrogen-induced negative 
feedback loop that constrains the growth of ER+ tumors thereby limiting the 
efficacy of therapies that inhibit ER and suggest a previously unappreciated 
therapeutic route to overcoming endocrine resistance in breast cancer.

Stromal niches in bone that mediate the seeding, progression 
and treatment resistance of metastatic breast cancer

Yibin Kang

Department of Molecular Biology, Princeton University, Princeton, USA

During cancer metastasis, disseminated tumor cells often hijack existing 
physiological cellular interactions to facilitate their seeding, survival and 
outgrowth in distant organs. Bone metastasis is a frequent occurrence 
in breast cancer, affecting more than 70 % of late stage cancer patients 
with severe complications such as fracture, bone pain, and hypercalcemia. 
The pathogenesis of osteolytic bone metastasis depends on cross-
communications between tumor cells and various stromal cells residing in 
the bone microenvironment. 

E-selectin is an adhesion molecule normally functioning to recruit leukocytes 
during infection or vascular damage. E-selectin is also thought to be a major 
component of the hematopoetic progenitor cell (HPC) niche in the bone. We 
show that E-selectin functions as an essential component of the endothelial 
niche for bone metastasis, wherein glycosylated E-selectin ligands expressed 
by metastatic breast cancer interact with endothelial E-selectin to promote 
the survival and proliferation of metastatic tumor cells.

We further identified Jagged1 as a TGFβ target gene in tumor cells that 
engaged bone stromal cells through the activation of Notch signaling to 
provide a positive feedback to promote tumor growth and to activate 
osteoclast differentiation.  Using genetically modified mouse models, we 
revealed a surprising role of Jagged1 in promoting chemoresistance of bone 
metastasis. Chemotherapy of bone metastasis induced elevated expression 
of Jagged1 in osteoblasts, which provide a pro-survival niche for tumor cells 
in the bone. 

These findings support the notion that development of organ-specific 
metastasis depends on the interactions between tumor cells and various 
stromal niche components in a given organ. Importantly, therapeutic 
targeting of Jagged1 and E-selectin significantly reduce bone metastasis and 
sensitize them to chemotherapy, suggesting possible avenues to dramatically 
improve the treatment of metastatic bone disease. 
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PI 3-kinase and cancer metabolism

Lewis C. Cantley

Meyer Cancer Center, Weill Cornell Medicine and New York Presbyterian 
Hospital, New York, NY, USA

In general cancer cells produce higher levels of reactive oxygen species (ROS) 
than normal cells due to increased rates of metabolism and defective mi-
tochondria.  In order to survive under conditions of high ROS, cancer cells 
typically turn on pathways for generating NADPH and glutathione to bring 
ROS levels back to homeostasis.  Activating mutations in PIK3CA or loss of 
PTEN or activating mutations in KRAS can stimulate glucose uptake and me-
tabolism and pathways for generating NADPH and glutathione to suppress 
ROS.  A detailed understanding of the biochemical mechanisms by which 
cancer cells suppress excess ROS may suggest new therapies for inducing 
synthetic lethality in tumors that evolve in specific mutational backgrounds.  
Our research using human cancer cell lines and genetically engineered 
mouse models suggests new approaches for killing cancer cells by targeting 
metabolic pathways for ROS suppression that allow cancer cells to survive.

1. Yun J, Mullarky E, Lu C, Bosch KN, Kavalier A, Rivera K, Roper J, Chio II, 
Giannopoulou EG, Rago C, Muley A, Asara JM, Paik J, Elemento O, Chen 
Z, Pappin DJ, Dow LE, Papadopoulos N, Gross SS, Cantley LC.  Vitamin C 
selectively kills KRAS and BRAF mutant colorectal cancer cells by targeting 
GAPDH.  Science. 2015 Dec 11;350(6266):1391-6. doi: 10.1126/science.
aaa5004. Epub 2015 Nov 5. PMID: 26541605

2. DeNicola GM, Chen PH, Mullarky E, Sudderth JA, Hu Z, Wu D, Tang H, 
Xie Y, Asara JM, Huffman KE, Wistuba II, Minna JD, DeBerardinis RJ, Cantley 
LC.  NRF2 regulates serine biosynthesis in non-small cell lung cancer.  Nat 
Genet. 2015 Dec;47(12):1475-81. doi: 10.1038/ng.3421. Epub 2015 Oct 
19.  PMID: 26482881

3. Hu H, Juvekar A, Lyssiotis CA, Lien EC, Albeck JG, Oh D, Varma G, Hung 
YP, Ullas S, Lauring J, Seth P, Lundquist MR, Tolan DR, Grant AK, Needleman 
DJ, Asara JM, Cantley LC, Wulf GM.  Phosphoinositide 3-Kinase Regulates 
Glycolysis through Mobilization of Aldolase from the Actin Cytoskeleton.  
Cell. 2016 Jan 28;164(3):433-46. doi: 10.1016/j.cell.2015.12.042. PMID: 
26824656

4. Juvekar A, Hu H, Yadegarynia S, Lyssiotis CA, Ullas S, Lien EC, Bellinger G, 
Son J, Hok RC, Seth P, Daly MB, Kim B, Scully R, Asara JM, Cantley LC, Wulf 
GM.  Phosphoinositide 3-kinase inhibitors induce DNA damage through 
nucleoside depletion.  Proc Natl Acad Sci U S A. 2016 Jul 26;113(30):E4338-
47. doi: 10.1073/pnas.1522223113. Epub 2016 Jul 8.  PMID: 27402769

How and why RAS & MYC cooperate

Gerard Evan, Trevor Littlewood, Nicole Sodir, Roderik Kortlever, Luca 
Pellegrinet, Tania Campos

Department of Biochemistry and Cambridge Cancer Centre, University of 
Cambridge, UK

Cancers arise through somatic clonal accumulation of mutations that 
disrupt the intra- and extracellular networks that normally restrain untoward 
growth, proliferation, survival and invasion. As expected of a pathology 
arising through random mutation, adult cancers exhibit astonishingly 
genetic diversity, occasioning huge efforts to catalog and categorize them 
and, on the basis of their idiosyncrasies, develop tailored precision therapies. 
However, this preoccupation with the differences between, and within, 
individual cancers overlooks an equally remarkable feature: namely, that 
cancers of a particular tissue type look and behave remarkably similarly and 
share similar signature oncogenic mutations. Such tissue-specific uniformity 
indicates an underlying commonality in evolution and oncogenic mechanism 
that may, in turn, indicate common therapeutic vulnerabilities. To explore the 
basis of this remarkable, tissue-specific commonality, we have developed 
switchable genetic mouse models that allow for the real time toggling of 
Ras and Myc function in the epithelial compartments of differing target 
tissues in vivo. Ras and Myc are each, alone, relatively weak oncogenes but 
when combined they potently synergize to drive tumorigenesis. However, 
over 30 years on from the discovery of Ras/Myc cooperation, there is still 
no consensus as to the mechanisms that underlie that cooperation. The 
oncogenic capacity of Ras+Myc is tissue-agnostic, driving tumorigenesis in 
all tested tissues and implying they must interact with a common, tissue-
independent interface. Nonetheless, the tumors they induce display the 
distinct tissue-specific phenotypes of spontaneous cancers arising in those 
same tissues; for example, generating highly angiogenic and inflammatory 
cancers in lung but highly avascular and desmoplastic cancers in pancreas. 
Hence, the signature phenotypes of cancers are inherent properties of each 
cell/tissue type. In normal cells, Ras and Myc act physiologically as common 
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downstream effectors for the diverse mitogenic signaling pathways that 
drive proliferation of cells and regeneration of tissues. We will demonstrate 
how oncogenic Ras and Myc hack the local regenerative programs of each 
tissue, leading to the distinct phenotypes of different cancers. Our data also 
imply that the distinctive features of advanced cancers, including pleiotropic 
stromal changes such as angiogenesis, activation of mesenchymal cells, 
inflammation and immune suppression, are not cancer neomorphisms or 
selected mechanisms of escape but, instead, attributes of normal tissue 
regeneration.

Mechanism and regulation of DNA-protein crosslink repair by the 
DNA-dependent metalloprotease SPRTN

Simon J. Boulton

The Francis Crick Institute, London, UK

Covalent DNA-protein crosslinks (DPCs) are caused by certain exogenous 
agents (e.g. ionizing radiation, UV light) as well as by endogenously pro-
duced reactive molecules (e.g. formaldehyde, acetaldehydes). Notably, form-
aldehyde is directly produced within chromatin as a by-product of the histone 
demethylation reaction. DPCs are highly toxic DNA lesions that interfere with 
essential chromatin transactions such as replication and transcription [1]. 
However, very little was known about DPC-specific repair mechanisms until 
the recent identification of a DPC processing protease in yeast, Wss1, which 
permits replication in the presence of DPCs and provides resistance towards 
DPC-inducing agents [2]. Intriguingly, Wss1 is a DNA-dependent protease, 
which degrades DNA-bound substrates in vitro irrespective of identity. Im-
portantly, in Xenopus egg extracts a DPC containing plasmid is repaired by 
a similar mechanism indicating that protease-based DPC repair is conserved 
[3]. However, the identity of the DPC protease operating in frog extracts and 
in mammals has remained elusive. 

Here we identify the metalloprotease SPRTN as the DPC protease acting 
in higher eukaryotes [4]. SPRTN-deficient cells accumulate DPCs and are 
hypersensitive to DPC-inducing agents. Using cellular, biochemical and crys-
tallographic studies we establish the mechanism of SPRTN’s catalytic ac-
tivity, which is triggered upon DNA binding. We demonstrate that SPRTN 
undergoes autocatalytic cleavage upon binding to double or single stranded 
DNA. Strikingly, however, substrates are only degraded when bound to sin-
gle stranded DNA revealing that autocleavage and substrate cleavage occur 

by distinct mechanisms. Given that SPRTN is associated with the replisome 
these data raise the possibility that DPCs may be specifically processed on 
ssDNA when exposed upon replication fork stalling. Structural analysis of 
the protease domain coupled with SAXS and hydrogen/deuterium exchange 
mass-spec data have revealed that DNA-dependent catalysis is associated 
with a conformational change in the catalytic site, which allows the en-
zyme to engage with itself or its substrates dependent on the mode of DNA 
binding. We assume that this regulatory mechanism is important to prevent 
promiscuous proteolysis of non-DNA bound proteins. Our studies also re-
veal that SPRTN’s potentially toxic proteolytic activity is constrained by an 
ubiquitin-switch that controls lesion accessibility. SPRTN is constitutively 
mono-ubiquitylated in cells, a form that is excluded from chromatin. Upon 
detection of DPCs, SPRTN is rapidly de-ubiquitylated allowing it to engage 
with its substrates. Finally, SPRTN deficiency in humans results in Ruijs-Aalfs 
syndrome, which is characterized by genomic instability, premature aging 
and early-onset hepatocellular carcinoma [5]. Our detailed analysis of the 
molecular defects of SPRTN patient variants provides the first molecular 
explanation for the pathology of this disease. We propose that faulty DPC 
repair is the molecular defect underlying Ruijs-Aalfs syndrome [4].

1. Stingele, J., and Jentsch, S. (2015). DNA-protein crosslink repair. Nat Rev 
Mol Cell Biol 16, 455-460.

2. Stingele, J., Schwarz, M.S., Bloemeke, N., Wolf, P.G., and Jentsch, S. (2014). 
A DNA-dependent protease involved in DNA-protein crosslink repair. Cell 
158, 327-338.

3. Duxin, J.P., Dewar, J.M., Yardimci, H., and Walter, J.C. (2014). Repair of a 
DNA-protein crosslink by replication-coupled proteolysis. Cell 159, 346-357.

4. Stingele J, Bellelli R, Alte F, Hewitt G, Sarek G, Maslen SL, Tsutakawa SE, 
Borg A, Kjaer S, Tainer JA, Skehel JM, Groll M & Boulton SJ (2016) Mecha-
nism and regulation of DNA-protein crosslink repair by the DNA-dependent 
metalloprotease SPRTN. Molecular Cell, In press. 
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Mosqueda, J., Philipp, M., Sim, J.C., Smith, K.R., Oehler, J., et al. (2014). 
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Rapid evolution of the cancer karyotype

David Pellman

Dana-Farber Cancer Institute, Harvard Medical School, Boston, USA

Recent genome sequencing has uncovered new patterns of mutagenesis 
that appear to originate from localized bursts of chromosome rearrange-
ment. One such pattern is chromothripsis, where extensive chromosome 
rearrangement occurs on only one or a few chromosomes, distinguished 
by a unique DNA copy number pattern. We developed an approach to 
combine live-cell imaging and single cell genome sequencing (Look-Seq) 
that enabled us to recreate chromothripsis in the laboratory, demonstrating 
that it can be generated within a single cell cycle from aberrant nuclear 
structures (micronuclei) that are common in cancer. We demonstrated that 
chromothripsis can generate small chromosomal circles, the first step in 
the formation of double minute chromosomes, a major source of onco-
gene amplification. These findings begin to develop a mechanistic basis for 
chromothripsis, potentially providing generalizable insights into the role of 
altered nuclear architecture in cancer.  Here, I will discuss our progress in 
understanding the mechanism of chromothripsis. I will discuss the contri-
butions of both chromosome fragmentation and localized abnormalities in 
DNA replication (chromoanasynthesis). I will describe new experiments sug-
gesting that unscheduled DNA replication during mitosis may be a source of 
localized chromosome rearrangement.

Aneuploidy and cancer – a complicated relationship

Stefano Santaguida, Jason Sheltzer, Sarah Pfau and Angelika Amon

Koch Institute for Integrative Cancer Research, Howard Hughes Medical 
Institute, Massachusetts Institute of Technology, Cambridge (MA), USA

Aneuploidy is a hallmark of cancer. Changes in chromosome copy number 
have been proposed to drive disease by modulating the dosage of cancer 
driver genes and by promoting cancer genome evolution. Given the poten-
tial of cells with abnormal karyotypes to become cancerous, a key question 
is whether pathways exist that limit the prevalence of such cells. We es-
tablished a system that allows us to induce chromosome mis-segregation 
at will and to investigate the immediate consequences of aneuploidy on 
cellular physiology. This analysis led to two remarkable discoveries. First, we 

found that chromosome mis-segregation causes DNA replication defects 
and DNA damage in the subsequent cell cycle. This observation shows that 
whole chromosome gains and losses are sufficient to precipitate genom-
ic instability, which could explain why most cancer genomes are unstable. 
Second, we found that cells with highly aneuploid karyotypes induce an 
inflammatory gene expression signature. This gene expression signature is 
biologically relevant. Highly aneuploid cells are recognized and eliminated 
by natural killer (NK) cells in vitro. These findings suggest that cells with 
highly aberrant karyotypes are recognized and eliminated by the innate im-
mune system. We propose that cells with abnormal karyotypes generate a 
signal for their own elimination that may serve as a means for cancer cell 
immunesurveillance.

Genetic determinants of the epigenome in development and 
cancer

Sir Adrian Peter Bird

Wellcome Trust Centre for Cell Biology, The University of Edinburgh, 
Edinburgh, UK

DNA methylation patterns are often disrupted in cancer, but neither the 
origins nor the consequences of these epigenomic shifts are fully under-
stood. In part this reflects our incomplete understanding of the functional 
significance of this epigenetic mark in maintaining gene expression pro-
grammes. A small number of genes are silenced by DNA methylation during 
development, but switching of most genes with CpG island promoters does 
not involve DNA methylation changes. In cancer, however, inappropriate 
de novo methylation of CpG island promoters is invariably associated with 
silencing and these abrupt, but discrete, DNA methylation changes are of-
ten accompanied by long-range modulation of the low-density methylation 
that pervades most of the genome. The latter phenomenon has received 
relatively little attention, although long-standing evidence suggests that 
low-density methylation inhibits weak promoters and may therefore func-
tion to reduce baseline transcription. Methyl-CpG binding proteins, which 
recruit various histone deacetylase complexes may help to mediate these 
effects. We are studying the origin of changes in the epigenome, includ-
ing DNA methylation, in development and cancer. Our hypothesis is that 
proteins recognizing short, frequent DNA sequence motifs play a major role 
and we have found several candidates that were previously implicated as 
regulators of pluripotency and cancer. Biochemical and genetic evidence 
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supports the view that gene expression within multi-gene domains is tuned 
by modulating the epigenome in this way.

Context-dependent roles of polycomb repressors in cancer and 
development 

Maarten van Lohuizen 

Division of Molecular Genetics, The Netherlands Cancer Institute, Plesman-
laan 121, 1066 CX Amsterdam, The Netherlands. 

Repressive Polycomb-group (Pc-G) protein complexes and the counteracting 
Trithorax-group (Trx-G) of nucleosome remodeling factors are involved 
in the dynamic maintenance of proper gene expression patterns during 
development, acting at the level of chromatin structure. As such, they are 
important controllers of cell fate and differentiation, by acting to stabilize 
cell fate. When deregulated, these master switches of gene expression are 
strongly implicated in formation of a diverse set of cancers. Examples are the 
Pc-G gene Bmi1 and Ezh2 which are overexpressed in many cancers including 
Glioblastoma. This opened up large interest from Pharma companies to 
develop specific Ezh2 inhibitors for therapeutic purposes. However, recently 
Ezh2 has also been found to be mutated/inactivated in several forms of 
cancer, suggesting a highly context-dependent role as either an oncogene 
or tumor suppressor. This underscores the importance of how to unravel and 
understand these context dependencies in relevant preclinical models. We 
will discuss a recent prime example, studying the driver-mutation depend 
effects of gain or loss of Ezh2/PRC2 in non-small cell lung cancer driven by 
mutant Kras. This highlights important consequences for tumor progression 
and epigenetic treatment options, which will be discussed.
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DNMT3A in hematopoietic stem cells, cancer and aging

Margaret A. Goodell

Stem Cells and Regenerative Medicine Center, Baylor College of Medicine, 
Houston, USA

DNA methyltransferase 3a (DNMT3A) has recently emerged as an important 
tumor suppressor in hematologic malignancies, and its ablation in mouse 
hematopoietic stem cells inhibits differentiation. We will describe the use of 
DNMT3A knockout mice to study its role in myeloid and lymphoid malignancy 
development and its function in maintaining global DNA methylation in 
normal and aging hematopoietic stem cells.

Heterogeneity in Breast Cancer

Kornelia Polyak 

Department of Medical Oncology, Dana-Farber Cancer Institute, Department 
of Medicine, Harvard Medical School, Boston, Massachusetts, USA

With rare exceptions tumors are thought to originate from a single cell. 
Yet, at the time of diagnosis the majority of human tumors display startling 
heterogeneity in many structural and physiological features, such as cell 
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size, shape, metastatic proclivity, and sensitivity to therapy. This intratumor 
heterogeneity for heritable traits is a fundamental challenge in breast 
cancer, underlying disease progression and treatment resistance. Yet our 
understanding of its mechanisms, and as a consequence, our ability to 
control it remains limited. This is largely due to the cancer-gene and cancer 
cell-focus of mainstream cancer research and the reliance on experimental 
models that poorly reproduce this key aspect of the human disease. 
We have been developing methods that allow for the assessment of cellular 
genetic and phenotypic heterogeneity within tumors at the single cell level 
in situ. Using these methods, we have analyzed breast tumor samples before 
and after pre-operative chemotherapy, or at different stages of disease 
progression. We found that tumors with the lowest pretreatment genetic 
diversity responded the best to treatment and that distant metastatic lesions 
had higher genetic diversity compared to primary tumors and lymph node 
metastases. More recently we have also been analyzing changes in immune 
cell composition during breast tumor progression and how this may impact 
selection for cancer cells with features that facilitate immune escape. 
Lastly, we have been working on developing experimental models of 
intratumor clonal heterogeneity in breast cancer and utilize these to assess 
the functional relevance of clonal interactions in metastatic progression 
and therapeutic responses. We found that polyclonal tumors are commonly 
metastatic, even though none of the individual clones present in them 
showed this behavior in monoclonal tumors. 
Our results emphasize the need to study tumors as a whole and to 
understand the properties of cancer cell populations that compose tumors 
and interactions among them to be able to predict tumor evolution during 
disease progression and cancer therapies. 

Clinical and biological consequences of clonal hematopoiesis

Benjamin Ebert

Harvard Stem Cell Institute, Cambridge, UK

Clonal hematopoiesis of indeterminate potential (CHIP) is a common, age-
associated condition.  CHIP is defined by the presence of clonal, somatic 
mutations in the blood.  We have characterized the presence of clonal, 
somatic mutations in exome sequencing data from peripheral blood DNA 
from over 60,000 individuals and examined the phenotypic consequences 
of these mutations.  The mutations identified in CHIP are the same as those 
found in hematologic malignancies such as myelodysplastic syndrome and 

myeloproliferative neoplasms. Indeed, the mutations identified in CHIP, in-
cluding mutations in DNMT3A, TET2, and ASXL1, are lesions that are com-
monly acquired early in the genetic ontogeny of hematologic malignancies, 
prior to the development of overt disease.  Consistent with the concept that 
CHIP is a pre-malignant state, CHIP is associated with an increased risk of 
hematologic malignancy.  Individuals with CHIP have a 10-fold increase in 
the risk of hematologic malignancies, and approximately 0.5 to 1% of indi-
viduals with CHIP progress to hematologic malignancy per year.  Individuals 
with CHIP, generally bearing just a single mutation in a driver gene, do not 
have altered blood counts, but do have an elevated red blood cell distribu-
tion width (RDW).  Clonal mutations are present in terminally differentiated 
blood cells and have the potential to alter the phenotype and functional 
properties of blood cells.  Most strikingly, individuals with CHIP have a 40% 
increase in overall mortality which is due, at least in part, to an elevated risk 
of cardiovascular disease.  Some aspects of the aging phenotype of hemato-
poiesis may be related to the acquisition of clonal, somatic mutations.

Contributions of extrinsic factors to cancer

Yusuf A. Hannun

Stony Brook Cancer Center, Stony Brook University, NY, USA

The determination of the contributions of extrinsic vs intrinsic factors to the 
development of cancer is of high significance as it relates to our understanding 
of cancer pathogenesis. Moreover, such determinations have consequences 
to defining public policies and the allocation of resources towards cancer 
prevention.  These issues have been the subject of a recent ‘debate’.  We 
have advanced several lines of investigation that suggest that extrinsic 
factors contribute at least 70% of cancer risk. These involve a reanalysis 
of results that were recently compiled on the correlation of cancer risk to 
stem cell division. We conducted a thought experiment that demonstrates 
that this correlation does not imply causation, and more importantly, it 
does not distinguish the contribution of extrinsic factors from intrinsic ones. 
We analyzed a multitude of epidemiologic data. We also analyzed recent 
results on mutational signatures in cancer. Finally, we developed a novel 
biologically-based model to evaluate cancer risk. The concordance between 
these (mostly orthogonal) approaches was very high. These results will be 
presented and discussed. 
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Contribution of myeloid cells to tumour outcome

Miriam Merad

Mount Sinai Chair In Cancer Immunology, Co-leader of the Cancer Immu-
nology program, Tisch Cancer Institute, Icahn School of Medicine at Mount 
Sinai, New York, USA

My laboratory studies the mechanisms that control the development, ho-
meostasis and function of tissue resident myeloid cells, which mostly consist 
of macrophages and dendritic cells.  
Macrophages are hematopoietic cells that perform tissue-specific functions 
critical for regulating and maintaining organ homeostasis. In contrast to 
most other hematopoietic cells, macrophages that reside in quiescent tis-
sues originate from early hematopoietic precursors that take residence in 
tissues prior to birth. In this presentation, I will discuss how tissue cues con-
trol macrophage functional diversity to ensure tissue integrity. I will also 
discuss recent data from our laboratory showing that developmental diver-
sity contributes to shaping macrophage functional specialization and that 
ontogenically distinct macrophages differently regulate tumour response to 
radiation therapy. 
In contrast to macrophages, DCs are constantly repopulated by DC restricted 
precursors that are recruited from the blood circulation. Our laboratory has 
contributed to the mapping of the regulatory network of DCs, and the iden-
tification of a lineage of DC, the CD103+ DC, which are specialized in the 
induction of CD8+ T-cell immunity. Here I will discuss recent data from the 
laboratory that revealed the critical role for tumour-associated CD103+ DC 
in tumour response to checkpoint blockade and argue for the need to study 
human CD103+ DC equivalent  in clinical Cancer Immunotherapy 

Cell death in pathophysiology: inexorable, avoidable or desirable

Guido Kroemer (1-6)

(1) Equipe 11 labellisée par la Ligue contre le Cancer, Centre de Recherche 
des Cordeliers; Paris, France; (2) Cell Biology and Metabolomics platforms, 
Gustave Roussy Cancer Campus; Villejuif, France; (3) INSERM, U1138, Paris, 
France; (3) Université Paris Descartes, Sorbonne Paris Cité; Paris, France; (4) 
Université Pierre et Marie Curie, Paris, France; (5) Pôle de Biologie, Hôpital 
Européen Georges Pompidou, AP-HP; Paris, France; (6) Karolinska Institute, 
Department of Women’s and Children’s Health, Karolinska University Hospi-
tal, Stockholm, Sweden 

Beyond the few potentially immortal gametes that our body produces, mor-
tal (somatic) cells fall into two classes, those that are constantly renewed 
from proliferating stem cells, such as epithelial cells and leukocytes, and 
those that are not (or scarcely) renewed after birth, such as neurons or car-
diomyocytes. While the former are programmed to undergo cell death and 
are replaced throughout life, the latter must endure until we expire. Exces-
sive cell death, in particular in post-mitotic tissues, precipitates degenerative 
states, while the failure to timely execute death in renovating tissues contrib-
utes to hyperplasia and cancer. Our initial contribution to cell (death) biology 
consisted of the discovery that mitochondrial membrane permeabilization 
marks the inexorable point of no return of lethal pathways, explaining why 
the inhibition of proteases and nucleases that contribute to cellular disman-
tling downstream of mitochondria cannot provide durable cytoprotection. 
We also demonstrated that autophagy is not a self-destructive pathway, as 
had initially been thought, but rather a potent cytoprotective mechanism 
that, if induced at the whole-organism level, can increase the longevity of 
several animal species. Thus, autophagy contributes to the avoidance of the 
death of cells and organisms within the context of hormesis, the phenom-
enon whereby exposure to low, sublethal doses of an otherwise toxic agent 
subsequently increases resistance against damage and death. More recently, 
we invalidated the dogma that apoptosis, which is one particular modality 
of programmed or regulated cell death, is by definition a non-immunogenic 
cell death modality. We found that, depending on the upstream triggers and 
the premortem stress responses, apoptosis can be immunogenic and hence 
alert the innate immune system, instructing it to stimulate specific responses 
against dead-cell antigens. Several successful anticancer drugs that have 
saved millions of life-years induce this particularly ‘desirable’, immunogenic 
cell death type and hence convert cancers into a therapeutic vaccine that 
(re)activates tumor-specific immune responses. The induction of autophagy 
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is one of the premortem events that favors the immunogenicity of apoptotic 
corpses. 

The unsuspected impact of the gut microbiota on cancer 
immunosurveillance 

Laurence Zitvogel

Institut Gustave Roussy, Villejuif, France

Cancer susceptibility and progression result from a complex interplay between 
gene regulation and the environment[1]. Many epithelial and hematopoietic 
neoplasias are under strong immuno-surveillance, as indicated by numerous 
studies revealing that the density, composition and functional state of 
immune infiltrates dictates patient prognosis and therapeutic response 
to adjuvant or neoadjuvant chemotherapy[2-4] and immune checkpoint 
blockers[5-7]. The recognition of cancer cells by immune effectors requires 
two parameters, namely, antigenicity (the presence of tumor-associated 
antigens that usually either result from mutations yielding mutated proteins 
or the ectopic expression of genes/proteins that are usually only transcribed/
translated in embryonic development or in the testis) and adjuvanticity (the 
presence of co-stimulatory signals that activate innate immune effectors). 

Communities of commensal microbes inhabiting our intestine influence the 
surrounding environment, and appear to play a role not only in intestinal 
carcinogenesis, but potentially throughout the body[8]. Some observations 
suggest that distinct bacteria have a beneficial role in combatting 
cancer[9-11]. First, total body irradiation promoted a LPS/TLR4-dependent 
activation of antigen presenting cells, thereby facilitating the efficacy of 
adoptive T cell transfer[12]. Second, ROS and TNFα-mediated antitumor 
effects of tumor infiltrating myeloid cells were mediated by bacterial TLR4 
agonists during platinum-based anticancer therapies and an immuno-
modulatory regimen[13]. We reported that the antitumor efficacy of 
metronomic dosing of the alkylating agent cyclophosphamide (CTX) was 
compromised in germ-free mice, or in animals treated with broad-spectrum 
antibiotics. Indeed, CTX altered the integrity of the intestinal barrier, 
promoting the translocation of Gram+ bacteria that mounted effector 
pathogenic CXCR3+CCR6+ (IL-17+IFNγ+) Th17 (pTh17) and memory Th1 
immune responses associated with tumor control[14]. Our group identified 
E. hirae and Barnesiella intestinihominis, which act in concert, in altering 
the tumor microenvironment post-CTX[17]. Importantly, we showed that 

CD4 positive Th1 immune responses towards E. hirae (strain 13144) or B. 
intestinihominis that are memory MHC class II-restricted were associated 
with prolonged progression-free survival in end stage lung and ovarian 
cancer patients who were previously treated with chemotherapy[35]. Finally, 
we and others extended these findings to immune checkpoint blockers, 
demonstrating that Bacteroidales and Burkholderiales or Bifidobacteriales 
orders influenced the tumor microenvironment (TME) contributing to the 
efficacy of anti-CTLA4 or anti-PDL-1 Ab respectively[15, 16]. Hence, we 
postulate that the intestinal ecosystem controls not only the gut, but also 
provokes systemic effects that shape the tumor microenvironment.
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Towards control of chronic lymphocytic leukemia

Michael Hallek

Klinik I für Innere Medizin, Uniklinik Köln, Cologne, Germany

BIOLOGY: The use of whole exome sequencing and large, annotated clinical 
CLL databases has allowed describing the genomic landscape in CLL. 
Recurrent mutational patterns suggest that inflammatory pathways, B-cell 
receptor signaling and differentiation, Notch signaling, Wnt signaling, DNA 
damage control, chromatin modification and RNA and ribosomal processing 
are frequently altered in CLL (Landau et al., 2015). In addition, the interaction 
of CLL cells with their microenvironment is essential for CLL pathogenesis. In 
knock out models, leukemia associated macrophages (LAM) were shown to 

be important components of the microenvironment of CLL cells (Reinart et al., 
2013). Even conventional therapeutics such as chemotherapy with alkylators 
and monoclonal antibodies mediate their effects through compartment 
restricted interactions with macrophages (Pallasch et al., 2014). Finally, 
agents supposed to exclusively target B-cell receptor associated kinases such 
as Lyn or BTK seem to exert essential effects through the modulation of the 
leukemic microenvironment, since targeted deletions of these kinases reduce 
the capacity of macrophages to “feed” CLL growth (Nguyen et al., 2016).

PROGNOSIS: The clinical course of CLL is highly variable but can be 
predicted today by a plethora of clinical, biological, genetic and molecular 
factors (Cramer and Hallek, 2011). The key challenge is to define a limited 
number of meaningful tests to predict the prognosis and/or response 
to treatment with reasonably high reliability. Based on a recent effort to 
construct a comprehensive prognostic score (Pflug et al., 2014), we have 
teamed up with an international consortium of study groups to create 
the CLL International Prognostic Index (CLL-IPI). Data of 3472 treatment-
naïve patients from France, Germany, UK, USA and Poland were used, and 
multivariate analyses were performed using 27 baseline factors and overall 
survival (OS) as endpoint. Two separate datasets of 838 patients from the 
Mayo Clinic and 416 from a Scandinavian population-based cohort were 
added for external validation. Five independent prognostic factors were 
identified: TP53 deletion and/or mutation, IGHV mutational status, serum 
β2-microglobulin, clinical stage, and age. Using a weighted grading of the 
independent factors, a prognostic index was derived separating four risk 
groups with significantly different OS at five years: low (93·2%), intermediate 
(79·3%), high (63·3%), and very high risk (23·3%) [P < 0·001; C-statistic, 
c=0·723]. These risk groups were confirmed by all validation datasets. The 
CLL-IPI will allow creating sufficiently homogenous populations of patients 
at high risk to be included in trials on innovative drugs, while sparing others 
from unnecessary therapies.

THERAPY: Inspired by some of the above progress in our understanding of 
the biology of CLL, new therapeutic options have become available. As a 
consequence, the management of patients with CLL is currently undergoing 
significant changes. During the last decade the outcome of first-line therapies 
was markedly improved. It could be demonstrated for the first time that the 
choice of an initial treatment (by adding CD20 antibodies to chemotherapy) 
created a survival benefit for young, fit and elderly, unfit CLL patients (Goede 
et al., 2014; Hallek et al., 2010). More recently, with the advent of targeted 
agents such as ibrutinib (Byrd et al., 2013), idelalisib (Furman et al., 2014), or 
venetoclax (Roberts et al., 2016; Stilgenbauer et al., 2016), our therapeutic 
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armamentarium has increased even further. It is now our task to optimize 
therapeutic combinations to create long-lasting remissions, if not cure for 
CLL patients. One of these concepts uses sequential, targeted therapies to 
eradicate residual disease. The treatment intensity is tailored by assessing 
minimal residual disease (Hallek, 2013). First results obtained by this type of 
therapy have been promising.

References

1.  Byrd, J.C., Furman, R.R., Coutre, S.E., Flinn, I.W., Burger, J.A., Blum, K.A., 
Grant, B., Sharman, J.P., Coleman, M., Wierda, W.G., Jones, J.A., Zhao, 
W., Heerema, N.A., Johnson, A.J., Sukbuntherng, J., Chang, B.Y., Clow, F., 
Hedrick, E., Buggy, J.J., James, D.F., and O’Brien, S. (2013). Targeting BTK 
with ibrutinib in relapsed chronic lymphocytic leukemia. The New England 
journal of medicine 369, 32-42.

2.  Cramer, P., and Hallek, M. (2011). Prognostic factors in chronic lymphocytic 
leukemia-what do we need to know? Nat Rev Clin Oncol 8, 38-47.

3.  Furman, R.R., Sharman, J.P., Coutre, S.E., Cheson, B.D., Pagel, J.M., Hillmen, 
P., Barrientos, J.C., Zelenetz, A.D., Kipps, T.J., Flinn, I., Ghia, P., Eradat, H., Ervin, 
T., Lamanna, N., Coiffier, B., Pettitt, A.R., Ma, S., Stilgenbauer, S., Cramer, P., 
Aiello, M., Johnson, D.M., Miller, L.L., Li, D., Jahn, T.M., Dansey, R.D., Hallek, 
M., and O’Brien, S.M. (2014). Idelalisib and rituximab in relapsed chronic 
lymphocytic leukemia. The New England journal of medicine 370, 997-1007.

4.  Goede, V., Fischer, K., Busch, R., Engelke, A., Eichhorst, B., Wendtner, 
C.M., Chagorova, T., de la Serna, J., Dilhuydy, M.S., Illmer, T., Opat, S., Owen, 
C.J., Samoylova, O., Kreuzer, K.A., Stilgenbauer, S., Dohner, H., Langerak, 
A.W., Ritgen, M., Kneba, M., Asikanius, E., Humphrey, K., Wenger, M., 
and Hallek, M. (2014). Obinutuzumab plus chlorambucil in patients with 
CLL and coexisting conditions. The New England journal of medicine 370, 
1101-1110.

5.  Hallek, M. (2013). Signaling the end of chronic lymphocytic leukemia: new 
frontline treatment strategies. Blood 122, 3723-3734.

6.  Hallek, M., Fischer, K., Fingerle-Rowson, G., Fink, A.M., Busch, R., Mayer, 
J., Hensel, M., Hopfinger, G., Hess, G., von Grunhagen, U., Bergmann, M., 
Catalano, J., Zinzani, P.L., Caligaris-Cappio, F., Seymour, J.F., Berrebi, A., Jager, 
U., Cazin, B., Trneny, M., Westermann, A., Wendtner, C.M., Eichhorst, B.F., 
Staib, P., Buhler, A., Winkler, D., Zenz, T., Bottcher, S., Ritgen, M., Mendila, 

M., Kneba, M., Dohner, H., and Stilgenbauer, S. (2010). Addition of rituximab 
to fludarabine and cyclophosphamide in patients with chronic lymphocytic 
leukaemia: a randomised, open-label, phase 3 trial. Lancet 376, 1164-1174.
7.  Landau, D.A., Tausch, E., Taylor-Weiner, A.N., Stewart, C., Reiter, J.G., 
Bahlo, J., Kluth, S., Bozic, I., Lawrence, M., Bottcher, S., Carter, S.L., Cibulskis, 
K., Mertens, D., Sougnez, C.L., Rosenberg, M., Hess, J.M., Edelmann, J., Kless, 
S., Kneba, M., Ritgen, M., Fink, A., Fischer, K., Gabriel, S., Lander, E.S., Nowak, 
M.A., Dohner, H., Hallek, M., Neuberg, D., Getz, G., Stilgenbauer, S., and Wu, 
C.J. (2015). Mutations driving CLL and their evolution in progression and 
relapse. Nature 526, 525-530.

8.  Nguyen, P.H., Fedorchenko, O., Rosen, N., Koch, M., Barthel, R., Winarski, 
T., Florin, A., Wunderlich, F.T., Reinart, N., and Hallek, M. (2016). LYN Kinase 
in the Tumor Microenvironment Is Essential for the Progression of Chronic 
Lymphocytic Leukemia. Cancer Cell 30, 610-622.

9. Pallasch, C.P., Leskov, I., Braun, C.J., Vorholt, D., Drake, A., Soto-Feliciano, 
Y.M., Bent, E.H., Schwamb, J., Iliopoulou, B., Kutsch, N., van Rooijen, N., 
Frenzel, L.P., Wendtner, C.M., Heukamp, L., Kreuzer, K.A., Hallek, M., Chen, J., 
and Hemann, M.T. (2014). Sensitizing protective tumor microenvironments 
to antibody-mediated therapy. Cell 156, 590-602.

10.  Pflug, N., Bahlo, J., Shanafelt, T.D., Eichhorst, B.F., Bergmann, M.A., Elter, 
T., Bauer, K., Malchau, G., Rabe, K.G., Stilgenbauer, S., Dohner, H., Jager, U., 
Eckart, M.J., Hopfinger, G., Busch, R., Fink, A.M., Wendtner, C.M., Fischer, 
K., Kay, N.E., and Hallek, M. (2014). Development of a comprehensive 
prognostic index for patients with chronic lymphocytic leukemia. Blood 124, 
49-62.

11.  Reinart, N., Nguyen, P.H., Boucas, J., Rosen, N., Kvasnicka, H.M., 
Heukamp, L., Rudolph, C., Ristovska, V., Velmans, T., Mueller, C., Reiners, K.S., 
von Strandmann, E.P., Krause, G., Montesinos-Rongen, M., Schlegelberger, 
B., Herling, M., Hallek, M., and Fingerle-Rowson, G. (2013). Delayed 
development of chronic lymphocytic leukemia in the absence of macrophage 
migration inhibitory factor. Blood 121, 812-821.

12.  Roberts, A.W., Davids, M.S., Pagel, J.M., Kahl, B.S., Puvvada, S.D., 
Gerecitano, J.F., Kipps, T.J., Anderson, M.A., Brown, J.R., Gressick, L., 
Wong, S., Dunbar, M., Zhu, M., Desai, M.B., Cerri, E., Heitner Enschede, 
S., Humerickhouse, R.A., Wierda, W.G., and Seymour, J.F. (2016). Targeting 
BCL2 with Venetoclax in Relapsed Chronic Lymphocytic Leukemia. The New 
England journal of medicine 374, 311-322.



47Abstracts Invited Speakers

13.  Stilgenbauer, S., Eichhorst, B., Schetelig, J., Coutre, S., Seymour, J.F., 
Munir, T., Puvvada, S.D., Wendtner, C.M., Roberts, A.W., Jurczak, W., Mulligan, 
S.P., Bottcher, S., Mobasher, M., Zhu, M., Desai, M., Chyla, B., Verdugo, M., 
Enschede, S.H., Cerri, E., Humerickhouse, R., Gordon, G., Hallek, M., and 
Wierda, W.G. (2016). Venetoclax in relapsed or refractory chronic lymphocytic 
leukaemia with 17p deletion: a multicentre, open-label, phase 2 study. The 
Lancet Oncology 17, 768-778.

Combination checkpoint blockade:  
combinations and mechanisms

Jedd D. Wolchok

Memorial Sloan Kettering Cancer Center, New York, USA

Given the activity noted with both CTLA-4 or PD-1 blockade, clinical trials 
are now investigating combination checkpoint blockade. The most mature 
data with a combination of ipilimumab + nivolumab in melanoma showed 
a response rate of 60% in the context of increased, yet manageable toxicity. 
Such responses are generally durable, even when treatment was stopped 
early for toxicity. Unlike in studies of PD-1 blockade monotherapy, there 
was no significant difference in clinical activity based on tumor expression 
of PD-L1. This approach has gained regulatory approval for metastatic 
melanoma and is in late stage clinical trials for other malignancies. Attention 
is being paid to the reasons underlying the efficacy of checkpoint blockade 
in certain malignancies. One hypothesis has been that cancers having a high 
mutational load may be more amenable to immune modulation by virtue 
of the larger number of potential neo-epitopes present, fostering baseline 
immune recognition that can then be potentiated by checkpoint blockade. 
We have found that melanoma patients having long term clinical activity with 
ipilimumab have a significantly greater median number of non-synonymous 
passenger mutations, compared with patients who do not respond or those 
who have only short-term regression. Strategies to enhance baseline immune 
reactivity are therefore necessary to investigate as means to improve the 
impact of checkpoint blockade on a broad spectrum of cancers. The presence 
of suppressive myeloid cells in the tumor microenvironment also is emerging 
as a mechanism of resistance to the anti-tumor activity for checkpoint 
blockade. Strategies to overcome this include inhibition of CSF-1R signaling, 
IDO activity and selective suppression of PI3K-γ.

Development of olaparib: the first cancer therapy based on a 
targeted DNA damage response inhibitor

Mark O’Connor

Chief Scientist, Oncology iMED, AstraZeneca, Chesterford Research Park, 
Saffron Waldon, UK

An underlying hallmark of cancers is their genomic instability (1), which is 
associated with a greater propensity to accumulate DNA damage. Historical 
treatment of cancer by radiotherapy and DNA-damaging chemotherapy is 
based on this principle, yet it is accompanied by significant collateral damage 
to normal tissue and unwanted side effects. Targeted therapy based on in-
hibiting the DNA damage response (DDR) in cancers, offers the potential for 
a greater therapeutic index by tailoring treatment to patients with tumours 
lacking specific DDR capabilities.
There are at least three key aspects of DDR that are different in cancers 
compared with normal cells that provide an opportunity to target DDR and 
generate new cancer therapies (2). These are represented by a greater level 
of endogenous DNA damage in cancers, increased levels of replication stress 
and the loss of one or more DDR pathway or capability that occurred during 
oncogenesis. Exploiting a DDR dependency using a small molecule inhibitor 
to generate cancer-specific cell killing has also been described as synthetic 
lethality and was exemplified preclinically by a thousand-fold increase in the 
sensitivity of BRCA deficient cells to poly (ADP-ribose) polymerase (PARP) in-
hibitors than BRCA proficient cells (3). The clinical validation of this synthetic 
lethality using the oral PARP inhibitor olaparib (4, 5) has led to the approval 
of the first DDR-based cancer medicine in ovarian cancer.

This presentation will cover both the development history and challenges 
leading to the regulatory approval of olaparib, as well as the potential for 
further expanding the clinical utility of PARP inhibitors beyond the treatment 
of BRCA mutant ovarian cancer.
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Cancer evolution as a therapeutic target

Alberto Bardelli

University of Torino, School of Medicine, Italy

When metastatic cancers are challenged with targeted agents, almost 
invariably a subset of cells insensitive to the drug emerges. As a result, in 
most instances, targeted therapies are only transiently effective in patients. 
Strategies to prevent or overcome resistance are therefore essential to 
design the next generation of clinical trials. How can we overcome the near-
certainty of disease recurrence following treatment with targeted agents? 
To address this question, a deeper understanding of the evolutive nature 
of cancer cells is necessary. We used colorectal cancer (CRC) as a model 
system to test the hypothesis that the emergence of drug resistance can 
be controlled through understanding tumor evolution. We find that clonal 
dynamics can be monitored in real time in the blood of patients, and liquid 
biopsies can be used to intercept the emergence of resistant clones before 
relapses are clinically manifest.  We discovered that a multistep clonal 
evolution process driven by progressive increases in drug fitness underlies 
the development of resistance in cells and patient avatars. To have long-
term efficacy, the use of targeted therapies must take into account the 
continuous evolution of cancer cells, that is to say, therapies must adapt 
to tumor evolution. One possibility is to anticipate the changes the tumors 
will make.  For example, by knowing in advance how CRC cells overcome 
resistance to EGFR blockade, we devised further rounds of therapy. Another 
approach is to unleash the ability of cancer cells to be recognized by the 

immune system. We tested this possibility in syngeneic mouse models of 
colorectal tumors. Our findings indicate that inactivation of DNA repair 
triggers dynamic neoantigen evolution, impairs cancer growth and leads to 
prolonged therapeutic responses.

Drug discovery in the p53 pathway

David P. Lane

p53Lab, A*STAR, 8A Biomedical Grove, #06-04/05 Neuros/Immunos,  
Singapore 138648

Most current small molecule drugs that have found clinical utility follow 
Lipinski’s “rule of five” which describe the tolerated size, chemical and bio-
physical properties of our current “block buster“ orally active drugs. These 
constraints are however broken by a number of natural products such as 
cyclosporin, which despite violating Lipinski’s rules are still very effective 
medicines. The advantage of such natural products is their ability to act on 
targets that lack the small hydrophobic binding pockets normally targeted by 
more conventional drugs. This enhanced target space is especially valuable 
when devising drugs that target the intracellular protein protein interactions 
that control many signaling pathways. In an attempt to mimic the action of 
these natural products we have been examining the use of stapled peptides 
and mini-proteins as intracellular therapeutics. These approaches allow the 
development of exceptional molecules in terms of ligand interaction but the 
challenge of understanding intracellular delivery remains. The p53 pathway 
has proved to be an ideal test system in which to explore routes of deliv-
ery and our latest results will be presented that suggests the existence of 
novel pathways from the cell surface to the cell nucleus. The existence of 
such novel potential cell signaling pathways opens up many targets for drug 
discovery that were previously elusive. Already the stapled peptides that 
we have produced that target Mdm2 and Mdm4 have shown a number of 
properties that distinguish them from the currently available small molecules 
that target this interaction. Firstly they show exceptionally high affinities for 
their targets, secondly it has been possible to design molecules that bind 
to both Mdm2 and Mdm4 of both human and mouse origin, something 
that has eluded the designers of current small molecules and finally using a 
powerful system of protein evolution we were readily able to develop vari-
ants of Mdm2 that were resistant to small molecule inhibitors but not to 
the stapled peptides. X-ray structure analysis confirmed modeling studies 
that this was due to the much larger region of Mdm2 involved in binding to 
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the stapled peptide that exactly mimicked the physiological interaction with 
p53. A deeper understanding of the requirements for effective uptake and 
target engagement by this new class of molecules promises to open up an 
exceptional prospect for a new class of therapeutic entities. 
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MiR-29b Mediates NF-kB signaling in KRAS-induced non–small 
cell lung cancers

U. Baumgartner (1), S. Langsch (1), S. Haemmig (1), C. Schlup (1), S. Schäfer 
(2), S. Berezowska (1), G. Rieger (1), P. Dorn (1), MP Tschan (1), E. Vassella (1)

(1) Institute of Pathology, University of Bern, Bern, Switzerland; (2) Institute 
of Pathology, University Hospital of Cologne, Cologne, Germany

microRNAs (miRNAs), short regulatory sequences at the posttranscriptional 
level, are important mediators of signaling pathways that act as backups of 
transcriptional control. To identify miRNAs implicated in epidermal growth 
factor receptor (EGFR) signaling, transformed bronchial epithelial BEAS-2B 
cells were retrovirally transduced with KRASG12V and alterations in miRNA 
expression were assessed by microarray analysis. Here we show that miR-
29b is significantly induced by mutant KRAS in bronchial epithelial and non-
small cell lung cancer (NSCLC) cell lines as well as in primary NSCLC tissue. 
In agreement with these results, inhibitors of EGFR and MEK resulted in 
reduced levels of miR-29b while inhibitors of PI3K had no effect. KRASG12V-
transduced BEAS-2B cells were significantly more protected from extrinsic 
apoptosis than control transduced cells, but co-transduction of cells with 
KRASG12V and anti-miR-29b constructs sensitized cells to apoptosis indi-
cating that miR-29b is a mediator of KRAS-induced resistance to apoptosis. 
Protection from extrinsic apoptosis was due to enhanced nuclear factor ĸB 
(NF-ĸB) activity. The ubiquitin-editing enzyme tumor necrosis factor alpha-
induced protein 3 (TNFAIP3/A20) is a negative regulator of NF-ĸB signaling. 
Enhanced NF-ĸB activity elicited by miR-29b was due to targeting TNFAIP3/
A20. Overexpression of miR-29b-refractory TNFAIP3 restored NF-ĸB activ-
ity as well as extrinsic apoptosis, demonstrating that TNFAIP3 is a relevant 
target of miR-29b. Interestingly, miR-29b conferred sensitivity to cisplatin-in-
duced intrinsic apoptosis by targeting Mcl-1. Thus, miR-29b tips the balance 
from extrinsic apoptosis towards intrinsic apoptosis. Our results indicate that 
miR-29b can act either as an oncogene or tumor suppressor gene depending 
on the external stimulus.

2

Lymphotoxin-beta receptor signalling regulates self-renewal 
during stress induced hematopoiesis

S. Hoepner (1), K. Korner (1), C. Riether (1), AF Ochsenbein (2)

(1) Tumor Immunology, Department of Clinical Research, University of Bern, 
Bern, Switzerland; (2) Institute for Medical Oncology, Inselspital, University 
Hospital Bern, Bern, Switzerland

Aim: TNF receptors (TNFRs) are involved in multiple pathways mediating 
apoptosis, proliferation and cell survival. TRAF-binding TNFRs are predomi-
nantly expressed on Hematopoietic stem cells (HSCs) and immune cells. 
The HSCs are responsible to replenish all blood cell lineages. The balance 
between self-renewal, proliferation and quiescence is tightly regulated to 
remain the stem cell pool and to guarantee the differentiation into all he-
matopoietic cell lineages during homeostasis and stress-induced hematopoi-
esis. Whether TNFRs play a role in regulation of self-renewal in HSCs remain 
elusive. Here, we examine the impact of TNFR lymphotoxin-beta receptor 
(LTβR) on HSCs during steady-state and stress-induced hematopoiesis.

Material and Methods: HSC numbers and function in the bone marrow dur-
ing steady-state hematopoiesis were studied in LTβR-/- and C57/BL6 mice. 
To study the role of LTβR-signalling during hematopoietic reconstitution, 
we performed serial competitive repopulation assays by generating mixed 
chimeras with LTβR-/- and C57/BL6 LSK cells. To address whether LTβR-
signalling regulates HSC dormancy, we evaluated the effects of genotoxic 
stress mediated by 5-fluorouracil (5-FU) exposure on HSCs.

Results: We show for the first time that LTβR is expressed by the major-
ity of HSCs and progenitor cells. LTβR-signalling did not affect steady-state 
hematopoiesis; however, during serial transplantation experiments, LTβR-
signalling led to increased asymmetric division and proliferation, resulting 
in HSC exhaustion. Furthermore, genotoxic stress promoted increased cell 
cycling in LTβR-deficient HSCs.

Conclusion: Our results identify a novel negative regulatory role for the TNFR 
LTβR in balancing self-renewal and dormancy of HSCs during-stress-induced 
hematopoiesis.
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3

Using phosphoproteomics for investigating MET oncogene 
addiction and the MET-DDR crosstalk 

E. Orlando (1), A. Bensimon (2), M. Medová (1), DM Aebersold (1), R. 
Aebersold (3), Y. Zimmer (1)

(1) Department of Radiation Oncology, Inselspital, University Hospital, and 
University of Bern, Bern, Switzerland; (2) Institute of Molecular Systems 
Biology, ETH Zurich, Switzerland; (3) Faculty of Science, University of Zurich, 
Zurich, Switzerland

The MET receptor tyrosine kinase has acquired widespread attention in the 
field of cancer research since its discovery, which occurred thirty years ago. 
Indeed, its role in promoting oncogenic processes, invasiveness and meta-
static events in numerous cancers has been well established. Moreover, MET 
inhibition (METi) was found to confer radiosensitivity to MET-addicted cell 
lines, potentially through the complex re-wiring of DNA damage response 
(DDR) signalling pathways following acute disruption of oncogene activity. 
The concept of oncogene addiction was coined more than a decade ago to 
describe that, despite the diverse array of genetic lesions that characterize 
cancer cells, some tumors rely on individual dominant oncogenes for growth 
and survival. Implicit in this dependency is the extremely sensitivity to the 
targeted inhibition of the addicting oncogene, thus revealing a promising 
Achilles’ heel of cancer cells. While accumulating data have proven the im-
portance of this concept both in basic research as well as in therapeutic set-
tings, the molecular pathways underlying this phenomenon and the link with 
DDR remain poorly understood. Therefore, the major aim of this project is to 
identify a signature of protein phosphorylation that is descriptive for METi-
mediated radiosensitivity observed in MET-addicted cellular models and that 
could predict the response of MET-positive cellular models to MET inhibition 
(METi), alone or in combination with ionizing radiation (IR). To this purpose, 
we performed a targeted proteomics approach based on Selected Reaction 
Monitoring (SRM) in order to monitor phosphorylation changes of 127 can-
didate proteins in nine MET-positive cellular models upon METi, IR and the 
combination of the two perturbations. Remarkably, METi and IR appear to 
regulate the phosphorylation status of a subset of analyzed proteins in a 
synergistic manner in MET-addicted cellular models. Moreover, METi alone 
seems to control the phosphorylation status of key players of DDR signaling 
pathways in MET-addicted cell lines. Interestingly, not only crucial regulators 
of DDR-related processes, but also key nodes of a plethora of other cellular 

processes seem to be regulated in MET-addicted cellular models upon METi. 
Finally, subsequent analysis of cellular models addicted to other oncogenes 
upon exposure to their respective inhibitors, alone or in combination with IR, 
seems to suggest that the composite phosphosignature identified has the 
potential to describe addiction to other oncogenes beyond MET, suggesting 
that oncogene addiction is governed by shared dominant pathways that, 
once disrupted, lead to radiosensitivity. In this respect, the identification of a 
composite phosphosignature for oncogene addiction would allow more ac-
curate patient stratification and personalized clinical settings, both for single 
agents as well as for combination therapies.

4

TGF-β pathway-mediated escape from VEGF blockade is linked 
with angiogenesis and immune-suppression in murine glioma 
models

D. Mangani (1), M. Weller (1), ES Sadr (1), E. Willscher (2), K. Seystahl (1), G. 
Reifenberger (3), G. Tabatabai (1), H. Binder (2), H. Schneider (1) 

(1) Laboratory of Molecular Neuro-Oncology, Department of Neurology, Uni-
versity Hospital and University of Zurich, Zurich, Switzerland; (2) Interdisci-
plinary Center for Bioinformatics, University of Leipzig, Leipzig, Germany:
(3) German Cancer Consortium (DKTK), German Cancer Research Center 
(DKFZ) Heidelberg, partner site, Essen/Dusseldorf, Germany

The vascular endothelial growth factor (VEGF) and transforming growth 
factor (TGF)-β are key target molecules in glioblastoma that are interde-
pendently regulated. Both pathways drive key malignant features in glioma 
cells such as angiogenesis, invasiveness and immunosuppression. Here we 
explore whether TGF-β acts as an escape pathway from VEGF inhibition us-
ing gene expression profiling and in vitro and in vivo studies in a panel of 
syngeneic mouse glioma models. In vivo, single agent activity was observed 
for the VEGF antibody B20-4.1.1 in three (SMA-540, SMA-560 and GL-261), 
and for the TGF-β receptor I antagonist LY2157299 in two (SMA-540 and 
SMA-560) of four mouse glioma models. Transcriptomic profiling of the four 
mouse glioma models revealed that SMA-497 and GL-261, while unrespon-
sive to LY2157299, were the most immunogenic tumors as defined by Gene 
Ontology; specifically, up-regulation of chemokine/chemoreceptors genes in-
volved in immune cell recruitment and interferon-related genes were found.
Co-targeting of VEGF and TGF-β was ineffective in one refractory model 
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(SMA-497), in which no major changes in tumor immune-infiltrating cells 
were detected upon mono- or co-treatment settings. Significant prolonga-
tion of survival in the GL-261 model was associated with early stage in-
creased infiltration of CD8+ cells, lower numbers of CD11b+ macrophages/
microglia and sustained suppression of angiogenesis compared to anti-VEGF 
treatment alone. Phosphorylated SMAD2 was increased in both tumor cells 
and CD45+ leukocytes during anti-angiogenic treatment pointing to the 
possibility of a TGF-β-induced immunosuppressive micro-milieu that is ef-
ficiently counteracted by concomitant administration of LY2157299.
In conclusion, our study highlights the biological heterogeneity of glioblas-
toma even among simple mouse models and illustrates that co-targeting 
of the VEGF and TGF-β pathways might lead to improved tumor control in 
subsets of glioblastoma linked with angiogenesis impairment and general 
reduction of the immune-suppressive phenotype

5

BRCA1-regulated RRM2 expression protects glioblastoma cells 
from endogenous replication stress and promotes tumorigenicity

P. Hamerlik (1), R. Rasmussen (1), M. Gajjar (1), L. Tuckova (2), K. Jensen 
(1), A. Maya-Mendoza (3), K. Andersen (4), J. Bartek (3), J. Brennum (5), J. 
Rasmussen (5)

(1) Brain Tumor Biology, Danish Cancer Society Research Center, Copenhagen;
(2) Department of Clinical and Molecular Pathology, Faculty of Medicine and 
Dentistry, Palacky University and University Hospital Olomouc; (3) Genome 
Integrity Unit, Danish Cancer Society Research Centre, Copenhagen; (4) 
Statistics, Bioinformatics and Registry Unit, Danish Cancer Society Research 
Center, Copenhagen; (5) Department of Neurosurgery, Copenhagen 
University Hospital, Copenhagen

Error-free and timely regulation of cell cycle progression is crucial for genome 
integrity maintenance. Cells are particularly sensitive during S phase when 
DNA damage causes replication fork stalling or collapse, collectively referred 
to as replication stress (RS), one of the emerging hallmarks of cancer. Our 
recent study showed that BRCA1, traditionally regarded a tumor suppressor, 
plays an unexpected tumor-promoting role in glioblastoma (GBM). Higher 
BRCA1 positivity was associated with shorter survival of glioma patients and 
the abrogation of BRCA1 function in GBM led to enhanced RS, DNA damage 
(DD) accumulation and impaired tumor growth. Mechanistically, we identi-

fied a novel role of BRCA1 as a transcriptional co-activator of RRM2 (cata-
lytic subunit of ribonucleotide reductase), whereby BRCA1-mediated RRM2 
expression protects GBM cells from endogenous RS, DD and apoptosis. We 
believe that apart from the discovery of the BRCA1-RRM2 interplay as a 
novel example of non-oncogene addiction in GBM, our results also offer 
testable predictive biomarkers (BRCA1/RRM2), and therefore may inspire 
further work to validate clinical relevance of our present findings.

 
6

Coupling enhanced mitochondrial respiration to robust store-
operated Ca2+ entry in amplified lipid rafts of tumorigenic cells 

U. Levin Gromiko, I. Sekler, D. Fishman

Cell Biology and Physiology, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel

Mitochondrial respiration is emerging as an attractive target for cancer 
therapy. Respiration is strongly promoted by Ca2+, but its targeting through 
alteration of Ca2+-signaling in neoplastic cells has not been explored. 
Here employing tumorigenic and non-tumorigenic cell variants of murine 
and human melanoma, we present facilitation of mitochondrial function by 
store-operated Ca2+-entry (SOCE) and interruption of this pathway by ab-
lation of cholesterol-enriched lipid raft microdomains in tumorigenic cells. 
The pathway was indicated by intense mitochondrial O2-consumption and 
tubular networks, coinciding with amplification of rafts, strong raft-localized 
SOCE and low basal activity of the mitochondrial fission protein Drp1 in 
these cells. Drp1 was repressed through phosphorylation via the adenylyl 
cyclase (AC)/protein kinase A (PKA) axis. Inhibition of AC or PKA reactivated 
Drp1 and fragmented mitochondria that nearly abolished SOCE-induced mi-
tochondrial Ca2+-uptake and O2-consumption. Reactivation of Drp1 also 
followed blockade of SOCE or its down-stream effector calmodulin (CaM). 
Upon CaM- or AC-blockade, mitochondrial structure and O2-consumption 
were preserved by the membrane-permeable PKA agonist 8-Br-cAMP or the 
dominant-negative Drp1 mutant (DN-Drp1). Upon SOCE blockade, however, 
8-Br-cAMP and DN-Drp1 preserved mitochondrial networks but not O2-
consumption, suggesting that raft-localized SOCE augments respiration by 
(i) directly fueling Ca2+ to mitochondria and (ii) sustaining mitochondrial 
integrity through the CaM/AC/PKA/Drp1 cascade. Indeed, CaM SOCE-de-
pendently bound AC in tumorigenic cells rafts, the disruption of which with 
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the cholesterol-extracting agent methyl-β-cyclodextrin reproduced the in-
hibitory effect of the SOCE-, CaM-, AC- and PKA-blockade on mitochondrial 
function. Together, the results underscore the distinctive melanoma rafts as 
potential targets for tumor-suppressive modulation of mitochondrial func-
tion in melanoma.
 

7

Stem cell factors-based identification and functional properties of 
in vitro-selected subpopulations of malignant mesothelioma cells

W. Blum (1), L. Pecze (1), E. Felley-Bosco (2), L. Wu (3), M. De Perrot (3), B. 
Schwaller (1)

(1) Anatomy, University of Fribourg, Fribourg; (2) Laboratory of Molecular 
Oncology, Lungen- und Thoraxonkologie Zentrum, University Hospital Zurich;
(3) Latner Thoracic Surgery Research Laboratories, Toronto General Hospital, 
University of Toronto

Malignant mesothelioma (MM) are highly aggressive, most often asbestos-
related tumors. The relative 5-year survival rate is between 5% and 10%, 
one of the reasons being the rapid tumor recurrence following first line ther-
apy. The first line therapy most often consists of chemotherapy (cisplatinium 
and/or antifolates), sometimes accompanied by radiotherapy and/or surgery.
Cancer stem cells (CSC) have been studied in many tumor types and are 
assumed to:
a) be responsible to initiate tumorigenesis;
b) being more resistant towards chemotherapeutic treatments;
c) driving relapse after therapeutic interventions.
An OCT4/SOX2 reporter approach served to identify a subpopulation of hu-
man and murine MM cells. Their identification was based on the expres-
sion of the enhanced green fluorescent protein (eGFP), which was driven, 
by OCT4 and SOX2, both described as core stem cell transcription factors.
These cells revealed experimentally to be, compared to the non-CSC or the 
bulk mass of reporter-negative cells:
i)   more resistant towards chemotherapeutics (cisplatinium) in vitro;
ii)  more susceptible to the FAK (focal adhesion kinase) inhibitor Defactinib 
(VS-6063);
iii)  cells, bearing a higher tumor-initiating capacity in vivo in xenograft and 
allograft mouse models;
iv) not sensitive against overexpression of the tumor suppressor NF2;

v) equally sensitive to down-regulation of calretinin, the most specific and 
sensitive marker for MM, which was shown to be essential for MM cell sur-
vival in vitro.
Lentivirus transduction was used to insert the reporter into human and mu-
rine mesothelioma cell lines; in the human cell line ZL55 we found 4.8% of 
reporter-positive cells and 7.8% were eGFP-positive in the murine cell line 
RN5.
These reporter selected cells were subjected to cisplatinium treatment and 
the IC50 value  (1.75 µM) of eGFP(+) cells was nearly twice as high (0.91 
µM) as in the bulk eGFP(-) cells. Interestingly, compared to the exposure 
to the focal adhesion kinase (FAK) inhibitor (VS-6063) the reporter-positive 
cells were more sensitive with an IC50 of 2.41 µM compared to 6.46 µM for 
the bulk-cells. We could show that the reporter-selected cells had a higher 
tumor-initiating capacity not only in immuno-deficient NOD/SCID gamma 
mice, but also after intraperitoneal injection of RN5 murine mesothelioma 
cells immuno-competent C57Bl/6J mice. 
In addition, the subpopulations of FACS-selected eGFP(+) cells were more 
resistant towards asbestos-induced acute cytotoxicity. The lentiviral-based 
overexpression of functional NF2 (neurofibromatosis 2, merlin), which is a 
tumor suppressor mutated or lost in nearly half of all MM, did not affect 
proliferation and viability of CSC-enriched MM populations. On the other 
hand the proliferation/survival was strongly impaired in eGFP(-) bulk cells. 
Interestingly, down-regulation of the most sensitive and specific marker for 
MM, calretinin, via lentiviral-mediated delivery of shRNA, strongly decreased 
proliferation and viability of CSC-enriched populations, to the same extent 
as of eGFP(-) cells. This hints towards an essential function of calretinin also 
in CSC-enriched cell populations.
In summary, we have enriched and characterized a small MM cell subpopula-
tion that bears all expected CSC characteristics. We anticipate that therapeu-
tic interventions aimed at specifically targeting of MM CSC might represent a 
novel strategy for the treatment of this currently incurable disease.
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The role of host IL-1α and the microbiome in acute colitis

M. Nunberg (1), N. Werbner (2), M. Bersudsky (1), M. Ben Shoshan (1), RN 
Apte (1), O. Koren (2), E. Voronov (1)

(1) Ben Gurion University of the Negev; Be’er Sheva, Israel; (2) Faculty of 
Medicine, Bar Ilan University, Safed, Israel

Interleukin-1α (IL 1a) is a pleiotropic cytokine, which acts as an alarmin 
during inflammation. It is expressed in intestinal epithelial cells (IECs) under 
homeostatic conditions and is released from damaged IECs and initiates in-
flammation. The effect of IL-1α on acute colon inflammation was assessed 
in DSS-induced colitis model, using complete IL-1α mice KO mice and mice 
with a specific deletion of IL-1α in IECs, we observed a very mild form of 
colitis with significantly better repair compared to control mice. Thus, various 
possible mechanisms involved in IL-1α-induced colon inflammation were 
studied. Changes in the microbiome could explain how deficiency of IL-1α 
leads to reduced DSS-induced damage of intestinal mucosal barrier, as well 
as high expression of tight junction proteins, preservation of goblet cells or 
retained epithelial barrier functions. Thus IL-1α, which induces exacerbated 
colon inflammation, may be critical in driving the pathologic breakdown 
of barrier integrity. Co-housing experiments combined with metagenomic 
analysis confirmed the role of the specific microbiota in IL-1α KO mice as 
compared to control mice. After DSS administration, IL-1α KO co-housed 
mice developed a disease phenotype similar to DSS-treated control mice 
rather than to DSS-treated control IL-1α KO mice. Goblet cells in co-housed 
mice were also similar to their distribution to control mice. Metagenomic 
16s analysis, obtained from fecal samples, revealed a significant shift in ß-
diversity towards control and co-housed mice. These results confirmed that 
IL-1α is a key molecule in acute colon inflammation and affects barrier func-
tions and colon microbiota.

9

Chromatin remodelers as potential new targets for therapy of pe-
diatric sarcoma

JM Marques (1), BG Gryder (2), MB Boehm (1), MW Wachtel (1), YS Song (2), 
HC Chou (2), JK Khan (2), BS Schaefer (1)

(1) Onkologie, Kinderspital Zurich, Zurich, Switzerland; (2) National Cancer 
Institute, NIH, Bethesda MD, USA

Fusion-positive rhabdomyosarcoma (FP-RMS) is a pediatric malignancy 
driven by the fusion transcription factor PAX3-FOXO1, which generates an 
aberrant gene expression signature leading to cell transformation. Since FP-
RMS cells are highly addicted to the fusion protein, it is in focus as target for 
alternative therapies. Nevertheless, PAX3-FOXO1, as a transcription factor, 
does not contain structural cavities and has a low druggability. We therefore 
hypothesize that we can affect this aggressive subtype of RMS by target-
ing the co-regulators that collaborate with the fusion protein in regulating 
transcription.
Recently, we have identified the NuRD (Nucleosome Remodeling and 
Deacetylase) complex as a potential partner of PAX3-FOXO1 in gene expres-
sion modulation. The NuRD complex is unique among chromatin remodeling 
complexes due to its dual enzymatic activity (histone deacetylation through 
HDAC1/2 and nucleosome positioning by CHD4 - chromodomain-DNA-bind-
ing protein 4), offering new possible therapeutic targets.
Silencing of two core members of NuRD, CHD4 and RBBP4, led to a dras-
tic decrease in FP-RMS cell viability. Additionally, CHD4 depletion caused a 
complete regression of mouse tumour xenografts, but it did not affect pro-
liferation of myoblasts, fibroblasts or fusion negative RMS cells, despite the 
fact that these cells also carry high CHD4 expression levels.
We further investigated the nucleosome remodeler CHD4 and learnt that it 
affects the expression of approximately 50% of PAX3-FOXO1 target genes 
with most of these genes being upregulated, suggesting an activating role 
for CHD4 in these cases. Consistent with a positive effect of CHD4 on gene 
expression, ChIP-seq experiments with FP-RMS cell lines demonstrated that 
NuRD occupies promoter and enhancer regions of highly expressed genes 
and co-localizes with the fusion protein at regulatory regions of a subset of 
its target genes.
Next, we studied the influence of this nucleosome remodeler on the chroma-
tin status by DNase hypersensitivity assays and determined that the presence 
of a DNase signal at PAX3-FOXO1 binding sites is concordant with the pres-
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ence of CHD4. Hence, we suggest a scenario where CHD4 plays an essential 
role on FP-RMS tumorigenesis by allowing chromatin to acquire an open 
architecture that enables PAX3-FOXO1 mediated gene expression.
In summary, our data propose that CHD4 has a crucial role as a co-regulator 
of PAX3-FOXO1 driven gene expression. To our knowledge, CHD4 is the first 
identified chromatin remodeler associated with PAX3-FOXO1 transcriptional 
activity, thus highlighting the relevance of epigenetic regulation in FP-RMS 
tumour development and opening chromatin remodelling as a possible new 
field of action against this tumor, which is driving ongoing work aimed at 
finding first-in-class small molecules to inhibit CHD4 function.

 
10

Cancer Type-Specific SPOP Mutants Alter BET Protein Levels and 
Inhibitor Responses

Geniver El tekle*(1), Hana Janouskova*(1), N. Udeshi (2), A. Rinaldi (1), E. 
Bellini (5), A. Ulbricht (3), T. Bernasocchi (1), G. Civenni (1), C. Catapano 
(1), M. Peter (3), S. Carr (2), P. Wild (5), L. Garraway (4), J.P. Theurillat (1)  
*Geniver El tekle and Hana Janouskova contributed equally to this work

(1) Institute of Oncology Research, Oncology Institute of Southern Switzer-
land, Bellinzona, Switzerland; (2) Broad Institute, MIT & Harvard, Cambridge, 
USA; (3) Institute of Biochemistry, ETH Zurich, Zurich, Switzerland; (4) Dana 
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cal Pathology, University Hospital Zurich, Zurich, Switzerland

It is generally assumed that recurrent mutations within a given cancer driver 
gene elicit similar drug responses. Recently, cancer genome studies have de-
lineated recurrent but divergent missense mutations in the substrate recog-
nition domain of the ubiquitin ligase adaptor SPOP in endometrial and pros-
tate cancer. Their therapeutic implications remain incompletely understood. 
Here, we analyzed changes in the ubiquitin landscape induced by endometri-
al cancer-associated mutations of SPOP and identified altered ubiquitylation 
in a subset of proteins. Of these, bromodomain and extra-terminal (BET) 
proteins BRD2, BRD3, and BRD4 emerged as SPOP-CUL3 substrates that are 
increasingly recognized and degraded by endometrial type of SPOP mutants. 
The resulting reduction of BET protein levels sensitized cancer cells to BET in-
hibitors – an attractive class of anti-cancer therapeutics. Conversely, prostate 
cancer-specific mutants of SPOP impaired ubiquitylation and degradation of 
BET proteins promoting resistance against their pharmacologic inhibition. 

These results uncover a paradoxical aspect of oncogenomics, whereby mu-
tations within the same domain of a particular gene evoke opposing drug 
susceptibilities. More specifically, we provide a molecular rational for the use 
of BET inhibitors to treat endometrial but not prostate cancer patients with 
SPOP mutations. 

 
11

Regulation of the oncogenic potential of CDKN1A by the tumor 
suppressor SOCS1 in hepatocytes

MGM Khan, M. Yeganeh, S. Ramanathan, S. Ilangumaran

Department of Pediatrics, Immunology Division, Faculty of Medicine and 
Health Sciences, Université de Sherbrooke, Sherbrooke, Canada

Suppressor of cytokine signaling 1 (SOCS1) is considered a tumor suppres-
sor due to frequent epigenetic and micro-RNA-mediated repression of the 
SOCS1 gene expression in hepatocellular carcinoma and in diverse other 
cancers. Consistent with this notion, SOCS1-deficient mice display increased 
susceptibility to hepatocarcinogenesis induction by diethylnitrosamine (DEN). 
We have previously shown that SOCS1 promotes oncogene-induced senes-
cence in a cellular model by promoting the activation of p53 by ATM/ATR 
kinases. Therefore, we examined the p53 activation in SOCS-deficient livers 
following exposure to DEN. Activation of p53 was not impaired in SOCS1-
deficient livers. Surprisingly, SOCS1 deficiency increased the expression of 
the p53 target gene Cdkn1a and its protein product by transcriptional and 
post-translational mechanisms.  Even though CDKN1A generally functions 
as a tumor suppressor via inhibition of the cell cycle in the nucleus, its cyto-
plasmic retention can promote oncogenesis by promoting cell survival. We 
show that SOCS1 deficiency promotes cytosolic retention of CDKN1A and 
inhibits cell death in the liver. In vitro, SOCS1-deficient hepatocytes display 
resistance to apoptosis and increased cell proliferation, both of which are 
reversed by knockdown of CDKN1A by siRNA. Finally, we show that loss of 
CDKN1A abrogated the increased susceptibility of SOCS1 deficient mice to 
DEN-induced HCC. These findings indicate that SOCS1 plays a critical role in 
controlling the oncogenic potential of CDKN1A.
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SF3B1 is a dosage-dependent oncogenic transcriptional cofactor 
of HIF1α in pancreatic cancer  

C. Cortijo (1), C. Mueller (1), A. Vukolic (1), P. Mirtschink (1), Y. Christinat (1), 
G. Pelligrini (2), S. Leblanc (3), O. Strobel (3), W. Krek (1)

(1) Institute of Molecular Health Sciences, ETH Zurich, 8093 Zurich, Swit-
zerland; (2) Institute of Veterinarian Science, University Zurich, 8057 Zurich, 
Switzerland; (3) Institute of Pathology, University Clinics Heidelberg, 122222 
Heidelberg, Germany

Dysfunction of splicing factors is a signature feature of many human cancers 
and originates, at least in part, from mutations in core splicing factor genes 
and/or changes in the cellular concentrations of their gene products. Yet, 
how such cancer-associated alterations contribute to malignant progression 
remains poorly understood.
Here we report that in the context of hypoxia, the splicing factor 3b sub-
unit 1 (SF3B1) assumes a splicing-independent function as an interaction 
partner and transcriptional cofactor of HIF1α crucial for efficient binding to 
and activation of HIF target genes, including SF3B1 itself, and for glycolytic 
reprogramming. In human pancreatic ductal adenocarcinoma (PDAC), which 
thrives in hypoxic microenvironments, high HIF1α and hypoxic target gene 
expression strongly correlates with high SF3B1 levels. Moreover, in a Kras-
G12D/Trp53R172H-driven PDAC mouse model, in which hypoxia manifests 
already at the pancreatic intraepithelial neoplasia (PanIN) stage, the levels 
of SF3B1 and HIF1α are both robustly induced. Importantly, limiting SF3B1 
expression in this mouse tumor models by conditionally ablating one copy of 
Sf3b1, results in reduced Hif target gene expression, glycolysis, inflammation 
and stromal fibrosis and a failure of PanIN lesions to progress to invasive 
PDAC. Tumor organoids derived from these mice, when exposed to hypoxia, 
demonstrate similar impairments in hypoxia-inducible gene activation, gly-
colytic metabolism and growth.
Together, our findings reveal a novel function of SF3B1 in reinforcing HIF 
transcription programs and disclose that this function represents a dosage-
dependent oncogenic activity of SF3B1 critical for PDAC initiation and pro-
gression, indicating that targeting this interaction may provide novel thera-
peutic opportunities to treat this disease.

13

Stochastic but clustered re-appearance of normal and cancer 
stem cells: Experimental evidence and model predictions

L. P. Pecze (1), W. B. Blum (1), B. S. Schwaller(1)

Unit of Anatomy, Department of Medicine, University of Fribourg, Route 
Albert-Gockel 1, CH-1700 Fribourg, Switzerland

Undifferentiated stem cells have the capability to differentiate into special-
ized cells. A similar situation is assumed to prevail in cancer cells; the sub-
population of cancer stem cells (CSC) has a higher tumor-initiating capability 
than non-CSC. By using a genetically-encoded stemness reporter the “stem-
ness” of individual cells was continuously monitored in human and murine 
malignant mesothelioma (MM) cells, as well as in normal mouse mesothelial 
cells. Both differentiation and de-differentiation processes were observed, 
but with different probabilities. De-differentiation i.e. re-appearance of stem 
cells from non-stem cells is an extremely rare event. However, if it is occur-
ring, the probability of the neighboring cells to also become stem cells is 
increased resulting in a clustered re-appearance of stem cells. Cell cultures 
starting from isolated completely non-CSC (even derived from a single non-
CSC) generated CSC with time. On the other hand, a fraction of initially 
pure CSC lost stemness with time, resulting in a steady-state equilibrium 
between CSC and non-CSC populations. Our numerical simulations are 
based on spatially interacting Markov-chain processes. Considering also the 
different apoptotic, and mitogenic rates and stem cell transition rates, our 
tumor growth model is well suited to accurately predict the occurrence and 
spreading of CSC within a tumor mass.

14

The role of miR-143/5 cluster in chondrosarcoma progression

J. U. Urdinez, A. B. Boro, A. G. Gvozdenovic, B. F. Fuchs

Laboratory of orthopaedic, Balgrist University Hospital, Zurich, Switzerland

Chondrosarcoma (CHS) is the second most frequent bone sarcoma with 
a poor patient prognosis when tumors metastasize (5-year survival rate 
<25%). Due to the insufficient understanding of the genetic drivers that 
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contribute to CHS, molecules that could be targeted therapeutically are still 
missing, leaving surgical resection of tumors as the only possible treatment. 
Hence, there is an urgent need for the discovery of novel relevant genes in 
CHS. In addition to this, deregulated miRNAs are known to play a pivotal role 
in cancer, including CHS, and determining the miRNAs-regulated genes is a 
valuable approach for target discovery.
We performed a Next-Gen sequencing study of miRNAs in CHS tumor sam-
ples (4 benign, 3 low grade, 3 high grade CHS) and compared it with other 
global miRNA studies in CHS. From this meta-analysis we selected those 
miRNAs which consistently showed to be deregulated in tumor samples. 
We found that miRNA levels of the cluster miR-143/miR-145 (located on 
chromosome 5q33.1) inversely correlate with tumor grade, suggesting that 
these miRNAs are relevant for CHS progression. To understand the role of 
miR-143 and miR-145, we established CHS cell lines stably over-expressing 
both miRNAs. In vitro functional assays demonstrated that miR-143/miR-
145 over-expression reduces the ability of cells to form colonies in soft agar, 
which is in agreement with the tumor-suppressor role of this cluster previ-
ously reported in other types of cancer.
In parallel, we performed a whole transcriptome analysis by Next-Gen se-
quencing of the same tumor samples and looked at the expression levels 
of putative gene targets of miR-143 and miR-145 (determined by different 
miRNA target prediction databases). Interestingly, we observed that multiple 
potential targets of the miRNAs are upregulated in high-grade CHS tumors, 
suggesting that both miRNAs are a part of the complex network of post-
transcriptional regulation. We validated these findings by qRT-PCR in tumor 
samples and in our transduced cell lines and confirmed that the levels of two 
novels genes in CHS (Fascin-1 and EVA1, relevant for motility and adhesion, 
respectively) are significantly down-regulated in samples over-expressing 
miR-143/miR-145. Additionally, we showed that Fascin-1 protein levels are 
reduced in cells over-expressing the cluster.
In summary, this work shows a robust approach for the discovery of CHS 
drivers based on the initial identification of aberrantly expressed miRNAs. 
Increasing the levels of miR-143/miR-145 -or reducing the levels of its tar-
gets- represent new promising therapeutic approaches to be tested in CHS.
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Crosstalk of the HGF/c-MET and TGF-β pathways in glioblastoma

E. Papa, M. Weller, E. Szabo

Department of Neurology, University Hospital and University of Zurich, 
Zurich, Switzerland1

Multiple target inhibition has gained considerable interest in combating 
drug resistance in glioblastoma, however, understanding the molecular 
mechanisms of crosstalk between signaling pathways and predicting re-
sponses of cancer cells to targeted interventions has remained challenging. 
Despite the significant role attributed to transforming growth factor (TGF)-β 
family and hepatocyte growth factor (HGF)/c-MET signaling in glioblastoma 
pathogenesis, their functional interactions have not been well characterized.
Using genetic and pharmacological approaches to stimulate or antagonize 
the TGF-β-pathway in human glioma-initiating cells (GIC), we observed that 
TGF-β exerts an inhibitory effect on c-MET phosphorylation through the ac-
tivation of non-canonical, SMAD-independent pathways, including mitogen-
activated protein kinase (MAPK)/ extracellular signal-regulated kinase (ERK) 
and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (PKB / AKT) path-
ways. Moreover, a comparison of c-MET-driven and c-MET independent GIC 
models revealed that TGF-β inhibits stemness in GIC at least in part via its 
negative regulation of c-MET activity, suggesting that stem cell maintenance 
may be controlled by the balance between these two oncogenic pathways. 
Importantly, immunohistochemical analyses of TGF-β and p-c-MET in human 
glioblastoma specimens supports a concept of negative regulation between 
these pathways.
These novel insights into the crosstalk of two major pathogenic pathways 
in glioblastoma may explain some of the disappointing results when target-
ing either pathway alone in human glioblastoma patients and inform on 
potential future designs on targeted pharmacological or genetic intervention
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STAT3/LKB1-Dependent Metabolic Reprogramming Dictates 
Metastatic Potential and Therapeutic Response in Prostate 
Cancer 

J. Pencik (1), T. Javaheri (2), R. Noorizadeh (4), M. Schlederer (1), T. Malcolm 
(5), S. Turner (5), B. Hantusch (1), R. Moriggl (2), M. Hacker (3), L. Kenner (1)
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Tumor recurrence in metastatic diseases and therapy resistance arise from 
metabolic reprogramming of cancer cell functionally driven by the activation 
of oncogenes or the loss of tumor suppressor genes. Metformin is currently 
the most widely used glucose-reducing drug prescribed to millions of people 
worldwide and also frequently to diabetic prostate cancer (PCa) patients. 
Metformin exerts antineoplastic effects, induces metabolic reprogramming 
and leads to decreased tumor nicotinamide adenine dinucleotide (NAD+). 
Here we show that the administration of metformin in an androgen recep-
tor (AR)-sensitive PCa suppressed tumor progression and is clearly depen-
dent on the signal transducer and activator of transcription 3 (STAT3) and 
alternate reading frame protein (ARF) axes. However, AR-independent PCa 
acquired metformin resistance, formed enlarged tumors and showed an in-
creased proliferation accompanied by high expression of MYC and loss of 
liver kinase B1 (LKB1). Genetic inactivation of the phosphatase and tensin 
homolog (PTEN) in prostate epithelium triggers the induction of LKB1 in a 
STAT3-dependent manner. In contrast, deletion of STAT3 promotes loss of 
LKB1 resulting in oncogenic MYC overexpression and metastatic formation. 
These findings implicate an important role of LKB1 in metabolic reprogram-
ming of metastatic PCa and highlight STAT3 and LKB1 as key regulators of 
cancer metabolism and potential prognostic markers of resistant PCa.
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Challenging pathologist’s eye with computer-based intensity 
measurement in PTEN immunohistochemistry

U. Rulle (1), Z. Tsourti (2), A. Warth (3), M. Calabuig (4), E. Verbeken (5), A. 
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PTEN is major tumor suppressor and cells are ultra-sensitive to dosage 
changes as well as in cells there is no alternative protein. As it is involved in 
PI3K/Akt pathway it could serve as a surrogate biomarker for hyperactivation 
of this signaling pathway, indicating when inhibitors might be more efficient. 
Therefore, it is important to measure PTEN loss, one off best way to measure 
protein expression is using immunohistochemistry (IHC) this is considered as 
a valuable read out, but unfortunately there is no international consensus 
regarding an optimal IHC protocol as well as no definition of best cut –off for 
PTEN positive versus PTEN negative. Therefore, in this Lungscape project by 
ETOP (European Thoracic Oncology Platform) we performed external quality 
assessment (EQA) for IHC and as well as correlated pathologist’s H-scores 
with computer-generated intensity measurements.
EQA consisted of 5 PTEN+, 5 PTEN- tumor surgical specimens and 1 PTEN+ 
and 1 PTEN- cell line. Whole sections of these samples were centrally stained 
with 3 different antibodies (MmAb 6H2.1 DAKO, RmAb 138G6 Cell Sig-
naling and RmAb SP218 Spring Bioscience) and assembled in webbook. 
From these cases an EQA tissue microarray (TMA) were made and stained  
locally with SP218. All staining’s were finally analyzed by ETOP pathologists’  
(H-scores 0-300) and computer using ImageJ for pixel-based intensity on 
tumor epithelia.
All 3 antibodies successfully could differentiate PTEN+ and PTEN- cases  
(Table 1). Computer H-scores is in alignment with pathologists’ score, but 
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with lower averages. On TMAs, computer scores showed lower inter-center 
variability. For 138G6 and SP218, sensitivity and specificity are high for mod-
erate values of threshold h (0-20), but DAKO had higher background.
SP218 yields a clean IHC and separates well PTEN+ from PTEN- cases ar-
guing for standardization across laboratories. Pathologists tend to H-score 
higher than the computer, likely due integration of various signal intensities.

Table 1. Descriptive statistics for pathologists vs computer H-scores on whole 
sections stained with the 3 different antibodies
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Synergistic cytotoxicity of a recombinant anti-PSMA immunotoxin 
in combination with docetaxel against prostate cancer 

M. Michalska, S. Schultze-Seemann, U. Wetterauer, P. Wolf

Department of Urology, University Medical Center Freiburg, Germany 
(philipp.wolf@uniklinik-freiburg.de)

In this study we investigated a new combination therapy with a recombi-
nant anti-PSMA immunotoxin and the cytostatic agent docetaxel. The im-
munotoxin consists of an anti-PSMA single chain antibody fragment (scFv) 
as binding and a truncated form of Pseudomonas aeruginosa Exotoxin A 
(PE40) as toxin domain. The immunotoxin induced apoptosis and specifically 
reduced the viability of androgen-dependent LNCaP and androgen-indepen-
dent C4-2 prostate cancer cells. A synergistic cytotoxic activity was observed 
in combination with docetaxel with IC50 values in the low picomolar or 
even femtomolar range. Moreover, combination treatment resulted in an 
enhanced antitumor activity in the C4-2 SCID mouse xenograft model. This 

highlights the immunotoxin as a promising therapeutic agent for a future 
docetaxel-based combination therapy of advanced prostate cancer.
This work is supported by the Deutsche Krebshilfe (Grant No. 110993 to P. 
Wolf).

1. M. Michalska et al.: In vitro and in vivo effects of a recombinant anti-
PSMA immunotoxin in combination with docetaxel against prostate cancer. 
Oncotarget. 2016 Apr 19;7(16):22531-42.

2. M. Michalska & P. Wolf: Pseudomonas Exotoxin A: optimized by evolution 
for effective killing. Front Microbiol. 2015 Sep 15;6:963
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The helicase and nuclease activities of DNA2 enzyme can be 
selectively inhibited by small molecule compounds
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(4), L. K. Krejci (1)
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Background: DNA2 is an essential enzyme and a key player in DNA replica-
tion and repair. It is conserved from yeast to humans and possesses two 
catalytic activities: an ATP-powered helicase and a nuclease activity. DNA2 
was found to be overexpressed in human cancers and the expression corre-
lated with the disease outcome, while depletion of DNA2 inhibited xenograft 
growth in mice (Peng et al., 2012; Strauss et al., 2014). DNA2 is essential 
for replication, thus its elevated activity is possibly important for cancer pro-
gression and allows the tumor to cope with replication stress, providing a 
growth advantage to cancer cells. Therefore, targeting DNA2 is a promising 
approach for cancer therapy.
Methods: A high throughput screening of 100’000 small molecule com-
pounds and purified Dna2 from S. cerevisiae was conducted using a FRET-
based assay. The best hits were further verified with yeast and human Dna2/
DNA2 proteins, as well as in cell-based assays. The properties of the selected 
compounds were analyzed in in vitro assays with respect to effects on both 
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helicase and nuclease activities of Dna2/DNA2, as well as in cell-based ho-
mologous recombination (HR) reporter assays.
Results: We could identify multiple compounds selectively inhibiting the 
DNA2 nuclease and helicase activities. They reduced the HR frequency, as 
well as the viability of U2OS cells.
Outlook: The effectiveness of the DNA2 inhibitors have to be further tested 
in vivo.

1. Peng, G., Dai, H., Zhang, W., Hsieh, H.J., Pan, M.R., Park, Y.Y., Tsai, R.Y., 
Bedrosian, I., Lee, J.S., Ira, G., Lin S.Y. (2012) Human nuclease/helicase DNA2 
alleviates replication stress by promoting DNA end resection. Cancer Res, 
72, 2802-2813

2. Strauss, C., Kornowski, M., Benvenisty, A., Shahar, A., Masury, H., Ben-
Porath, I., Ravid, T., Arbel-Eden, A. and Goldberg, M. (2014) The DNA2 nucle-
ase/helicase is an estrogen-dependent gene mutated in breast and ovarian 
cancers. Oncotarget, 5, 9396-9409
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The role of L1CAM in ovarian cancer stem-like cells 
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(2), R. Schibli (4), J. Grünberg (1)
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Accumulating evidence indicates that many solid tumors, including ovarian 
cancer (OC), contain small populations of tumor-initiating cells, the so-called 
cancer stem-cells (CSCs). Overlapping cell populations expressing high al-
dehyde dehydrogenase (ALDH) activity in combination with different cell 
surface markers such as CD24, CD44 and CD133 have been characterized 
as ovarian CSCs, showing high resistance against conventional therapies (1). 
Recently, it was shown that L1 cell adhesion molecule (L1CAM) is a CSC-
specific marker in glioblastoma (2). L1CAM is a highly glycosylated type I 
transmembrane protein that plays a role in the development of the nervous 
system and in human cancer. In cancer, L1CAM expression induces motile 

and an invasive phenotype, supporting aggressive tumor growth, metastasis 
and chemoresistance. It is now proved that only CSCs have the ability to 
proliferate under non-differentiating and non-adherent conditions, forming 
three-dimensional multicellular tumor spheroids which are very aggressive 
in growth and show reduced response to chemotherapeutic drugs in vitro.
The aim of our research is to elucidate the biological role of L1CAM expres-
sion in ovarian CSCs. Specific populations of cells expressing L1CAM alone 
or in combination with other CSC-markers (ALDH and CD133) were isolated 
from established ovarian cancer cell lines. Thereafter, we assessed clonogenic 
and spherogenic capacity as well as radiation responsiveness of these cells. 
The results indicated that L1CAM+ population has higher spherogenic and 
clonogenic properties in comparison to L1CAM-/CD133- cell population. In-
terestingly, we found that the cell subsets defined by the expression of both 
L1CAM/CD133 and L1CAM/ALDH have the highest clonogenic and sphe-
rogenic capacity. Moreover, L1CAM+/CD133+ and L1CAM+/ALDH+ cell 
populations retain the highest clonogenic capacity after irradiation. These 
results indicate that L1CAM might influence the functional properties of OC 
stem-like cells.

1. Silva, I. A. et al. Aldehyde dehydrogenase in combination with CD133 de-
fines angiogenic ovarian cancer stem cells that portend poor patient survival. 
Cancer Res. 71, 3991–4001 (2011).

2. Bao, S. et al. Targeting cancer stem cells through L1CAM suppresses glio-
ma growth. Cancer Res. 68, 6043–6048 (2008).
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Targeted ‘stealth’ adenoviruses for the cell-specific delivery of 
cancer therapies

S. N. Smith, D. Brücher, S. Jans, B. Dreier, M. Schmid, A. Plückthun

University of Zurich, Switzerland

Our group has developed an adenoviral delivery system that allows for spe-
cific targeting of adenovirus serotype 5 (Ad5) to discrete cell populations 
through the use of interchangeable designed bispecific designed ankyrin re-
peat protein (DARPin) adapters. In contrast to other strategies utilizing Ad5 
for its oncolytic properties, we have engineered Ad5 into a non-oncolytic, 
‘shielded’ delivery vehicle for therapeutic genes due to its large packaging 
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capacity (up to 36 Kb) and the feature that the viral DNA remains episomal 
rather than randomly integrating into host chromosomes, providing an ad-
ditional safety margin for clinical applications. The generation of this generic 
delivery system has enabled its use as a therapeutic platform. The primary 
approach aims as at targeting adenoviral particles to selectively transduce 
tumor cells or tumor stromal cells with the genes encoding cocktails of 
secreted monoclonal antibodies (mAb)- and/or other protein-based thera-
peutics (e.g. cytokines). The transduced subpopulation of cells then serves 
as a ‘biofactory,’ secreting therapeutic combinations that act in a paracrine 
fashion within the tumor microenvironment to collectively target multiple 
oncogenic pathways, increase anti-tumor immunity, and/or enhance tumor 
perfusion with additive or synergistic effects to reduce the risk of tumor 
escape and the development of drug resistance. We argue that in situ thera-
peutic production could provide an attractive alternative to treatment with 
repeated high bolus injections of drug combinations, as secretion by the 
tumor itself could provide high local concentrations that act in a paracrine 
fashion over an extended duration with limited toxicity to peripheral tis-
sues. In a secondary immunotherapy application, bispecific adaptors have 
been generated for mediating viral delivery to the surface of discrete T cell 
populations (e.g. CD4+, CD8+) as potential in vivo delivery vehicles for cell-
mediated immunotherapies. We propose that this approach could provide a 
less cumbersome alternative to ex vivo modification of T cells with tumor-
specific T cell receptors (TCRs) or chimeric antigen receptors (CARs) for au-
tologous transfer.
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Investigation of Glucocorticoid-Induced Radioresistance in Tumor 
Cell Lines

C. Umbricht (1), S. Haller (1), R. Schibli (2), C. Müller (1)

(1) Center for Radiopharmaceutical Sciences ETH-PSI-USZ, Paul Scherrer 
Institute, Villigen, Switzerland; (2) Department of Chemistry and Applied 
Biosciences, ETH Zurich, Zurich, Switzerland

Targeted radionuclide therapy exploits the cytotoxic effects of radioactiv-
ity caused by selective tumor-targeting radioligands. To control therapy or 
disease-related side effects, such as nausea and inflammation, the therapy 
is often combined with glucocorticoids (GCs). Apart from the beneficial ef-
fects of corticosteroids, a number of studies suggest that GCs can induce 

apoptosis resistance towards cytotoxic therapies in various solid tumor types 
in vitro and in vivo [1,2].
The goal of this study was to investigate several tumor cell lines with regard 
to the development of radioresistance upon exposure to GCs and to evaluate 
a possible correlation to glucocorticoid receptor (GR) expression. Therefore, 
in vitro cell viability experiments and Western blot analysis were performed 
in a selection of human tumor cell lines. The cells were exposed to GCs and 
cell-specific targeting agents labeled with the therapeutic radionuclide 177Lu 
(T1/2 = 6.65 d, Eβ-av = 134.2 keV) known to reduce cell viability. After one 
week, the cell viability was assessed using a colorimetric assay (MTT).
The results indicated that GCs had a significant radioprotective effect in some 
cell lines exposed to the radioactive targeting agents. Among those were KB 
cells (human cervical tumor cells) or AR42J cells (rat pancreatic tumor cells) 
in which cell viability was recuperated by 50% if the cells were co-treated 
with GCs, as compared to control cells treated with the radiopharmaceutical 
only. However, GCs did not have any observable effect on the cell viability 
of other tumor cell lines, such as PC-3 cells (human prostate tumor cells) or 
IGROV-1 cells (human ovarian tumor cells). Western blot analysis revealed 
that KB and AR42J cells expressed the GR, while PC-3 or IGROV-1 cells did 
not express the GR protein.
Our data suggest that the application of GCs induces radioresistance in GR-
expressing tumor cells but not in cells lacking the receptor. In future experi-
ments, the observed effect will be investigated in vitro in a broader selection 
of cell lines and in vivo using tumor-bearing mice. Should our observation 
be confirmed in a preclinical setting, it may be necessary to re-consider the 
application of GCs in patients undergoing radionuclide therapy as they may 
impact the therapeutic outcome.
 
1. Herr I, Buchler MW, and Mattern J (2009). Glucocorticoid-mediated apop-
tosis resistance of solid tumors. Results Probl Cell Differ 49, 191-218.  

2. Schlossmacher G, Stevens A, and White A (2011). Glucocorticoid receptor-
mediated apoptosis: mechanisms of resistance in cancer cells. J Endocrinol 
211, 17-25. 
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Replication fork slowing and reversal upon genotoxic stress 
require PCNA polyubiquitination and ZRANB3 DNA translocase 
activity
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CDNA damage tolerance during eukaryotic replication is orchestrated by 
PCNA ubiquitination. While monoubiquitination activates mutagenic trans-
lesion synthesis, polyubiquitination activates an error-free pathway, elusive 
in mammals, enabling damage bypass by template switching. Fork remodel-
ing is driven in vitro by multiple enzymes, including the DNA translocase 
ZRANB3, shown to bind polyubiquitinated PCNA. However, whether this in-
teraction promotes fork reversal and template switch in vivo was unknown. 
Here we show that damage-induced fork reversal in mammalian cells re-
quires PCNA ubiquitination, UBC13 and K63-linked polyubiquitin chains, 
previously involved in error-free damage tolerance. These mutations affect-
ing fork reversal also induced unrestrained fork progression, suggesting fork 
remodeling as a global fork slowing and protection mechanism. Fork slowing 
and reversal in vivo also require DNA translocase activity and PCNA inter-
action of ZRANB3, which is thus a key effector of error-free DNA damage 
tolerance. Targeting these fork protection systems may represent a promising 
strategy to potentiate cancer chemotherapy. 
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conferring selectivity to human interleukin-2
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Introduction: Interleukin (IL)-2 is an essential cytokine for the homeostasis 
and activation of T cells. It can stimulate cells expressing different levels of 
dimeric or trimeric IL-2 receptors (IL-2Rs). The administration of IL-2 at high 
doses proved its benefit for patients with advanced cancer through the stim-
ulation of cells expressing high levels of dimeric IL-2Rs (CD8+ T cells and NK 
cells). By contrast most of the IL-2-related side effects observed in patients 
treated with IL-2 have been associated to the binding of the cytokine to its 
IL-2 receptor-α (CD25) subunit, preferentially expressed by immunosuppres-
sive CD4+ T regulatory cells. Specific anti-IL-2 monoclonal antibodies (mAbs) 
have previously shown to lead to a vigorous activation of effector immune 
cells in mice. Currently, no mAb specific to human (h) IL-2 suitable for clinical 
development in cancer immunotherapy is available. In order to cover this 
clinical need, we developed a rational approach to generate and identify a 
high affinity anti-hIL-2 antibody specifically blocking the CD25 binding site 
(termed NARA1). In vivo, hIL-2 in complex with NARA1 resulted in prefer-
ential stimulation of CD8+ T cells and NK cells allowing potent anti-tumor 
control in two orthogonal pre-clinical relevant melanoma models.
Methods: In order to screen anti-hIL-2 antibodies obtained after immuniza-
tion and hybridoma generation, we developed a screening approach for the 
detection of specific anti-hIL-2 antibodies covering the CD25 binding site 
of the cytokine. The best monoclonal antibody, NARA1, was isolated and 
fully characterized in vitro using surface plasmon resonance (SPR) and x-ray 
crystallography in complex with hIL-2. We injected wild-type (Wt) mice with 
hIL-2/NARA1 complexes in order to check levels and kinetic proliferation of 
relevant immune cell subsets. Finally, we investigated the anti-tumor effect 
of hIL-2/NARA1 complexes in comparison to hIL-2 in two syngeneic (B16-
F10) and in one spontaneous metastatic (Tyr::N-RasQ61K Ink4a–/–) mela-
noma mouse models. In order to confirm which cells and mechanisms were 
responsible for the obtained anti-tumor response, hIL-2/NARA1 complexes 
were used for the treatment of Tcrbd–/–, Rag1–/–and Wt mice depleted of 
CD4+ or CD8+ T cells bearing B16-F10 tumor cells. Finally, we checked the 
adverse effects of hIL-2/NARA1 complexes in comparison to hIL-2 by deter-
mining liver toxicity and lung edema.
Results: Only 0.2% of all anti-hIL-2 mAbs found by our screening approach 
bound the target epitope and were further characterized. SPR analysis 
showed that NARA1 was efficiently blocking the CD25 binding site of hIL-
2 therefore acting as a high affinity CD25-mimobody. Determination of 
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the crystal structure allowed us to identify the binding epitope of NARA1. 
Residues of hIL-2 contacting NARA1 are clearly involved in the binding to 
CD25. In vivo, hIL-2/NARA1 complexes preferentially expand CD8+ T cells 
and NK cells, while the expansion of CD4+ T regulatory cells remains low. 
The immuno-stimulatory effect of hIL-2/NARA1 complexes leads to potent 
anti-tumor responses correlating with higher levels of CD8+ T cells in the 
tumor site. The anti-tumor effect observed was clearly dependent on CD8+ T 
cells that remain less exhausted that the ones generated upon conventional 
hIL-2 immunotherapy. Moreover, hIL-2/NARA1 complexes lead to favorable 
benefit to adverse effect ratios, as shown treating Tyr::N-RasQ61K Ink4a–/– 
mice which developed less skin melanoma nodules and lung metastases 
while tolerating well several cycles of hIL-2/NARA1 complexes.
Conclusion: We were able to generate and fully characterize the first anti-
hIL-2 mAb able to potentiate the immuno-stimulatory properties of hIL-2, 
thus meriting further investigation for clinical development.
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Analysis of TIP5-mediated epigenetic alterations in prostate 
cancer
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Besides been one of the most common types of cancer in men, prostate 
cancer (PCa) has an unpredictable clinical history; while most tumors are in-
dolent, some patients display lethal phenotypes. Treatment options for meta-
static disease are not curative since patients inevitably acquire resistance 
and relapse. A particular feature of PCa is the lack of somatic mutations and 
an altered epigenome. We have recently shown that TIP5 is highly expressed 
in metastatic PCa and establishes epigenetic silencing of genes commonly 
repressed in metastatic tumors. Mass-spectrometry analysis indicate that in 
metastatic PCa cell line (PC3), TIP5 interacts with components of the NuRD, 
SWI/SNF chromatin remodeling complexes and Polycomb repressive complex 
2 (PRC2), which are associated with epigenetic and gene regulation. TIP5 
has a role in proliferation, invasion and cancer stem cell like (CSC) features. 
PCa is of epithelial nature and cancer stem cells have been implicated in can-
cer relapse after primary treatment. To determine whether TIP5 might repre-
sent a therapeutic target for metastatic PCa, we have established a culture 

condition that allows the isolation of spheres from the heterogeneous PC3 
cell population. RNAseq analysis revealed that spheres resemble stemness 
features such as downregulation of developmental and differentiation genes 
and upregulation of CSC markers such as LGR5 and ALDH1A2. Remarkably, 
TIP5 knockdown impairs the formation of spheres. Similarly, treatment with 
chemical probes against TIP5-bromodomain (BRD) compromise the ability 
of PC3 cells to originate spheres without affecting proliferation of PC3 cells. 
These findings evidence the role of TIP5 in the regulation of CSC features 
and that TIP5 is a potential therapeutic target in CSCs.
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The identification of molecular determinants that regulate sensitivity to 
specific agents is essential for the development of new therapeutic ap-
proaches in cancer. We have earlier shown that a subset of refractory acute 
lymphoblastic leukemia (ALL) samples respond to SMAC-mimetic (SM) in-
duced IAP depletion by concurrently inducing RIP1-dependent apoptosis and 
necroptosis. Comparative gene expression profiling indicated a correlation of 
sensitivity to SM with the expression of TNF receptor 2 (TNFR2) in primary 
ALL. Using an independent cohort of primary chemotherapy-resistant ALL 
samples, we found that high TNFR2 expression predicted in vitro sensitivity 
to SM. High TNFR2 levels also correlated with higher expression of TNFR1. 
Deletion of either TNFR1 or TNFR2 using CRISPR/Cas9 in patient-derived ALL 
conferred resistance to treatment with SM, indicating that TNFR1 and 2 are 
both functionally required for cell death. In agreement with an important 
role for TNFR2 in the response to SM, the overexpression of TNFR2 leads 
to increased sensitivity to TNF through activation of the TNFR1/RIP1 death 
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axis. On the mechanistic level, recruitment of RIP1 to TNFR1 is a key event 
in the activation of cell death, which is abolished in TNFR2-deficient leuke-
mia. Taken together, our data reveal a novel function of TNFR2 in cell death 
signalling, as TNFR2 predicts sensitivity to SMAC mimetics and plays a key 
role in modulating a switch from RIP1-controlled cell survival to cell death. 
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Diagnostic potential of micro RNAs expression profiles in breast 
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Purpose: Various microRNAs act as key regulatory factors in tumorbiological 
processes, with both, oncogenic as well as tumor suppressive functions. This 
study focused on the putative biomarker properties of 25 microRNA types, 
investigated in three breast cancer (BC), endometrial cancer (EC) and ovar-
ian cancer (OC) in vitro models, respectively, to determine their diagnostic 
potential.
Material and methods: The expression pattern of 25 microRNA (miR) speci-
men were investigated in three established BC, EC and OC cell lines, respec-
tively. Quantitative analysis was performed by RNA isolation and subsequent 
realtime PCR. Therefore, relative quantification of the different microRNA 
types resulted from ΔCt method, normalized against medium expression 
values of the housekeeping microRNAs RNU 48, miR 16, miR 26b and miR 
103, respectively.
Results: Expression analyses could determine a subgroup of ten different 
miRNA types (miRs: -let 7b, -21, -30a, -30c, -30e, -27a, -222, -29a, -128.1, 
-9) that allow an expression level based discrimination between BC and OC 
cell types. Six miRNA types exhibit distinguishing characteristics in regard 
to BC vs. EC cell expression profiles (miRs: -30a, -30e, -29a, -15b, -200b, 
-222). Four miRNA types were identified with altered expression levels that 
may account for diagnostic purposes in the determination of EC against OC 
(miRs: -92a, -106b, -200b, -222).
Conclusion: We were able to demonstrate the feasibility to detect distinct 

miRNA expression profiles for each tumor entity. We hypothesize, that these 
distinct patterns offer the possibility for specific discrimination between 
breast, endometrium and ovarian cancer. Based on the current results, the 
biomarker function of microRNAs in cancer management could be a useful 
diagnostic feature to identify a tumor entity specific microRNA signature.
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Histone Acetyl-transferases as Putative Tumor Suppressors in 
Diffuse Large B-cell Lymphoma 

H. H. Hashwah, C. S. Schmid, A. M. Müller

Institute of Molecular Cancer Research, University of Zurich, Zurich, 
Switzerland

Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-
Hodgkin lymphoma, contributing to approximately 30% of newly diagnosed 
cases per year. This type of lymphoma arises from mature B-cells at different 
stages of differentiation, and is characterized by a diffuse growth of neoplas-
tic large B-lymphocytes.
Alterations in chromatin modifiers are one group of genetic aberrations that 
are likely to contribute to DLBCL pathogenesis. Genetic inactivation of the 
chromatin modifiers, the acetyl-transferases CBP (CREB-binding protein) and 
p300 (E1A-binding protein p300), has been reported in approximately 40% 
of DLBCL cases. Mutations in these chromatin modifiers have been charac-
terized as early events in lymphomagenesis, however little is known about 
their molecular functions and contribution to the onset and development of 
DLBCL.
A better understanding of the functional role of alterations in chromatin 
modifiers and the molecular pathways affected could help identify new on-
cogenic and tumor suppressive players in DLBCL pathogenesis, and poten-
tially have a prognostic value that defines a different therapeutic strategy 
depending on the mutational status of the modifiers.
My aims are designed to provide a comprehensive understanding of the role 
of the chromatin modifiers, CBP and p300, in epigenetic regulation of tu-
mor suppressor genes in DLBCL. More specifically, we use a panel of DLBCL 
cell lines in conjunction with in vivo mouse models and high throughput 
sequencing to identify pathways that are epigenetically regulated by acetyla-
tion of histones in DLBCL.
We have made use of the CRISPR/Cas9 genome editing system to introduce 
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mutations that phenocopy the cases seen in patient material. By introducing 
the generated knockout clones into different in vivo models, we aim to un-
derstand the effect of these mutations on lymphomagenesis under different 
conditions. Our in vivo system makes use of the activation-induced cytidine 
deaminase (AID)-Cre/loxP system to allow for an inducible knockout of the 
histone acetyl-transferases specifically in B cells upon antigen stimulation. In 
addition, we are employing a second-hit model whereby another one of the 
well-known oncogenes is expressed.
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An immune biomarker signature identifies chemoresistant 
ovarian cancer patients 

A. Mlynska (1), S. Garberyte (5), K. Zilionyte (2), G. Salciuniene (4), B. Intaite 
(3), V. Pašukoniene (2)

(1) Faculty of Natural Sciences, Vilnius University, Vilnius, Lithuania; (2) 
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Ovarian cancer is the most common cause of gynecological cancer associat-
ed death. Despite advances in disease knowledge, 5-year survival has inched 
up from 40% to only 45% during the last two decades. Surgery and adju-
vant platinum-based chemotherapy remain the principal treatment of ovar-
ian cancer patients. However, half of the patients are intrinsically resistant 
to cytotoxic therapies and relapse within 1 year after completing treatment. 
Tumor microenvironment can also affect the success of chemotherapy. Since 
ovarian tumors are highly immunogenic, the current study was designed to 
investigate the relationships between tumor microenvironment and host im-
mune system and their capabilities in predicting differential chemotherapy 
response in ovarian cancer patients.
We performed the expression profiling of 111 parameters, including cyto-
kines, drug resistance-associated genes, stemness-related proteins, and 
lymphocyte subtyping in 35 blood and tumor samples of ovarian patients 
(16 sensitive and 19 resistant) using flow cytometry, antibody arrays and 
quantitative PCR.
We observed differences in marker expression between patients. Correlation 
analysis revealed several related clusters. The strongest cluster includes both 

systemic and tumor-specific parameters, among them immune (intratumoral 
CTL, intratumoral Treg, serum CXCL10, tumoral CD86), drug resistance (tu-
moral ATP11B, ABCC1, ATP7B, ABCC10), and stemness (tumoral CD133, 
CD24, Snail, Slug, FN1, PCNA) parameters.
In addition, after dividing patients into platinum-resistant and ¬sensitive 
groups, we derived a following immune signature with a potential predic-
tive value for chemotherapy resistance: CCL2, CCL3, CCL4, CXCL5, CXCL9, 
CXCL11, IFNγ, IL-8, ABCB1, ABCC10, Oct3/4. Combined analysis of twelve-
biomarker panel demonstrated high predictive power with 84.43% and 
71.43% specificity.
In conclusion, our results suggest that immune profiling of ovarian cancer 
patients might represent a useful tool for the foreseeing of response to plati-
num therapy. Elevated expression of pro-inflammatory macrophage-attract-
ing chemokines in resistant patients could suggest the role of the innate im-
mune compartment and the potential benefit from combining chemotherapy 
with immunotherapy.
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Characterization of tumor-derived exosomes in osteosarcoma es-
tablished cell lines

P. A. Mazumdar, A. Gvozdenovic, A. Boro, B. Fuchs

Laboratory of Orthopaedics, Balgrist University Hospital, Zurich, Switzerland

Osteosarcoma (OS) is the most common primary malignant bone tumor in 
children and adolescents. It has a high predisposition towards pulmonary 
metastasis, which is the major cause of death in patients. 20% of the pa-
tients’ exhibit detectable metastases during initial diagnosis while 80% of 
the patients, who initially present a localized disease, progress to develop 
metastases. Hence, a comprehensive understanding of the biological mecha-
nisms of OS metastasis must be gained in order to combat patient mortality. 
In the recent past it has been demonstrated in several carcinoma models that 
exosomes play a role in metastasis progression. However, their relevance in 
OS metastasis currently remains speculative.
Exosomes are small membrane extracellular vesicles (30-100nm) that are 
secreted by both normal as well as malignant cells. Their content cargo pri-
marily consists of mRNA, microRNAs and proteins. The transfer of exosomal 
cargo facilitates both local as well as systemic communication between do-
nor parental and recipient target cells. Several types of tumour cell lines 
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have been documented to produce elevated levels of exosomes. Moreover, 
increasing evidence demonstrates that tumour cells utilize exosomes to edu-
cate distant metastasis prone organs towards a pre-metastatic niche or a 
supportive metastatic microenvironment. This enables disseminated tumour 
cells to graft and establish metastatic colonies.
To understand more about OS derived exosomes we have isolated exosomes 
from a panel of 8 OS established cell lines. Isolation of exosomes from con-
ditioned cell culture media was performed using differential ultracentrifuga-
tion. Based on the downstream analysis, the vesicles were resuspended in 
appropriate buffers, namely RIPA buffer for Western blot analysis and PBS 
for nanoparticle tracking analysis (NTA) and RNA isolation. Establishing 
the average size of isolated extracellular vesicles was initially performed by 
Nanosight (NTA) analysis and the primary peak size for all 8 cell lines derived 
vesicles were found to be between 80 and 120 nm. The size was subse-
quently confirmed using electron microscopy. The micrographs also demon-
strated that the vesicles were free of contaminating proteins and have the 
typical cup shaped morphology of exosomes. The 143B and HU09 cell lines 
were the highest producers of extracellular vesicles in the investigated panel 
of OS cell lines. Moreover, Western blot analysis for all the samples showed 
that exosome associated markers such as Alix, CD9 and CD81 were highly 
upregulated in the vesicles compared to the respective parental cell extracts, 
while calreticulin, an endoplasmic reticulum localized protein, was not de-
tectable in any of the samples indicating no intracellular vesicle contamina-
tion. Molecular RNA profiling via next generation sequencing of exosomal 
mRNA derived from 143B cells was done in order to identify the relevant 
exosomal transcripts that significantly contribute towards the modulation of 
the pulmonary pre-metastatic niche.
In conclusion, our study has been able to confirm that all the 8 cell lines 
produce extracellular vesicles that are consistent with the size, morphology 
and protein expression signatures of exosomes as described in the literature. 
We are currently evaluating exosomal mRNA derived from 143B cells which 
are involved in communication between the primary tumor and the distant 
target organs of metastasis in a pre-metastatic environment.
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Synergistic activity of NKG2D-based chimeric antigen receptor 
(CAR)-T cells and radiotherapy against glioma
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(2) Radiooncology, University Hospital Zurich, Zurich, Switzerland; (3) 
Department of Microbiology & Immunology, Geisel School of Medicine, New 
Hampshire, USA

Introduction: Glioblastoma is the most common primary brain tumor in 
adults and virtually always lethal despite a multimodal treatment regimen 
including surgery, chemotherapy and radiotherapy. Therefore, novel treat-
ment modalities are needed. Adoptive immunotherapy with genetically en-
gineered T cells that express a chimeric antigen receptor (CAR) to recognize 
and eliminate tumors in a MHC-independent manner is an emerging strat-
egy that has led to remarkable responses in hematologic malignancies. CARs 
that target the natural-killer group 2-member D (NKG2D) system elegantly 
use the promiscuous binding properties of the NKG2D receptor that binds to 
several tumor-associated ligands. NKG2D-based CAR T cells have never been 
investigated against glioma and it is unknown if this strategy can overcome 
the challenges of this tumor entity and if it could even be implemented in 
established conventional treatment regimens.
Methods: CAR T cells were generated by retroviral transduction of spleno-
cytes derived from C57BL/6 or VM/Dk mice to express a synthetic receptor 
with the extracellular domain of NKG2D, a transmembrane domain and the 
intracellular CD3ζ domain. As a control, splenocytes were transduced with 
wildtype-NKG2D (wtNKG2D). For in vitro studies, murine glioma cells (GL-
261, SMA-560, SMA-540, SMA-407) were co-cultured with chNKG2D or 
wtNKG2D T cells and we assessed the cytolytic activity and IFN-g production 
by flow cytometry. For in vivo studies, we used GL-261 cells syngeneic to 
C57BL/6 mice and monitored tumor growth by magnetic resonance imaging. 
For in vivo tracking of CAR T cells, we used fluorescence molecular tomogra-
phy (FMT), flow cytometry and immunohistochemistry. Long-term survivors 
were re-challenged with another tumor implantation and tumor-infiltrating 
and peripheral lymphocytes were analyzed by flow cytometry. To study the 
combination of radiotherapy with CAR T cells, mice received a single sub-
therapeutic dose of local irradiation.
Results: In all murine glioma cell lines, chNKG2D T cells had a significantly 
higher specific cytolytic activity compared to wtNKG2D T cells. Furthermore, 
chNKG2D T cells produced more IFN-g. In vivo, intravenously injected chNK-
G2D T cells migrated to the orthotopic tumor site, were tolerated without 
toxicities, prolonged the survival and cured a fraction of tumor-bearing mice. 
This anti-tumor effect was even more pronounced in case of intratumoral 
CAR T cell administration. Survivors were long-term protected against tumor 
re-challenge. Mechanistically, this was not the result of a classical immune 
memory response, but rather due to local persistence of chNKG2D T cells. Ra-
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diotherapy, as part of the standard treatment regimen against glioblastoma, 
augmented the effect of chNKG2D T cell therapy already after a single ap-
plication of a subtherapeutic dose. We identified two underlying mechanism 
for this synergistic activity. First, a direct tumor-cell related effect as dem-
onstrated by an increased cytolysis and IFN-g production after co-culture 
of low-dose pre-irradiated GL-261 cells with chNKG2D or wtNKG2D T cells 
and second an indirect migration-related mechanism as demonstrated by 
increased accumulation of CAR T cells within irradiated tumors in vivo.
Conclusion: We provide the first systematical preclinical assessment of NK-
G2D-based CAR T cells against glioma. This strategy was effective, tolerated 
without toxicities, conferred long-term protection and was synergistic with 
radiotherapy. These findings could provide a rationale to test this immuno-
therapeutic strategy also in human glioma patients.
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A mass cytometry-based atlas reveals novel subpopulations of 
macrophages and T cells associated with immune checkpoint 
regulation and clinical features of renal carcinoma
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Immune cells in the dynamic tumor microenvironment modulate all aspects 
of tumor development. Macrophages and T cells are key components of this 
ecosystem, yet a comprehensive characterization of their phenotypic diver-

sity, their relationships within the ecosystem and correlation with clinical 
data is absent. Here we use mass cytometry in combination with novel an-
tibody panels to perform an in-depth immunoprofiling of samples from a 
cohort of 73 clear cell renal cell carcinoma (ccRCC) patients, with a special 
emphasis on T cells and macrophages. In a total of 3.5 million measured 
single cells, we identified 17 tumor-associated macrophage subsets and 22 
T cell subsets, many with novel and surprising marker combinations. Correla-
tion analysis revealed rules that determine the structure of the tumor-asso-
ciate microenvironment and a specific macrophage subset associated with 
exhausted T cells. By correlation with clinical data, subsets that accurately 
predict time to relapse and overall survival were identified. In summary, we 
present the most comprehensive atlas of the immune tumor microenviron-
ment available to date. This study revealed potential biomarkers and targets 
for renal cell carcinoma therapy and validated tools that can be used for 
analysis of other tumor types.
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Unbiased analysis of the radiotherapy response to identify tar-
gets that support clinical efficacy 

N. A. Schweiger, L. Surace, M. van den Broek

Institute of Experimental Immunology, University of Zurich, Zurich, 
Switzerland

Radiotherapy (RT) is a palliative as well as a curative treatment for cancer. 
RT induces irreversible DNA damage. However, it is clear that RT supports 
tumor-specific immunity. In fact, activation of the immune system is a central 
part of the clinical response. Previous work in our laboratory showed that 
activation of tumor-associated dendritic cells (DCs), which in turn support 
effector CD8+ T cells in the tumor is crucial for therapeutic efficacy. Recently, 
RT-induced, local activation of complement and subsequent production of 
pro-inflammatory anaphylatoxins has been identified as an essential up-
stream event to RT-induced DC activation and protective CD8+ T cell im-
munity.
RT is a major disturbance and presumably influences many, yet unidentified 
pathways leading to a multitude of downstream changes, which are current-
ly unknown. My hypothesis is that some pathways affected by RT support the 
clinical efficacy of RT while other antagonize it. Consequently, selective pro-
moting or suppressing particular pathways may improve the clinical efficacy 
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of RT. In my project I aim to investigate early RT-induced changes as well as 
changes occurring when the tumor starts to regrow. Therefore, I will perform 
unbiased analysis of tumor samples isolated at different time points after 
RT. The analysis includes RNA- and microRNA-sequencing as well as mass 
spectrometry for the investigation of metabolites. In follow-up experiments, 
I will interfere with selected pathways in order to promote tumor-specific 
immunity and increase the efficacy of radiotherapy.
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Transfer of cGAMP via gap junctions from tumor to dendritic 
cells - a potential mechanism of innate tumor immune sensing

L. Schadt, S. Saba, N. A. Schweiger, M. van den Broek

Institute of Experimental Immunology, University of Zurich, Zurich, 
Switzerland

Spontaneous antitumor immune responses occur in different type of cancers. 
In particular, the infiltration of CD8-positive T cells into solid tumors is as-
sociated with immunosurveillance of the cancer and a beneficial prognosis 
for the patient. 
In this context, one particular innate immune mechanism is of interest in 
which tumor-derived DNA is sensed in the cytosol of tumor-infiltrating den-
dritic cells (DCs) via the cyclic GMP-AMP-snythase (cGAS)/stimulator of IFN 
genes (STING) pathway. Activation of the cGAS/STING pathway in DCs leads 
via the second messenger cyclic GMP-AMP (cGAMP) to the induction of type 
I interferons, which seem to be essential for the generation of tumor-specific 
CD8-positive T cells. Nonetheless, little is known on the specific tumor cell 
characteristics and the detailed molecular mechanism by which this tumor 
cell-DC-interaction induces type I interferons.
Our preliminary data suggest that the transfer of cGAMP from tumor cells 
to DCs via gap junctions composed of connexin 43 mediates the type I in-
terferon production in DCs. We assessed this question by in vitro co-culture 
experiments of various tumor cells and bone marrow derived dendritic cells 
(BMDCs) or the DC cell line DC1940. The magnitude of DC stimulation and 
type I interferon expression was analyzed by qRT-PCR, ELISA, Western blot-
ting and flow cytometry. In our set up, tumor cells themselves did not pro-
duce a type I interferon response despite cGAS/STING expression. However, 
we identified a clear correlation of cGAS expression in tumor cells and the 
capacity to induce type I interferons in DCs. Moreover, silencing of the gap 

junction gene encoding connexin 43 in tumor cells reduced the type I inter-
feron expression in co-cultured DCs. Together, these results indicate a poten-
tial mechanism of innate immune sensing of tumors involving the transfer of 
cGAMP to DCs via gap junctions.
Further validation of this mechanism would have major implications on 
cancer prognosis and immunotherapy by enhancing the innate antitumor 
immune response.
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Anti-glioma activity of oligonucleotide-mediated TGF-β1/2 
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Transforming growth factor (TGF)-β is a potent cytokine with multiple bi-
ological activities, which has become an attractive target in glioblastoma 
because of its immunosuppressive properties and role in migration and inva-
sion. TGF-β signaling is highly active in high-grade gliomas and elevated 
TGF-β activity has been associated with poor clinical outcome. 
Here we examine the effects of two novel TGF-β1 or TGF-β2 specific phos-
phorothioate locked nucleic acid- (LNA) modified antisense oligonucleotide 
gapmers, ISTH1047 and ISTH0047 respectively, on the downstream signal-
ing and growth of human LN-308 and murine SMA-560 glioma cells in vitro. 
Their ability to inhibit TGF-β1 or TGF-β2 was also assessed in orthotropic 
xenogeneic and syngeneic in vivo glioma models.
Both antisense oligonucleotides silence their corresponding target and in-
hibit downstream SMAD-2 phosphorylation. Moreover, inhibition of TGF-β1 
or TGF-β2 mRNA expression by ISTH1047 or ISTH0047 reduces both the 
invasive potential of glioma cells, with no effect on cell viability. In vivo 
systemic administration of ISTH1047 or ISTH0047 significantly suppresses 
TGF-β1 or TGF-β2, as well as down-stream target PAI-1 mRNA expression 
respectively in murine glioma-bearing hemispheres. TGF-β1 or TGF-β2 inhibi-
tion significantly prolonged the median survival of mice bearing SMA-560 
tumors.
These data suggest that directly targeting TGF-β1 or TGF-β2 using these 
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novel antisense oligonucleotides represents a promising approach to inhibit 
TGF-β signaling in glioblastoma with potential therapeutic activity.
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FAN1 acts in concert with ubiquitylated PCNA to alleviate replica-
tion stress and maintain genome stability

A. Porro, A. A. Sartori, J. Jiricny 
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FAN1 nuclease is recruited to interstrand cross-links (ICLs) by monoubiqui-
tylated (Ub) FANCD2, which interacts with a ubiquitin-binding zinc finger 
(UBZ) domain at the FAN1 N-terminus. Surprisingly, disruption of this do-
main does not affect sensitivity to ICL-inducing agents; instead, it causes 
chromosomal instability. We now show that FAN1 contains a previously un-
characterised PCNA interacting peptide (PIP) motif that acts in concert with 
its UBZ domain to recruit FAN1 to Ub-PCNA accumulated at replication forks 
stalled not only at ICLs, but also at secondary structures such as G-quartets. 
This interaction slows replication fork progression and thus prevents their 
collapse.  Importantly, inhibition of PCNA ubiquitylation in FAN1-depleted 
cells alleviates genomic instability and it might therefore also slow disease 
progression of FAN1 mutation carriers afflicted with karyomegalic interstitial 
nephritis (KIN). 
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A Metabolomic Profiling Approach for Identification of Metabolic 
Changes Associated with MET Targeting in MET-Addicted and 
Non-MET-Addicted Models 
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Deregulated activity by the MET receptor tyrosine kinase is often associated 
with poor clinical prognosis. Furthermore, MET signaling confers resistance 
to anti-cancer treatments by protecting tumors from DNA-damaging agents. 
In order to gain insight into the link between MET and the DNA damage 
response, we carried out MS-based metabolomics analysis (high-throughput 
flow-injection analysis on an Agilent 6550 time-of-flight instrument) and 
multivariate statistics to study metabolites and metabolic pathways in vari-
ous cell lines overexpressing the MET receptor.
In the current work, several MET-addicted and non-addicted cell lines have 
been used. The cell line panel includes the gastric carcinoma cell lines GTL-
16, MKN45, SNU5, KATOII, SNU638, Hs746T; the non-small cell lung cancer 
cell lines EBC-1, H1993, H1648, H820 and HCC827. We inhibited MET in 
these cell lines using the novel specific small molecule tyrosine kinase inhibi-
tor tepotinib, which is currently under clinical evaluation. The phosphoryla-
tion levels of MET and the activation of its downstream signalling pathways 
were assessed by Western blotting. Preliminary experiments showed altera-
tions in energy metabolism, tricarboxylic acid cycle (TCA) cycle and amino 
acid metabolism. We identified one metabolite that is consistently altered 
only and across all MET-addicted cellular systems: 5’-Phosphoribosyl-N-for-
mylglycinamide, which is involved in the de novo purine synthesis pathway. 
Interestingly, the complementary transcriptomics analysis of EBC-1 and GTL-
16 cells showed that critical purine synthesis enzymes are downregulated 
upon MET inhibition (METi), a finding further validated by quantitative Real-
Time PCR. Currently, we are focusing on transcription factors known to be 
involved in the purine synthesis pathway such as E2F1, which is downregu-
lated in the transcriptomics dataset upon METi. Given the data obtained so 
far, we hypothesize that MET-independent E2F1 expression may potentially 
lead to a rescue of MET-addicted cancer cells after METi, thus deepening our 
understanding over the role of the MET oncogene in metabolism of cancer 
pathogenesis.
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Treatment of AML with immunotherapies 
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Introduction: Immunotherapies hold promise and have made major progress 
in the treatment of hematological malignancies in recent years. One par-
ticularly effective approach is the use of chimeric antigen receptor (CAR) T 
cells, consisting of high affinity single-chain monoclonal antibodies or single-
chain variable fragments (scFv), linked to the signaling machinery of the T-
cell receptor and costimulatory molecules. Recently, ground-breaking clinical 
responses to CAR T- cell therapy in CD19+ B-cell malignancies have been 
reported. Acute Myeloid Leukemia is a clonal disorder of the hematopoietic 
stem/progenitor cells (HSPCs) and contains a subpopulation of leukemia-
initiating cells (LIC) that can self-renew and give rise to the hierarchy of 
maturing blasts. While the proliferating mature blast pool is highly sensitive 
to chemotherapy, the more quiescent LICs are relatively resistant and can 
be a source of relapse. We postulate that the only way to lasting success in 
poor-risk disease is to radically eliminate LICs and accept collateral damage 
to HSCs that, subsequently, can be replaced by transplantation. We aim to 
create a platform for the generation of human CAR T-cells directed against 
leukemic and HSC antigens, the first of which will be c-Kit (CD117).
Methods: We will use mouse AML models as well as humanized models car-
rying human AML cell lines and primary human leukemia to evaluate safety 
and efficacy of Chimeric Antigen Receptor (CAR) T-cell, Bispecific T-cell en-
gaging (BiTEs) antibodies and monoclonal depleting antibodies. The capacity 
to eliminate LICs as well as bystander effects on healthy hematopoiesis will 
be assessed.
Results: For the mouse AML models, we have modified a murine erythroleu-
kemia (FBL3) cell line and mouse AML (TIB-49) cell line to express murine c-
Kit (CD117) and GFP as a reporter gene. For the humanized AML model, we 
characterized the human AML cell line (Kasumi-1) which naturally expresses 
c-Kit. Additionally, we have modified the Kasumi-1 cells to express human 
CXCR4 to facilitate in vivo homing and engraftment in immunodeficient mice 
as well as to express GFP as a reporter gene. We have confirmed that the 
mouse cell lines engraft in wild type mice C57BL/6 and that the Kasumi-1 
cells engraft in NSG immunodeficient mice. We used the previously published 
anti-mouse cKit depleting antibody (ACK2) and confirmed that we can de-
plete HSPCs in wild type mice and to a greater degree in immunodeficient 
mice. In parallel, we used a phage display library and recombinant soluble 
mouse cKit protein to identify a novel anti-mouse cKit antibody binding frag-
ment. The new antibody fragment (D9) was expressed as a monoclonal IgG 
format, a bispecific T cell engager (BiTE) antibody format and it was cloned 
into a mouse chimeric antigen receptor (CAR) T cell lentivector construct. 
We have confirmed binding of the D9 IgG antibody and D9 BiTE antibody to 
mouse cKit+ leukemia cell lines and confirmed binding of the D9 IgG anti-
body to cKit+ cells in primary bone marrow of mice. Binding of the D9 BiTE 

to CD3 was also confirmed using primary mouse T cells. The D9 IgG antibody 
was further modified to have a mouse IgG2a FC domain in order to allow for 
FC mediated depletion of target cells. Experiments comparing the ACK2 and 
D9 IgG2a antibody are underway. In vitro assays are underway to determine 
the leukemia cell killing capacity of the D9 BiTE antibody and D9 CAR T cells.
Conclusion: Our goal is to use these immunotherapies to radically eliminate 
both AML-LICs and HSCs by targeting non-tumor-selective HSC antigens and 
to subsequently deal with the life-threatening HSC depletion by allogeneic 
HSC transplantation.
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Oncogenic human papillomaviruses (HPVs) are closely linked to major hu-
man malignancies, including cervical and head and neck cancer. It is widely 
assumed that HPV-positive cancer cells are under selection pressure to 
continuously express the viral E6/E7 oncogenes, that their intracellular p53 
levels are reconstituted upon E6/E7 repression, and that E6/E7 inhibition 
phenotypically results in cellular senescence. Here, we show that hypoxic 
conditions, as they are often found in subregions of cervical and head and 
neck cancers, enable HPV-positive cancer cells to escape from these regu-
latory principles: E6/E7 is efficiently repressed, yet, p53 levels do not in-
crease. Moreover, E6/E7 repression under hypoxia does not result in cellular 
senescence, due to impaired mTOR signaling via the inhibitory REDD1/TSC2 
axis. Instead, a reversible growth arrest is induced that can be overcome by 
reoxygenation. Impairment of mTOR signaling also interfered with the senes-
cence response of hypoxic HPV-positive cancer cells towards prosenescent 
chemotherapy. Collectively, these findings indicate that hypoxic HPV-positive 
cancer cells can induce a reversible state of dormancy, with decreased viral 
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antigen synthesis and increased therapeutic resistance, and may serve as 
reservoir for tumor recurrence upon reoxygenation.
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Introduction: Lung cancer is the most common and deadliest cancer among 
all malignant tumors, with a five-year survival rate of 16%. Patients with mu-
tated KRAS lung adenocarcinoma have the poorest overall survival. The only 
treatment for this type of lung cancer is chemotherapy, and  conventional 
chemotherapeutics often can neither stop tumor growth nor prevent its re-
lapse due to tumor resistance. The molecular mechanisms underlying this 
phenomenon remain poorly defined, highlighting an urgent need to under-
stand the molecular mechanisms and to develop more efficient treatments.
Results: To unveil the potential mechanism of KRAS-mutant lung cancer 
resistance to chemotherapy, and eventually reveal new therapeutic targets 
which can boost the efficacy for the treatment of KRAS-driven lung cancer. In 
this study, we first fraction a drug resistant subpopulation by sphere forma-
tion, then we did a pharmacological screen to identify a inhibitor which can 
specificly target drug resistant cells, and finally we found that mTOR activa-
tion confers chemoresistance in KRAS-mutant NSCLC. Moreover, combining 
mTOR inhibition with chemotherapy is a novel & effective strategy for treat-
ing KRAS-mutant lung cancer.
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Dendritic cell-derived exosomes in cancer therapy

S. Hiltbrunner (3), U. Gehrmann (1), P. Larssen (1), M. Eldh (1), A. M. Geor-
goudaki (2), M. J. Martinez-Bravo (1), A. K. Wagner (2), M. C. Karlsson (2), T. 
I. Näslund (1), S. Gabrielsson (1)

(1) Immunology and Allergy Unit, Department of Medicine Solna, Karolin-
ska Institute, and Karolinska University Hospital, Stockholm, Sweden; (2) 
Department of Microbiology, Tumor and Cell Biology, Karolinska Institute, 
Stockholm, Sweden; (3) Institute of Experimental Immunology, University of 
Zurich, Zurich, Switzerland

Exosomes are nano-sized membrane vesicles derived from the late endo-
somal compartment. They are capable of transferring proteins, lipids and 
RNA between cells. B cell and dendritic cell (DC)-derived exosomes express 
major histocompatibility complex (MHC) class I and II, as well as costimula-
tory molecules (CD80/86) and can initiate T cell responses. Several clinical 
trials have shown DC-derived exosome-based cancer immune therapy to be 
safe, but limited in inducing antigen-specific T cells. Thus, a better under-
standing of how to modify DC-derived exosomes is crucial to induce better 
immunostimulatory effects.
We have shown that exosomes loaded with the NKT cell ligand alpha-ga-
lactosylceramide (αGC) and the model antigen ovalbumin (OVA) activate 
NKT cells, induce strong NK and γδ T cell innate immune responses, and 
induce OVA-specific T and B cell responses far better than only OVA-loaded 
exosomes. Exosomes loaded with αGC/OVA decreased tumour growth and 
increased median survival compared to exosomes loaded with OVA only or 
soluble αGC + OVA alone. Furthermore, exosomal MHC class I is dispensable 
for the induction of antigen- specific T cell responses if whole OVA is present. 
We have shown that OVA-loaded DC-derived exosomes from MHCI-/- mice 
induce antigen-specific T cells to the same extent as wild type exosomes. 
Even exosomes with MHC class I and II mismatch induced tumour-infiltrating 
CD8 T cells and increase survival in a B16 melanoma model. Our studies 
provide new opportunities for increasing the immunogenicity of DC-derived 
exosomes for cancer treatment and opens up new possibilities for the design 
of allogeneic exosome-based vaccines and therapies.
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Pre-clinical evaluation of novel Exendin-4 derivatives for non-
invasive insulinoma diagnosis

S. Kaeppeli (1), A. Jodal (1), R. Schibli (2), M. Behe (1)

(1) Center for Radiopharmaceutical Sciences ETH-PSI-USZ, Paul Scherrer 
Institute, 5232 Villigen, Switzerland; (2) Department of Chemistry and 
Applied Biosciences, ETH Zurich, 8093 Zurich, Switzerland
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The glucagon-like peptide-1 receptor (GLP-1R) is highly expressed on the 
pancreatic β-cells, which produce and secrete insulin. β-cells are involved in 
diseases of the glucose metabolism, such as type 1 and type 2 diabetes mel-
litus and congenital and adult hyperinsulinemic hypoglycemia. Furthermore, 
GLP-1R is also overexpressed in β-cell derived tumors, like insulinomas, as 
well as several other cancers (reviewed in [1]). Exendin-4, a peptide ligand 
of GLP-1R, has already been used in clinical studies for the detection of 
insulinomas by SPECT/CT and PET/CT [2, 3]. However, its major drawback is 
the high kidney uptake, which decreases imaging quality while exposing the 
patients to elevated radiation burden. Here, we show how the addition of an 
albumin-binding moiety (ABM) to Exendin-4 strongly improves biodistribu-
tion and SPECT/CT imaging outcomes while retaining its high specificity to 
GLP-1R.
We used 111In-labeled derivatives of Exendin-4 that carry an albumin-binding 
moiety. We compared the new peptides to the lead compound (Exendin-4 
derivative without albumin-binding moiety) in vitro, determined their stabil-
ity in human blood plasma, receptor affinity as well as cell internalization, 
and employed CD1 nu/nu mouse models carrying GLP-1R positive tumors for 
in vivo experimentation. In these studies, we investigated the biodistribution 
and SPECT imaging properties of the peptides.
The peptides were shown to have high affinity to the GLP-1 receptor (IC50 

of 3.7 ± 0.6 to 15.1 ± 0.8 nM) and internalized well into cells cells (39 
± 2 to 56 ± 2% within 2 hours), thus outperforming the peptide without 
albumin-binding moiety (41 ± 4% within 2 hours). The stability in human 
blood plasma was slightly improved by the addition of the albumin-binder. 
In the in vivo studies, the new derivatives exhibited a significantly reduced 
kidney-uptake (between 48.38 ± 14.93 and 71.23 ± 16.02% i.A./g, 4 hours 
p.i.) compared to the lead peptide (160.98 ± 28.53% i.A./g, 4 hours p.i.) 
leading to favorable kidney-to-tumor ratios.
In conclusion, this study demonstrated that the addition of an albumin-
binding moiety to radiolabeled Exendin-4 strongly decreased kidney ac-
cumulation while having positive effect on tumor uptake. Thus, Exendin-4 
derivatives with an albumin-binding moiety could present a viable class of 
diagnostic tracers for the detection of insulinomas and other GLP-1R positive 
tissue in clinical application.
 
1. Korner, M., et al., Glucagon-like peptide-1 receptor overexpression in 
cancer and its impact on clinical applications. Front Endocrinol (Lausanne), 
2012. 3: p. 158.

2. Wild, D., et al., Glucagon-like peptide 1-receptor scans to localize occult 
insulinomas. N Engl J Med, 2008. 359(7): p. 766-8.

3. Antwi, K., et al., Localization of Hidden Insulinomas with 68Ga-DOTA-
Exendin-4 PET/CT: A Pilot Study. J Nucl Med, 2015. 56(7): p. 1075-8.
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Prognostic relevance of lung squamous cell carcinoma tumor 
fragmentation, a histologic marker of increased tumor 
invasiveness

R. Casanova (1), U. Rulle (1), P. Nanni (3), J. Grossmann (3), H. Moch (2), A. 
Soltermann (2)

(1) Department of Pathology and Molecular Pathology, University of Zurich 
and University Hospital Zurich, Switzerland; (2) Department of Pathology and 
Molecular Pathology, University Hospital Zurich, Switzerland; (3) Functional 
Genomics Center, University and ETH Zurich, Switzerland

Accurate tumor classification is an important step for adequate cancer man-
agement. Next to tumor staging, histologic subtyping aims at further stratify-
ing patients into additional prognostic groups. In this study, we addressed 
tumor fragmentation (TF) as a potential marker of tumor invasiveness for lung 
squamous cell carcinoma (LSCC), on two independent clinical cohorts (tissue 
microarray: n=208; whole sections: n=99).
TF scores were quantitatively addressed on pan-cytokeratin stained LSCC, us-
ing an image processing tool (ImageJ). Clinical data analysis revealed that 
increasing TF was associated with blood vessel infiltration (p<0.01) as well as 
decreased overall and relapse-free survival on both patient cohorts (p<0.01). 
The poor prognostic value of TF was validated on an external clinical cohort 
from The Cancer Genome Atlas (TCGA: n=326) using human-based scores.
In conclusion, tumor fragmentation is a histologic parameter associated with 
increased tumor aggressiveness which could be relevant for refining current 
tumor grading systems. Additionally, the proposed approach could be poten-
tially applied to other solid human carcinoma.
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Epigenetic Therapy a Good BET for Glioblastoma? Systems 
biology approach to identify a rational combination therapy

O. Gusyatiner (1), D. T. Pham Minh (1), Y. Lei (3), M. Delorenzi (2), M. Hegi (1)

(1) CHUV Lausanne University Hospital, Lausanne, Switzerland; (2) SIB Swiss 
Institute of Bioinformatics, Lausanne, Switzerland; (3) University of Lausanne, 
Lausanne, Switzerland

Our aim is to evaluate whether epigenetic drugs, like bromodomain and 
extra-terminal proteins (BET) inhibitors would be suitable for treating glio-
blastoma. In the 1st step we have evaluated the biological activity of the 
tool drug JQ1, a small molecule inhibitor of BET, using glioblastoma derived 
sphere (GS) lines. The results suggest intermediate sensitivity of GS to JQ1. 
Importantly, we observe that JQ1 impairs self-renewal capacity of all 4 tested 
GS lines. JQ1 treatment decreases the number of cells in S-phase in one of 
the GS lines, but it is reversible upon drug withdrawal. JQ1 induces apoptosis 
in two of the three tested GS. Moreover, we have observed that after 24 
hours of JQ1 treatment, LN-2683-GS line seems to undergo differentiation.
In the 2nd step we aim at disturbing the system by BET inhibition in order 
to identify disturbed pathways that we hypothesize could be informative 
for potential vulnerabilities that can be targeted with a second drug. Here 
we report the data from differential gene expression profiles using RNA-
Seq of LN-2683-GS line treated with JQ1 or DMSO over a 48 hours time 
course. Gene set enrichment analysis (GSEA) revealed several significantly 
disturbed pathways including a set of genes that is associated with response 
to Interferon alpha (IFN-alpha). Validation experiments in vitro confirmed 
that JQ1 down-regulates the expression of MX1 and OAS1 which are mem-
bers of IFN-alpha response signature. The mechanism underlying this down-
regulation and the relevance to the real glioblastoma microenvironment will 
be explored.
Moreover, the sets of genes that are disturbed in response to histone deacet-
ylase inhibitors (HDACi) are enriched in our GSEA. Here we report promis-
ing results that show synergy between JQ1 and HDACi Trichostatin A(TSA). 
Further research will be focused on better understanding the mechanism of 
this synergy
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Transcription (co)factor network analysis of TGFb-induced EMT

N. Meyer-Schaller (1), M. Cardner (2), M. Diepenbruck (1), M. Saxena (1), N. 
Beerenwinkel (2), G. Christofori (1)
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EMT (epithelial to mesenchymal transition) induces tumorigenic cells to un-
dergo major transcriptional reprogramming that leads to the conversion of 
benign, adhesive cells to malignant, invasive cells with increased resistance 
to chemotherapy.
To study the signaling network driving this cellular de-differentiation, we 
induce EMT in murine epithelial cells (NMuMG/E9) with TGFb and follow 
the phenotypic changes over time. We have screened 1440 transcription (co)
factors and 57 miRNA for their functional contribution to EMT based on phe-
notypic changes and the ability of the cells to migrate. 59 different transcrip-
tion factors, epigenetic modulators and miRNA were followed up by RNA-
sequencing after siRNA-mediated knockdown or miRNA overexpression, 
respectively. Comparing these perturbation experiments with transcriptional 
changes during a timecourse of TGFb-induced EMT, we infer a transcription 
(co)factor network that drives EMT progression based on hierarchical clus-
tering and nested effects models.
With this approach, we hope to identify network hubs and associated path-
ways that could represent pharmacological targets of EMT.
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Systems-level comparative transcriptomic analysis of fibroblasts 
from pre-tumorigenic skin and wounds implicates Runx2 
as a master transcriptional regulator of Activin-stimulated 
tumorigenesis and healing

M. S.  Wietecha, M. A. Antsiferova, D. L. Lauenstein, S. W. Werner

ETH Zurich, Institute of Molecular Health Sciences, Zurich, Switzerland

Tumors have been described as “wounds that do not heal” (Dvorak, 1986), 
yet the molecular similarities between tumors and wounds, which could in-
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spire new therapies for combating carcinogenesis and improving healing, 
are still insufficiently characterized. Fibroblasts in the granulation tissue of 
wounds and in the stroma of tumors deposit and remodel the extracellular 
matrix (ECM) and establish the essential microenvironment for healing and 
tumorigenesis. Activin is a potent growth and differentiation factor, which is 
overproduced in a variety of tumors and early in healing wounds. We have 
previously shown that Activin, when overexpressed in keratinocytes of trans-
genic mice (K14-Act), acts in a paracrine fashion on stromal cells to enhance 
skin repair and to accelerate cancer formation in models of chemically- and 
HPV8-induced skin tumorigenesis. To characterize the effect of Activin on fi-
broblasts, we isolated these cells via fluorescence-activated cell sorting from 
normal skin, healing wounds and pre-tumorigenic skin lesions of K14-Act 
and control mice, and then performed RNA-sequencing followed by compre-
hensive comparative systems biology analyses using array data from human 
cancers and wounds. Ingenuity Pathway Analyses (IPA) of the genes upregu-
lated by activin in pre-tumorigenic and wound fibroblasts revealed strong 
activation of genes associated with cell proliferation, migration, cytoskeletal 
dynamics, and ECM remodeling; the genes were furthermore significantly 
enriched with curated cancer-associated genes. Gene Set Enrichment Analy-
ses (GSEA) showed that the genes upregulated by Activin in pre-tumorigenic 
and wound fibroblasts were highly enriched in the transcriptomes of (i) 
cancer-associated fibroblasts from human breast, prostate, lung, oral mu-
cosa and skin, (ii) stroma from human breast, liver and lung cancers, (iii) hu-
man pre-tumorigenic skin lesions (Actinic Keratosis), and of (iv) human skin 
wounds. Further systems-level analyses of the most enriched and clinically 
relevant genes shared by wound and pre-tumorigenic fibroblasts identified 
the transcription factor Runx2 as a regulatory hub that connects multiple 
dysregulated pathways that may be responsible for the pro-healing and pro-
tumorigenic phenotypes of Activin-stimulated fibroblasts. Indeed, bioinfor-
matics analysis of data from the cancer genome atlas (TCGA) showed strong 
co-expression between RUNX2 and Activin, and high overlap between the 
genes co-expressed with both RUNX2 and Activin, suggesting significant co-
regulation in clinical tumor samples. Many of the shared co-expressed genes 
were also upregulated in fibroblasts from wounds and pre-tumorigenic skin 
of K14-Act mice. In vitro studies confirmed that Activin induces expression of 
Runx2 as well as its classical and predicted clinically relevant target genes in 
primary dermal fibroblasts. In vivo, immunohistochemical and flow cytometry 
analyses showed strikingly greater percentages of fibroblasts expressing high 
levels of Runx2 in mouse skin wounds and established tumors compared to 
normal skin and thus under conditions when activin is overexpressed. These 
data suggest that Runx2 is an Activin-regulated transcription factor that is 
overexpressed in cutaneous wound and cancer fibroblasts, which integrates 

multiple dysregulated pathways. Further functional studies will reveal the 
role of the Activin-Runx2 axis in regulating fibroblast function during skin 
healing and tumorigenesis and as a potential novel target for the inhibition 
of tumor progression and/or enhancement of wound repair.
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3’ UTR mediated posttranscriptional regulation of mesothelioma 
marker calretinin 
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Calretinin (CALB2, CR) is a diagnostic and prognostic marker in malignant pleu-
ral mesothelioma (MPM). We previously reported that calretinin is regulated at 
mRNA level. The presence of a medium size 3’ untranslated region (3’UTR-573nt) 
in additional two non-coding alternative transcripts arising from the CALB2 gene 
suggest a possible post-transcriptional mechanism regulating calretinin expres-
sion. The CALB2 3’UTR contains microRNA target sites and an A/U-rich element 
(ARE) putative cis-regulatory elements. Our aim was to investigate the role of 
the CALB2 3’-UTR in the post-transcriptional regulation of calretinin expression 
in MPM.
Using the pmirGLO dual-luciferase expression vector, the complete CALB2 3’-UTR 
fragment was inserted downstream of the firefly luciferase reporter gene. Activity 
of the CALB2 3’-UTR was quantified after transient transfection into mesothe-
lioma cells. In silico analysis TargetScan and AREsite2 were employed to predict 
potential microRNAs binding site or ARE element, respectively. Site-directed muta-
genesis was employed to mutate consensus sequence of the previously predicted 
functional cis-elements. Subsequently, luciferase activity and calretinin expression 
were evaluated after overexpression or inhibition of the predicted microRNAs. In 
addition, calretinin protein, assessed by immunohistochemistry, and miR-30 ex-
pression, were investigated in a cohort of MPM patients (N=60).
The addition of the CALB2 3’-UTR significantly downregulated the luciferase ac-
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tivity in MPM cells. Bioinformatic analysis predicted target sites for miR-30 family 
members, miR-9 and ARE element within CALB2 3’- UTR. Mutational analysis of 
ARE site resulted in further destabilization of the reporter and a cytosolic protein 
binding ARE sequence could be detected. The mutation of two miR-30-binding 
sites abolished calretinin 3’UTR destabilization effect. Transient delivery of a miR-
30e-5p mimics or anti-miR into MPM cells resulted in significant decrease/in-
crease of the luciferase reporter expression and protein. However, overexpression 
of CALB2-3’UTR quenched the effect miR-30e-5p on the protein, most likely by 
sequestering the mimics, suggesting a possible ceRNA (competitive endogenous 
RNA) network. Finally, expression of miR-30e-5p was found to negatively corre-
late with the calretinin expression in a cohort of MPM patient samples.
Our data show for the first time the role of miR-30e-5p in the post-transcriptional 
negative regulation of calretinin expression via interaction with its 3’-UTR. We 
also demonstrated a role for ARE sequences in calretinin stabilization and possible 
physiological role of calretinin alternative transcripts.
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Modulation of tumor hypoxia for hypofractionated radiotherapy 
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Introduction: Tumor hypoxia is associated with resistance to radiotherapy, 
an increased risk of metastases and poor clinical prognosis. Reactive oxygen 
species are generated in response to ionizing radiation (IR) and produce 
amongst others irreversible DNA double-strand breaks followed by chro-
mosomal aberrations and cell death. This IR-induced cytotoxic effect is less 
abundant under hypoxia and thus hypoxic cells are more resistant to IR. 
Hence reoxygenation or a reduction of the hypoxic tumor fraction by a com-
bined treatment modality with a pharmaceutical agent is of high interest 
to reduce the required dose of IR and thereby to further minimize normal 
tissue toxicity. Here we investigated the combined treatment modality of 
the novel anti-hypoxia compound myo-inositol trispyrophosphate (ITPP) in 
combination with IR.
Methods: ITPP was developed as an allosteric effector of hemoglobin to 
lower the oxygen/hemoglobin affinity thereby resulting in an enhanced re-
lease of oxygen upon tissue demand e.g. in hypoxic tumors. The capability of 
tumor reoxygenation by ITPP was serially probed by a non-invasive hypoxia-

directed ODD-luciferase-based bioimaging approach and by immunohisto-
chemistry (pimonidazole, CAIX) in FaDu HNSCC- and A549-lung carcinoma 
derived tumor xenografts. Tumor growth delay was determined on treatment 
with ITPP and a single high dose of IR (10 Gy).
Results: Using our in vivo bioimaging approach, we confirmed as part of 
pharmacodynamic-oriented in vivo studies increased pO2 starting 2 hours 
after ITPP application. Dose-titration studies indicated a maximal dose of 
3g/kg of ITPP that was administered on two consecutive days followed by 
immediate irradiation 2 hours after the second application of ITPP. Interest-
ingly ITPP alone did not affect the growth of FaDu tumor xenografts but 
significantly sensitized the tumor to a single dose of irradiation (10 Gy). Im-
munohistochemical analysis of the hypoxic marker CAIX validated this rapid 
decrease of tumor hypoxia in response to ITPP. Furthermore, the IR-induced 
tumor hypoxia observed at 4 days after IR may well be associated with a 
decrease in tumor vascular density, which was apparently prevented by com-
binatorial treatment with ITPP.
Conclusion: ITPP administration induces an immediate increase of oxygen 
availability that can be exploited by a combined treatment modality with 
IR as shown in our HNSCC tumor model. ITPP also seems to protect the tu-
mor vasculature upon IR, which may positively impact on the hypoxia status. 
Overall our results support the strong rationale to combine ITPP with IR for 
hypoxic tumors, but also demonstrate the need for further pharmacodynamic 
studies to investigate the optimal combination regimen in view of hypofrac-
tionated radiotherapy.
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Aims: Poor oxygenation is a common biologic feature involved in aggressive 
manifestations of solid tumors. Hypoxic areas of tumors have been reported 
to overexpress the MET tyrosine kinase, a high affinity receptor for hepato-
cyte growth factor (HGF). As both MET and hypoxia are determinants that 
affect cellular responses to DNA-damaging agents, we aimed to elucidate 
the effect of MET inhibition on MET-overexpressing tumor cell lines under 
hypoxic conditions.
Methods: MET-overexpressing cancer cell lines were exposed to a hypoxic 
environment (1.5% O2) and MET was inhibited by a highly specific pharma-
cological inhibitor. Gene transcription was assessed by qRT-PCR and protein 
expression by western blotting or IHC. Protein-protein interactions were re-
corded by immunoprecipitation and specific phosphorylation changes by se-
lective reaction monitoring (SRM). A 3D ex vivo model consisting of organo-
typic xenograft tissues was used to confirm the in vitro observations. Patients 
TMAs from the Institutes of Pathology of the Basel University Hospital and 
the Inselspital Bern were analyzed.
Results: MET inhibition reduces the protein levels of the key hypoxic regu-
lator HIF-1α and its targets. Receptor targeting interferes with translation 
of HIF-1α through reduction in phosphorylation of the eukaryotic transla-
tion initiation factor eIF4G1 on Ser-1232. This phenomenon coincides with 
increased interaction between eIF4G1 and another member of the eIF4F 
complex. Reduced eIF4G1 phosphorylation can be observed not only in 2D 
cell line cultures, but also in a 3D ex vivo model. In patients’ samples, MET, 
eIF4G1 and HIF-1α tend to be co-expressed in the same tumor regions.
Conclusion: We identified a new branch of the crosstalk between hypoxia-
related signaling and MET receptor activity. Interruption of this pathway 
using MET inhibitors may contribute to antitumor activity of these agents 
in hypoxic malignancies, leading potentially to better therapeutic outcomes.
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MAP4K4 is overexpressed in Medulloblastoma and promotes 
tumor cell invasion
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Medulloblastoma (MB) is the most common malignant brain tumor in child-
hood. Metastatic dissemination of MB is preceded by the infiltration of tu-
mor cells into the brain tissue, with craniospinal irradiation being the most 
important therapy to target disseminating MB cells. However, such treatment 
causes severe long-term morbidity, therefore, therapies that target tumor cell 
infiltration and metastatic dissemination specifically, are urgently needed to 
increase efficaciousness of therapy and decrease late-treatment complica-
tions.
We have identified the Ser/Thr MAP4K4 as a pro-migratory kinase in MB. 
We have found that it promotes cell motility and invasiveness downstream 
of Hepatocyte Growth Factor (HGF)-c-Met signaling pathway and further 
contributes to irradiation (IR) – induced cell dissemination in MB. Tumor tis-
sue micro array and quantitative PCR methods revealed increased expres-
sion of MAP4K4 in a number of primary MB samples compared to normal 
cerebellum, suggesting that MAP4K4 could increase the invasive potential 
of the MB tumor cells. Indeed, pharmacological or genetic interference with 
MAP4K4 disrupted transmembrane c-Met receptor as well as integrin β1 
(ITGB1) internalization and activation, two mechanisms involved in cell dis-
semination regulation.
Combined, our data reveal a novel, druggable mechanism we suspect to 
sustain an invasive and irradiation-resistant phenotype, through enhancing 
endocytic activity and the control of adhesion receptor turnover, through the 
proto-oncogenic kinase MAP4K4.
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Gene-based analysis of copy number aberration patterns in 
cancer with an integrative outlook on other mutation types

S. Gupta, M. Baudis

University of Zurich, Institute of Molecular Life Sciences, Zurich, Switzerland

Cancer is a genomic disease, characterized by the accumulation of different 
types of changes to the DNA sequence of the affected cells, such as point 
mutations (SNV), insertions, deletions, as well as chromosomal rearrange-
ments resulting in losses or duplications of large genomic regions. 
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While the prevalence of copy number changes (CNA) differs widely between 
tumour types, on an average approximately 14% of a given cancer genome 
is in an imbalanced state due to gain/loss of regions from several kb to whole 
chromosomes. These copy number aberrations have the potential to affect a 
multitude of genes with potential cancer “driver” function, as well as in 
the maintenance of required basic cellular functions. Since most individual 
CNAs involve larger chromosomal regions and encompass many genes in a 
single amplification or deletion, the identification of cancer supporting genes 
based solely on the analysis of CNA poses challenges both with regard to the 
quantity of needed datasets as well as regarding the applied methodologies. 
The traditional focus on minimal overlapping regions in recurring CNA for 
inferring “driver” functionality has pointed to some well defined genes af-
fected by recurring and frequent focal CNAs, such as e.g. MYCN, ERBB2, 
CDKN2A/B, ERBB2, TP53, REL, BCL2. Detecting focal CNAs (operationally 
defined as <= 3 Mbp) is based on pretext of considering smaller sized CNA 
for more gene exclusivity, and the reasoning that such focal changes may re-
flect a “targeted” interference of relevant genetic functionality. In our analy-
ses, we identify focal CNAs in our collection of more than 50’000 cancer 
genome profiles and evaluate them for their relation to cancer classification, 
ontogenetic pathway involvement as well as affection by other mutation 
types.
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Defining DDR functions during transcription-replication 
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The DNA replication machinery continuously encounters impediments that slow 
replication fork progression and threaten timely and error-free replication. Tran-
scription has been proposed to be a major source of DNA replication stress (RS), 
and failure to assist fork progression across transcription units may compromise 
genome integrity. Despite the fact that altered gene expression programs and ge-
nome instability drive cancer development, the cellular mechanisms that deal with 
transcription-replication interference remain poorly understood. Using targeted 
high-content microscopy-based RNAi screens, we recently identified several newly 
emerging cancer genes with roles in RNA metabolism and transcription-related 

processes as modulators of RS. Based on these results, we revealed that depletion 
of genes involved in regulating RNA polymerase II pause-release strongly impacts 
RS resilience. While inhibition of transcription and origin firing both suppressed 
RS stress-induced DNA damage under these conditions, knockdown of the DNA 
damage response (DDR) kinase ATM or its targeted inhibition surprisingly acceler-
ated the transition from stalled replication forks to chromosome breaks. These 
findings suggest an unanticipated role of ATM in replication fork protection during 
transcription-replication interference. Consistently, we provide evidence that tran-
scription-associated replication stress leads to activation of ATM signaling prior 
to fork collapse. Our results therefore suggest that stalling of RNA polymerase II 
leads to co-operative DDR kinase signaling and pose deregulated transcription as 
a chief source of replication stress and cancer-associated genome instability. This 
in turn may have important implications regarding the use of DDR kinase inhibi-
tors in combinatorial cancer chemotherapy regimens.
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A novel approach to investigate cellular and molecular 
determinants of brain tissue invasion in medulloblastoma

A. Neve (1), K. Kumar (1), D. Tripolitsioti (1), M. Grotzer (2),  
M. Baumgartner (1)

(1) Department of Neuro-Oncology, University Children’s hospital, Zurich, 
Switzerland; (2) Department of Oncology, University Children’s Hospital, 
Zurich, Switzerland

Medulloblastoma (MB) is a paediatric cancer of the brain that arises in the 
cerebellum. While disseminating tumour cells cause cerebellar and lepto-
meningeal metastases, it is not well understood how MB cells from the pri-
mary tumour infiltrate the cerebellar tissue. In vitro techniques used to ad-
dress the mechanisms of tumour cell dissemination fail to mimic the natural 
microenvironment. Moreover, the current experimental in vivo model systems 
focus on endpoint analysis of metastatic spread, while local brain tissue in-
filtration, the underlying cause for distal dissemination, remains unexplored. 
This calls for an appropriate model system wherein living cerebellar tissue 
can be used as an ideal matrix for studying primary MB tumour cell invasion.
Hence, we have developed a novel approach to investigate brain tissue in-
filtration of MB tumour cells using organotypic cerebellar slice cultures (OC-
SCs). We have validated maintenance of cellular and structural components 
of cerebellum tissue in OCSCs for up to 30 days ex vivo and shown that 
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the tissue slices represent a physiologically relevant matrix to foster tumour 
cell growth and model brain tissue infiltration. Using cell-based models of 
Sonic hedgehog (SHH) and group 3 (G3) MB cells, our study revealed that 
SHH MB cells invade the cerebellar tissue either as single cells or in clusters, 
depending on the available growth factor signalling. In contrast, G3 MB cells 
are characterised by massive expansion of the tumour cell mass by hyper 
proliferation of infiltrating and non-infiltrating cells, which may explain the 
more aggressive nature of this subgroup in the patients.
We are now using this model as a pre-clinical platform to a) validate po-
tential druggable therapy targets directed towards SHH and group 3 MB 
tumour cells b) determine alteration(s) in extracellular matrix composition 
in the vicinity of tumour cells and c) determine activation of glial cells in 
response to tumour growth.
Together, our study validates the use of OCSCs as a suitable model to in-
vestigate the cellular and molecular determinants of brain tissue invasion in 
medulloblastoma.
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Activin A regulates mDia2 function in wound and cancer-
associated fibroblasts

Michael Cangkrama, Mateusz S. Wietecha, Sabine Werner 

Institute of Molecular Health Sciences, ETH Zurich, Switzerland

A series of studies have revealed remarkable similarities between wounds 
and tumors. Among the most important connections are the cellular parallels 
between the wound granulation tissue and the tumor stroma, including the 
large number of fibroblasts. This is of particular interest, since the important 
role of cancer-associated fibroblasts (CAFs) in tumor development and pro-
gression is being increasingly recognized. However, the functional activities 
of fibroblasts and their gene expression pattern at different stages of wound 
healing and tumor development remain poorly characterized.
Previous results from our laboratory showed that Activin A, a member of the 
TGF-b superfamily of growth and differentiation factors, is strongly upregu-
lated in healing skin wounds as well as in epithelial skin tumors in mice and 
humans. This is functionally relevant, since Activin A overexpression promot-
ed wound healing, but also formation of malignant skin tumors in different 
mouse skin cancer models. Interestingly, we observed a significant accumu-
lation of fibroblasts in the pre-tumorigenic ear skin of activin-overexpressing 

mice (K14-Act mice) and enhanced mRNA levels of several CAF markers. 
These findings prompted us to study the effect of Activin A on fibroblasts. 
We showed that Activin A promotes fibroblast proliferation and migration in 
vitro, but inhibits the contractile ability of these cells. The pro-migratory activ-
ity of Activin A- treated fibroblasts was reflected by an increase in filopodia 
formation. The key target in the generation of filopodia is the formin mDia2, 
an effector of RhoGTPases. Functional analysis coupled with genome-wide 
RNA profiling of isolated fibroblasts from wounds and tumors identified 
mDia2 as a critical target of Activin A. Notably, intradermal injection of hu-
man squamous cell carcinoma cells overexpressing Activin A into NOD-Scid 
mice evoked up-regulation of mDia2 in fibroblasts and aggressive tumor 
formation. These results suggest that Activin A may promote skin tumor de-
velopment and progression at least in part via activation of mDia2 expres-
sion by fibroblasts, thereby creating a pro-tumorigenic microenvironment. 
In addition, it may promote fibroblast migration into wounded skin, thereby 
accelerating the healing process. Future studies will reveal if targeting mDia2 
expression/function in fibroblasts can be explored to inhibit tumor growth 
and progression, in particular in the presence of high Activin A levels, and if 
a transient increase in mDia2 expression levels stimulates wound healing.
Taken together, our results provide further insight into the parallels between 
wound healing and tumor formation and identified a novel Activin A target 
that is likely to mediate Activin A function in wounds and skin cancers.

55

Tumor suppressive mechanisms of S1PR2 signaling in DLBCL 

A. Stelling, M. Flori, A. Müller

IMCR, University of Zurich, Zurich, Switzerland

Diffuse large B cell lymphoma (DLBCL) is the most frequently occurring B cell 
lymphoma in adults. We have recently shown that the hematopoietic onco-
protein Forkhead box Protein 1 (FOXP1) transcriptionally represses Sphingo-
sine 1 Phosphate Receptor 2 (S1PR2) in DLBCL, thereby facilitating cancer 
progression. The aim of this project is to determine other transcriptional 
regulatory mechanisms of S1PR2 and its general contribution to lymphoma 
progression.
Preliminary data points to a potential regulation of S1PR2 via non-canonical 
SMAD5 mediated TGFβ signaling. We found that TGFβ decreases cell vi-
ability and increases apoptosis in a subset of DLBCL cell lines, while showing 
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an increase in S1PR1 expression on RNA level. Furthermore, SMAD5 is phos-
phorylated upon TGFβ treatment in susceptible cell lines and was found to 
bind to the promoter regions of S1PR2 using a ChIP approach. Knockdown 
of FOXP1 in combination with TGFβ treatment leads to a synergistic de-
crease in cell viability and increase in S1PR2 expression. Knockout of S1PR2 
in DLBCL cell lines via CRISPR results in a survival benefit in in vitro and in 
subcutaneous in vivo models, further highlighting the importance of S1PR2 
signaling as tumor suppressive mechanism in DLBCL.
Thus, evidence suggests a link between suppressive TGFβ signaling and 
S1PR2 signaling in DLBCL, which could present a potential new tumor sup-
pressive mechanism. With ongoing research we hope to clarify the ongoing 
tumor suppressive signaling involving TGFβ and S1PR2 in DLBCL and to 
further characterize the importance of S1PR2 signaling in DLBCL to find po-
tential new therapeutic strategies for patients. 
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AQP1 influences tumor cell water permeability and mobility 

M. Lomora (2), U. Kym (1), V. Pfeifle (1), C. Palivan (2), S. Holland-Cunz (1), 
S. Gros (1)

(1) Department of Pediatric Surgery, University Children’s Hospital Basel, 
Switzerland; (2) Department of Physical Chemistry, University of Basel, Basel, 
Switzerland

Purpose: Cell water permeability has been implicated in mechanisms of tu-
mor cell migration and agility. Aquaporin 1 (AQP1) is a water channel that is 
up-regulated in several solid tumors. The aim of this study was to elucidate 
how AQP1 expression influences functional behaviour of neuroblastoma 
cells. 
Methods: Cell permeability of neuroblastoma cells was visualized using con-
focal microscopy and quantified using stopped flow analysis. For assessment 
of AQP1 dependent cell motility AQP1 knockdown cells were compared to 
AQP1 positive cells.
Results: AQP1 expression significantly changes cell permeability as measured 
by stopped flow analysis. This effect can be visualized by confocal micros-
copy. There are significant differences in cell motility depending on different 
levels of AQP1 expression and AQP1 localization.
Conclusions: Neuroblastoma cell permeability and motility is influenced by 
the different levels of AQP1 expression thus modifying their ability to move. 

The potential of tumor cell to adapt their behavior with changing AQP1 ex-
pression might significantly contribute to tumor cell migration and metas-
tases. 
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Role of SUV39H1 in ADAM17-mediated radioresistance

S. Bender, A. Sharma, A. Broggini-Tenzer, M. Pruschy

Laboratory for Molecular Radiobiology, Department of Radiation Oncology, 
University Hospital Zurich, Zurich, Switzerland

Introduction: The therapeutic response of ionizing radiation (IR) is imparted 
by genomic instability and DNA damage. However, IR also triggers multiple 
intracellular signaling processes as part of IR-induced stress responses that 
lead to the secretion of various para- and autocrine factors. Here we investi-
gated treatment-dependent secretion of these factors, which drive acquired 
rescue mechanisms and determine the overall radiation sensitivity of the 
tumor.
Methods: Secretome analysis was performed using antibody arrays. Secre-
tion kinetics of selected factors were determined using ELISA across different 
established tumor cells and in murine blood serum, derived from irradiated 
tumor xenograft-carrying mice. Clonogenic survival and xenograft tumor 
growth delay assays were performed in response to IR in siRNA- or induc-
ible shRNA-targeted tumor cell lines or in combination with small molecular 
agents.
Results: We identified amphiregulin and ALCAM as top hits of the IR-depen-
dent secretome analysis in lung carcinoma cells. These factors are shed by 
the common upstream metalloprotease ADAM17 (A Disintegrin and metal-
loprotease domain 17). Irradiation induced a dose-dependent increase in the 
activity of ADAM17, which correlated with subsequent substrate shedding. 
siRNA- or inducible-shRNA-mediated silencing of ADAM17 or targeting of 
ADAM17 with the small molecular inhibitor TMI-005 suppressed IR-induced 
shedding of these factors, downregulated ErbB-signaling in target cells and 
enhanced IR-induced cytotoxicity in vitro and in vivo. Recently, we identified 
that targeting of ADAM17 also interferes with epigenetic mechanisms. It 
decreased the basal level of the histone methyltransferase SUV39H1 and 
abolished a short-term increase of the SUV39H1 protein in response to ir-
radiation. Interestingly, SUV39H1 was downregulated to almost non-detect-
able levels in irradiated ADAM17 knockdown cells 24 hours after irradiation 
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in comparison to irradiated control cells. Surprisingly decreased amounts of 
residual gH2AX were detected in ADAM17-depleted cells after irradiation 
despite their increased radiosensitivity in comparison to wildtype cells, imply-
ing a defect in the DNA repair machinery and poining towards a potential 
mechanism of radiosensitization by ADAM17 targeting.
Conclusion: Our findings demonstrate that IR significantly activates ADAM17, 
which results in shedding of survival factors, growth factor pathway activa-
tion and contributes to treatment resistance in NSCLC cells. Additionally, our 
data point towards a novel link between ADAM17, regulation of the cancer 
cell epigenome and the DNA damage response. We demonstrate that the 
impact of targeting ADAM17 is more pleiotropic than just diminishing ErbB 
signaling and provide a sound rationale for positioning ADAM17 inhibitors 
as radiosensitizers to improve the treatment of NSCLC.
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A novel BRCA1-associated protein-1 isoform affects response 
of mesothelioma cells to drugs impairing BRCA1-mediated DNA 
repair

A. Okonska (1), R. Parrotta (1), W. Weder (2), R. Stahel (3), L. Penengo (4), 
E. Felley-Bosco (1)

(1) Laboratory of Molecular Oncology, Division of Thoracic Surgery, University 
Hospital Zurich, Zurich 8091, Switzerland; (2) Division of Thoracic Surgery, 
University Hospital Zurich, Zurich 8091, Switzerland; (3) Cancer Center 
Zurich, University Hospital Zurich, Zurich 8091, Switzerland; (4) Institute of 
Molecular Cancer Research, University of Zurich, Zurich 8057, Switzerland

Introduction: BRCA1-associated protein-1, BAP1, is a tumor suppressor in-
volved in multiple cellular processes such as transcriptional regulation, chro-
matin modification and DNA repair by deubiquitinating histone 2A. BAP1 
mutations are frequent in malignant pleural mesothelioma (MPM). Our aim 
was to functionally characterize a newly identified isoform of BAP1 and in-
vestigate the effects of its expression on drug sensitivity in MPM.
Methods: Expression of BAP1 isoforms was detected in MPM and normal 
mesothelium cell lines, tumor and non-tumor samples by qPCR. Histone H2A 
ubiquitination levels were analyzed by western blot after acidic extraction of 
core-histones. Subcellular localization of BAP1 isoforms was examined by 
immunofluorescence. MPM cell survival in response to PARP- and to dual 
PI3KmTOR-inhibitors was analyzed by in vitro assays.

Results: We have identified a novel alternative splice isoform of BAP1 (BAP-
1delta) which misses part of the catalytic domain. Cells transfected with 
BAP1delta showed loss of deubiquitinating activity compared to full length 
BAP1. The expression of BAP1delta transcript is more abundant in nontu-
mor compared to tumor samples. MPM cell lines expressing higher level of 
endogenous BAP1delta are more sensitive to Olaparib, a poly(ADP-ribose) 
polymerase 1 (PARP1) inhibitor, and this sensitivity is enhanced when Olapa-
rib treatment is combined with GDC0980, dual PI3K-mTOR inhibitor, which 
induces downregulation of BRCA1.
Conclusion: These observations suggest that BAP1delta may regulate DNA 
damage response and drug sensitivity. It might therefore be relevant to in-
vestigate whether patients with high expression of BAP1delta may be re-
sponsive to PARP/PI3K-mTOR inhibitors.
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Investigating a novel potential ATM/ATR/DNA-PK phosphorylation 
site on the MET RTK as a new player in tumorigenesis and a link 
between MET addiction and radioresistance

J. P. Koch (1), S. M. Roth (1), A. Quintin (1), J. Gavini (2), D. M. Stroka (2), D. M. 
Aebersold (1), Y. Zimmer (1), M. Medová (1)

(1) Department of Radiation Oncology, Inselspital, Bern University Hospital, 
and University of Bern, Bern, Switzerland; (2) Department of Visceral Surgery, 
Inselspital, Bern University Hospital, and University of Bern, Bern, Switzerland

MET, the receptor tyrosine kinase (RTK) for hepatocyte growth factor, is a 
proto-oncogene mainly expressed in epithelial cells and involved in develop-
ment, homeostasis and tissue regeneration. Deregulation of MET signaling 
has been reported in numerous cancers, leading to a broad interest in MET 
targeting for therapy. Additionally, there is emerging evidence that MET sig-
naling extends to the DNA damage response (DDR) machinery and protects 
tumors from DNA-damaging agents such as ionizing radiation (IR). Conse-
quently, inhibition of MET as a radiosensitizing means is under investigation. 
The detailed molecular mechanisms behind this MET-DDR crosstalk remain 
largely elusive and are at the center of this work.
A study of post-translational changes in a MET-addicted cancer cell line upon 
MET inhibition, IR or combination revealed a yet unknown phosphorylation 
site on MET. Intriguingly, this phosphosite is part of a consensus motif rec-
ognized by the master DDR kinases and thus could be a part of the link 
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between MET and DDR. Our results confirm that the phosphorylation of this 
site fluctuates in response to MET inhibition and that DDR kinases can tar-
get it. Functional characterization of this phosphosite revealed that it is not 
restricted only to DDR but plays a role also with regard to migration ability 
and anchorage-independent growth. More specifically, abrogation of this 
phosphorylation appears to downregulate pathways downstream of MET 
and to sensitize cells to DNA damage, suggesting a crosstalk between MET 
and the DDR machinery. Additionally, the loss of this phosphosite promotes 
anchorage-independent growth while reducing 2D migration ability, sug-
gesting that this site and the DDR kinases have an impact on MET-mediated 
invasiveness. Based on proteomics data, we speculate that the impact of 
the new phosphosite on these aspects of tumorigenesis could originate in a 
signaling pathway involving the Ras-related nuclear protein (Ran) and MET.
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Accumulation of macrophages and mesothelial precursors cells is 
essential for tumor development in asbestos-exposed mice 

L. Wu (1), W. Blum (2), L. Pecze (2), T. Henzi (2), V. Serre-Beinier (3), H. 
Rehrauer (4), C. Aquino (4), M. De Perrot (1), B. Schwaller (2), E. Felley-Bosco 
(5)
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of Toronto, Toronto, ON Canada; (2) Unit of Anatomy, Department of 
Medicine, University of Fribourg, Route Albert-Gockel 1, CH-1700 Fribourg, 
Switzerland; (3) Department of Thoracic Surgery, University Hospitals of 
Geneva, Geneva, Switzerland; (4) Functional Genomic Center Zurich, 8057 
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Mesothelioma development is associated with asbestos exposure but early 
steps of carcinogenesis are unknown. To assess the role of loss of homeo-
stasis in the mesothelial environment during mesothelioma development, 
Nf2+/- mice were injected eight times with asbestos fibers every three 
weeks in the peritoneum and several parameters were assessed thirty-three 
and forty-two weeks after the first exposure. Mesothelioma developed in 
11% of mice within the first time point, when macrophages and mesothelial 
precursors levels significantly increased into the peritoneal cavity, accom-

panied by a peak of IL-10, G-CSF, CCL2, IL-6, and VEGF, which tended to 
decrease at the later time point. CCL5, IFNg, GM-CSF and CXCL1 increased 
levels remained stable. Transcriptomic profile revealed that 1260 genes were 
commonly upregulated in tumor and inflamed tissue, including signature of 
deregulated NF2/Hippo pathway. However, one of the highest upregulated 
genes was Arg1. The presence of Arg1 positive cells and other markers as-
sociated with M2 macrophages was confirmed. Intraperitoneal injection of 
syngeneic mesothelioma cells reproduced this phenotype. Administration of 
clodronate liposome impaired macrophage and mesothelial precursor ac-
cumulation and tumor growth. Altogether, asbestos-induced loss of homeo-
stasis in mesothelial environment, skewed toward accumulation of M2 mac-
rophages and mesothelial precursors, is an essential step in mesothelioma 
development.
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Microenvironmental T-helper cells induce the expression of 
mutagenic AID in B-cell precursor acute lymphoblastic leukemia 

S. Traxel, J. Lehmann, F. Niggli, D. Nadal, S. Bürgler

Experimental Infectious Diseases & Cancer Research, University Children 
Hospital, Zurich, Switzerland

B-cell precursor acute lymphoblastic leukemia (BCP-ALL) is the most com-
mon childhood malignancy. Although 90% of pediatric BCP-ALL patients 
show long-term survival, relapsed patients are difficult to treat due to drug 
resistance. BCP-ALL cells at relapse often harbor additional mutations com-
pared to cells at diagnosis. In mature B-cells, beneficial mutations in im-
munoglobulin genes are caused by T-helper (Th) cell induced expression of 
activation-induced cytidine deaminase (AID). Interestingly, AID seems to play 
a role also in the pathogenesis of BCP-ALL by inducing off-target mutations. 
The regulation of AID expression in BCP-ALL cells, however, is unknown. 
Since Th cells home to the bone marrow (BM), the microenvironment of BCP-
ALL cells, we hypothesized that these Th cells contribute to the regulation of 
AID expression in BCP-ALL cells and thus to disease progression and drug 
resistance. To assess the potential of Th cells to interact with BCP-ALL cells, 
we co-cultured BCP-ALL cells with autologous Th cells from the BM and 
found increased expression of activation markers, indicating that microenvi-
ronmental Th cells may interact with BCP-ALL cells. Furthermore, we found 
that stimuli expressed by microenvironmental Th cells increased expression 
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of AID in BCP-ALL cells. IFNγ, the main cytokine expressed by Th cells in 
the bone marrow, however, did not affect the expression of AID. Preliminary 
experiments suggested that IFNγ increases the stability of nuclear AID and 
therefore potentially increases the activity of AID. Currently, we are investi-
gating the role of AID as a potential cause for relapse-associated mutations. 
Therefore, our identification of microenvironmental Th cells as inducers of 
AID expression might open up new targets for treatment to avoid relapse-
associated mutations. 
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Wnt ligands control initiation and progression of HPV-driven SCC

D. Zimmerli (1), V. Cecconi (2), T. Valenta (1), C. Cantu (1), K. Basler (1), M. 
van den Broek (2)
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land; (2) Institute of Experimental Immunology, University of Zurich, Zurich, 
Switzerland

Human Papilloma Virus (HPV)-induced cutaneous squamous cell carcinoma 
(SCC) is the most common cancer among immunosupressed patients after 
solid organ transplantation (within 15 years 90% develop skin warts, 40% 
SCC). Despite certain indication suggesting HPVs as promoters of genomic 
instability during SCC development the exact mechanism, how HPVs induce 
SCC remains unknown. To investigate the molecular mechanisms driving 
HPV-induced skin cancer, we used a mouse model in which UV-induced over-
expression of the human papilloma virus 8 (HPV8)-derived oncogene E6 in 
keratinocytes (K14-HPV8E6) results in progressive SCC. Expression profiling 
of UV-accelerated HPV-induced SCC revealed strikingly elevated secretion 
of Wnt ligands resulting in enhanced Wnt/b-catenin-signaling.  Blocking the 
secretion of Wnt-ligands via Porcupine inhibitor LGK974  dramatically affects 
the initiation and progression of HPV-driven SCC. Whereas the initiation pro-
cess fully depends on the activity of Wnt-ligands, blocking the Wnt-secretion 
in already established tumors promotes their differentiation accompanied 
with apoptosis of the tumour cells that happens on the expense of reduced 
stem cell signature, invasiveness and proliferation.  Hence, for HPV-induced 
SCC the aberrantly enhanced Wnt/b-catenin signaling is required similarly 
as for non-viral types of SCC and key proteins promoting Wnt-secretion may 
represent a promising target for therapeutic intervention. 
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Multiplexed Imaging Cytometry Analysis Toolbox

H. W. Jackson, D. Schapiro, S. Raghuraman, V. Zanotelli, D. Schulz, C. Giesen, 
B. Bodenmiller
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Quantitative, systems biology studies are producing rich, but complex data-
sets that require new visualization tools to aid analysis and provide biologic 
insight. High-dimensional imaging cytometry measures cellular heteroge-
neity to an unprecedented depth, but relies on computational tools that 
disregard cell morphology and tissue organization. We developed miCAT 
(multiplexed image cytometry analysis toolbox), an open-source, cross-plat-
form, modular computational workflow and platform for the coordination 
of spatial information with single cell analysis methods. miCAT combines 
multiplexed image visualization and cytometry analysis into a single user-
friendly software. Here, we highlight miCAT’s unique ability to define cell 
types and neighborhoods from 35-parameter mass cytometry images of hu-
man breast cancer. 
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SOX10 as a therapeutical target for malignant melanoma

R. Uka, C. Britschgi, O. Shakhova
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Melanoma is a highly aggressive skin cancer that is responsible for 80% of 
deaths from skin cancer with only 14% of patients with metastatic mela-
noma surviving for five years. Despite the increasing number of clinical trials 
testing the efficacy of various pharmacological agents, the incidence and 
mortality rates due to metastatic melanoma continue to rise. Understanding 
the molecular mechanisms that cause melanoma progression will be crucial 
for developing novel drugs. Sox10 is a transcription factor crucial for the 
self-renewal of neural crest stem cells during development. Moreover, Sox10 
promotes the formation and maintenance of giant congenital nevi and mela-
noma in mice and humans. Despite the fact that SOX10 might serve as a 
promising therapeutic target in melanoma, it is a transcription factor and 
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therefore, it will be difficult to target therapeutically.
It has been previously shown that Sox10 expression is upregulated by 
NrasQ61K-mediated signaling, however, the precise mechanisms of this reg-
ulation remain to be characterized. To investigate the upstream signaling 
pathways regulating SOX10 expression, we have used a panel of human 
melanoma cell lines carrying BRAFV600E and/or NRasQ61K mutations (in col-
laboration with Department of Dermatology, USZ).  We applied several TKI 
inhibitors currently used in clinics such as vemurafenib and dabrafenib (BRAF 
inhibitors), selumetinib (MEK inhibitor) and everolimus (mTORC1 inhibitor) 
in vitro in human melanoma cells lines  and scored for changes in the expres-
sion of SOX10. Surprisingly, we did not observe any detectable changes in 
the expression of SOX10 when human melanoma cells were treated with 
clinically relevant TKI inhibitors. However, inhibition of GSK3 suppressed 
SOX10 protein in melanoma cell lines carrying either BRAFV600E and/or 
NRasQ61K mutations. Importantly, this effect was also seen in vemurafenib-
resistant cell lines. These data suggest that Wnt/β-catenin signaling might 
regulate SOX10 expression in melanoma.
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The role of SOX10 in melanoma resistance

A. Krättli, O. Shakhova

Oncology, University Hospital Zurich, Zurich, Switzerland

Malignant melanoma is the most aggressive skin cancer and its incidence 
is steadily rising. Despite the recent success in treatment of melanoma pa-
tients with a variety of targeted inhibitors of the RAS-RAF-MAPK signaling 
pathway, the vast majority of patients develop resistance and succumb to 
the disease eventually. It has been hypothesized that stem cells are account-
able for tumor relapse and recently this hypothesis has been supported by 
the experimental data obtained from genetically engineered mouse models 
of glioblastoma, colon cancer and prostate cancer. Here, we aim to address 
this hypothesis in melanoma using tissue biopsies, patient-derived mela-
noma cell lines as well as genetically engineered mouse models of mela-
noma (Tyr::NrasQ61KInk4a-/- model and BrafV600EPtenfl/flTyr-CreERT2 model). 
We have obtained several sensitive and resistant cell lines (in collaboration 
with the Department of Dermatology, USZ). The majority of BRAF-mutated 
cell lines acquired resistance due to the treatment with vemurafenib (BRAF 
inhibitor), while some of NRAS-mutated cell lines are resistant to binimetinib 

(MEK inhibitor). Sox10 is a transcription factor playing a crucial role in the 
self-renewal of neural crest stem cells as well as in the maintenance of gi-
ant congenital nevi and melanoma. Our preliminary data demonstrate that 
SOX10 is expressed at higher level in sensitive cell lines as compared to the 
resistant melanoma cells. Moreover, we show that upon treatment with in-
hibitors the expression of SOX10 is downregulated in sensitive cell lines. On 
the contrary, the resistant cell lines increase the levels of SOX10 expression 
upon treatment with inhibitors. To dissect the cellular mechanisms of resis-
tance in vivo, we have generated xenografts from both cohorts of melanoma 
cell lines, sensitive and resistant. As a first step, we have analyzed the ex-
pression of melanoma-specific markers as well as the expression of SOX10. 
Surprisingly, based on our preliminary results, we do not observe any het-
erogeneity with respect to SOX10 expression. In xenograft tissue obtained 
from sensitive melanoma cell lines the expression of MART-1 (melanoma 
antigen recognized by T cells 1) and TYR (Tyrosinase), markers often used 
to diagnose melanoma in clinics, is distributed in a homogeneous manner. 
Interestingly, the xenograft tissue of resistant cell lines is characterized by 
completely different pattern of MART-1/TYR expression, with either patches 
of tissue showing positivity or only single cells expressing these markers. To 
further investigate the reasons underlying our observations also in vivo we 
are currently establishing mouse models, which will mimic the acquisition 
of resistance and therefore, will allow us to more precisely understand the 
molecular and cellular mechanisms of melanoma resistance.
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SOX10 as a therapeutic target in Clear Cell Sarcoma
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Clear Cell Sarcoma (CCS) is a very rare and aggressive subtype of soft tis-
sue sarcoma, associated with a high tendency to relapse locally, metastasize 
distantly and with a poor overall survival. Most cases affect young adults 
between 20 and 40 years of age. CCS often arises next to tendons, aponeu-
roses and fascia on distal extremities. CCS is considered to be resistant to 
conventional chemotherapy. Neither targeted therapeutic options nor im-
munotherapeutic approaches have been successful, yet. The cells of origin 
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of CCS are neural crest derived. The defining molecular feature of CCS is 
either the recurrent translocation t(12;22) (q13;q12) or, in rare cases, t(2;22) 
(q34;q12), resulting in expression of EWSR1-ATF1 or EWSR1-CREB1 fusion 
genes, respectively. These fusion proteins are the transforming oncogenic 
event in CCS.
SOX10 is a transcription factor, which is essential in neural crest develop-
ment, the self-renewal of neural crest stem cells and for the formation of 
melanocytes arising from the neural crest. Previous research showed that 
SOX10 plays also a very important role in the maintenance of melanoma 
and it might represent a therapeutic target. SOX10 is required for the cAMP-
mediated activation of the M-MITF gene promoter in CCS by cooperating 
with CREB1 and ATF1 and it is therefore conceivable that SOX10 is a thera-
peutic target in CCS.
We first analyzed, whether SOX10 is expressed in CCS. We cultured primary 
cultures of melanoma as a positive control and a panel of CCS cell lines and 
assessed levels of SOX10 mRNA and protein. Both were readily detectable 
and expressed to similar levels as in melanoma. We next analyzed biopsies 
from patients by SOX10 immunohistochemistry (IHC). 5/5 samples showed 
a strong nuclear SOX10 staining. We are currently expanding this analysis in 
a collaboration with the EORTC and Prof. P. Schöffski, University Hospitals of 
Leuven, who have generated a tissue-microarray from samples from a clini-
cal trial on CCS, which will be stained for SOX10. Staining will be quantified, 
grouped and correlated with clinical characteristics, as well as with other IHC 
markers. This will establish, whether SOX10 serves as a biomarker in CCS.
In preliminary functional experiments, we have knocked down SOX10 in the 
human CCS cell line KAS using lentiviruses expressing short hairpin RNAs 
targeting SOX10. Two different shRNAs reduced SOX10 protein expression 
compared to uninfected parental cells, or to cells expressing a non-silencing 
scrambled control shRNA. Both SOX10-shRNAs significantly reduced colony 
formation in long-term proliferation assays in vitro.

In order to evaluate the therapeutic potential of silencing SOX10, we are cur-
rently expanding our in vitro experiments. Experiments, in which we knock 
down SOX10 using short hairpin RNAs in our panel of CCS cell lines and 
assess effects on proliferation by performing colony formation assays and 
MTT assays, as well as induction of apoptosis by Annexin-V / propidium 
iodide co-staining, followed by FACS analysis, are ongoing. To assess the ef-
fects of SOX10 knock down in vivo, we are currently also establishing a CCS 
xenograft model in nude mice.
We have preliminary evidence that SOX10 might serve as a therapeutic tar-
get in CCS in vitro. In ongoing in vitro and in vivo experiments, we will now 
expand those analyses. This will firmly establish, whether SOX10 serves as a 

biomarker and is a preclinically promising therapeutic target in this aggres-
sive orphan sarcoma. 
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Targeting glioma stem cells with interferon (IFN)-β

B. L. Lohmann, E. S. Szabo, M. S. Silginer, P. R. Roth, M. W. Weller, H. S. 
Schneider

Laboratory of Molecular Neuro-Oncology, Department of Neurology, 
University Hospital and University of Zurich, Zurich, Switzerland

Glioblastoma is the most common malignant primary brain tumor in adults. 
Despite surgery, radiotherapy and chemotherapy, patients suffering from this 
tumor have a poor prognosis with a median survival still limited to approxi-
mately one year in population-based studies. Current standard of care is only 
moderately effective and patients eventually all succumb to their disease. 
Therefore, the main effort in the field consists in finding new and better 
therapies based on increasing knowledge of the complex tumor microenvi-
ronment and the signaling pathways that drive this devastating disease. A 
population of cells within the tumor with stem cell features, now commonly 
referred to as “glioma-initiating cells” (GIC), has been attributed a central 
role in the escape of glioblastomas from the current clinical approaches of 
radio- and chemotherapy.
We have recently demonstrated that long-term glioma cell lines (LTC) as 
well as GIC cultures express receptors for IFN-β, IFNAR1 and IFNAR2, and 
respond to IFN-β with induction of STAT-3 phosphorylation and MxA protein 
accumulation. Single exposure to IFN-β inhibits cell cycle progression, in-
duces a minor loss of viability, and strongly interferes with sphere formation 
in GIC cultures. Modelling acquired IFN-β resistance in GIC in vitro induces 
a stable resistant phenotype defined by clonogenic survival assays which 
allows to identify resistance mechanisms in more detail. Transcriptomic and 
proteomic profiling of IFN-β-treated GIC in vitro already revealed candidate 
molecules potentially mediating these biological responses. We also exam-
ined the anti-glioma activity of type I interferons in clinically relevant or-
thotopic xenogeneic animal models in vivo. Treatment with the more stable 
pegylated IFN-β significantly prolongs survival in the LN-229 and ZH-161 
mouse models. In vivo, IFN-β induces a significant increase in MxA expres-
sion in the tumor cells but does not change vessel density. Since IFN-β is 
widely used for the treatment of human patients with multiple sclerosis, 
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there is considerable knowledge on its safety in patients with brain disease, 
allowing for rapid translation of novel IFN-β-based strategies into the clinic.
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Characterization of novel mediators of pre-metastatic niche 
formation

P. Tallón de Lara, I. Glarner, C. Courrèges, M. van den Broek

Institute of Experimental Immunology, University of Zurich, Zurich, 
Switzerland

Metastasis is the leading cause of cancer-related mortality. This multistep 
process requires that disseminated tumor cells (DTCs) evade immune surveil-
lance and adapt to a hostile environment in the metastatic organ. Evidence 
from mouse models and human samples shows that the primary tumor can 
orchestrate the production of pro-inflammatory molecules and infiltration of 
bone marrow-derived myeloid cells in the metastatic organs before the ar-
rival of cancer cells, thus creating a pre-metastatic niche. It has been shown 
that the pre-metastatic niche is essential for the success of the metastatic 
process. However, the exact mechanism how the primary tumor promotes 
the formation of this niche and the exact step in the metastatic cascade 
where this process is crucial, are largely unknown.
To address this question we use an orthotopic model of stage IV triple nega-
tive breast cancer that preferentially metastasizes to the lungs (4T1). We 
observed that after injection of a primary tumor neutrophils and inflam-
matory monocytes progressively accumulate in the lungs and blood. As the 
number of myeloid progenitors increased in the bone marrow, we think that 
the primary tumor produces factors that impact on myelopoiesis. Surgical 
removal of the primary tumor completely abolished the changes in the im-
mune infiltrate of the lungs proving that those modifications are primary 
tumor-dependent. Moreover, removal of the primary tumor at different times 
allowed us to trace back the timepoint when cells start to migrate from the 
primary tumor.
In addition, we are currently developing a model for dormant breast cancer 
metastasis, where orthotopically injected 4T07 tumor cells migrate to the 
lungs but do not produce macroscopic metastasis. Our future plans include 
to further characterize this model and compare the difference in the immune 
infiltrate of the lungs in the intra and extra-vascular compartments of both 
models. The comparison of 4T1 and 4T07 will enable us to further dissect 

whether the pre-metastatic niche is necessary only for the initial seeding of 
tumor cells or whether it is also necessary to the proliferation and survival of 
the DTCs in the target organ.
Once both models are sufficiently characterized, we will choose a time point 
when tumor cells are not yet detectable in the lungs and perform an unbi-
ased analysis of transcripts and micro-RNAs. We expect to identify novel 
pathways of pre-metastatic niche formation that can be therapeutically rel-
evant. In follow-up experiments, we will interfere with those selected path-
ways to try to prevent metastasis formation.
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TRAIL expressing NK cell recruitment by CD26/DPP4 inhibitor 
treatment suppress lung cancer growth

J. H. Jang (1), F. Janker (1), S. Arni (1), N. Borgeaud (3), I. Gil-Bazo (4), O. 
Boyman (2), W. Weder (1), W. Jungraithmayr (1)

(1) University Hospital Zurich, Division of Thoracic Surgery; (2) University 
Hospital Zurich, Department of Immunology; (3) University Hospital Zurich, 
Visceral and Transplantation Surgery Department; (4) Department of Medical 
Oncology, Clínica Universidad de Navarra, Pamplona, Spain

Background: Lung cancer is the leading cause of death among cancers. There 
is broad evidence that immune cells are involved in the growth and de-
velopment of these malignancies. CD26/DPP4 (dipeptidyl peptidase 4) is a 
transmembrane glycoprotein, that is constitutively expressed on hematopo-
etic cells, but also found on lung epithelial and endothelial cells. We found 
previously that the activity of CD26/DPP4 of lung cancer patients is four 
times higher than in normal tissue. Here, we tested if CD26/DPP4-inhibition 
is able to modulate lung cancer growth via TRAIL expressing NK cell activa-
tion in mice.
Methods: An orthotopic lung tumor model was employed by sc. injections of 
the mouse lung cancer (Lewis Lung Carcinoma (LLC)) and a human lung ade-
nocarcinoma cell line (H460). These were developed in mice C57BL6 (n=18) 
and CD1-nude mice (n=20) respectively. The CD26/DPP4-inhibitor Vilda-
gliptin was given in drinking water of 50mg/kg daily dose. Tumor growth 
was evaluated by wet weight of tumor mass at 2 weeks. Histological as-
sessments included immunohistochemistry (IHC) of Ki-67, p-Histone3, CD3, 
B220, F4/80, NKp46, and γH2AX. IL-10, Arginase, IL-12, NKp46, NK1.1, IFN-
g, TRAIL, and Perforin 1 were analyzed by RT-PCR and FACS. In vitro analysis 
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of γH2AX expression in the TRAIL treated LLC was performed by western 
blotting. For a proof of concept and as a loss of function experiment, mac-
rophage ablation was performed by clodronate-liposome during Vildagliptin 
treatment and NK cells were deleted by IL-15 knockout.
Results: Vildagliptin treatment significantly reduced the tumor growth of 
both, LLC and H460 in mice. IHC showed macrophages (F4/80) and NK cells 
(NKp46) to be significantly increased by Vildagliptin within tumors, while 
TUNEL stain and IHC of T- and B cell infiltration did not show any difference. 
Gene expression levels of anti-inflammatory markers (IL-10, and Arginase) 
were unchanged, while the pro-inflammatory cytokine TNF-α, IL-12, and IL-
15 were significantly elevated. The NK cell markers NKp46, NK1.1, IFN-g, 
TRAIL, and Perforin 1 were significantly upregulated within the tumor by 
Vildagliptin, indicating that inhibition of CD26/DPP4 recruits NK cells into 
the tumor. FACS revealed TRAIL expressing NKp46+ NK cells were found 
elevated by Vildagliptin treatment. Furthermore, we found enhanced γH2AX 
expressions in the lung cancer cell line by TRAIL treatment in vitro and in 
vivo tumor by Vildagliptin treatment. As the consequence of treatment, the 
proliferation rate (p-Histone3/Ki-67) was significantly down-regulated. Mac-
rophage ablation with clodronate-liposome in Vildagliptin treated mice re-
versed the tumor size significantly. Deletion of NK cell significantly increased 
the tumor size compared to control.
Conclusion: The Inhibition of CD26/DPP4 decreased lung cancer growth in 
primary models of mouse and human lung cancer and increased inflamma-
tory macrophages and NK cell cytotoxicity including TRAIL within those tu-
mors. Furthermore, an increased expression of cellular stress marker γH2AX 
by TRAIL treatment in lung cancer cell lines suggests that NK cell derived 
TRAIL inhibited the lung cancer growth.
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Non-canonical Ubiquitination drives the DDR cascade: 
identification of new factors involved

M. Gatti, M. C. Raso, F. Pfister, L. Penengo

Institute of Molecular Cancer Research, University Zurich, Zurich, Switzerland

The involvement of E2 enzymes in ubiquitin (Ub) modification pathways 
reflects their central roles in processes like regulating protein degradation, 
function, and localization, thereby controlling the biology of the eukaryotic 
cells. Recently, different laboratories, including ours, highlighted the essential 

role of ubiquitination in the organization of the DNA damage response (DDR) 
after double-strand breaks (DSBs). These ubiquitination events are driven by 
Ub ligases, such as RNF8, which, together with Ubc13, modifies chromatin 
by K63-linked polyubiquitin by targeting the H1-type linker histones. This first 
ubiquitination event promotes the recruitment of RNF168 that, in complex 
with an unknown E2 conjugating enzyme, ubiquitinates histones H2A and 
H2A.X. We demonstrated that RNF168 induces non-canonical K27-linked 
ubiquitination of damaged chromatin, specifically targeting the novel site 
K13/K15 at the N-terminus of histones H2A and H2A.X .
Despite the constant stream of new insights, many important pieces of the 
complex puzzle of ubiquitination and the role of E2 enzymes in DDR, as 
critical players herein, remain missing. Here, we focused on the identification 
of the molecular machinery working with RNF168 in the generation of this 
peculiar Ub mark that alerts the cell to activate DDR in vivo by employing an 
in-depth E2-conjugation screen via biochemical and single-cell immunofluo-
rescence analysis. Using this systematic approach, we were able to shortlist 
few E2s as potential candidates to work with RNF168, which are currently 
under characterization.
Given that E2s are key mediators of Ub chain assembly that can be selec-
tively targeted by small molecules, in future it will be important to further 
expand our understanding of their function as essential cofactors, as well as 
to elucidate their relevance and contribution to disease pathogenesis.
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The interplay between neutrophils and CD8+ T cells improves 
survival in human colorectal cancer

V. Governa, E. Trella, V. Mele, G. Lezzi, G. Spagnoli

Department of Biomedicine, Basel University Hospital, Switzerland

Purpose: Tumor infiltration by different T lymphocyte subsets is known to be 
associated with favorable prognosis in colorectal cancer (CRC). Still debated 
is the role of innate immune system. We investigated clinical relevance, phe-
notypes and functional features of CRC infiltrating CD66b+ neutrophils and 
their crosstalk with CD8+ T cells.
Experimental design: CD66b+ and CD8+ cell infiltration was analyzed by 
immunohistochemistry on a tissue microarray including >650 evaluable 
CRC samples. Phenotypic profiles of tissue infiltrating and peripheral blood 
CD66b+ cells were evaluated by flow cytometry. CD66b+/ CD8+ cells cross-
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talk was investigated by in vitro experiments.
Results: CD66b+ cell infiltration in CRC is significantly associated with in-
creased survival. Interestingly, neutrophils frequently co-localize with CD8+ 
T cells in CRC. Functional studies indicate that although neutrophils are de-
void of direct antitumor potential, co-culture with peripheral blood or tumor 
associated neutrophils (TANs) enhances CD8+ T cell activation, prolifera-
tion and cytokine release induced by suboptimal concentrations of anti-CD3 
monoclonal antibody (mAb). Moreover, under optimal activation conditions, 
CD8+ cells initially stimulated in the presence of CD66b+ cells show de-
creased expression of PD-1 “exhaustion” marker and are significantly less 
susceptible to apoptosis induced by T- cell receptor triggered re-stimulation.  
Importantly, combined tumor infiltration by CD66b+ and CD8+ T lympho-
cytes is associated with significantly better prognosis, as compared to CD8+ 
T cell infiltration alone.
Conclusions: Neutrophils enhance the responsiveness of CD8+ T cells to TCR 
triggering. Accordingly, infiltration by neutrophils enhances the prognostic 
significance of CRC infiltration by CD8+ T cells, suggesting that they might 
effectively promote antitumor immunity.
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Helicobacter urease–induced activation of the TLR2/ NLRP3/IL-18 
axis protects against asthma 

X. Zhang, K. Koch, A. Müller

Institute of Molecular Cancer Research, University of Zurich, Zurich, Swit-
zerland

Helicobacter pylori is a gram-negative bacterium that colonises the stomach. 
The infection of H. pylori is highly associated with peptic ulcer and gastric 
cancer. Epidemiologic data strongly indicates that since 1950’s there has 
been an increase in incidence of allergic diseases, such as asthma and in-
flammatory bowel disease, in developed countries. However, this is accom-
panied by a decrease in infectious diseases, including H. pylori infection.
H. pylori primes the activation of multiprotein oligomer inflammasomes 
in dendritic cells through pathogen-associated molecular patterns urease 
B subunit, which is recognised by Toll-like receptors 2 (TLR2). This in turn 
initiates transcription of Nod-like receptor 3 (NLRP3) through transcription 
factor NF-κB. Subsequently, NLRP3 forms a complex with ASC and pro-
caspase-1 and activates caspase-1 by autocleavage. Once pro-caspase-1 is 

auto-cleaved, pro-IL-1β and pro-IL-18 are processed into their active forms. 
IL-1β drives a pro-inflammatory response while IL-18 promotes regulatory 
Treg differentiation, as seen in patients with peptic ulcer and asymptomatic 
carriers, respectively.
Remarkably, urease-proficient H. pylori infection is able to prevent asthma 
through Tregs induced in the gut. These Tregs are believed to migrate to the 
lungs and secrete IL-10 along with dendritic cells to counteract allergic reac-
tions. Urease mutant-infected mice displayed asthma symptoms when sensi-
tised and challenged with house dust mite allergen, while wild type-infected 
mice do not. Moreover, the protection can be transferred to a naïve recipient 
from wild-type-infected donor through Treg extracted from the mesenteric 
lymph nodes.
Recently, our preliminary data has shown that dendritic cells up-regulate 
TLR2 after infection. The factor that causes this up-regulation is yet to be de-
termined. Thus, the TLR2/NLRP3/IL-18 axis does not only have important im-
plications for the understanding of asthma, but is also important for studying 
the interaction between H. pylori and the host.
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Antagonizing cross-talk of bFGF and TGF-β signalling controls 
tissue infiltration in medulloblastoma

K. Santhana Kumar (1), A. Neve (1), D. Tripolitsioti (1), L. Harder (2), M. 
Grotzer (1), M. Baumgartner (1)

(1) Neuro-Oncology Lab, Department of Oncology, University Children‘s 
Hospital Zurich, Switzerland; (2) Leukaemia group, Department of Oncology, 
University Children‘s Hospital Zurich, Switzerland

How medulloblastoma (MB), a metastatic paediatric tumour of the cerebel-
lum, infiltrates the brain tissue is poorly understood. We hypothesized that 
growth factors secreted from the tumour microenvironment could trigger a 
motile and invasive tumour cell phenotype. To identify and target the key 
players of MB cell motility and invasiveness, we have established automated 
cell dissemination counter (aCDc), a screening platform to quantify tumour 
cell migration and invasion in high-throughput. aCDc is highly sensitive and 
it enabled for the first time a phenotype-based analysis of the growth factor 
susceptibilities of primary MB tumour and patient-derived xenograft cell cul-
tures. We identified Fibroblast Growth Factor (bFGF) and its receptor FGFR1 
as potent pro-migratory factors present in the tumour microenvironment 
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of MB and it promotes tumour cell infiltration through the adaptor protein 
FRS2. The function of FRS2 is antagonized by TGFβ, which induces a con-
tractile, non-motile cell phenotype through ROCK activation and direct FRS2 
repression. In the absence of TGFβ, activated bFGF-FRS2 attenuates ROCK 
and enables motility and invasiveness through Rac-PAK and ERK1/2. In con-
trast, at high concentrations of bFGF, TGFβ rescues the motility impeded via 
FGFR1-dependent negative feedback and triggers invasiveness.
This antagonistic crosstalk between bFGF and TGFβ signalling pathways 
tunes motile and invasive properties of brain tumour cells for tissue infiltra-
tion under varying environmental conditions and reveals novel drug targets.
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Novel ubiquitylation and deubiquitylation components 
controlling cellular responses to DNA damage: impacts on 
genome stability and links to cancer 

S. Bologna (1), P. Wijnhoven (1), R. Nishi (1), D. Lackner (2), T. Buerckstuemmer 
(2), S. P. Jackson (1)

(1) The Wellcome Trust/Cancer Research UK - Gurdon Institute, University 
of Cambridge, Cambridge CB2 1QN, UK; (2) Horizon Genomics - Campus 
Vienna Biocenter 3, 1030 Vienna, Austria 

As the genetic information encoded in DNA represents the most important 
result of organisms’ evolution, it is crucial to assure transmission of such 
information to the next generation. DNA double-strand breaks (DSBs) are 
prevalent drivers of genomic instability, with their generation and ineffec-
tive repair being hallmarks of many cancers and other human diseases. To 
prevent accumulation of harmful mutations, cells have evolved mechanisms 
to detect and repair DNA damages arising upon exposure to endogenous 
factors or exogenous agents such as radiation and mutagenic chemicals. 
Proteins of the so-called DNA damage response (DDR) network are tightly 
regulated by post-translational modifications (PTMs) that affect their activ-
ity, localization, interactions and DNA binding affinities. Among these PTMs, 
ubiquitylation and deubiquitylation have recently emerged as particularly 
crucial in DDR regulation, although the precise ways that they control DDR 
events is not yet known.
In this study we aim to elucidate novel DDR-related events controlled by 
ubiquitylation/deubiquitylation. Thus, we are carrying out a two-pronged 
approach, taking advantage of recent data obtained in the lab, identifying 

ubiquitin-system proteins with previously uncharacterized DDR links. By ex-
ploiting tools already available in the lab, we initially plan to extend such 
findings, focusing on validating the newly identified DDR connections and 
aiming to gain insights into the specific role and mechanism-of-action of the 
most promising ones by cell-based approaches and mouse genetic studies. 
In parallel, we intend to carry out new systematic screening studies of a 
collection of ubiquitin-component and DDR gene knockout cell lines exclu-
sively available in the lab to profile their sensitivity to a set of around 100 
compounds, including best-in-class approved and experimental anti-cancer 
drugs. We will also use a genetic “bar-code” DNA-sequencing based screen-
ing strategy on such cell lines as a highly versatile strategy to systematically 
assess the impact of gene knockouts on cell viability under different DNA-
damaging conditions. The importance of the proposed project is supported 
by the established relevance of targeting ubiquitylation and deubiquitylation 
pathways that are frequently altered in cancer and other human diseases.
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Development and implementation of standards for oncogenomic 
data sharing

B. Gao, M. Baudis

Institute of Molecular Life Sciences , University of Zurich, Zurich, Switzerland

With the growth of genomic data from rapidly advancing molecular profiling 
technologies, the “age of big-data” is greatly enriching our understanding of 
human malignancies. Analyses of both germline and cancer derived samples 
have shown a vast amount of genomic variations, occurring as inherited 
variants or as the result of somatic mutation events. As a result, a large 
‘knowledge gap” has been realised, reflecting the limited understanding of 
the impact of individual and compound genome variations.
A feasible approach to close this knowledge gap lies in the generation of a 
large number of genomic variation maps from healthy and disease related 
tissues, and in the comparison of these variations with biological, population 
related and environmental metadata associated with the respective samples 
and individuals. However, this approach cannot be addressed in any single 
study but requires the integrative analysis of many, distributed, international 
datasets. Nevertheless, such an approach is currently limited by the lack of 
consistent formats for data reporting and exchange as well as in the real and 
perceived threat to personal privacy, associated with the possible exposure 
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of both genome based information and associated metadata.
Recently, a group of leading scientists working in the areas of biology, 
medicine, computational research, data security as well as law and ethics 
founded the “Global Alliance for Genomics and Health” (GA4GH), with the 
aim to develop standards for the exchange of genome data and supporting 
information and the promotion of legal and ethics procedures for the use of 
this data in biomedical research. 
As members of the GA4GH Data Working Group (DWG), we are collaborat-
ing in the development of modern, standardised data schemas, to facilitate 
annotation and mining of biological or biomedical attributes associated with 
physical or procedural objects, related to genome data. Our contributions to 
the development of GA4GH related standards and resources is based on our 
experience in genome and metadata curation, as expressed in our proge-
netix.org and arraymap.org cancer related data resources.
For the projects presented here, we utilise over 63’000 genomic copy num-
ber profiles and associated clinical annotations related to human cancer 
from our arrayMap resource, to create the first GA4GH schema compliant 
database of cancer genome variation data. Additionally, we present the im-
plementation of a cancer genome “Beacon”, part of a GA4GH driver project 
to promote federated sharing of genome variation data in an international 
context. 
For the future, we are confident that our contribution will help to overcome 
the barriers of incompatible data structures and access protocols in cancer 
genomic research, to enable easy and secure collaboration and genomic 
data sharing between data providers and users.

 
76

Identification of Specific Methylation Targets of the Serrated 
Pathway to Colon Cancer

H. Parker (1), F. Cereatti (2), F. Federico (2), G. Marra (1), M. Robinson (4), M. 
Sauter (3), S. Vavricka (3), H. Heinrich (3)
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Molecular Life Sciences , University of Zurich, Zurich, Switzerland

Around 25% of sporadic colon cancers arise via the serrated pathway. Most 
of them are proximal colon cancers with a CpG Island Methylator Phenotype 
high (CIMP-H). A well known target of methylation is the promoter of the 

MMR (mismatch repair) gene MLH1 leading to its loss of expression and 
consequent defect of the DNA repair system. Sessile serrated adenomas/
polyps (SSA/Ps) are thought to be the precursors of CIMP-H/MMR-deficient 
colon cancers. We hypothesised that CIMP occurs early on in tumourigenesis, 
with detectable levels of methylation in SSA/Ps (i.e., proto-CIMP). The aim of 
our study was to test this hypothesis and exploit proto-CIMP for diagnostic 
purposes.
Forty-eight fresh proximal colon tissues were prospectively collected by en-
doscopy: 12 SSA/Ps and, for comparison, 12 conventional adenomas (pre-
cursors of non-CIMP-H colon cancers), including their matched normal mu-
cosa. We employed a genome-wide analysis based on bisulfite sequencing 
of roughly 2.7 million CpG sites located mainly in gene regulatory regions. In 
addition, RNA-sequencing was performed on the same precancerous lesions 
to explore the relationship between DNA methylation and gene expression.
Principal component analysis revealed that SSA/Ps and conventional ad-
enomas have a clearly distinct methylome. Although both types of tumours 
showed increased methylation of a large number of regulatory regions, this 
phenomenon was more pervasive in SSA/Ps, in terms of number and spread-
ing of hypermethylated regions (i.e., proto-CIMP). For example, we only de-
tected methylation in SSA/Ps in the EPM2AIP1 promoter that is shared with 
MLH1. The SSA/P-specific methylated regions are currently being verified and 
eventually will be implemented in a molecular diagnostic assay to facilitate 
pre-colonoscopic diagnosis of SSA/Ps and aid their precise histologic clas-
sification.
Similar to the methylation patterns, our data also indicates that SSA/Ps have 
a different transcriptome compared to conventional adenomas. However, 
and unexpectedly, while most of the dysregulated genes in conventional 
adenomas were down-regulated (in comparison to matched normal mucosa 
samples), SSA/Ps showed more up- than down-regulated genes in spite of 
proto-CIMP. This indicates that the correlation between methylome and gene 
expression is very complex. A method for integrative analysis of these diverse 
-omics data is currently underway to disentangle this relationship.
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The role of TIP5 in aggressive prostate cancer development and 
progression

K. N. Pietrzak, D. Bär, R. Santoro 

Department of Molecular Mechanisms of Disease, University of Zurich
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Prostate cancer (PCa) is the second most commonly diagnosed cancer and 
the third most common cause of male cancer-related deaths in developed 
countries. The lack of efficient therapies for advanced PCa remains a major 
health problem. A considerable limitation to identify efficient therapeutic tar-
gets is that PCa remains particularly resilient to classification into molecular 
subtypes associated with distinct disease outcomes.
Recent work of our laboratory determined that the epigenetic factor TIP5 is 
implicated in aggressive prostate cancer. TIP5 establishes epigenetic silenc-
ing at genes frequently repressed in metastatic PCa and is indispensable for 
survival and invasion of metastatic PCa cells. Remarkably, TIP5 is required for 
a subpopulation of PCa cells with stem-like features, which are considered 
to be the basis of castration resistance and metastatic disease, and thus an 
important target for effective therapy to fight PCa. Indeed, there is a certain 
consensus that PCa may origin from stem or progenitor cells. Interestingly, a 
diagnostic feature that is observed in human prostate cancer progression is 
the increase in luminal cells and loss of basal cells.
To determine how TIP5 is implicated in the development of prostate cancer, 
we have started to analyze whether and how TIP5 plays a role in prostate 
epithelia differentiation. Gene expression analysis of TIP5 in mouse prostate 
epithelium revealed significant enrichment of TIP5 in luminal cells compared 
to basal cells. These data were consistent with immunofluorescence analysis 
of prostate tissues, which showed that TIP5 is expressed in luminal cells. 
Expression analysis of CD49f+ prostate basal and CD24+ luminal cells from 
wild type and TIP5 KO mice revealed that TIP5 KO basal compartment in-
creases the levels of p63, a marker for prostate basal stem cells, and Prostate 
Cancer Stem Cell Antigen (PSCA), a characteristic marker for transit amplify-
ing cells, suggesting an impairment in basal to luminal cell differentiation. 
Consistent with these results, TIP5 KO mouse prostate tissue displayed an 
increased number of p63 positive cells and showed an altered prostate duct 
morphology. Remarkably, generation of organoids from TIP5 KO prostate 
epithelium cells was less efficient in comparison to WT cells and TIP5 KO 
organoids had an altered structure, indicating defects in proliferation and/or 
epithelial differentiation. Taken together these findings suggest that TIP5 is 
implicated in prostate epithelium differentiation process and the lack of TIP5 
impairs stemness capacity of prostate progenitor cells by hampering their 
ability to differentiate into luminal cells and leading to their accumulation in 
basal compartment.
To determine the suitability of prostate organoids for ex vivo manipulation 
and to model PCa development, we established knockdown Pten expression 
in mouse prostate organoids by infection with lentivirus encoding a shRNA 
targeting Pten. Pten knockdown organoids had higher proliferation com-
pared to control organoids, changed the phenotype into hyperplastic form 

and displayed an expression profile characteristic for PCa. We are currently 
applying this ex vivo PCa model to study the role of TIP5 in PCa develop-
ment.
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Novel roles of Wnt5a in melanoma pathogenesis 

Y. Zhang, L. Sommer

Cell and Developmental Biology, Institute of Anatomy, University of Zurich

Melanoma is a type of skin cancer formed by transformed melanocytes. It 
is highly aggressive due to its malignant nature: metastasis can be formed 
early during disease progression. Once metastasized, patients have a 5-year 
survival rate of only 5% (1). Despite efforts on elucidating the biological 
nature of melanoma during the last decades, prognosis for patients with 
metastatic melanoma is still poor. A series of in vitro experiments indicate 
an important role of Wnt5a in affecting the motility and invasion of patient-
derived melanoma cell lines (2, 3, 4). However, the influences of tumor mi-
croenvironment such as the interaction of the tumor cells with the immune 
system or other cell types are not taken into consideration in in vitro ex-
periments. Further, the roles of Wnt5a during tumor initiation have not been 
studied so far due to the limitation of the system used. Determination of 
the roles of Wnt5a during tumor initiation, growth, metastasis and further 
investigation of the underlying molecular mechanisms in an in vivo system, 
which allows studying gene functions of melanocytes in their natural micro-
environment, could bring new hope for melanoma patients. Using a murine 
melanoma model which resembles the human disease with respect to histo-
pathology as well as molecular pathogenesis, we have identified novel roles 
of Wnt5a in melanoma initiation. These findings could bring new aspects in 
melanoma treatment.

1.  Houghton AN, Polsky D (2002). Focus on melanoma. Cancer Cell 2: 275–
278.

2. Weeraratna AT et al (2002). Wnt5a signaling directly affects cell motility 
and invasion of metastatic melanoma. Cancer cell 1: 279-288.
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3. Dissanayake SK et al (2008). Wnt5A regulates expression of tumor-associ-
ated antigens in melanoma via changes in signal transducers and activators 
of transcription 3 phosphorylation. Cancer Res 68: 10205–10214.

4. Dissanayake SK et al (2007). The Wnt5A/protein kinase C pathway medi-
ates motility in melanoma cells via the inhibition of metastasis suppressors 
and initiation of an epithelial to mesenchymal transition. J Biol Chem 282: 
17259–17271.
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ArrayMap & Progenetix 2016: Oncogenomic Databases towards 
Personalized Medicine

P. Carrio Cordo, A. Milanese, M. Baudis

Department of Molecular Life Sciences and Swiss Institute of Bioinformatics, 
University of Zurich, Zurich, Switzerland

Screening for somatic mutations in cancer has become integral to diagnostic 
as well as target identification procedures. arrayMap is a curated oncoge-
nomic resource, focusing on genomic arrays and copy number aberration 
(CNA) profiles. The underlying data has been extracted from NCBI’s Gene 
Expression Omnibus (GEO), EBI’s ArrayExpress, and, importantly, through 
targeted mining of publication data. Since its first release in 2012, array-
Map underwent improvements to facilitate meta-analysis of cancer related 
genome data and clinical use, such as the diagnostic validations as well as 
target evaluation for personalized therapeutic approaches.
For the 2016 arrayMap update, we expanded both the scope and depth of 
the database, as well as improved the metadata structure. In a systematic 
mining of genomic array data from GEO, we evaluated more than 120’000 
annotation files. The individual data review yielded around 22’000 additional 
data sets related to somatic mutations in cancer associated samples (cancer 
specimen or associated reference profiles). Additionally, we were able to in-
crease the database of publications assesssed for describing original cancer 
genome profiling experiments to now more than 3’000 individual articles. 
The result is a comprehensive and useful database containing information 
for aproximatedly 400 cancer types and 63’000 genomic array profiles.
Furthermore, the hierarchical representation of the data in individuals, biosa-
mples and experiments and its association to metadata, such as geographic 
location of the study, allows for further meta-analysis. In ongoing studies, we 

will use our data collections to investigate temporal and geographic trends 
and biases in cancer genome research, to provide a clear view of the current 
oncogenomic research landscape and to identify knowledge gaps, to guide 
the direction of future studies.
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Mechanisms Underlying the Formation of Tertiary Lymphoid 
Structures in Cancer

F. Movahedian Attar, K. Silina, M. van den Broek

Institute of Experimental Immunology, University of Zurich

Lymphoid aggregates are able to form upon infiltration of lymphocytes into 
non-lymphoid adult tissues under autoimmune and chronically inflamed 
conditions, as well as in tumours. Some of such aggregates form an organ-
ised architecture with distinct B and T cell zones that resemble the struc-
ture of secondary lymphoid organs (SLO). These are referred to as tertiary 
lymphoid structures (TLSs). TLSs are also able to induce adaptive immunity 
similar to SLOs and, hence, could be beneficial in cancers by acting as on-site 
locations of tumour-specific immune response generation. This hypothesis 
is supported by the observation that tumour-associated TLSs correlate with 
prolonged survival of patients with different cancer types.
The aim of this project is to identify which factors are involved in the forma-
tion of TLS and to further investigate the function of TLS in mouse models 
of cancer. By studying models of spontaneous lung metastasis from Lewis 
lung carcinoma (LLC) and 4T1 breast carcinoma, we observed organized 
lymphoid aggregates in metastatic lungs derived from 4T1 but not from LLC 
tumours. Furthermore, we observed that in an intravenous model of LLC 
where C57BL/6 mice were also exposed to LPS as an additional inflamma-
tory stimulus, LLC tumours still did not encourage TLS formation at the tu-
mour border implying that they don’t support or even prevent TLS formation. 
We also successfully established a short-term model of local LPS-induced TLS 
in the lungs for comparison and elucidation of tumour-specific mechanisms 
of TLS formation. In the future, RNA from 4T1 lung metastases and lungs 
treated with LPS will be analysed at different time points for expression of 
potential factors implicated in TLS formation –to capture different phases of 
TLS formation– and later the cell types responsible for expression of such 
factors will be studied and their roles functionally investigated. Lastly, LLC 
tumours were genetically modified to overproduce CXCL13 or lymphotoxins, 
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which are molecules implicated in secondary lymphoid organ formation, to 
promote TLS formation by this tumour in vivo. In the future, reporter strains 
of CXCL13 and CCL19 will be utilized to examine which cell types are re-
sponsible for early phases of TLS formation in these settings.
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Tumor-treating fields (TTFields) interfere with biological key 
properties of glioma cells in vitro

M. S. Silginer, M. W. Weller, R. S. Stupp, P. R. Roth

(1) Neurology, University Hospital Zurich, Zurich, Switzerland; (2) Oncology, 
University Hospital Zurich, Zurich, Switzerland

Tumor-treating fields (TTFields) are low amplitude alternating electric fields 
which are supposed to exert anti-tumor effects by targeting dividing tumor 
cells while sparing cells in the brain not undergoing cell division. Although 
this novel therapeutic approach has shown encouraging results in phase III 
trials in glioblastoma, its biological effects on tumor cells have only been 
poorly understood.
Here, we investigated the effects of TTFields on glioma cells in vitro using 
the inovitroTM system that allows the application of TTFields to cell cultures. 
Exposure to TTFields potently induce autophagy and necroptosis and inter-
fere with the migration and invasion of long-term glioma cell lines, but also 
of glioma-initiating. The combination of TTFields with irradiation or temo-
zolomide (TMZ) reduced viability and clonogenic survival in an additive or 
synergistic manner. Further studies suggest that the O6-methyl-guanine DNA 
methyltransferase (MGMT) status does not influence the efficacy of TTFields 
and TMZ-resistant glioma cells remain responsive to TTFields application, 
thus making TTFields particularly attractive for the majority of glioblastoma 
patients with tumors that are unlikely to benefit from TMZ treatment.
In summary, these findings demonstrate that the application of TTFields may 
interfere with various biological key properties of glioma cells and may allow 
for a more detailed clinical evaluation of TTFields beyond the clinical data 
available so far.

82

Establishment of a patient-derived myelofibrosis xenograft 
mouse model

V. Lysenko (1), N. Wildner (1), R. A. Flavell (2), M. G. Manz (1),  
A. Theocharides (1)

(1) Hematology, University Hospital Zurich, Zurich, Switzerland; (2) 
Department of Immunobiology, Yale University, New Haven, Connecticut, 
USA

Introduction: A growing number of patient-derived xenograft (PDX) mouse 
models have been developed over the past few decades that allow engraft-
ment of human hematopoietic stem cell (HSC) malignancies. This is a power-
ful tool for investigating the evolution of HSC and leukemic stem cells, as 
well as disease heterogeneity. However, engraftment is often limited due to 
potential lack of supportive factors in the bone marrow (BM) microenviron-
ment. This limitation facilitated the development of more advanced mouse 
strains that express human cytokines and growth factors that are needed for 
efficient human hematopoietic development in vivo. Myelofibrosis (MF) is a 
HSC disorder characterized by bone marrow fibrosis that has the potential 
to transform into acute myeloid leukemia depending on the clonal evolution 
of MF stem cells (MF SCs). However, the engraftment of MF SCs in PDX 
models is poor (Wang et al., JCI 2012). We hypothesized that the constitu-
tive expression of human cytokines and growth factors in a PDX model may 
promote the development of the human MF clone in vivo. Therefore, we used 
next-generation mice that express human M-CSF, IL-3, GM-CSF, TPO, and 
SIRPαTg (MISTRG) in order to develop a pre-clinical MF PDX model.
Methods: Purified peripheral blood stem and progenitor (CD34+) cells were 
collected from MF patients and intrahepatically transplanted into sublethally 
irradiated newborn MISTRG mice. NSG mice (Standard PDX mouse strain) 
are used as controls. Each mouse strain is transplanted with the same patient 
sample. 5-9 weeks after transplantation mice are sacrificed and analyzed for 
human engraftment using flow cytometry and immunohistochemistry.
Results: Most patient samples so far were transplanted into MISTRG mice. 
We are currently in the process of also transplanting NSG mice as a com-
parison. Preliminary results show that four out of seven samples engraft in 
the BM of MISTRG mice with a total median human CD45+ cell engraft-
ment of 23%. Over 60% myeloid differentiation was observed in the mice 
that showed engraftment. Overall, preliminary results suggest that the next-
generation MISTRG mice support human MF engraftment.
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Conclusions and outlook: MISTRG mice support unprecedented myeloid en-
graftment of human MF SCs in 57% of patient samples investigated so far. 
Immunohistochemistry will also be performed on the BM and spleen of these 
mice in order to check for fibrosis and megakaryocytes. In order to deter-
mine whether specific somatic mutations promote human MF engraftment in 
PDX models next-generation sequencing will be performed on transplanted 
patient samples. Moreover, clonal evolution in vivo will be tracked and cor-
related with disease progression in patients.
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Targeting cullin ubiquitin ligase leads to growths arrest in malig-
nant pleural mesothelioma cells

M. Meerang, J. Kreienbühl, M. Friess, M. Kirchner, W. Weder, I. Opitz

Division of Thoracic Surgery, University Hospital Zurich

Introduction: Mutation of the tumor suppressor gene Neurofibromatosis type 
II (NF2) was detected in 30-40% of malignant pleural mesothelioma (MPM) 
patients. NF2 suppresses tumorigenesis in part by inhibiting Cullin4 ubiqui-
tin ligase. Cullin4A (CUL4A) gene amplification and its’ overexpression has 
been detected in MPM cell lines and tumors. We hypothesized that cullin4 
is a potential treatment target for MPM. Cullins’ activity can be blocked by 
the inhibition of neddylation, a post-translational modification for cullins. In 
this study we assessed the efficacy of pevonedistat, an inhibitor of protein 
neddylation, in MPM cells.
Methods: Thirteen MPM cell lines and 3 MPM primary cells grown in mono-
layer (2D) were employed to assess the efficacy of pevonedistat in vitro com-
pared to normal mesothelial cells, using MTT assay. The expression of cul-
lins was assessed by quantitative real time PCR and western blot. Cell cycle 
was analyzed by flow cytometry. Four cell lines were cultured in multicellular 
spheroid (3D) format and measured for viability by acid phosphatase assay.
Results: Across 13 MPM cell lines, 5 cell lines (38%) were sensitive to the 
treatment with pevonedistat (IC50<500nM). All sensitive cell lines overex-
pressed CUL4A in both mRNA and protein levels. The treatment induced G2 
cell cycle arrest and accumulation of cells containing >4N DNA content, rep-
resenting cells undergoing DNA re-replication. DNA re-replication is known 
to be mediated by the accumulation of a DNA replication licensing factor, 
CDT1. Indeed, higher CDT1 accumulation was detected in the sensitive com-
pared to the resistant cell lines. All primary cells showed no CUL4A overex-

pression compared to normal mesothelial cells, nonetheless 2 of them were 
sensitive to pevonedistat. Interestingly, these cells exhibited higher levels of 
neddylated (activated) CUL4A and higher CDT1 accumulation following the 
treatment. Cell lines overexpressing CUL4A remained sensitive to pevone-
distat when cultured in 3D spheroids.
Conclusion: Inhibition of cullins by pevonedistat induced growth arrest pref-
erentially in MPM cells overexpressing CUL4A in 2D and 3D cultures. The 
major mechanism seems to be mediated by DNA re-replication induced by 
CDT1 accumulation. More investigation into the role of cullin ubiquitin ligase 
in MPM is ongoing.
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Mitochondrial Pyruvate Carrier 1 can regulate growth and 
differentiation in Melanoma 

A. T. Antunes (1), D. Zingg (1), SCM. Manz (2), A. Klug (1), P. Cheng (3), N. 
Zamboni (4), L. Sommer (1)

(1) Anatomy Institute, University of Zürich, Switzerland; (2) Faculty of 
Biology and Medicine, University of Lausanne, Lausanne; (3) Department of 
Dermatology, University Hospital Zurich, Zurich; (4) Institute of Molecular 
Systems Biology, ETH Zurich, Zurich

In 1927, cancer cells were described to, independently of the presence of 
oxygen, energetically lean on glucose catabolism via glycolysis – Warburg 
effect (O. Warburg, et al., 1927). When located in hypoxic conditions, other 
cell types show the same metabolic switch as cancer cells. In fact, stem cells 
(hematopoietic, mesenchymal and neural) maintain their undifferentiated 
and proliferative properties by downregulating OXPHOS and increasing gly-
colysis (Suda, et al., 2011; Shyh-Chang, et al., 2013; Simon, et al., 2008). 
Moreover, hematopoietic stem cells (HSCs) require oxidative phosphorylation 
(OXPHOS) in order to differentiate (Jang, et al., 2007), suggesting that mito-
chondrial function is crucial in the differentiation process.
Recently, two independent studies pinpointed that the MPC (mitochondria 
pyruvate carrier) complex is responsible for the transport of pyruvate across 
the mitochondrial membrane (Bricker et al., 2012; Herzig et al., 2012). This 
discovery inspired the investigation of the role of MPC in the maintenance 
of the Warburg effect in cancer cells. Schell et al., reported, consequently, 
that preservation of the Warburg effect via decreased MPC activity is able to 
promote growth in colon cancer.
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Accordingly, we show that inhibition or downregulation of the mitochondrial 
pyruvate carrier subunit 1 (MPC1), which is a key subunit of the MPC com-
plex, downregulates mitochondrial function and further increases melanoma 
growth (in vitro and in vitro). Moreover, MPC1 expression correlates with 
melanocyte differentiation markers in vitro, in vivo and in patient samples. 
We suggest that, comparably with colon cancer, MPC1 downregulation in-
creases growth and may influence the differentiation status of melanoma 
cells.
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Tumor enrichment by DNA-based flow-sorting for highly 
sensitive analysis of genomic evolution in matched samples of 
heterogeneous pulmonary squamous cell carcinoma 

A. K. Krause (1), T. L. Lorber (1), V. P. Perrina (1), T. D. Dietsche (1), M. T. B. 
Barrett (2), C. R. Ruiz (1), L. B. Bubendorf (1)

(1) Institute for Pathology, University Hospital Basel, Basel, Switzerland; (2) 
Mayo Clinic Arizona, Scottsdale, USA

Background: Lack of tumor purity is one of the main limiting factors in cancer 
research. Notably, the average purity of squamous cell carcinoma of the lung 
(SCC) is as low as 49% (1). Even if the required decreases with continu-
ously improving next generation sequencing technologies (NGS), dilution 
with DNA from benign cells is still an unsolved issue ensuing in falsified 
results. This hurdle exacerbates especially the investigation of the intratu-
moral heterogeneity, where pure populations are desirable. In this study we 
demonstrate an approach to precisely isolate the aneuploid tumor popula-
tions and decipher the clonal evolution in 6 patients with matched primary 
and metastatic SCC tumor specimens.
Methods: Nuclei were extracted from multiple biopsies, frozen and FFPE, 
from SCC patients and were subjected to flow-sorting based on DNA con-
tent using DAPI. Subsequent genomic profiling by array comparative genom-
ic hybridization (aCGH) and NGS (Ion Torrent Comprehensive Cancer Panel 
with an all-exon coverage of 409 cancer genes) was applied to the isolated 
aneuploid tumor cell populations. Diploid tumor cell population served as a 
control.
Results: Our proposed approach demonstrates successful enrichment of an-
euploid tumor fractions in tumor specimens admixed with a variable propor-
tion of benign tissue components. Shared and unique genomic break points 

indicate clonal relationship between tumor samples in aCGH analysis. Dip-
loid population can be used as a negative control. NGS analysis supported 
observations in clonality between matched longitudinal tumors. Due to high 
purity of tumor cells low allelic frequency mutations from presumably small 
subpopulations become clearly detectable even in highly heterogenous tu-
mors.
Conclusion: In this study matched primary and metastatic tumor samples 
of SCC were analyzed. To overcome the low purity in heterogenous tumor 
samples we sorted aneuploid tumor populations to identify the evolutionary 
progression. NGS and aCGH proved to be a strong combination to decipher 
clonal relationship between tumor samples. Our approach avoids contami-
nation by admixed benign cells, increases the precision of genomic analysis 
and allows to reconstruct the clonal evolution of the disease.

1. Zack, T. I. Pan-cancer patterns of somatic copy number alteration. Nature 
Genetics. 45, 10 (2013)
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Tissue-specific mediation of metastatic formation by L-selectin 
on myeloid cells

D. Protsyuk, J. Glaus Garzon, L. Borsig

Institute of Physiology, University of Zurich, Zurich

Bone marrow-derived myeloid cells have been identified as promoters of 
metastasis. L-selectin is a leukocyte homing receptor that is important for 
the initial capture of leukocytes to the activated endothelium. We sought 
to determine the function of L-selectin in metastatic progression. L-selectin-
dependent monocyte recruitment to the metastatic emboli promoted experi-
mental lung metastasis. Lower numbers of L-sel-/- myeloid cells correlated 
with reduced levels of cytokines during lung seeding. While a depletion of 
circulating monocytes diminished metastasis both in WT and L-sel-/- mice, 
adoptive transfer of monocytes restored lung metastasis. WT monocytes 
facilitated trans-endothelial migration of tumor cells, L-sel-/- monocytes 
showed no effect in vitro. We demonstrated that injection of tumor-con-
ditioned media rescued experimental lung metastasis in L-sel-/- mice and 
that spontaneous lung metastases in the absence of L-selectin were not 
affected. Interestingly, spontaneous liver metastasis was increased in L-sel-/- 
mice. Similarly, increased experimental liver metastases were observed in 
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the absence of L-selectin. Among differences in leukocyte population within 
the liver, a significant reduction in the number of F4/80+ cells was observed 
in tumor-bearing L-sel-/- mice when compared to WT controls. Expression 
of anti-tumor cytokines (e.g. IFNγ, IL-12, IL-2) was reduced in the livers of 
L-sel-/- mice, thus more protumorigenic environment was likely promoting 
metastatic growth. Although L-selectin facilitates tumor cell extravasation 
and metastasis in the lungs through the recruitment of F4/80+ cells, the 
very same cells limit the tumor outgrowth in the liver changing the tissue 
microenvironment.
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Extravasation of metastatic melanoma cells across the lung 
endothelium: Differential roles of endothelial VCAM-1 and 
PECAM-1

P. Zwicky (1), T. Gruber (1), P. Amini (1), U. Deutsch (1), D. Vestweber (2), M. 
Krummel (3), R. Lyck (1)

(1) University of Bern, Theodor Kocher Institute, Bern; (2) Max Planck Institute 
for Molecular Biomedicine, Münster, Germany; (3) University of California, 
Department of Pathology, San Francisco, USA

Spreading of primary melanoma to secondary sites is the main cause of mel-
anoma related death. However, metastasis prevention remains an unsolved 
challenge in the treatment of melanoma patients. Metastasis formation is 
a multi-step process that includes the invasion of melanoma cells into the 
local tissue, intravasation into blood or lymph vessels, and extravasation at 
distant sites across the vascular endothelium into organ tissue. Cell adhe-
sion molecules critically contribute to the formation of metastasis. In this 
study, we investigated the roles of endothelial VCAM-1 and endothelial 
PECAM-1 for melanoma cell extravasation across the lung endothelium. 
VCAM-1 is well known as an important trafficking cue for activated T cells 
across the inflamed endothelium with important clinical impact in the treat-
ment of multiple sclerosis. PECAM-1 is involved in maintaining junctional 
integrity of the endothelium with rather limited knowledge about its role 
in trafficking. In this study, we modelled metastatic melanoma with mouse 
B78chOVA cells expressing mCherry fluorescent protein to clearly identify 
melanoma cells. B78chOVA cells are positive for the α4β1-integrin ligand 
of VCAM-1 but devoid of PECAM-1. In vitro live cell imaging allowed us 
to elucidate the exclusive role of the VCAM-1/a4-integrin interaction in the 
arrest of melanoma cells on inflamed primary mouse lung endothelial cells 

(pMLuECs) under physiological flow. However, long term imaging showed 
that blockade of VCAM-1/a4-integrin only transiently reduced intercalation 
of melanoma cells into the endothelial monolayer. In contrast, PECAM-1 did 
not have any role in shear resistant arrest of melanoma cells on pMLuECs. 
However, the increased permeability of PECAM-1 deficient pMLuECs cor-
related to increased melanoma cell intercalation and diapedesis when com-
pared to wild type pMLuECs. Taken together, our data suggest that targeting 
of a4-integrin could provide only a short-term transient benefit whereas pre-
serving endothelial integrity might be of superior relevance in the prevention 
of melanoma metastasis formation. 
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Modulation of immune cell trafficking into human colorectal 
cancer by gut microbiota

E. Cremonesi (1), J. Garzon (2), V. Governa (1), V. Mele (1), F. Amicarella (1), 
M. Muraro (1), P. Zajac (1), D. Oertli (3), L. Borsig (2), G. Lezzi (1)

(1) Institute of Surgical Research and Department of Biomedicine, University 
Hospital Basel; (2) Institute of Physiology, University of Zurich, Switzerland; 
(3) Department of Surgery, University Hospital Basel, Switzerland

Colorectal cancer (CRC) is a leading cause of cancer-related death. CRC in-
filtration by immune cells, including cytotoxic CD8+ T cells (CTLs), IFN-gam-
ma-producing T-helper 1 cells (Th1), Foxp3+ regulatory T cells (Tregs) and 
CD16+ MPO+ neutrophils, is associated with favorable prognosis. However, 
chemokines driving these cell populations into the tumor site, their cellular 
sources and their microenvironmental triggers remain to be elucidated.  We 
investigated the chemokine/chemokine receptor network promoting CRC in-
filtration by immune cells associated to favorable prognosis.  CRC infiltration 
by immune cells was associated with defined chemokine gene signatures, 
including CCL5, CXCL9 and CXCL10 for cytotoxic T lymphocytes and T-helper 
1 cells, and CCL17, CCL22 and CXCL12 for T-helper 1 and regulatory T cells. 
Most of these chemokine genes were expressed by tumor cells upon expo-
sure to gut bacteria in vitro and in vivo. Indeed, chemokine expression levels 
were significantly higher in orthotopic xenografts than in intraperitoneal tu-
mors, and were drastically reduced by antibiotic treatment of tumor-bearing 
mice. Importantly, in human CRC samples, extents of chemokine production 
and immune cell infiltration was significantly associated with bacterial loads.
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Gut microbiota stimulates chemokine production by CRC cells, thus favoring 
T cell recruitment into tumor tissues.
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TRIM24 is an oncogenic transcriptional activator in prostate 
cancer 

A. C. Groner (5), J. De Tribolet-Hardy (5), I. Cato (1), Q. Zhong (2), C. 
Fankhauser (2), C. Fritz (2), C. Poyet (3), U. Wagner (2), J.-P. Theurillat (4), P. 
J. Wild (2), M. Brown (1)

(1) Department of Medical Oncology, Center for Functional Cancer Epi-
genetics Dana-Farber Cancer Institute, Boston, USA; (2) Institute of Surgical 
Pathology, University Hospital Zurich, Zurich, Switzerland; (3) Department 
of Urology, University Hospital Zurich, Zurich, Switzerland; (4) Institute of 
Oncology Research, Bellinzona, Switzerland; (5) Department of Biosystems 
Science and Engineering, ETH Zurich, Basel, Switzerland and Department of 
Medical Oncology, Dana-Farber Cancer Institute, Boston, USA

The steroid hormone androgen mediates a wide range of developmental, 
physiological and malignant responses by acting as an agonist for the an-
drogen receptor (AR). AR in turn functions as a nuclear receptor transcription 
factor and executes specific gene expression programs in an androgen-de-
pendent manner. Since the growth of prostate cancer (PC) cells initially de-
pends on androgen, cancer therapy uses hormone-deprivation approaches 
to reduce the levels of androgen. While PC initially responds to androgen-
ablation, most tumors progress to a castration resistant (CR) state insensitive 
to treatment. Both the androgen-dependent and the CRPC state depend on 
AR, which is probably activated by alternative molecular pathways in CRPC 
in response to low androgen levels. Here, we assessed the role of the tran-
scriptional co-activator TRIM24 in mediating AR-dependent gene expression 
and growth in CRPC. We show that recurrent PC-driver mutations in Speckle 
Type BTB/POZ Protein (SPOP) stabilize the TRIM24 protein, which promotes 
proliferation under low androgen conditions. TRIM24 augments AR signal-
ing, and AR and TRIM24 co-activated genes are significantly up-regulated 
in CRPC. Expression of TRIM24 protein increases from primary PC to CRPC, 
and both TRIM24 protein levels and the AR/TRIM24 gene signature predict 
disease-recurrence. Analyses in CRPC cells reveal that the TRIM24 bromo-
domain and the AR-interacting motif are essential to support proliferation. 

These data provide a rationale for therapeutic TRIM24 targeting in SPOP-
mutant and CRPC patients.
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Human DNA2 possesses a cryptic DNA unwinding activity that 
functionally integrates with BLM or WRN helicases

C. Pinto (1), K. Kasaciunaite (2), R. Seidel (2), P. Cejka (1)

(1) Institute of Molecular Cancer Research, University of Zurich, Zurich; (2) 
Institute of Experimental Physics I, University of Leipzig, Germany

Human DNA2 (hDNA2) contains both a helicase and a nuclease motifs 
within the same polypeptide. The nuclease of hDNA2 is involved in a variety 
of DNA metabolic processes. Little is known about the role of the hDNA2 
helicase. Likewise, it was undefined how hDNA2 functions together with 
BLM and WRN helicases. We used bulk and single-molecule approaches to 
study the enzymatic behaviour of hDNA2 and its physiological protein part-
ners including WRN, BLM and RPA. We show that hDNA2 is a processive 
helicase capable of unwinding kilobases of dsDNA in length. The nuclease 
activity prevents the engagement of the helicase by competing for the same 
substrate, hence prominent DNA unwinding by hDNA2 alone can only be 
observed using the nuclease-deficient variant. We show that the helicase 
of hDNA2 functionally integrates with BLM or WRN helicases to promote 
dsDNA degradation by forming a heterodimeric molecular machine (Pinto 
et. al., 2016). This collectively suggests that the hDNA2 motor promotes the 
enzyme’s capacity to degrade dsDNA in conjunction with BLM or WRN and 
thus promote the repair of broken DNA.
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The potential role of HTATIP2 as a tumor suppressor in 
glioblastoma
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In a genome-wide DNA methylation analysis of human glioblastoma we 
have identified HIV-1 Tat interactive protein 2 (HTATIP2) to be aberrantly 
hypermethylated. The strong negative correlation between promoter meth-
ylation and gene expression incited us to investigate potential tumor sup-
pressor function(s) of HTATIP2 in glioblastoma (GBM).  HTATIP2 has been re-
ported to bind to nuclear transport receptors of the importin-b family (HEAT 
repeats) and may thereby act as a regulator of nuclear import of cancer 
relevant proteins.
First we confirmed the functional relevance of DNA promoter methylation on 
HTATIP2 expression in GBM cell lines. The demethylating agent Aza-cytidine 
induced expression in the cell lines with a methylated HTATIP2 promoter. 
Modulation of HTATIP2 expression by ectopic expression or knock-down 
with siRNAs did not indicate a general effect on proliferation or anchorage 
independent growth in vitro. 
Next we followed up on our observation that the DNA repair enzyme Methyl-
purine-DNA Glycosylase (MPG) displays cytoplasmic and not nuclear expres-
sion in a subset of GBM. MPG comprises a nuclear localization signal (NLS) 
“KKQRP” that corresponds to the classical monopartite NLS. This feature 
makes MPG a potential substrate for importins. Using confocal microscopy 
and ImageStream FACS we could show that ectopic expression of HTATIP2 
increases the fraction of GBM cells with predominant cytoplasmic versus 
nuclear localization of MPG. Hence our preliminary experiments suggest that 
HTATIP2 expression may modulate cellular localization of MPG, and thereby 
indirectly affect the cellular response to DNA damage. MPG is a base exci-
sion repair (BER) enzyme that removes alkylated DNA bases, including N3-
mehyladenine (N3meA) and N7-methylguanine (N7-meG) that account for 
over 70% of DNA adducts induced by temozolomide (TMZ). MPG expression 
plays a clinically relevant role in resistance to TMZ as we have reported previ-
ously. Hence, HTATIP2 may exert tumor suppressing function(s) by keeping 
cancer relevant proteins out of the nucleus that is abolished be its epigenetic 
silencing
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SMAD Signaling by TGF-β Superfamily Members Drives 
Simultaneous Melanoma Growth and Metastasis in vivo

E. Tuncer (1), D. Zingg (1), P. Cheng (2), M. Levesque (2), I. Kleiter (3), L. 
Sommer (1)
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University Hospital, Zurich; (3) Department of Neurology, University Medical 
Centre Regensburg

The malignant progression of melanoma requires neoplastic cells to either 
have the potential to shift genetically / epigenetically between prolifera-
tive and invasive phenotypes or express both phenotypes, simultaneously. 
Contrary to conventional “phenotype switch” model in melanoma, here we 
elucidate the augmented SMAD-dependent signaling by depleting the in-
hibitory protein SMAD7 in a murine melanoma model increase the number 
of tumors harboring malignant cells that are associated with high prolif-
eration and invasion program. Furthermore, conditional deletion of Smad4, 
abrogating canonical SMAD signaling reverted this phenotype by prevent-
ing tumor proliferation and metastasis. These results point out the require-
ment of a pro-invasive / pro-proliferative ligands. Ligand screening revealed 
that BMP7 promotes melanoma cell proliferation and overrides the effects 
of pro-invasive TGFβ-2/NODAL at the populational level. Dual treatment of 
pro-proliferative / invasive ligands with SMAD7 knock down concurrently 
induce the expression of pro-invasive transcription factors in proliferating 
melanoma cells. These results show how SMAD-dependent signalling can 
cooperate to malignant transformation of the disease by conferring both 
proliferative and invasive phenotypes on melanoma cells.
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Xenovaccines and their adjuvants in murine model: a promising 
anti-cancer immunotherapy

J. A. Krasko, K. Žilionyte, A. Darinskas, V. Pašukoniene

Scientific Research Center, National Cancer Institute, Vilnius

Immune system plays a critical role in the prevention of tumour develop-
ment. The sophisticated interaction between cancer cells and the immune 
system is defined as cancer immunoediting. Unfortunately, during this dy-
namic process, malignant cells may acquire various mechanisms enabling 
them to escape the immune-mediated control and manifest as clinically-
apparent cancer. Due to impaired and misbalanced anti-tumour immunity in 
cancer patients, immune response-modulating strategies, known as tumour 
immunotherapy, have been introduced into clinical practice. Among various 
types of cancer immunotherapy, therapeutic cancer vaccination is one of the 
most promising approaches, especially when combined with other immuno-
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therapeutic strategies as well as cancer chemotherapy, radiation therapy and 
targeted therapies.
Therapeutic cancer vaccination aims at inducing and augmenting cytotoxic 
cellular immune responses that are able to overwhelm the cancer-driven im-
munosuppressive arm of antitumor immune response. Therapeutic vaccines 
exploit mostly dendritic cells (DCs) that are the main initiators and orchestra-
tors of adaptive immune responses. DCs in this study are targeted in situ. 
Selection of proper tumour-associated antigens (TAAs) and induction of op-
timal DC maturation are the critical steps in therapeutic cancer vaccination.
One of the ways of in situ stimulation of antigen presenting cells (APCs) is in-
tradermal application of protein TAAs. Polyvalent antigen sources, in clinical 
practice, are usually autologous (tumour material). Tumour cell lysate (TCL) 
contains a mixture of proteins resulting from induced lysis of tumour cells, 
which ensures a broad spectrum of target antigens. On the other hand, TCL 
contains not only immunogenic TAAs, but also various immunosuppressants 
naturally occurring in cancer cells. It is a clinical challenge to supplement TCL 
with appropriate adjuvants and use its rich antigen pool for immunogenic 
anti-cancer vaccination.
Another emerging source of antigens for polyvalent vaccines, on which this 
study concentrates, is xenogeneic tissue. Foetal and immune-privileged tis-
sues, such as testis, share many antigen determinants with human cancer 
cells: the so called oncofoetal and cancer/testis antigens. Xenogeneic vac-
cines need to be tested for each individual cancer, since one type of vaccine 
will not impact every type of cancer. Furthermore, they also require adjuvants 
to potentiate their immunogenicity.
Experiments were conducted using xenogeneic foetal sheep lungs, adult 
sheep testis, whole chicken embryo and embrional rat brain tissue vac-
cines. Explored models included metastastatic/non-metastatic Lewis lung 
carcinoma (LLC) and non-metastatic B16 melanoma settings. Effectiveness 
of vaccines was measured in mice survival, CD8+ T-lymphocyte presence in 
circulating blood, metastatic activity and primary tumour growth rate.
Most effective vaccine (foetal sheep lung vaccine) resulted in significantly 
improved survival in both LLC and B16 models. Furthermore, it proved ef-
ficient both as primary therapy, and as an adjuvant therapy following pri-
mary tumour removal (anti-metastatic effect for LLC setting). This effect was 
achieved due to significantly increased cytotoxic lymphocyte population in 
blood stream and limited metastatic spread in the lungs.
Secondary highlight of this study is the impact of adjuvants on effective-
ness of xenogeneic vaccines. The same vaccine was studied in both LLC and 
B16 models using three different adjuvants: polyxidonium, cycloferon and 
poludan. Similarly, the same adjuvant was tested in different settings with 
different vaccines. This cross investigation revealed one adjuvant, which pro-

duced significant results in all experiments: polyxidonium.
This study concludes that xenogeneic vaccines are indeed a perspective 
treatment for oncological diseases. The vaccines combined with optimal 
adjuvants increased survival and limited metastatic activity of tumours in 
multiple investigated murine models.
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Identifying the cell of origin of neuroblastoma

M. Gualandi, O. Shakhova 

Oncology Department, University Hospital Zurich, Switzerland

Neuroblastoma (NB) is a pediatric cancer of the peripheral nervous system, 
which occurs almost exclusively in infancy and early childhood. It is widely 
assumed that oncogenic mutations occur in the cells of sympathoadrenal 
(SA) lineage during prenatal and postnatal life, however, the exact cell of ori-
gin has not been yet characterized. MYCN amplification and activating mu-
tations of ALK (anaplastic lymphoma kinase) are among the most common 
genetic alterations in human NB described so far. There have been a number 
of attempts to model NB development in mouse models. The targeted ex-
pression of ALKF1174L and MYCN oncogenes driven by a tyrosine hydroxylase 
(Th) and dopamine beta-hydroxylase (Dbh) promoters resulted in NB devel-
opment. However, these mouse models fail to faithfully recapitulate human 
NB, there is a lack of schwannian stroma, only minimal metastasis formation 
and most importantly, a failure of mimicking the spontaneous regression, 
one of the key features of NB in humans. Furthermore, the onset of disease 
is delayed and majority of mice develop NB at 2 months old, which does not 
correspond to the pediatric characteristic of this tumor. A possible explana-
tion for these discrepancies might be the fact that the oncogene expression 
is induced in progenitor cells rather than stem cell population.
In order to identify the cell of origin of NB, we first traced neural crest stem 
cells (NCSCs) and different progenitor populations of SA lineage during 
embryonic development. Then, we induced oncogenes expression in these 
key cellular populations to assess whether these mouse models recapitulate 
better the features of human NB. We used several Cre mouse lines, where 
Cre expression is driven by promoters of genes what expression marks dif-
ferent levels of SA lineage differentiation, namely Sox10, Ascl1, Dhh and 
Dbh. Through recombination was allowed population-specific transcription 
of rosa26/tdTomato reporter, or oncogenes as rosa26/MYCN and ALKF1174L.
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Here, we performed lineage tracing different cellular populations in adrenal 
medulla (AM) and sympathetic ganglia (SG). We proved that SA progenitors, 
marked by Ascl1 expression, are actually multipotent as they give rise to both 
glial and chromaffin cells in AM and SG. Surprisingly, lineage tracing of glial 
progenitors, marked by Dhh expression, showed that some of the glial cells 
can give rise to chromaffin cells. While the induction of MYCN expression 
in Dhh-expressing cells did not result in developmental abnormalities, the 
expression of ALKF1174L in the very same cellular population was lethal.
Lineage tracing of Dbh+ progenitors demonstrated that this population gave 
rise to only chromaffin cells in AM, indicating that Dbh gene is not expressed 
in SA progenitors but rather in the committed progenitors of chromaffin lin-
eage.
The expression of either MYCN or ALKF1174L in Sox10+ cells resulted embry-
onic lethality. The oncogenic activation of ALKF1174L in NCSCs induced em-
bryonic death at E12.5, followed by resorption of the embryo. The earliest 
phenotype had been observed between E10.5 and E11.5, characterized by 
enlarged portions of the embryo’s body and defects of the development.
Concluding, we described two interesting cellular populations marked by 
Ascl1 and Dhh expression that are not committed in a specific lineage as 
Dbh+ cells are. These findings suggest the contribution of at least two com-
mon progenitors that give rise to the glial and SA lineages.
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Zrf1 depletion affects ERα signalling and causes an aggressive 
cancer phenotype  

A. Kaymak, H. Richly

Institute of Molecular Biology, Johannes Gutenberg University, Mainz, Ger-
many

Zuotin-related factor 1 (Zrf1) has been identified as an epigenetic regulator 
of gene transcription in stem cells and cancer. The genomic locus of Zrf1 
(7q22–31) is commonly altered in several types of human cancers including 
breast cancer (Aloia L., 2015). According to the Oncomine database Zrf1 
shows a reduced expression in breast cancer (Riberio JD., 2013). Further-
more, a recent study analyzing the antibody response in sera of breast cancer 
patients with tumors revealed that the Zrf1 antigen and auto-antibodies are 
potential tumor markers, which could facilitate early breast cancer detection 
(Dyachenko D., 2016). Based on these information, we aimed to explore 

Zrf1’s function in breast cancer progression in detail.
We chose the estrogen receptor positive MCF7 cell line as a model, which 
represents the early stages of cancer with positive hormonal receptor prop-
erties. After generating MCF7 cells either expressing a non-specific shRNA 
(shNMC) or shRNA targeting Zrf1 (shZrf1), we performed an analysis of cell 
growth. Although Zrf1 knockdown cells grow slightly less compared to con-
trol cells, we didn’t observe dramatic changes between the two cell lines. 
Next, we carried out both wound healing and transwell migration assays 
to investigate whether Zrf1 depletion affects the cell migration capacity of 
MCF7 cells. Compared to control cells, Zrf1 knockdown cells closed their 
wound faster and significantly migrated more. These data indicate that Zrf1 
limits the cell invasion of cancerous cells into other tissues. To further assess 
this metastatic property, we checked the cell adhesion capacity of both cell 
lines using collagen coated plates. Compared to the control, Zrf1 knockdown 
cells showed less adhesive properties. Collectively, these data suggests a 
more aggressive cancer phenotype in MCF7 cells upon Zrf1 depletion in ac-
cordance with breast cancer patient results.
Estrogen is the major driver of breast cancer progression and its biologic 
activities are mediated by the nuclear estrogen receptor alpha (ERα). To 
gain more insight into the molecular mechanism, we checked ERα dynam-
ics in control and Zrf1 knockdown cells. After serum starvation, we treated 
cells with either an ERα activator (17β-estradiol) or an ERα inhibitor (ICI 
182,780) for 7 days and assessed cell growth and viability using MTT As-
say. We found that Zrf1 knockdown cells are growing more compared to 
control cells after estrogen induction. Also, Zrf1 knockdown cells are more 
viable in the presence of ICI 182,780. To elucidate whether this phenotype 
is a consequence of increased ERα levels at its target genes, we analyzed 
early (4 hours) and late (48 hours) estrogen responsive genes with qRT-PCR. 
We found that both early and late responsive genes are upregulated in the 
knockdown background. In line with these results, we observed that ERα is 
co-precipitated with Zrf1 and that it is maintained at chromatin upon Zrf1 
depletion. Taken together, our data imply that Zrf1 and ERα act together 
during the ER response and that in absence of Zrf1, ERα is stabilized on 
chromatin presumably driving estrogen mediated transcription
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Pharmacogenomics of cantharidin in tumor cells

O. K. Kadioglu (1), N. S. K. Kermani (2), G. K. Kelter (3), U. S. Schumacher (2), 
H. H. F. Fiebig (3), H. J. G. Greten (4), T. E. Efferth (1)
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(1) Johannes Gutenberg University, Institute of Pharmacy and Biochemistry, 
Pharmaceutical Biology Department, Mainz, Germany; (2) Department of 
Anatomy and Experimental Morphology, University Hospital Hamburg-
Eppendorf, Hamburg, Germany; (3) Oncotest GmbH, Institute of Experimental 
Oncology, Freiburg, Germany; (4) Heidelberg School of Chinese Medicine, 
Heidelberg, Germany

Cantharis vesicatoria (blister beetle) is highly toxic according to the Chinese 
pharmacopeia. Cantharis patches have been used in China and Europe for 
long time against various skin-related diseases. In this study, we investigated 
the cytotoxicity of the Cantharis ingredient, cantharidin, in 41 tumor cell 
lines (Oncotest panel) and compared the results with those of 60 cell lines 
of the National Cancer Institute, USA. We found profound activity at low mi-
cromolar concentrations (log10IC50 values between -6.980 and 5.009 M). 
Molecular docking analysis pointed out that cantharidin bound to protein 
phosphatase 2A (PDB ID: 3DW8) with higher affinity (-8.12 kcal/mol) than 
to protein phosphatase 1β (PDB ID: 1S70) (-6.25 kcal/mol). Using a PCR 
array for 84 apoptosis genes, up-regulated gene expression of caspase-1 
and nerve growth factor receptor, down-regulated gene expression of Bcl-2 
like protein 10, Fas ligand, and tumor necrosis factor-α were found out. 21 
genes were found to significantly correlate with response of 60 tumor cell 
lines to cantharidin as shown by COMPARE analysis of microarray-based 
transcriptome-wide mRNA expressions. Hierarchical cluster analysis and 
chi-squared test provided the distribution of cell lines in the dendrogram 
according to their gene expression profiles, which predicted sensitivity or 
resistance to cantharidin (P = 6.482 × 10-5). The compassionate use of 
Cantharis patches in two patients suffering from basalioma and Mycosis 
fungoides, respectively, considerably improved the diseases without signs of 
toxicity. In conclusion, cantharidin is a promising compound with potential 
to be used for cancer therapy.
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Comprehensive tissue biobanking as a resource to study cancer 
cell heterogeneity and its impact on precision medicine 

H. A. Bolck (1), A. von Teichman (1), D. Vuong (1), F. Prutek (1), S. Dettwiler 
(1), P. Horvath (2), H. Moch (1), P. Schraml (1) 

(1) Institute of Pathology and Molecular Pathology, University Hospital 
Zurich and University of Zurich, Zurich, Switzerland; (2) Synthetic and System 

Biology Unit, Hungarian Academia of Sciences, Biological Research Center, 
Szeged, Hungary and Institute for Molecular Medicine Finland, University of 
Helsinki, Finland

The identification of novel therapeutic agents effective against cancers that 
are difficult to treat is an important ongoing research topic. However, prom-
ising drug candidates developed through basic and translational research 
have repeatedly failed to show the anticipated responses in clinical testing. 
A major reason for this shortcoming may be the phenotypic and genetic het-
erogeneity within tumors which is not well represented in most pre-clinical 
studies as they often rely on immortalized cell lines and mouse model sys-
tems for human cancer research.
In order to provide more accurate and diverse models for precision medicine, 
we have recently extended our tumor tissue biobanking strategy by estab-
lishing primary cell cultures derived from surgical specimens from malignant 
human tumors sent to pathology for diagnostic purposes. In conjuncture 
with the large longitudinal collection of formalin-fixed tumor biopsies and 
fresh frozen tumor material, patient-derived tumor cell cultures constitute 
important research tools for functional cancer research and personalized 
medicine. Moreover, our comprehensive tissue biobank provides the basis 
to validate the primary cell cultures for their phenotypic and genetic re-
semblance to the original tumor. In particular, we want to address whether 
patient-derived cancer cell cultures recapitulate the complex morphological 
and genetic intratumour heterogeneity that is a feature of cancer types with 
an unfavorable prognosis such as renal cell carcinoma (RCC). We plan to em-
ploy microscopy-based single-cell identification, a recently developed tech-
nology that combines the image-based classification of cells with analysis 
of mutations on the single cell level. This will enable us to correlate specific 
molecular features to phenotypically distinct classes of cells. Investigating 
the intratumor heterogeneity in primary cell cultures at the single-cell level 
will provide us with important biological insights into tumor formation and 
its implications on stratification and treatment strategies. Thus, we envision 
the use of patient-derived cancer cell cultures to unravel important mecha-
nisms responsible for therapeutic failure and cancer relapse in individual 
cells which will have a significant impact on future clinical developments and 
the success rate of cancer therapy.
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Intermolecular Trapping of ErbB2 Entails Pan-ErbB Inhibition and 
Overcomes Adaptive Resistance in ErbB2-Dependent Tumors

M. Schwill, R. Tamaskovic, A. Plückthun

Institute of Biochemistry, University of Zurich, Switzerland

ErbB2 (HER2/neu) is a receptor tyrosine kinase linked to malignancies of 
different origin and a validated target for therapeutic monoclonal antibodies 
and tyrosine kinase inhibitors. Nevertheless, the current targeted therapies 
against this oncogenic driver have not yet lived up to their potential, and 
the tumors invariably develop resistance due to adaptive capabilities of the 
ErbB oncogenic network. Compensatory mechanisms, which entail reactiva-
tion of the PI3K/AKT pathway during anti-ErbB2 treatment, often operate 
via relief of AKT-ErbB3 negative feedback thereby leading to upregulation 
and rephosphorylation of ErbB3. Recently, we have described yet another 
adaptation route leading to reactivation of the PI3K/AKT pathway, which 
acts independently of ErbB3 re-phosphorylation. This signaling bypass of 
phospho-ErbB3 operates in ErbB2-dependent (HER2-positive) cancer cells 
via RAS-PI3K crosstalk and is attributable to active ErbB2 homodimers. Con-
sequently, blocking these compensatory mechanisms is predicted to potenti-
ate the effect of incomplete ErbB2/3 blockade as it occurs during treatment 
by trastuzumab and pertuzumab, the current standard of care in therapy of 
ErbB2-positive breast cancer. In present work, we have carried out a system-
atic analysis of trastuzumab combination treatments to identify synergistic 
effects between blockade of ErbB2/3 receptors and inhibition of related sig-
naling pathways. By this means, it was possible to convert this monoclonal 
antibody with rather moderate effects on growth of ErbB2-dependent tumor 
cells to a potent pro-apoptotic tumor targeting agent. Moreover, we have 
developed a novel class of biparatopic anti-ErbB2 Designed Ankyrin Repeat 
Proteins (DARPins), which effectively downregulate oncogenic ErbB2/3 sig-
naling and exert tumoricidal activity as naked molecules without effector 
function or cytotoxic payload both in 2D- and 3D-cell culture models as well 
as in orthotopically xenografted animals. By creating an intermolecular trap 
with DARPin agents, which simultaneously target two distinct ectodomain 
epitopes of ErbB2, receptors adopt an inactive conformation with kinase 
domains incapable of productive interactions. Such a trapping obstructs sig-
naling from all ErbB2 homo- and heterodimer complexes, thereby achieving 
a pan-ErbB inhibition. The ensuing dephosphorylation of both ErbB2 and 
ErbB3 results in persistent attenuation of downstream signaling and over-

comes adaptive responses incorporated into the ErbB oncogenic network.
 
1. Tamaskovic, R., Schwill, M., Nagy-Davidescu, G., Jost, C., Schaefer, D.C., 
Verdurmen, W.P.R., Schaefer J.V., Honegger, A., and Plückthun, A. (2016). 
Intermolecular trapping of ErbB2 prevents compensatory activation of PI3K/
AKT via RAS-p110 crosstalk. Nature Comm. DOI: 10.1038
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NRP2 expression on immune cells: Relevance and function in 
T-lymphocytes

S. Schellenburg (1), A. Meneses (2), P. Hönscheid (1), G. Baretton (1), B. 
Wielockx (2), M. Muders (1)

(1) Pathology, University Hospital Carl Gustav Carus at the Technische 
Universität Dresden, Dresden, Germany; (2) Clinical Pathobiochemistry, 
Clinical Chemistry and Laboratory Medicine at the Technische Universität, 
Dresden, Germany

Neuropilins (NRPs) are single transmembrane receptors with a short cyto-
plasmic tail. Due to the shortness of the intracellular part, NRPs function 
often as co-receptors with VEGFR or Plexins. There are two members in the 
Neuropilin-family, Neuropilin-1 (NRP1) and Neuropilin-2 (NRP2), which are 
conserved in all vertebrates.
The NRPs are known players in angiogenesis, lymphangiogenesis and axon 
guidance. Recently, our lab showed that NRP2 is involved in endocytosis, 
which is a crucial mechanism in many immune cells. NRP2 is highly ex-
pressed on different immune cells. In vitro studies showed the importance of 
NRP2 in the migration of native T-cells and dendritic cells. Also, the activation 
of T-cells via dendritic cells is NRP2 dependent. So far, there is no in vivo 
study revealing the exact function of NRP2 in the immune system. In our ex-
periments, we analyze the immune response of NRP2 deficient immune cells 
in vivo. For that we used a lung inflammation model in Vav:cre-NRP2f/f mice. 
Conditional NRP2 knock-out resulted in a reduction of T-lymphocytes during 
inflammation in the lung. Especially, the amount of CD8+ T-lymphocytes in 
the BALF was significantly reduced. Ongoing work aims to unravel the spe-
cific function of NRP2 in T-lymphocytes using in vitro models.
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Investigating the role of tissue resident NK cells in liver 
metastasis

G. I. Lucchiari, M. van den Broek, M. I. Beffinger 

Experimental Immunology, University of Zurich, Zurich, Switzerland

Whereas surgical resection and radio- or chemotherapy can cure primary 
tumors, metastatic disease is largely incurable because of its systemic na-
ture and the resistance of disseminated tumor cells to existing therapeutic 
agents. This explains why >90% of mortality from cancer is attributable to 
metastases. Metastases represent the final step of a multistep process, which 
involves dissemination of cancer cells to anatomically distant organ sites and 
their subsequent adaptation to foreign tissue microenvironments. Each of 
these steps involves crosstalk between tumor cells and hematopoietic cells, 
including lymphocytes.
Natural killer (NK) cells are immune effector cells, which act as a bridge 
between the innate and acquired immune system and can control tumors 
and virus-infected cells. We have recently found that NK cells don’t seem to 
control established tumors but are essential in limiting metastatic seeding to 
lungs and especially liver.
Most of our current knowledge of NK cells is derived from studies of mouse 
splenic and human peripheral blood NK cells, referred to as “conventional” 
NK cells. However, NK cells are also present in other tissues and organs and 
recent data suggest that a significant proportion of hepatic NK cells differ 
from peripheral NK cells in terms of surface marker expression, cytokine pro-
files, and cytotoxic potential. More recently, a unique NK cell subset, termed 
liver-resident NK cells, was characterized in both mouse and human livers. 
The relative abundance and unique features of hepatic NK cells suggest a 
distinct function of these cells.
In this project we aim to examine whether and how conventional and tissue-
resident NK cells in the liver are involved in controlling metastasis to the 
liver using preclinical models for spontaneous and orthotopic metastasis. We 
will perform flow cytometry based multidimensional analysis to characterize 
both populations.
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A novel tool for the study of the role of co-transcriptional 
R-loops in oncogene-induced DNA damage

S. Menon, J. Dobrovolna, A. I. Mihai, P. Janscak 

(1) Institute of Molecular Cancer Research, University of Zurich, Zurich; (2) 
Institute of Molecular Genetics, AS CR, Prague

Genomic instability is a hallmark of cancer. A major cause of this instabil-
ity is replication stress. Activated oncogenes induce the transformation of 
precancerous lesions to malignant tumors. They induce stalling and collapse 
of replication forks, which can lead to DNA double-strand breaks (DSBs). 
There are specific genomic loci, termed common fragile sites (CFSs) and early 
replication fragile sites (ERFSs), which are particularly susceptible to break-
age under conditions of replication stress. These loci coincide with recurrent 
sites of chromosomal rearrangements in cancer. It has been proposed that 
oncogene-induced replication stress is caused by conflicts between per-
turbed replication forks and transcription complexes, which can give rise to 
genotoxic RNA:DNA hybrids or R-loops. R-loops are three stranded nucleic 
acid structures that form when the nascent RNA released from a transcribing 
RNA polymerase reanneals with the template DNA. This leaves the non-tem-
plate DNA in single-stranded form making it highly susceptible to damage 
by genotoxins or nucleases.
We have developed a novel tool to investigate the molecular mechanisms 
involved in the formation and resolution of R-loops based on RNaseH1 
- an endonuclease that resolves these structures by cleaving the RNA in 
the hybrid. We have prepared an inducible stable U2OS-T-REx cell line that 
upon doxycycline induction, expresses a catalytically-inactive mutant of hu-
man RNaseH1 (RNH1(D210N)) tagged with GFP. The mutation results in an 
enzyme that binds to but does not degrade hybrids. This tool enables us 
to visualize R-loops by fluorescence microscopy and isolate them through 
chromatin immunoprecipitation (ChIP).
Preliminary microscopy experiments showed that upon conditions promoting 
R-loop formation (for example: treatment of cells with diospyrin, a topoisom-
erase I inhibitor, or replication stress caused by aphidicolin or hydroxyurea), 
the level of chromatin-bound RNH1(D210N)-GFP dramatically increased 
compared to non-treated cells. By ChIP-qPCR, we could see enrichment of 
RNH1(D210N)-GFP at chromosomal fragile sites under conditions of rep-
lication stress. To analyse R-loop formation on a genome-wide scale, we 
performed ChIP-Sequencing and we could identify sites that formed R-loops 
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specifically upon replication stress. We would now like to extend our study to 
decipher the role of R-loops in mediating genomic instability upon oncogene 
activation. We are also interested to perform mass spectroscopy to identify 
proteins and their post- translational modifications at R-loops that may then 
serve as biomarkers of precancerous lesions.
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Neuropilin-2 modulates metastases promoting CXCR-4/CXCL-12 
signaling in prostate cancer
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Neuropilin-2 (NRP-2), a non-tyrosine kinase receptor, has been shown to 
be involved in cancer progression and therapy resistance.  We have already 
demonstrated that NRP-2 induces autophagy and anti-apoptotic pathways 
during stress in prostate cancer. In this study we aim to investigate the role 
of NRP2 as a prognostic marker in prostate cancer and its role during pro-
metastatic CXCR4 signaling.
To analyze the effect of NRP-2 on CXCR-4 signaling we used human prostate 
cancer cell lines PC3 and LNCAP C4-2B. The expression of NRP-2 and CXCR-
4 was detected by flow cytometry and ICC. NRP-2 was depleted by RNAi. 
Signaling cascades were analyzed by immunoblotting for ERK1/2 proteins. 
Invasion and migration was studied by Boyden chamber and chemotaxis as-
says. NRP-2 expression in human bone metastases was tested by standard 
immunohistochemistry. To analyze the prognostic impact of NRP2 expression 
in prostate cancer we executed standard NRP2 immunohistochemical stain-
ing in a TMA of 400 primary prostate cancer tissues and in bone metastases.
The expression of NRP-2 correlates with cancer specific survival in prostate 
cancer patients. Furthermore, bone metastases of prostate cancer patients 
showed strong staining for NRP-2.  NRP-2 and CXCR- 4 was co-expressed 
on all investigated cell lines. NRP-2 depletion by RNAi in PC3 cells abrogated 
the chemotactic migration towards the CXCR-4 ligand CXC-L12. Mecha-
nistically, CXCL12/CXCR4 triggered MMP-9 expression was reduced after 
inhibition of NRP-2.

In conclusion, NRP-2 is a prognostic marker in prostate cancer patients and 
is highly expressed in prostate cancer bone metastases. Mechanistically, 
NRP-2 regulates the prometastatic CXCR-4/CXCL-12 signaling cascades by 
inhibiting MMP expression.
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Investigating the role of ISG15 in the regulation of genome 
integrity

M. C. Raso, M. Gatti, L. Penengo 
IMCR, University Zurich, Zurich, Switzerland

Ubiquitin (Ub) and ubiquitin-like (Ubl) modifications of proteins are perva-
sive mechanisms for controlling a number of essential cellular functions, in-
cluding those regulating genome integrity. While the relevance of Ub and 
the Ubl SUMO has been already addressed in different processes regulating 
genome stability, such as DNA damage response (DDR) and DNA replication, 
the role of other Ubl modifications has been poorly characterized.
One of this Ubl is ISG15 (Interferon Stimulated Gene 15), which is strongly 
induced by IFN type-1 and mostly associated to the innate immunity where 
it plays a role in host defense. Noteworthy, ISG15 is also induced by differ-
ent genotoxic stresses, is over-expressed in many tumors and it targets a 
number of factors involved in DDR and DNA replication, in a reaction called 
ISGylation.
My project aims to provide a detailed study on the relevance of ISG15 in 
the regulation of genome stability, by determining the role of ISG15 in DNA 
replication and by identifying and functionally characterizing potential novel 
targets of ISGylation involved in this process.
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High throughput, continuous and tightly regulated production of mature 
blood cells takes place in bone marrow (BM) tissues during adulthood. He-
matopoiesis is sustained by the proliferation and differentiation of hema-
topoietic stem and progenitor cells (HSPCs), which are critically regulated 
by signals emanating from stromal cells that form the BM microenviron-
ment. The BM stromal compartment comprises different non-hematopoietic 
mesenchymal, endothelial and neural cells. Cytoreductive treatments such 
as ionizing irradiation and chemotherapeutic agents are the treatment of 
choice for multiple different haematologic and non-haematologic malignan-
cies as well as for myeloablative conditioning regiments in BM transplanta-
tions. The cytotoxic damage and rapid killing of cycling cells elicited by my-
eloablative therapies have been extensively characterized in what pertains 
to their direct effects on hematopoietic cells. However, whether and to what 
extent these treatments target stromal BM cells is largely unknown. Here we 
have analyzed the dynamics of stromal cell populations upon myeloablation, 
the resulting microarchitectural effects on the BM microenvironment and 
the kinetics of regeneration of fully restored BM tissues post-injury.  For this 
purpose we take advantage of unique 3D-microscopy imaging techniques 
developed in our laboratory in combination with customized computational 
tools for quantitative image-based analysis.
As previously reported, ionizing irradiation and 5-fluororuacil treatment led 
to a severe loss of HSPCs, which correlated with a profound decrease in the 
essential cellular components of HSPC niches, namely sinusoidal endothe-
lial cells and mesenchymal stromal cells. Notably, the decline in stromal cell 
numbers was apparent 7 days after treatment and encompassed a major 
loss of structural integrity of the BM microenvironment. 3D imaging revealed 
massive sinusoidal dilation followed by the appearance of ruptures of the 
vessel walls. Both structural effects and decrease in cell numbers were par-
tially reversed 14 days post treatment in a regenerative process that culmi-
nated at day 28 post-treatment. In addition, massive de novo differentiation 
of mesenchymal progenitors into adipocytes, lead to adipogenic infiltration 
of large regions of the BM, which became hematopoietically inactive. Of 
note, this process was fully reversible and virtually almost all adipocytes were 
cleared from BM tissues 56 days after myeloablation. To compensate for the 
impaired function of the BM, reversible extramedullary hematopoiesis could 
be observed at the time points of maximal BM damage.
Our observations demonstrate that the stromal BM microenvironment is 
highly sensitive to myeloablative therapies, which lead to massive altera-
tions in BM microstructure. Of note, our observations further highlight that 

BM tissues are endowed with an intrinsic regenerative and self-organizing 
capacity that enables rebuilding of a fully functional tissue microenviron-
ment after severe damage. We are currently investigating the inflammatory 
mechanisms that trigger injury as well as regeneration of a functional BM 
stromal infrastructure.
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Germinal centers underlie the prognostic benefit of tertiary 
lymphoid structures in lung squamous cell carcinoma patients 
and are negatively affected by steroids 

K. Silina (1), A. Soltermann (2), F. Movahedian Attar (1), R. Casanova (2), Z. 
Uckeley (1), S. Isajevs (3), A. Curioni-Fontecedro (4), H. Moch (2), A. Line (5), 
M. van den Broek (1)

(1) Institute of Experimental Immunology, University of Zurich, Zurich; (2) 
Department of Clinical Pathology, University Hospital Zurich, Zurich; (3) 
Department of Pathology, Riga Eastern Clinical University Hospital, Riga; 
(4) Department of Oncology, University Hospital Zurich, Zurich; (5) Latvian 
Biomedical Research and Study Centre, Riga

Tertiary lymphoid structures (TLS) form in chronically inflamed tissues includ-
ing cancer and contain organized compartments of T cells, B cells, dendritic 
cells and lymphoid stromal cells[1]. TLS activate adaptive immune cells in 
autoimmunity and infection and correlate to improved survival in various 
cancer types[2]. This suggests that TLS induction in cancer could be a novel 
immunotherapeutic approach to enhance anti-tumour immunity, however 
not much is known about TLS formation and function in the context of hu-
man cancer[2].
Here we studied lung squamous cell carcinoma (LSCC) patients (n=138) and 
demonstrate that a high number of germinal centre (GC)-positive TLS is a 
significant positive prognosticator for disease-specific and progression-free 
survival independent from TNM staging and other clinical parameters (multi-
variate Cox regression p=0.001, hazard ratio=0.42, CI 95% 0.24-0.7). 
By using multiparameter-immunofluorescence we saw that three distinct 
types of TLS are present in LSCC, which we think reflect sequential matura-
tion stages: (1) clusters of B and T cells around CXCL13-expressing perivas-
cular cells, (2) organized follicles containing differentiated follicular dendritic 
cells (FDCs), but no GCs, and (3) organized follicles with an ongoing GC 
reaction. We termed the latter two as primary follicle-like (PFL) and second-
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ary follicle-like (SFL) TLS, respectively, in analogy to the functional states of 
lymph node follicles. By using a quantitative pathology approach we deter-
mined that in patients with low TLS numbers also their maturation towards 
SFL TLS stage is hampered (Mann-Whitney (MW) U test p=0.006) and the 
size of GCs is significantly decreased (MW U test p=0.000). 
Stratification of patients based on whether they underwent neoadjuvant 
chemotherapy or not revealed that the prognostic power of TLS is confined 
only to the neoadjuvant treatment-naïve patients (n=87). In neoadjuvant 
chemotherapy (n=51) or neoadjuvant radiotherapy (n=4) treated patients 
the average numbers of TLS were not altered, however, the capacity of TLS to 
form GC was significantly impaired (MW U test p=0.002). 
The genotoxic effects of chemo- and radiotherapy may negatively affect the 
rapidly proliferating GC B cells thus leading to GC shrinkage, however, all 
patients receiving neo-adjuvant treatments also concomitantly received cor-
ticosteroids to decrease therapy-associated side-effects. To evaluate whether 
the anti-inflammatory effects of steroids affect the number and maturation 
of TLS, we compared these parameters between groups of neoadjuvant 
therapy-naïve LSCC patients, who had no history of steroid treatment or 
were treated with systemic or local corticosteroids prior to surgery because 
of other comorbidities. We found that tumors of patients treated with cor-
ticosteroids had decreased TLS numbers and reduced GC size (MW U test 
p=0.006). 
To characterise the TLS-associated tumour immune contexture we performed 
gene expression analysis in LSCC patients with high and low TLS numbers for 
various genes involved in immune functions and lymphoid neogenesis. As a 
result, CXCL13 and lymphotoxin beta were the most significant chemokines 
associated with TLS formation in LSCC. Further, several genes involved in 
adaptive immune responses like CD27, CD8A, CD4, CD20, IL-21, IGKC, PRF1 
were upregulated in tumours with many TLS, while innate response genes 
like NKP46 and ITGAM (encoding CD11b) were not changed.
In conclusion we suggest that GC formation in TLS significantly contributes 
to protective anti-tumour immunity and that corticosteroids have a nega-
tive impact on TLS function. TLS induction possibly by a targeted delivery 
of CXCL13 and/or lymphotoxin to the lung tissue can provide a promising 
immunotherapeutic approach for LSCC patients.

1. S.A. van de Pavert, R.E. Mebius, Nat Rev Immunol 2010, 10, 9

2. K. Silina, U. Rulle, Z. Kalnina, A. Line, Cancer Immunol Immunother 2014, 
7, 63
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TNIK increases disease progression and stemness of colorectal 
cancer stem cells 

E. B. Bührer (1), M. A. Amrein (1), C. R. Riether (1), A. O. Ochsenbein (2)

(1) Tumor Immunology, Department of Clinical Research, University of Bern, 
Bern; (2) Department of Medical Oncology, Inselspital, Bern

Colorectal cancer (CRC) is the third-leading cause of cancer-related death in 
men and women. Current therapies, such as radio- and chemotherapy, only 
target the fast dividing, differentiated tumor bulk cells, but not the more qui-
escent, therapy-resistant colorectal cancer stem cells (CSCs). Consequently, 
CSCs represent a major challenge in the treatment of CRC and new ap-
proaches specifically targeting CSCs are needed. The vast majority of CRC 
are driven by mutations that activate the Wnt-pathway. Therefore, targeting 
Wnt signaling in CSCs may be a potential to treat CRC. The Traf 2 and Nck-
interacting kinase (TNIK) is a known activator of Wnt target genes and has 
been reported as an inducer of Wnt target gene transcription in human CRC. 
However, the role of TNIK in CSCs is unknown so far.
In this study we made use of oncogene-driven CRC mouse models that 
closely mimic the development of human CRC. In these models, tumor devel-
opment is driven by the loss of APC and/or over-activation of Kras (APCmin/wt 
; APCmin/wt x KrasLSL-G12D/wt). To investigate the role of TNIK in CSCs, we gener-
ated crypt-derived intestinal cancer organoid cultures from TNIK-proficient 
and –deficient APCmin/wt or APCmin/wt x KrasLSL-G12D/wt mice. Intestinal crypts 
were isolated and cultured in vitro together with specific growth factors to 
select for malignant organoids. These so-called cancer organoids do not form 
crypt and villus structures and lack signs of differentiation.
We could demonstrate that the loss of TNIK reduces cancer organoid forma-
tion and CSC frequency in limiting dilution experiments in both CRC mod-
els. In addition, organoids from TNIK-deficient CSCs were enlarged in size, 
suggesting an increase in differentiation. Organoid-derived single cells can 
be transplanted subcutaneously to assess for tumor formation in vivo. TNIK-
deficient cells showed attenuated capabilities to confer the disease into 
secondary recipients. Furthermore, TNIK-deficient tumors were more differ-
entiated and less proliferative as analyzed by HE- and Ki67 stainings. These 
experiments imply that TNIK is a crucial factor in maintaining the number 
and function of CSCs. Of importance, normal intestinal homeostasis was not 
affected in TNIK loss of function mice. To demonstrate a human relevance 
of our findings, we made use of public available microarray datasets (Gene 
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Expression Omnibus databases) and could show that TNIK expression in CRC 
correlates with poor patient prognosis.
Conclusively, our results demonstrate that TNIK promotes stemness of mu-
rine CRC CSCs and identify TNIK as a promising therapeutic target for CRC.
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Novel strategies targeting the PI3K/AKT/mTOR signaling pathway 
in glioblastoma 

C. von Achenbach, E. S. Szabo, M. W. Weller

Neurologische Klinik, Universitätsspital Zürich

Glioblastoma is the most malignant of the gliomas, a class of tumors prob-
ably arising from neuroglial precursor cells, which are notoriously resistant 
to current therapies. Molecular genetic aberrations in the phosphoinositide 
3-kinase (PI3K) / mammalian target of rapamycin (mTOR) pathway are very 
common in human cancers. Dysregulation of the PI3K signaling pathway is 
found in nearly all patients with glioblastoma, thus highlighting its impor-
tance as a therapeutic target.
We find that human glioma cells, including long-term cell lines (LN-18, LN-
428, D247, LN-319, A172, U87MG, T98G, LN-308 and LN-229) and glioma 
initiating cell lines (T-325, T-269, ZH-161, S24 and ZH-305) show differential 
sensitivity to a novel, balanced dual pan-PI3K/mTOR antagonist (PQR309) 
assessed at the level of modulation of signaling pathways, loss of viability 
and inhibition of self-renewal capacity. Sensitive cell lines were character-
ized by higher p-AKT levels and efficient inhibition of key pathway members. 
We also explored the combination of PQR309 with the current standard 
chemo- and radiotherapy for glioblastoma in selected models. These studies 
disclosed no striking synergy and, importantly, no antagonism in any cell line.
While the PI3K/mTOR pathway continues to pose major challenges to phar-
macological targeting without causing intolerable toxicity, elucidation of a 
molecular signature associated with vulnerability to PI3K/mTOR pathway 
inhibition in the framework of this study may provide a significant clinical 
benefit.
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Chronic myeloid leukaemia progression in the bone marrow is 
fuelled by spleen resident leukaemia stem cells

M. A. Amrein (1), E. D. Bührer (1), M. Al Sayed (3), S. Isringhausen (3), C. 
Nombela-Arrieta (3), A. F. Ochsenbein (2)

(1) Tumor Immunology, Department of Clinical Research, University of Bern, 
Bern, Switzerland; (2) Department of Medical Oncology, Inselspital, Bern 
University Hospital, University of Bern; (3) Experimental Hematology Divi-
sion, University Hospital Zurich, Zurich

Background: Chronic Myeloid Leukemia (CML) is a myeloproliferative dis-
order of the hematopoietic system. CML is caused by the BCR-ABL trans-
location in hematopoietic stem cells, which results in the generation of a 
leukemia stem cell (LSC). Massive splenomegaly is a clinical hallmark of CML 
and it has been shown in previous studies that LSCs and leukemic progeni-
tor cells are present in the spleen. However, their role in CML development 
is unknown. Therefore, this project aims to investigate role of the spleen as 
a potential independent niche for CML leukemia stem cells (LSCs) and its 
contribution to disease development and progression.
Methods: CML like disease was induced in mice by retroviral transfection 
of flow cytometry sorted Lineage- Sca-1+ c-Kit+ bone marrow cells (LSKs) 
with pMSCV-p210BCR/ABL-IRES-GFP. Transduced LSKs were then injected 
i.v. into recipient mice. Functionality of LSC isolated from bone marrow and 
spleen was assessed by FACS based cell cycle analysis, secondary transplan-
tation assays and serial colony forming assays. Localization of CML stem and 
progenitor cells in the spleen was analyzed using confocal laser microscopy 
on optically cleared spleens.
Results: We were able to confirm and extend data demonstrating that there 
are large numbers of spleen resident LSCs. Confocal microscopy on optically 
cleared spleens revealed that splenic leukemia stem and progenitor cells ex-
clusively localized within the red pulp. We further found an accumulation of 
leukemic CMPs in the spleen compared to the BM. Analysis of the functional-
ity of spleen and BM LSCs revealed no difference in cell cycle distribution and 
serial colony formation capacity. However, we observed that splenic LSCs 
transmit disease more efficiently in secondary recipients compared to BM 
LSCs. In a next step we wanted to test whether the spleen contributes to the 
development of CML. Therefore, we performed splenectomies or sham op-
erations on recipient mice prior to CML induction. Splenectomy significantly 
improved CML survival. Further we found a reduction of LSC and leukemic 
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progenitor numbers in the BM of splenectomized recipients.
Conclusions: These results strongly suggest the presence of an independent 
splenic LSC niche in addition to the well characterized BM LSC niche. The 
Splenectomy experiments provided evidence that the spleen directly contrib-
utes to the disease progression in the BM. Further experiments will aim to 
characterize the splenic niche components and the mechanisms by which the 
Spleen promotes disease progression in the BM. 
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Epigenetic impact on genome stability: cancer-related shifts in 
miRNAome can affect DNA repair mechanisms and facilitate 
aberrant AID expression

V. Halytskiy

Molecular Immunology Department, Palladin Institute of Biochemistry of the 
National Academy of Sciences of Ukraine, Kiev

Genome instability, high mutation rate as well as epigenetic dysregulation 
are typical features of many cancer cells leading to their high variability 
and, as a result, to the tumour evolution. Our investigation aims to identify 
in what way the shifts in miRNAome can contribute to the DNA damage. 
MiRNA targets within gene transcripts were predicted in silico using the 
TargetScan software.
Our recent research shows that miRNAs miR-18, miR-19, miR-21, miR-23, 
miR-29, miR-155, miR-181, miR-206, miR-221/222 and miR-375, hyper-
expression of which is essential for cancer cells, can target transcripts of 
around 60% of the genes encoding DNA repair enzymes as well as other 
DNA damage response proteins that are key elements of all DNA repair 
systems – base excision repair (UNG, SMUG1, MBD4, TDG, OGG1, NTHL1, 
NEIL1/2, APEX1, LIG3, APLF), direct reversal of damages (ALKBH3), repair of 
DNA-topoisomerase crosslinks (TDP1/2), mismatch excision repair (MSH2/3, 
MLH1/3), nucleotide excision repair (RAD23B, DDB1, RPA1/3, ERCC2, 
GTF2H1/2/3/5, CCNH, ERCC1/4/6/8, UVSSA), homologous recombina-
tion (RAD50/51/52, RAD51B/D, XRCC2, RAD54B, MRE11A, NBS1, RBBP8, 
EME1, GEN1) and non-homologous end-joining (XRCC6, PRKDC, LIG4, 
DCLRE1C, NHEJ1). Targets of the up-regulated miRNAs are also revealed 
in transcripts of genes encoding ATM kinase and Fanconi anemia proteins 
(FANCA/C/D2/E/F/G/I/M, BRCA2, BRIP1, RAD51C, BTBD12, FAAP20). Silenc-
ing of these genes facilitates the damage of antioncogenes and tumour sup-

pressor genes as well as contributes to increase of mutation rate that leads 
to oncogene abnormalities and cancer cell variability underlying the tumour 
evolution and drug resistance acquisition [1].
Cytidine deaminase AID, encoded by AICDA gene, is a potent mutator, which 
activity leads to numerous translocations and mutations of oncogenes as 
well as to damages of antioncogenes in various types of cancer. It is clear 
that miRNA-mediated silencing of genes responsible for DNA repair, esp. 
base excision repair, facilitates the mutagenic ability of AID. AICDA expres-
sion is initiated in response to NF-kB pathway activity that is triggered by 
inflammatory signals, esp. TNF-a and IL-1b cytokines. In addition, tumour-
related down-regulation of some miRNAs (e.g. miR-17 and miR-143) can 
contribute to the aberrant reactivation and hyperexpression of AICDA gene, 
because its transcript carries targets of these miRNAs. Also, down-regulation 
of miRNAs miR-15/16, miR-22, miR-31, miR-124, miR-125, miR-137, miR-
140, miR-143, miR-145, miR-148/152, miR-199, miR-200, miR-203, miR-
204 and miR-205 allows overexpression of genes encoding the factors NF-
kB, SP1, HoxC4, TCF3, Stat6, Id2/3, which are AICDA transcription activators. 
Interestingly, tumours have indolent course if AID cannot be reactivated. For 
instance, MALToma cells hyperexpress miRNAs miR-155 and miR-150, high 
conservative binding sites of which are revealed in transcript of AICDA gene 
[2].
We speculate that AID can cause the target damage (endogenous gene 
knockout) of tumour suppressor genes (incl. genes of anti-onco-miRNAs) in 
result of mutations in single-stranded R-loop that arises during transcription 
or due to invasion of complementary non-coding RNAs into the DNA duplex.
Therefore, carcinogenesis should be divided into following steps: 1) stage 
of epigenetic shifts; 2) genome destabilization and hypermutation start; 
3) stage of mutation selection (tumour evolution and progression). It is in-
dicative that oncogene abnormalities are not revealed in case of low-grade 
MALToma – without AID activity, this tumour is frozen at initial epigenetic 
stage for a long time.

1.  Halytskiy V. Shifts in miRNA expression affect DNA repair mechanisms in 
breast cancer cells. The Breast 2015; 24 (Suppl. 1):S26-S27.

2.  Halytskiy V. MALToma as a result of the shifts in miRNAome: the evidence 
of epigenetic carcinogenesis. Eur J Cancer 2016; 57 (Suppl. 1):S8-S9.
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Evaluation of circulating microRNAs as non-invasive biomarkers 
in early diagnosis of ovarian cancer

Kai Berner, Daniela Weiß, Marc Hirschfeld, Markus Jäger, Andrea Ritter, 
Jasmin Asberger, Sebastian Mayer, Claudia Nöthling, Gerald Gitsch, Thalia 
Erbes

Department of Gynecology and Obstetrics, Medical Center-University of 
Freiburg, Freiburg, Germany 

Background: Ovarian cancer (OC) is the seventh most frequent form of ma-
lignant diseases in women worldwide. Due to difficulties in detecting it, over 
150.000 women die from it every year, placing it as the most lethal malig-
nant gynecological disease in terms of mortality. However, over 70 percent 
of all ovarian cancer patients are diagnosed at a late stage disease (stages 
III and IV). Resulting, the development of sufficient early diagnostics is one 
of the big challenges in ovarian cancer research.
In earlier studies, microRNAs (miRNA) displayed promising potential as pre-
dictive and diagnostic biomarkers in various malignant diseases, including 
ovarian cancer. They play an important role in regulating mRNAs posttran-
scriptionally and therefore act as oncogenes and tumor suppressor genes.
Hypoxia and acidosis are known to play an important role in early tumori-
genesis and tumor progression. We hypothesize that under these two condi-
tions specific miRNA expression alterations could arise. These might have 
promising potential to indicate early tumor stages not only in vitro but also 
in vivo.
Methods: MiRNA expression levels of 15 miRNAs (let-7a, let-7d, miR-10a, 
miR-15a, miR-15b, miR-19b, miR-20a, miR-21, miR-25, miR-100, miR-103, 
miR-125b, miR-155, miR-191, miR-222) in the three ovarian cancer cell lines 
SK-OV-3, OAW-42, EFO-27. Each cell line was analyzed under three condi-
tions: untreated, hypoxia and acidosis. We also analyzed the corresponding 
cell culture media under according to the same protocol, in order to evaluate 
secreted miRNAs as possible non-invasive screening-biomarkers for ovar-
ian cancer. Quantitative expression analysis was performed by RNA isolation 
with Norgen´s RNA purification kit. Subsequently, microRNA expression lev-
els of all analyzed samples were quantified using realtime-PCR.
Results: All 15 analyzed microRNAs could be detected in cell culture media. 
MiR-155, however, was only detectable intracellularly. MiRNA expression 
patterns of cell culture differ distinctly from miRNA expression patterns of 
cell culture media.

In vitro analyses revealed that the three microRNAs miR-15a , miR-21 and 
miR-125b show the highest expression levels in cell culture media whereas 
miR-10a, miR-19b and miR-100 showed the lowest expression levels in cell 
culture media among the fifteen investigated miRNAs.
Moreover, functional analyses demonstrated that the microRNA expression 
levels of eight microRNAs (let-7d, miR-15a, miR-15b, miR-19b, miR-100, 
miR-125b, miR-155, miR-222) undergo up- or downregulation in hypoxic or 
acidotic conditions, especially in cell culture media.
Conclusion: First, cell culture media analyses prove that microRNAs are se-
creted from cells into their surroundings. These findings show that the ana-
lyzed miRNAs qualify for possible circulating biomarkers in liquid biopsies of 
ovarian cancer patients. Second, we were able to show the large impact of 
hypoxia and acidosis on the expression levels of the 15 analyzed microRNAs. 
This supports our hypothesis that early tumorigenesis can be made visible 
regarding miRNA expression alterations.
Prospects: In order to demonstrate the feasibility to detect similar expression 
patterns in vivo, we analyzed the urine of 10 ovarian cancer compared to 10 
healthy controls.
Seven urinary microRNAs showed significant differences between OC pa-
tients and healthy controls comparing their median miRNA expression lev-
els. The four urinary miRNAs let-7a, let-7d, miR-10a and miR-15b showed 
significant downregulation in OC patients compared to healthy controls. In 
contrast, OC patients displayed significantly higher levels of miR-15a, miR-
19b and miR-20a
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The Molecular Effects of Ginkgolic Acids on Breast Cancer 
Metastasis

S. Hamdoun, T. Efferth

Department of Pharmaceutical biology, Johannes Gutenberg University, 
Mainz

Ginkgolic acids (GA), a group of alkyl phenols found in crude extracts of 
Ginkgo biloba leaves, are known to have anticancer activity, but their mode 
of action is not well understood. Our aim in this study was to investigate 
the anti-migratory activity of seven GAs against breast cancer cells and de-
termine the molecular mechanism behind this activity. The anti-migratory 
effect of the seven compounds as well as a mixture of GA’s was investigated 
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by applying a wound healing assay with MCF-7 and MDA-MB 231 breast 
cancer cells. Resazurin assays were performed to test, whether cytotoxicity 
caused the anti-metastatic activity in these two cell lines. The effect on NF-
κB signaling was investigated using the reporter cell line, HEK Blue Null1. 
Molecular docking was used to predict the binding energies and the site of 
interactions on SUMO-activating enzyme E1.Using a sumoylation assay, the 
effect of GA C13:0 on the sumoylation of NEMO was measured. The effect 
on the expression levels of urokinase plasminogen activator(uPA) and plas-
minogen activator inhibitor-1 (PAI-1) was determined by quantitative RT-PCR 
after treatment of MDA-MB 231 cells with two GAs (C15:0 and C13:0) and 
the GA mixture. All seven compounds and the mixture were found to inhibit 
wound healing in both cell lines at 25 µM. None of the compounds nor the 
mixture revealed cytotoxicity towards MCF-7 and MDA-MB 231 cells. GA 
C13:0 inhibited NF-κB activity in HEK Blue Null1cells. All seven GAsbound 
to the active adenylation site of the SUMO-activating enzyme E1 with high 
calculated affinities ranging from -10.28 to -12.27 kcal/mol. GA C15:0, GA 
C13:0 and the mixture significantly down-regulated the mRNA expression of 
uPA and PAI-1. We conclude that GA revealed considerable anti-migratory 
activity at non-cytotoxic concentrations, indicating anti-metastatic activ-
ity at low toxicity. This effect can be explained by the inhibition of NEMO 
sumoylation leading to reduced NF-κB activity, which in turn leads to the 
down-regulation of genes related to breast cancer metastases such asuPA 
and PAI-1.
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Niclosamide for the Treatment of Multidrug-resistant Cancers

S. Hamdoun, P. Jung, T. Efferth

Department of Pharmaceutical biology, Johannes Gutenberg University, 
Mainz, Germany

Multidrug resistance is a major problem that leads to failure of anticancer 
chemotherapy. Niclosamide, a known anthelmintic, is cytotoxic and cytostat-
ic against cancer cells. Cytotoxicity was measured by resazurin using sensi-
tive CCRF-CEM and multidrug-resistant CEM/ADR5000 leukemia cells. ROS 
levels were measured using flow cytometry. Protein targets of niclosamide 
were predicted using the DRAR-CPI software engine. Glutathione levels 
were measured using flow cytometry. Molecular docking for niclosamide on 
glutathione synthetase was performed using Autodock 4. COMPARE and hi-

erarchical cluster analyses were run using NCI microarray database. Binding 
motifs for transcription factors promoters of deregulated genes were ana-
lyzed.  NFAT promoter activity was quantified using a reporter assay. The cy-
totoxicity assay of niclosamide showed IC50 values of 0.675 ± 0.113 µM and 
0.839 ± 0.089 µM in CCRF-CEM and CEM/ADR5000 cells respectively (Re-
sistance ratio=1.24). ROS assay showed a dose-dependent increase in ROS 
levels.  Glutathione synthetase (GS) was a predicted target of niclosamide. 
Niclosamide significantly reduced glutathione levels in a dose-dependent 
manner. Niclosamide docked on GS at the ATP- binding site with a bind-
ing energy of -9.40 kcal/mol. Genes involved in lipid metabolism correlated 
with cellular responsiveness to niclosamide. The dendrogram from cluster 
analysis showed five major branches with a significant difference in the dis-
tribution of sensitive and resistant cell lines (p= 8.66 × 105). NFAT was 
predicted to bind to the promoters of the deregulated genes. Niclosamide 
significantly decreased NFAT activity in a dose-dependent manner. In conclu-
sion, niclosamide is active against multidrug-resistant cancers. Inhibition of 
glutathione synthesis and NFAT signaling are two more mechanisms for the 
anticancer activity of niclosamide. Gene expression profiling can be used to 
predict the sensitivity or resistance of cancer cells to niclosamide.
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A new autocrine mechanism controlling cancer stem cell fate in 
breast cancer

Mélanie Bousquenaud (1), Flavia Fico (2), Curzio Rüegg (1), Albert 
Santamaria-Martínez (2)

(1) Pathology, Department of Medicine, Faculty of Science, University 
of Fribourg, Fribourg, Switzerland; (2) Tumor Ecology Group, Pathology, 
Department of Medicine, Faculty of Science, University of Fribourg, Fribourg, 
Switzerland

Over the last years it has been shown that many tumor types are organized 
as a hierarchy in which cancer stem cells (CSC) are at the apex. Recent 
data by a few research groups, including ours, demonstrate that CSCs are 
not only responsible for tumor development and resistance to therapy, but 
they are also the cell-of-origin of metastasis. Since over 90% of cancer-
related deaths are due to metastatic disease, understanding the mecha-
nisms that CSCs use in order to colonize secondary organs is of paramount 
importance to the field of cancer biology. We here identify Transforming 
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Growth Factor b induced (TGFBI) as an extracellular matrix protein that is 
essential to control mammary gland stem cell fate. TGFBI knock-out mice 
exhibit defects in mammary gland formation and decreased numbers of 
Lin-CD24+CD29lowCD61+ luminal stem cells. In tumors, TGFBI is mainly 
expressed by metastatic stem cells and fibroblasts. However, injecting wt 
or ko tumor cells into wt and ko recipients demonstrates that TGFBI acts in 
an autocrine manner in metastatic stem cells. Moreover, limiting dilution 
assays demonstrate that TGFBI-/- mammary gland tumors have a 38-fold 
reduction in tumor initiating capacity and a dramatic decrease in meta-
static colonization ability. Mechanistically, our results indicate that this is 
due to a decrease in stemness in this population due to impaired TGFb and 
Notch signaling. Interestingly, human data mining shows that TGFBI is a 
factor of poor prognosis in breast cancer and is significantly increased in 
claudin-low breast cancer cells, which are known to contain high numbers 
of CSC. Overall, these data reveal a new biological mechanism of CSC 
maintenance in breast cancer. Since TGFBI is barely expressed in healthy 
tissues in the adult, we think that it could potentially be exploited to treat 
breast cancer from a CSC perspective.
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Unveiling the Tumor Microenvironment and Immunophenotype 
Using Imaging Mass Cytometry 

R. C. Catena (1), E. C. L. Lyon (1), A. O. Özcan (1), M. O. Obradovic (2), V. Z. 
Zanotelli (1), M. B. A. Bentires-Alj (2), B. B. Bodenmiller (1)

(1) University of Zurich; (2) Friedrich Miescher Institute (FMI) for Biomedical 
Research, Basel, Switzerland

Cancer is a complex disease of cells from different tissue origins charac-
terized by uncontrolled growth and cell dissemination. During the last two 
decades, extensive data provides evidence that multiple “normal” cell types 
besides tumor cells, are essential to drive the growth and malignancy of 
tumor cells. These cells, together with Extracellular components, make up 
the so-called “Tumor Microenvironment” (TME). Imaging Mass Cytometry 
(IMC) is a recently developed technology by us that allows the simultaneous 
antibody-based detection of up to 52 proteins and their modifications in 
tissue sections. With this approach, it is possible, for the first time, to study 
multiple cell types, alongside with signaling pathways, extracellular matrix 
components, cell function surrogates, and lineage markers, in the original 

tissue context. Our analyses uncover relevant morphological and biochemi-
cal features of tumors both in mouse cancer models and human patients. 
Furthermore, by using systems-biology and computational analysis tools de-
veloped in our laboratory, new signaling loops, prognostic and diagnostic 
markers are being discovered. Different immune cell types are quantified 
and the degree of infiltration within tumor areas is measured, thus giving 
a comprehensive understanding of the immune response in the context of 
signaling and tissue architecture. Furthermore, our software tools enable 
three-dimensional reconstruction of tissues as well, thus providing for first 
time a full understanding of the spatial relationships amongst the different 
cell types involved in cancer growth. In conclusion, we show that IMC is an 
ideal tool for better understanding the TME and the mechanisms driving 
cancer, as well as for screening for novel biomarkers with clinical relevance.
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Nogo-A and S1PR2 as novel regulators of developmental and 
tumor angiogenesis in the CNS
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Technology, Swiss Federal Institute of Technology Zurich, Zurich, Switzerland;  
(e) Division of Neurology and Laboratory of Molecular Neurooncology, Uni-
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Glioblastomas are among the most common brain tumors, associated with 
a poor prognosis. One hallmark of glioblastoma growth is angiogenesis, the 
formation of new blood vessels. Classical approaches to target glioblastoma 
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angiogenesis – for instance using the anti-VEGF-A antibody bevacizumab 
(Avastin®) – have not led to the desired improvement of patient survival. 
Accordingly, the identification of novel regulators of brain tumor angiogen-
esis is of great interest.
There is emerging evidence that the patterning of neural and vascular net-
works in health and disease (e.g. brain tumors) are governed by common 
mechanisms, through guidance molecules acting on the neural growth 
cone as well as on the endothelial tip cell. The membrane protein Nogo-A 
is mainly expressed in the central nervous system (CNS) and has well-known 
functions as a very potent, myelin-derived neurite outgrowth inhibitor and as 
a regulator of axonal growth in the CNS. Recently, we have identified a new, 
unexpected function for Nogo-A as a negative regulator of angiogenesis in 
the developing CNS and the Nogo-A specific receptor in neurons has re-
cently been identified as the Sphingosine 1-Phosphate-Receptor 2 (S1PR2).
Therefore, we hypothesize that Nogo-A and S1PR2 may constitute a novel 
ligand-receptor pair regulating angiogenesis during developmental and tu-
mor angiogenesis in the CNS.
So far, we have shown that Nogo-A was expressed in vicinitv of growing 
blood vessels and endothelial tip cells expressing S1PR2 during mouse and 
human brain development in vivo. At the functional level, the number of 
endothelial tip cells was significantly increased in Nogo-A-/- as well as in 
S1PR2-/- mice, indicating a negative regulatory role for this ligand-receptor 
pair in vivo. During mouse and human glioblastoma angiogenesis, Nogo-A 
showed a perivascular expression pattern whereas S1PR2 was expressed on 
the glioblastoma vasculature. In a mouse glioma model (GL-261), S1PR2 
was upregulated within the tumor as compared to the surrounding brain 
tissue and in vicinity of brain tumor endothelial tip cells. Interestingly, in-
creased Nogo-A expression correlated with a reduced vessel density in hu-
man glioblastoma.
Moreover, Nogo-A inhibited the adhesion, spreading, migration and filo-
podia- and lamellipodia of primary murine brain-derived microvascular en-
dothelial cells (MVECs) as well as of human glioblastoma-derived MVECs 
in vitro. Interestingly, these effects were – at least in part – mediated by 
the Nogo-A receptor S1PR2. Mechanistically, we have obtained preliminary 
results indicating that Nogo-A-S1PR2 signaling interacts with VEGF-A-VEG-
FR2-Dll4-Jagged-Notch signaling in vitro.
In summary, our data support a negative regulatory role for Nogo-A-S1PR2 
in mouse and human developmental brain- and glioblastoma angiogenesis.
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T-cadherin is a novel marlker of prostate cancer onset: 
correlation with cancer progression and effects on proliferation, 
invasion and angiogenesis

B. Dasen (1), T. Vlajnic (2), C. Mengus (3), C. Ruiz (2), L. Bubendorf (2), G. 
Spagnoli (3), S. Wyler (4), P. Erne (1), T. Resink (1), M. Philippova (1)

(1) Signaling Lab, Department of Biomedicine, Basel University Hospital, 
Basel, Switzerland; (2) Institute of Pathology, Basel University Hospital, 
Basel, Switzerland; (3) Institute of Surgical Research and Department of 
Biomedicine, Basel University Hospital, Switzerland; (4) Urology Clinic, 
University Hospital Basel, Switzerland

Prostate cancer (PCa) represents the second leading cause of cancer-related 
death in men. T-cadherin is an atypical GPI-anchored cadherin recently de-
tected in prostate tissue. AIM: to study T-cadherin gene and protein expres-
sion in PCa and its effects on PCa cells. METHODS: T-cadherin gene expres-
sion was analyzed in 550 PCa samples from the TCGA dataset, and by qPCR 
in 44 benign hyperplasia (BPH) and 57 PCa samples. Correlations between 
expression of T-cadherin gene, other genes and clinical characteristics of 
the patients were analyzed in the TCGA dataset using Qlucore software. 
T-cadherin protein expression was studied by IHH using PCa tissue microar-
rays. Effects of T-cadherin on proliferation, invasion and tumor angiogenesis 
were analyzed using BPH-1 and DU145 prostate cell lines transduced with 
lentiviral vectors to overexpress human T-cadherin gene. Angiogenesis was 
studied using endothelial spheroid assay and tumor xenografts in mice. RE-
SULTS: TCGA and qPCR analysis demonstrated weak positive correlation of 
T-cadherin gene level with the Gleason score. A cluster of genes have been 
identified which correlate best with T-cadherin level during PCa progression. 
T-cadherin protein was drastically upregulated in PCa tissue comparing to 
BPH, the increase correlating with CK8 expression and being more promi-
nent in early stage organ-confined tumors than in advanced hormone-resis-
tant PCa. T-cadherin overexpression in BPH-1 cells promoted proliferation, 
invasion and growth of organoids in 3D gels, while overexpression in DU145 
cells stimulated angiogenesis in vitro and in vivo.
CONCLUSION: T-cadherin protein is strongly upregulated in early PCa, cor-
relates with tumor luminal/basal differentiation, and promotes proliferation 
and invasion of benign prostate cells. Therefore, T-cadherin may be a novel 
functional contributor and a marker of PCa onset and progression
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Gastrokine as a novel potential biomarker for premalignant 
pancreatic lesions

S. Steiner (1), G. Wanner-Seleznik (1), T. Reding (1), A. Dittmann (1), A. Perren 
(2), E. Angst (2), M. Heikenwälder (3), R. Graf (1)

(1) Swiss HPB Center, Visceral & Transplantation Surgery, University Hospital 
Zurich, Switzerland; (2) Institute of Pathology, University of Bern, Switzerland; 
(3) Institute for Virology, Helmholtz-Centre Munich, Germany

Introduction: Pancreatic ductal adenocarcinoma (PDAC) has one of the most 
dismal prognoses of all cancer types. Diagnostic techniques for early ma-
lignant and potentially curable lesions are limited, which shows an evident 
need for early detection methods. Gastrokine 1 & 2 (GKN1 & GKN2) are 
secreted proteins found almost exclusively in the gastric epithelium, where 
they are involved in gastric epithelial homeostasis and tumor suppression. 
So far nothing is known about gastrokine expression and function in other 
organs. A whole genome microarray analysis of a mouse with predisposition 
to pancreatic cancer showed a striking upregulation of the two gastrokines 
in the pancreas during carcinogenesis.
Methods: GKN1 & GKN2 mRNA expression was confirmed by qPCR in pa-
tient and mouse pancreas samples. The presence of GKN1 was verified by 
western blot and IHC in mouse pancreas. Pancreatitis in Gkn2-/- mice was 
induced by cerulein injection.  Mouse pancreatic juice was analysed by pro-
teomic analysis.
Results: Gastrokine was highly upregulated during the early stages of pan-
creatic carcinogenesis in the mouse and in peri-tumoral human pancreas 
tissue. Gastrokine was not found in the healthy pancreas nor in tissue with 
pancreatitis. Immunohistochemistry shows a specific GKN expression in tis-
sue areas with premalignant PanIN lesions while it is absent in PDAC. ELISA 
and proteomic analysis in mice confirmed the secretion of GKN1 into pan-
creatic juice but not serum.
Conclusions:  We identified for the first time specific gastrokine expression in 
premalignant lesions in pancreatic tissue. The secretion into the pancreatic 
juice during carcinogenesis could make gastrokine a potential biomarker for 
the detection of early pancreatic premalignant lesions.
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The Metastatic Role of SOX9 in Neuroblastoma

C. Yang, O. Shakhova

Oncology, University Hospital Zurich

Approximately 50% of neuroblastoma patients suffer from metastatic dis-
ease at diagnosis and require intensive treatment. Despite intensive therapy, 
the vast majority of patients still have a poor clinical outcome (5-year surviv-
al rate of 30% to 40%). Investigating the molecular basis of neuroblastoma 
metastasis is crucial to develop more effective therapies. The similarities be-
tween neural crest development and neuroblastoma progression have been 
recognized. Transcription factor SOX9 is involved in cell migration during 
neural crest delamination, and has also been implicated in formation and 
growth of various tumors. Currently, we know little about the role of SOX9 
in neuroblastoma pathogenesis. Our hypothesis is that SOX9 plays a crucial 
role in neuroblastoma metastasis, and the goal is to investigate the func-
tion of SOX9 and to find out its dysregulation of downstream genes. In this 
study, expression level of SOX9 in neuroblastoma cell lines was examined 
by western blot analysis. Low SOX9 expressing cell line: IMR-5 was chosen 
to overexpress SOX9, while high SOX9 expressing cell: SK-N-AS was used 
to knock down SOX9. In in vitro study, overexpression of SOX9 in IMR-5 
significantly enhanced cell migration, invasion and tumorigenicity. On the 
other side, reduction of these abilities was observed in SOX9 knockdown 
SK-N-AS. The result of tumorigenicity was also confirmed in in vivo ortho-
topic model: implantation of SOX9 overexpressing IMR-5 had more rapid 
tumor growth than its control, while tumor formation largely reduced in mice 
injected SOX9 knockdown SK-N-AS. Taken together, these results clearly in-
dicate that SOX9 positively involves in cell motility and invasive ability of 
neuroblastoma cells in vitro, and promotes tumorigenesis both in vivo and in 
vitro model. In vivo metastasis is now under analysis. Moreover, to support 
clinical relevance, SOX9 expression in patient’s tumor will be analyzed.  Base 
on our study, we expect to further figure out the molecular mechanism how 
SOX9 boost metastasis which eventually provides more therapeutic targets 
in metastasis prevention of neuroblastoma.
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A BRCA2-derived cell-penetrating peptide inhibits RAD51-
mediated repair of DNA double-strand breaks

A. Trenner, A. A. Sartori

Institute of Molecular Cancer Research, University of Zurich

Protein-protein interactions (PPIs) play a crucial role in regulating many bio-
logical processes, and, thus, represent attractive targets for pharmacological 
intervention in cancer therapy. So far, inhibition of PPIs has been challenging 
because PPI interfaces commonly do not support binding of small drug-like 
molecules. In contrast, peptide-based inhibitors of PPIs are more potent but 
are otherwise difficult to deliver into cells. Cancer cells strongly rely on ef-
ficient mechanisms sensing and repairing different types of DNA damage to 
survive and proliferate. Therefore, peptide-based inhibitors of the BRCA2-de-
pendent DNA double-strand break (DSB) repair pathway could significantly 
improve the efficacy of conventional anti-cancer therapies.
In this study, we designed a BRCA2-derived peptide capable of blocking BR-
CA2-RAD51 interaction in vitro and in cells. Importantly, we found that incu-
bation of cells with the BRCA2 cell-penetrating peptide resulted in reduced 
RAD51 foci formation and hypersensitivity to DSB-inducing chemotherapeu-
tic drugs. Taken together, our data establish a way to screen and optimize 
peptide-based inhibitors of PPIs essential for DSB repair that provide a basis 
for the development of new and improved cancer therapies.
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Bispecific binders trap the human epidermal growth factor 
receptor 2 (HER2) in an inactive state and thereby drive HER2-
addicted cancer cells into apoptosis

Ch. Jost, J. Schilling, R. Tamaskovic, M. Schwill, A. Plückthun

(1) Laboratory of Brain Tumor Biology and Genetics, Department of clinical 
Neurosciences, Centre Hospitalier Universitaire Vaudois (CHUV), CH-1011, 
Lausanne; (2) University of Lausanne [marc.schwab@unil.ch]

We have selected designed ankyrin repeat proteins (DARPins), a novel class 
of small binding proteins, binding to the extracellular part of the human 

epidermal growth factor receptor 2 (HER2), which is an important oncogene 
that is overexpressed in many tumors and promotes malignant growth via 
receptor-dimerization. By means of protein engineering, joining two HER2-
binding DARPins with a very short peptide-linker, we created a particular 
bispecific DARPin construct that is able to intermolecularly connect two 
HER2 molecules by binding one at extracellular domain I and the other at 
extracellular domain IV, as determined by the crystal structures of the two 
particular DARPins in complex with their targets. This bispecific binding dis-
torts the extracellular parts of the bound HER2-receptors such that the HER2 
kinases are unable to productively dimerize with each other or other EGFR 
family members. The DARPin-induced conformational change thereby locks 
the HER2 molecules in an inactive state and prevents their signaling via 
the MAP-Kinase- and PI3K-Akt-pathways, which are vital for HER2-addicted 
tumor cells. As a result, DARPin-binding induces apoptosis via induction of 
the pro-apoptotic protein BIM and caspase-9 as could be shown in several 
HER2-addicted tumor cell lines and in tumor-bearing mice. Intriguingly, the 
cytotoxic effect of our DARPin construct is much stronger than that of the 
therapeutic antibodies trastuzumab or pertuzumab, binding HER2-domains 
IV or II, respectively. Furthermore our constructs inhibit both ligand-indepen-
dent and ligand-induced signaling.

We envision that this work will help to define the molecular requirements 
for anti-tumor agents that can induce strong cytotoxic responses in HER2-
addicted cancer cells.

Illustration of the conformational changes induced by the bispecific joined 
HER2-binding DARPins (depicted in red and orange)
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LepR-expressing cells are key regulators for a sustained 
hematopoietic response during chronic inflammation

R. C. Gerosa, S. Boettcher, M. G. Manz

Hematology, University and University Hospital Zurich, Zurich, Switzerland

The blood system is established and maintained by hematopoietic stem and 
progenitor cells (HSPCs) that are located in the bone marrow (BM) where 
they are surrounded by different types of supportive cells. Accumulating 
evidence suggests that important extrinsic regulatory mechanisms have 
evolved to maintain stemness of HSCs and guide HSPC differentiation into 
more mature blood cell lineages.
We set out to study how the BM microenvironment supports the hemato-
poietic system in adaptation to inflammation. Therefore, wild-type (WT) mice 
were stimulated with LPS or polyIC to mimic gram-negative bacterial or viral 
infection, respectively. Based on expression of CD45 and Ter119 to exclude 
hematopoietic cells in conjunction with Sca1, CD31 and CD140b, we are 
able to flow-cytometrically define several non-hematopoietic cell types in 
mouse BM: so-called PαS cells which were shown to have mesenchymal 
stem cell characteristics, a stromal cell population enriched for CXCL12-
abundant reticular cells (CARs), and endothelial cells (ECs). These different 
cell types were isolated and their gene expression profiles were determined 
and compared to steady-state WT mice.
We found that Il6 is significantly and specifically up-regulated during LPS 
stimulation by the cell population enriched for CARs. This could be validated 
using qPCR and by injecting BM chimeric mice (WtàWt, Wtà Il6-/-, Il6-/-àWt, 
Il6-/-àIl6-/-) with PBS and LPS. We could show that IL6 protein is almost ex-
clusively produced by non-hematopoietic cells. We then generated cell type-
specific Il6-deficient mice by crossing LepR-Cre mice with IL6fl/fl mice, and 
could confirm that IL6 is mainly produced by non-hematopoietic cells that 
are enriched for CARs. To functionally study the regulatory role of IL6 on he-
matopoiesis during inflammation, WT and Il6-/- mice were injected with PBS 
or LPS over 3 weeks every other day. We analyzed phenotypically defined 
hematopoietic stem and progenitor cells as well as more mature myeloid 
cell types, and observed a significant difference in absolute cell numbers of 
these cell types in LPS-treated WT mice compared to LPS-treated Il6-/- mice. 
We could observe the same significant difference in absolute cell numbers 
when we repeated the experiment with LepR-Cre; IL6fl/fl mice and their LepR-
Cre negative littermates. Moreover, the total number of colony-forming unit 

granulocyte (CFU-G) was significantly reduced in the BM of LPS treated  
Il6-/- mice and LepR-Cre; IL6fl/fl mice compared to control mice.
Our preliminary data suggests that CAR cell produced IL6 is essential for a 
sustained myelopoietic response during chronic LPS treatment. IL6 may act 
as a proliferative stimulus for the early HSPC compartment during infection 
to provide a reservoir of highly proliferative myeloid progenitors in order to 
counterbalance inflammation-driven cell losses.
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BRAFV600E Transduced Human CD34+ Cells Establish Aggressive 
Langerhans Cell Histiocytosis in Humanized Mice
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Langerhans cell histiocytosis (LCH) is the most common histiocytic disease 
in humans with a complex pathophysiology and unknown etiology. LCH has 
been recently reclassified from an inflammatory disease to a neoplastic dis-
order due to the high prevalence of mutations in the MAP kinase pathway. 
Recurrent mutation in BRAF kinase (BRAFV600E) was detected in more than 
50% of patients. We recently showed that the BRAFV600E mutation can be 
detected in circulating CD34+ cells in LCH patients and that expression of 
the mutation in distinct hematopoietic compartments defines the stage and 
the clinical risk in LCH disease (Berres et al. J Exp Med 2014). Knowledge 
on induction and progression of LCH is limited due to appropriate models 
resembling the human disease. We here tested if xeno-transplantation of 
BRAFV600E transduced human CD34+ cells in immunodeficient mice would 
result in LCH.
Mice transplanted with human CD34+ HSPCs expressing BRAFV600E devel-
oped anemia and reduced WBC and RBC counts. Analysis of lymphoid and 
non-lymphoid organs demonstrated accumulation of ‘’atypical’’ BRAFV600E 
expressing dendritic cells in granuloma-like lesions. Using immunohisto-
chemistry staining we observed the expression of LCH-associated markers, 
CD1a and CD207 to a varying extent in different organs. We did not observe 



116 Symposium 2017

development of hairy cell leukemia. In vitro studies revealed that the expres-
sion of BRAFV600E blocks the commitment of erythroid progeny toward ma-
ture erythrocytes shown by lower number of BFU-E colony type and reduced 
CD235ahigh-expressing cells. Moreover, BRAFV600E expression seemed to 
increase monocytosis and generation of classical dendritic cells in short term 
liquid cultures, without affecting the proliferation potential of human HSPCs.
We demonstrate that expression of BRAFV600E in human HSPCs induces 
LCH-like disease in MISTRG mice (i.e. mice that we developed which car-
ry the human myeloid cytokines, knocked into the respective mouse loci; 
Rongvaux et al., Nat Biotech 2014). The involvement of a wide range of or-
gans resembles high-risk LCH in humans and confirms our already reported 
data with aggressive LCH being a HSPC disease. Using this model system 
will further support basic understanding of LCH patho-biology and testing of 
targeted therapies in LCH.
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Intrinsic and extrinsic factors control hematopoietic stem cell 
aging

L. Kovtonyuk, R. Radpour, M. G. Manz

Hematology, University and University Hospital Zurich, Zurich, Switzerland

Life-long self-renewing hematopoietic stem cells (HSCs) repetitively con-
tribute to replenishment of mature blood cells. With aging HSCs show re-
duced self-renewal, less efficient bone marrow (BM)–homing capacity, and 
myeloid-skewed differentiation. Here, we tackle the questions what extrinsic 
and intrinsic factors determine HSC behaviour at cellular and molecular level.
CFSE-labeled young or aged HSC-containing fractions (LKS) were transferred 
into steady-state young or aged recipients. Eight weeks BM analysis showed 
that young LKS proliferated faster than old independent on environment, 
while both young and aged LKS appear to be more dormant in old environ-
ment. To test biological function of HSC with distinct divisional history, qui-
escent or cycling LKS were isolated and transplanted into lethally irradiated 
mice. Dormant aged HSCs irrespective of the environment favour myelopoi-
esis. In contrast, cycling aged HSCs that had been exposed to young environ-
ment showed balanced lineage repopulation. To dissect aging-associated 
extrinsic factors, we performed antibody based protein arrays and transcrip-
tome analysis with total BM of young versus aged animals. Expression levels 
of some inflammatory cytokines and myeloid differentiation factors were 

altered in aged BM. These factors drive young HSC towards proliferation/dif-
ferentiation, while this effect is limited on aged HSCs, due to their increased 
quiescent state.
These findings demonstrate that extensive proliferative history imprints a 
cell dormancy program on HSCs that is associated with myeloid-biased dif-
ferentiation, and that the differentiation program can be modulated via en-
vironmental cues. Understanding of how cell cycle and fate is determined 
and altered upon aging will open new avenues for regenerative medicine.
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Maintenance of human hematopoiesis in in vivo engineered 
human bone organs
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Hematopoietic homeostasis is maintained in a specialized microenvironment 
in the bone marrow (BM), so-called BM niche. Cellular property of hema-
topoietic stem cells (HSCs), i.e., self-renewal and differentiation, are tightly 
controlled to sustain lifelong blood production via extrinsic factors supplied 
by BM niche cells. While the cellular and molecular components of the hu-
man BM niche have been extensively studied in experimental animals, little 
is known about the human BM niche components.
To study human BM niche homeostasis, we took a developmental tissue 
engineering approach that allows to ex vivo generate a human cartilage 
template with human adult BM-derived mesenchymal stromal cells (MSCs), 
and to in vivo develop human bone organs, thereafter called “ossicles”, 
through endochondral ossification (Scotti et al., PNAS 2013). Ex vivo gener-
ated ossicles were implanted into immune-deficient human cytokine knock-
in mice (Rongvaux et al., Nature Biotechnology 2014), and 4 weeks later, a 
third party donor cord blood (CB)-derived human CD34+ cells were trans-
planted in order to reconstitute human hematopoiesis, following sub-lethal 
irradiation. Histological analysis showed that human MSC-derived ossicles 
developed a vascular network and a mature trabecular bone-like structure. 
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Flow-cytometric analysis at 2 month post CB transplantation showed com-
parable development of human hematopoiesis with phenotypic HSC in the 
human ossicles compared to mouse BM. Myeloid-colony forming unit (CFU) 
assays and serial transplantation showed a significantly higher frequency of 
hematopoietic stem and progenitor cells maintained in human ossicles than 
in mouse BM. This suggests that human ossicles can serve as niche to sup-
port human hematopoiesis.
Our findings indicate that bone organs in vivo developed by adult BM MSC 
can support engraftment and maintenance of allogenic human HSCs and 
hematopoiesis, proving functional human BM niche. The engineering of a 
heterotrophic human BM niche that is transplantable and genetically re-
engineerable will serve as a platform that allows to studying physiology and 
pathophysiology of healthy and diseased human hematopoiesis in their op-
timal environment in vivo.
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Applying 3D quantitative microscopy to study global topography 
and cellular interactions in the bone marrow

Alvaro Gomariz (1,2*), Stephan Isringhausen (1*), Patrick Helbling (1*), Ute 
Suessbier (1), Anton Becher (3), Andreas Boss (3) , Takashi Nagasawa (4), 
Gregory Paul (2), Orcun Goksel (2), Gabor Szekely (2),  Szymon Stoma (5), 
Simon F. Nørrelykke (5), Markus G. Manz (1), César Nombela-Arrieta (1)

(1) Department of Experimental Hematology, University Hospital Zurich, 
Switzerland; (2) Computer Vision Laboratory, ETH Zurich, Switzerland; (3) 
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During adulthood, bone marrow (BM) cavities are the primary sites of pro-
duction of vast amounts of mature blood cellular components from a rare 
population of hematopoietic stem cells (HSCs). Beyond their hematopoietic 
function BM tissues provide the necessary microenvironment for the initia-
tion of immune responses and the maintenance of immunological memory. 
In addition to hematopoietic cells, the BM is also populated by a heteroge-
neous mixture of non-hematopoietic stromal cells of endothelial, mesenchy-
mal and neural origin, which provide the necessary tissue infrastructure for 

hematopoiesis to unfold and play essential functional regulatory roles. For 
instance, HSCs reside in perivascular niches where they directly interact with 
BM sinusoidal endothelial cells and mesenchymal stromal cells, which pro-
vide necessary factors for HSC maintenance. Thus, a thorough understanding 
of the spatial distributions, structural dynamics and cellular interactions es-
tablished by the diverse hematopoietic and stromal components within the 
complex landscape of BM tissues, is key for the generation of comprehensive 
models of healthy and malignant hematopoiesis.
In our laboratory we have recently developed protocols and advanced mi-
croscopy techniques that enable the 3D visualization of large volumes of BM 
tissues at an organ wide level and with cellular and subcellular resolution. 
Here we report the generation of customized computational tools, which 
allow to generate quantitative spatial information in an automatic and unbi-
ased fashion, and the extraction of spatial statistics for rigorous analysis of 
cellular interactions. We have employed this newly developed software suite 
to describe for the first time the spatial distribution of the key components 
of the HSC niche, namely sinusoidal vessels and mesenchymal stromal cells.  
First, our data demonstrate that in general the quantitative contribution of 
BM stromal cells to the total BM cellular asset is substantially underesti-
mated by widely employed flow cytometric techniques. Detailed topographi-
cal analysis revealed that the highly branched and dense sinusoidal vessel 
network occupies in average 18% of the entire BM volume, subsequently 
constraining the space available for cells to distribute. Indeed, through rig-
orous spatial statistics analysis it can be estimated that 95% of the BM 
space is contained within a distance of 22 µm from the nearest sinusoid. 
Nonetheless, density of mesenchymal stromal cells is significantly enriched 
in perivascular locations, pointing to a preferential interaction between these 
two key stromal components. Collectively our analyses provide a quantita-
tive measurement defining microarchitectural organization of BM stroma in 
homeostatic conditions. The tools developed are currently being applied to 
study mouse models of acute myeloid leukemia and dissect the effects of 
disease progression in BM microenvironmental integrity
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The role of the RNF8/RNF168 pathway in replication and fork 
protection

Jonas A. Schmid, Jana Krietsch, Massimo Lopes; Lorenza Penengo

Institute of Molecular Cancer Research, University of Zurich, Winterthurer-
strasse 190, CH-8057 Zurich Switzerland
The DNA damage response (DDR) represents a crucial antitumor barrier 
in precancerous lesions, where it signals increasing levels of DNA replica-
tion stress. However, key players and mechanisms of the DDR have been 
mostly characterized in response to DNA double strand breaks (DSBs). In 
particular, the RNF8/RNF168 pathway is instrumental in the cellular re-
sponse to DSBs. Upon DSB formation the E3 ubiquitin ligase RNF168, in 
conjunction with the ubiquitinating complex RNF8/UBC13, ubiquitinates 
histone residues in the vicinity of the break site, which leads to the recruit-
ment of prominent repair factors such as BRCA1 and 53BP1(Schwertman 
et al. 2016). Several recent publications have implicated multiple homolo-
gous recombination (HR) factors - such as BRCA1/2 (Schlacher et al. 2011; 
Schlacher et al. 2012; Ray Chaudhuri et al. 2016) or RAD51 (Zellweger 
et al. 2015) - in replication fork protection and remodelling, upon drug 
induced replicative stress. This suggests a role for classical HR factors be-
yond their established functions in DSB repair. In this project we focus on 
the role of the RNF8/168 pathway in DNA replication and we report that 
several of its components assume an active function in replication fork 
remodelling and fork protection, even in the absence of genotoxic treat-
ments. Our ongoing experiments suggest a pivotal role for classical DDR 
factors in the modulation of DNA replication, and may uncover crucial roles 
for the RNF8/168 pathway in determining the sensitivity of certain tumors 
to cancer chemotherapeutic regimens.
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Besides its well-established role in loading RAD51 for double-strand break 
repair, the tumor suppressor BRCA2 protects stalled replication forks from 
nucleolytic degradation. Defects in the latter function were recently shown 
to underlie the sensitivity of BRCA2-defective tumors to chemotherapeutics, 
but how BRCA2 assists replication fork integrity remains elusive. Using DNA 
fiber spreading coupled to electron microscopic visualization of replication 
intermediates, we now report that fork degradation in BRCA2-defective cells 
targets reversed replication forks and is suppressed by genetic inactivation 
of replication fork reversal by RAD51 or ZRANB3 depletion. Unstable RAD51 
filaments, as those induced by the Fanconi anemia associated RAD51-T131P 
mutation, allow fork reversal, but do not effectively protect reversed forks, 
thus exposing cells to fork degradation. Furthermore, PTIP depletion - which 
suppresses chemosensitivity and embryonic lethality associated with BRCA2 
defects - restores normal levels of reversed forks in BRCA2-defective so-
matic and embryonic cells. We propose that RAD51 mediates fork reversal 
independently of BRCA2. However, BRCA2-dependent RAD51 loading on 
reversed forks is essential to protect them from nucleolytic degradation. As 
reversed forks are abundant upon chemotherapeutic treatments and in un-
perturbed ESCs, we propose reversed fork protection as BRCA2 essential 
role in both chemoresistance and early embryogenesis.
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Monitoring replication and repair of psoralen-induced inter-
strand crosslinks on human genomic DNA

Karun Mutreja (1), Jeannine Hess (4), Jana Krietsch (1), Malay Patra (2), 
Ralph Zellweger (1), Gilles Gasser (2,3), Massimo Lopes (1)

(1) Institute of Molecular Cancer Research, University of Zurich; (2) Depart-
ment of Chemistry, University of Zurich; (3) Laboratory for Inorganic Chemi-
cal Biology, PSL Research University; (4) Department of Chemistry, University 
of Cambridge

Interstrand crosslinks (ICL) represent highly cytotoxic lesions that covalently 
link two strand of DNA in a duplex, thus posing a threat to replication and 
transcription, two fundamental processes for life. ICL inducing agents are 
among the most widely used chemotherapeutics, but unfortunately cancer 
cells are able to repair ICL using Fanconi anemia and homologous recom-
bination proteins, thereby evading or limiting cell death. ICL were long con-
sidered an absolute roadblock to the replication machinery, but a recent 
study has shown that replication machinery can efficiently traverse ICLs. Us-
ing a chemically modified psoralen we exploited single-molecule approaches 
(DNA fiber assays and visualization of replication intermediates by electron 
microscopy) and looked at the replication occurring in vicinity to an ICL (local 
replication) and replication occurring at a distance from ICL (global replica-
tion). Investigating global replication in different genetic backgrounds (i.e. 
upon inactivation of crucial Fanconi anemia factors) we found that fork-
remodeling factors are immediately recruited to stressed replication forks, 
that fork reversal is a very frequent event even upon DIG-TMP treatment 
and that global fork slowdown upon ICL induction is dependent upon fork 
remodeling itself. We also developed Immuno Electron Microscopy (iEM) to 
map specifically ICLs on EM molecules: this will reveal architectural changes 
of forks facing ICLs and will assess a direct functional link between fork 
remodeling and ICL bypass or repair. These studies have the potential to 
provide mechanistic insight on ICL replication and repair and thus to clarify 
resistance mechanisms upon cancer chemotherapeutic regimens with ICL-
inducing agents.
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Mme Frédérique Brupbacher Portrait by Peter Cerutti
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Charles Rodolphe Brupbacher Stiftung

Die Stiftung hat das Ziel, die Krebsforschung in der Schweiz 
und international zu fördern.
Wichtigstes Element ihrer Tätigkeit ist die Verleihung des 
Charles Rodolphe Brupbacher Preises für Krebsforschung, ver-
bunden mit einem wissenschaftlichen Symposium in Zürich.

Die Stifterin

Frau Frédérique Brupbacher hat im November 1991 in Vereh-
rung ihres Gatten, Charles Rodolphe Brupbacher, eine Stiftung 
mit Sitz in Vaduz errichtet. Die Stiftung verleiht alle zwei Jahre 
den Charles Rodolphe Brupbacher Preis für Krebsforschung an 
Wissenschaftler, die in der Grundlagenforschung herausragende 
Leistungen erbracht haben. Die Preisverleihung findet statt im 
Rahmen eines internationalen wissenschaftlichen Symposiums. 

Auf  Antrag der Medizinischen Fakultät ernannte die Univer-
sitätsleitung Frau Frédérique Brupbacher 2005 zum Ständigen 
Ehrengast der Universität Zürich, in Anerkennung der grossen 
Verdienste, die sie sich mit ihrem Altruismus und ihrem Engage-
ment für die Krebsforschung erworben hat. Durch ihre Initiative 
und ihren persönlichen Einsatz konnte die Krebsforschung im 
Raum Zürich nachhaltig gestärkt werden. Am 20. Juni 2001 er-
nannte Präsident Jacques Chirac sie zum Chevalier de la Légion 
d’Honneur.

Charles Rodolphe Brupbacher Foundation

The mission of  the Foundation is to foster cancer research in 
Switzerland and internationally.
The key element of  its activities is the Charles Rodolphe Brup-
bacher Prize for Cancer Research which is awarded in associati-
on with a scientific symposium in Zurich.

The Founder

In honour of  her late husband Charles Rodolphe Brupbacher, 
Mrs. Frédérique Brupbacher set up a foundation registered in 
Vaduz, Liechtenstein, in November 1991. The Foundation‘s 
mission is to present the biennial Charles Rodolphe Brupbacher 
Prize for Cancer Research to a scientist with internationally ack-
nowledged meritorious achievements in the field of  fundamen-
tal research. The Prize is awarded in the context of  a scientific 
symposium.

The Executive Board of  the University of  Zurich appointed 
Mrs. Frédérique Brupbacher in 2005 as a permanent Guest of  
Honor of  the University, in appreciation of  her altruism and 
her engagement for cancer research. Through her personal 
committment, cancer research in Zurich has been significantly 
strengthened. President Jacques Chirac of  France appointed her 
to Chevalier de la Légion d‘Honneur.
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Charles Rodolphe Brupbacher
1909 – 1987

Charles Rodolphe Brupbacher wurde am 5. Februar 1909 in Zü-
rich als Bürger von Wädenswil geboren. Sein Vater, C.J. Brupba-
cher, war Inhaber einer Privatbank am Paradeplatz. Die Mutter, 
geborene Französin, legte grossen Wert auf  eine zweisprachige 
Erziehung des Sohnes. Dies erklärt auch seine lebenslange, enge 
Beziehung zu Frankreich, zu dessen Geschichte und Kultur und 
seine dauernde, grosszügige Unterstützung der Ecole française 
und der Alliance française in Zürich. Sein jahrzehntelanger Ein-
satz für die Anliegen der französischen Kultur wurde mehrfach 
durch die jeweiligen Staatspräsidenten geehrt:

1961  Präsident Charles De Gaulle
 Ernennung zum Chevalier de la Legion d‘Honneur 
1973 Präsident Georges Pompidou
 Ernennung zum Officier de la Legion d‘Honneur 
1979  Präsident Valéry Giscard d‘Estaing 
 Ernennung zum Commandeur de l‘Ordre National de  
 Merite 

Schon früh zeigte sich bei Charles Rodolphe Brupbacher eine 
ausgesprochene Sprachbegabung; er beherrschte fünf  Sprachen 
fliessend. Als musikalisches Wunderkind mit dem absoluten Ge-
hör widmete er sich der Interpretation klassischer Musik und 
bedauerte zeitlebens, dass er auf  eine Ausbildung als Konzertpi-
anist verzichten musste. Charles Rodolphe Brupbacher besuchte 
die Schulen in Zürich und Paris. 

Charles Rodolphe Brupbacher was born on February 5, 1909 in 
Zurich, as a citizen of  Wädenswil. His father, C.J. Brupbacher, 
owned a private bank on Paradeplatz. His mother, a French ci-
tizen, placed great importance on a bilingual education for her 
son. This explains his lifelong, close relationship with France, its 
history and culture. This is also reflected by his continuous and 
generous support of  the École française and the Alliance fran-
çaise in Zurich. Several French Presidents honoured his commit-
ment to French cultural issues:

1961   President Charles De Gaulle
   Election to Chevalier de la Legion d‘Honneur
1973   President Georges Pompidou
   Election to Officier de la Legion d‘Honneur 
1979   President Valéry Giscard d‘Estaing 
   Election to Commandeur de l‘Ordre National de 
   Merite 

At an early age, Charles Rodolphe Brupbacher showed a distinct 
talent for languages, and he spoke five of  them fluently. As a 
musical prodigy with perfect pitch, he devoted himself  to the 
interpretation of  classical music. He regretted throughout his 
life that he had not been able to receive an education as a con-
cert pianist. Charles Rodolphe Brupbacher attended schools in 
Zurich and Paris. 
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Mit 18 Jahren musste er auf  Verlangen seines Vaters die Aus-
bildung am Gymnasium in Zürich und Paris aufgeben und eine 
Banklehre absolvieren. Anschliessend besuchte er ab 1929 im-
mer wieder die Vereinigten Staaten, sowie Lateinamerika und 
trat so in Beziehung zu grossen Persönlichkeiten in führender 
Stellung.
Nach seiner Rückkehr in die Schweiz gründete er, als damals 
jüngster Bankier, mit 24 Jahren die auf  Vermögensverwaltung 
spezialisierte Bank «Affida» am Paradeplatz in Zürich. Sein Er-
folg war in hohem Masse seinen Geschäftsprinzipien zu ver-
danken. Dazu gehörte der Aufbau eines Informationsnetzes, 
welches ihn mit den wichtigsten finanziellen und politischen 
Zentren verband. Von grosser Bedeutung waren dabei seine de-
taillierten Kenntnisse der internationalen Rechtsprechung, der 
Nationalökonomie und ganz speziell auch von Währungsfragen. 
Nach 40jähriger Tätigkeit verkaufte er die Affidabank an die 
Schweizerische Kreditanstalt (Credit Suisse).
Auf  Grund seiner umfassenden Kenntnisse wurde Charles Ro-
dolphe Brupbacher 1938 von Prof  E. Böhler in die Gruppe 
für Konjunkturbeobachtung der Eidgenössischen Technischen 
Hochschule (ETH) berufen. Als deren Mitglied nahm er auch 
an Besprechungen kriegswirtschaftlicher Probleme in Bern teil.
Als anerkannter Fachmann in Währungsfragen wurde Charles 
Rodolphe Brupbacher nach dem Kriege als einziger Beobachter 
aus der Schweiz zu den internationalen Währungskonferenzen 
eingeladen. Seine persönlichen Beziehungen zu wichtigen Poli-
tikern in den USA erlaubten es ihm, durch jahrelange, zähe Ver-
handlungen grosse schweizerische Guthaben zu deblockieren. 
Auch bemühte sich Charles Rodolphe Brupbacher intensiv um 
die Probleme, welche sich bei dem Wiederaufbau der Montan-
industrie zwischen Deutschland und den Alliierten entwickelt 
hatten. In diesem Zusammenhang wurde er von der französi-
schen Regierung und der Regierung von Nordrhein-Westfalen 
zur Teilnahme an dem Treffen anlässlich der ersten Reise von 
General de Gaulle nach Deutschland eingeladen.
Schon im Jahre 1963 hat Charles Rodolphe Brupbacher an der 
ETH eine Stiftung zur Unterstützung von Studierenden auf  
dem Gebiet der Sozialwissenschaften gegründet, die seither lau-
fend Stipendien vergibt. 
Charles Rodolphe Brupbacher starb am 1. Januar 1987 und hin-
terliess seine Ehefrau Frédérique, die er 1953 geehelicht hatte.

At the age of  18, however, he had to give up his education at 
the Gymnasium (College) to undertake a banking apprentice-
ship. He visited the United States and Latin America in 1929 and 
frequently thereafter: first, for the purpose of  training; later, to 
keep himself  informed.
At the Paradeplatz in Zurich, at the age of  only 24, he establis-
hed the «Affida Bank», which specialized in asset management. 
His success was largely due to a committment to personal busi-
ness integrity. His achievements included the setting-up of  an 
information network that connected him with important finan-
cial and political centres. His detailed knowledge of  international 
commercial law, of  national economics and, especially, of  cur-
rency policy were  great assets. After 40 years, he sold the «Affida 
Bank» to Credit Suisse. 
Based on his detailed knowledge, Charles Rodolphe Brupbacher 
was invited by Professor E. Böhler in 1938 to join a select group 
formed at the Swiss Federal Institute of  Technology (ETH), 
which met to monitor the economy. As a member, he often took 
part in discussions in Bern of  wartime economic problems.
As a recognised expert in monetary policy, Charles Rodolphe 
Brupbacher was the only observer from Switzerland to be invi-
ted after the war to the international currency conferences. His 
personal relationship with prominent politicians in the United 
States enabled him, through years of  negotiations, to release ma-
jor Swiss assets.
Charles Rodolphe Brupbacher also helped to attenuate problems 
which had developed between Germany and the Allies regarding 
the restoration of  the coal and steel industry. In this context, 
he was invited by the Government of  France and by the State 
of  North Rhine-Westphalia to participate in the meeting on the 
occasion of  General de Gaulle‘s first visit to Germany.
Already in 1963, Charles Rodolphe Brupbacher established a 
Foundation at the ETH with the objective of  supporting stu-
dents in the field of  social sciences. Since then, the Foundation 
has continuously granted scholarships.
Charles Rodolphe Brupbacher died on January 1, 1987, survived 
by his wife Frédérique whom he married in 1953.
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Stiftungsrat

Der Stiftungsrat verwaltet die Stiftung und vertritt sie nach aus-
sen. Er trifft die Entscheide über Preisverleihungen und die be-
gleitenden wissenschaftlichen Symposien.  

Mitglieder des Stiftungsrates:

 Prof. Dr. Michael Hengartner, Zürich

 Dr. Lukas S. Keller, Zürich

 Prof. Dr. Alexander Knuth, Zürich

 Veit de Maddalena, Zürich

 Prof. Dr. Holger Moch, Zurich

 Dr. Ernst Walch, Vaduz

 Georg C. Umbricht, LL.M., Zürich

Foundation Board

The Foundation Board administers the Foundation and determi-
nes policy. The Foundation Board makes final decissions regar-
ding Prizes and Symposia.

Members of  the Foundation Board: 

 Prof. Dr. Michael Hengartner, Zurich

 Dr. Lukas S. Keller, Zurich

 Prof. Dr. Alexander Knuth, Zurich

 Veit de Maddalena, Zurich

 Prof. Dr. Holger Moch, Zurich

 Dr. Ernst Walch, Vaduz

 Georg C. Umbricht, LL.M., Zurich
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Wissenschaftlicher Beirat

Der Wissenschaftliche Beirat nominiert Kandidaten für den 
Charles Rodolphe Brupbacher Preis für Krebsforschung und 
empfiehlt Redner für die wissenschaftlichen Symposien. 

Mitglieder / Members:

Prof. Dr. Lauri A. Aaltonen
Biomedicum Helsinki
University of  Helsinki
Helsinki, Finland

Prof. Dr. Nancy Hynes
Friedrich Miescher Institute
for Biomedical Research
Basel, Schweiz

Prof. Dr. Josef  Jiricny
Institute of  Molecular Cancer Research
University of  Zurich
Zurich, Switzerland

Prof. Dr. Markus G. Manz
Hematology, Department of  Internal Medicine
University Hospital Zurich
Zurich, Switzerland

Prof. Dr. Sir Alex Markham
Institute of  Molecular Medicine
University of  Leeds
Leeds, U.K.

Prof. Dr. Miriam Merad
Hess Center Tisch Cancer Institute
Mount Sinai School of  Medicine
New York, USA

Prof. Dr. Holger Moch
University Hospital Zurich
Institute for Clinical Pathology
Zurich, Switzerland

Prof. Dr. med. Rainer Weber
Dean of  the Medical Faculty
University of  Zurich
Zurich, Switzerland

Ehrenmitglied/Honorary Member

Prof. Dr. med. Dr. h.c. Paul Kleihues
Professor emeritus of  Neuropathology
University of  Zurich
Zurich, Switzerland

Scientific Advisory Board

The Scientific Advisory Board nominates candidates for the 
Charles Rodlphe Brupbacher Prize for Cancer Research. The 
Advisory Board also suggests Symposia speakers.
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Kontakt 

Sekretariat 
 C.R. Brupbacher Stiftung
 Zollstrasse 2 
 Postfach 1611
 9490 Vaduz
 Fürstentum Liechtenstein

Wissenschaftliches Sekretariat
 C. R. Brupbacher Foundation
 Bahnhofstrasse 24
 Postfach 
 8024 Zürich
 Schweiz
 Tel. +41 44 226 99 60
 Fax +41 44 226 99 69
 office@brupbacher-foundation.org

Alle Korrespondenzen und Anfragen bezüglich des Symposiums sind an das 
Wissenschaftliche Sekretariat zu richten.

Contact 

Secretariat
 C.R. Brupbacher Stiftung
 Zollstrasse 2 
 P.O. Box 1611
 9490 Vaduz
 Principality of Liechtenstein

Scientific Secretariat
 C. R. Brupbacher Foundation
 Bahnhofstrasse 24
 P.O. Box 
 8024 Zurich
 Switzerland
 Ph  +41 44 226 99 60
 Fax +41 44 226 99 69
 office@brupbacher-foundation.org

All correspondence and enquiries regarding the Symposium should be 
addressed to the Scientific Secretariat.
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