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Welcome to the Klenk Symposium 2016  
 

Dear Participants  
 

We are looking forward to welcoming you to the 32nd Ernst Klenk Symposium 2016 on "Precision oncology: 
Translating basic discoveries into patient survival", taking place from Dec. 08 - 10, 2016.  
 

The aim of the 32nd Klenk Symposium in Molecular Medicine is to provide a platform for the presentation of the 
discoveries of basic principles of actionable genomic aberrations in cancer, the development and use of 
genetically engineered mouse models of cancer, the development of personalized precision medicine 
approaches, as well as novel approaches in immune therapy. Cancer treatment is currently witnessing a 
fundamental paradigm shift. The recent progress in the understanding of the genetic changes, the molecular 
mechanisms of clonal evolution, the genetics of drug resistance, the cross-talk between malignant cells and 
the non-malignant stroma, as well as development of drugs interfering with “cancer-specific” targets is 
considered as an evolving field leading to individualized therapeutic strategies. These developments, 
commonly referred to as “precision oncology”, will undoubtedly lead to an enhanced survival of our patients in 
the future.  
 

Charles Swanton (The Francis Crick Institute - London, UK) has accepted our invitation to be the honorary 
guest speaker of the Ernst Klenk Lecture (Dec. 09, 2016 at 6 p.m.) and acts as the scientific coordinator. As 
clinician scientist, his research focuses on the understanding of tumor heterogeneity and evolution, as well as 
on mechanisms of replication stress and mutagenesis. His findings have a huge impact in the field of precision 
oncology with important implications for the development of innovative approaches for cancer treatment.  
 

Through his outstanding engagement we are excited to present a cutting-edge program with leading 
international experts. During the four sessions, these experts will present new insights into and discuss the 
latest advances in the field of precision oncology. We would like to thank all guest speakers for their active 
participation and engagement.  
 

The poster session with over 50 posters will give you an excellent opportunity for scientific exchange. 
 

The annual Klenk Symposium is a special biomedical science meeting at the University of Cologne that 
attracts national and international scientists, physicians and particularly students. The meeting is named in 
honor of Prof. Ernst Klenk - an outstanding German lipid-biochemist, who headed the Institute for 
Physiological Chemistry at the Medical Faculty, University of Cologne, from 1936 to 1965. Since its foundation 
the participation in the meeting is free of charge. Thus, we are thankful for the support provided by the Fritz 
Thyssen Foundation and the following industrial companies: Bristol-Myers Squibb / Roche / Merck / Janssen 
Oncology / Lilly / Siemens - New Oncology / Abbvie and Cologne Convention Bureau. 
 

We are expecting a highly interactive meeting sparked by the panel of internationally renown speakers, who 
will discuss their latest research developments with an audience of scientists and physicians.  
 

We are looking forward to welcoming you and wish all participants who have to travel to Cologne a pleasant 
journey. 
 
Sincerely yours 
 
 
 
 
Prof. Dr. Christian Reinhardt 
Chair - Cologne Klenk  
Symposium Board 2016 
 

 
 
 
 
Prof. Dr. Roman Thomas 
Chair - Cologne Klenk  
Symposium Board 2016 

 
 
 
 
Prof. Dr. Thomas Benzing 
Chair 
Center for Molecular Medicine Cologne 

 
Cologne Klenk Symposium Board 2016 
Christian Reinhardt and Roman Thomas (Chairs) - Reinhardt Büttner - Michal-Ruth Schweiger - Michael Hallek - 
Wilhelm Stoffel - Thomas Benzing - Debora Grosskopf-Kroiher (organization) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organization of the Ernst Klenk Symposium 2016 
 
Center for Molecular Medicine Cologne - University of Cologne  
 

CMMC-Research Building /  Robert-Koch-Str. 21 /  
50931 Cologne, Germany 
 

Phone: +(49)-221-478 5552  /  Fax: +(49)-221-478 4833   
 
klenk-symposium@uni-koeln.de  
 
www.cmmc-uni-koeln.de  
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Poster Session on Dec. 08, 2016 from 5.30 - 8.30 p.m. during the Welcome Get-Together  
 

 

Venue 
 

Main Lecture Hall, Faculty of Medicine, University of Cologne 
Access only possible from Joseph-Stelzmann-Str. 26 - Please follow the yellow Klenk signs. 

 
 

Organization 
 

Center for Molecular Medicine Cologne (CMMC), University of Cologne  
www.cmmc-uni-koeln.de  

 
 

 

certified with  

16 CME credits 



Thursday – Dec. 08, 2016 
 

12.50 p.m.  
 

Welcome Address 
 

Thomas Krieg         Dean - Medical Faculty, University of Cologne 
 

Michael Hallek         Chair - Center for Integrated Oncology 
 

Thomas Benzing    Chair - Center for Molecular Medicine Cologne, University of Cologne 
 

Charles Swanton - Christian Reinhardt - Roman Thomas 
Scientific Coordinators - Ernst Klenk Symposium 2016 
 

Session I 
 

 

Discovering basic principles of actionable genomic aberrations in 
cancer/tumor evolution/acquired resistance 
 

 

Chairs 
 

 

Charles Swanton / Michal-Ruth Schweiger - Cologne, DE  

1.00 - 1.30 p.m. Molecular targets in childhood malignancies  
Stefan Pfister - German Cancer Research Center - Heidelberg, DE 
 

1.30 - 2.00 p.m. A landscape of pharmacogenomic interactions in cancer 
Mathew Garnett - Wellcome Trust Sanger Institute - Cambridge, UK  
 

2.00 - 2.30 p.m. Targeted therapy of BRAF-nonV600 mutant melanoma: Lots of ideas, not much evidence 
Jeffrey A Sosman - Robert H. Lurie Comprehensive Cancer Center, Northwestern University - 
Chicago, US 

 

2.30 - 3.00 p.m. 
 

Coffee Break 
 

Chair 
 

Martin Sos - Cologne, DE 
 

3.00 - 3.30 p.m. Therapy of lymphoma inspired by functional and structural genomics 
Louis M Staudt - National Cancer Institute, Center for Cancer Research - Bethesda, US 
 

3.30 - 4.00 p.m. to be announced  
Matthew L Meyerson - Dana-Farber Cancer Center, Harvard Medical School - Boston, US 
 

4.00 - 4.30 p.m. The development of next generation cancer therapeutics 
William R Sellers - Broad Institute and Dana-Farber Cancer Institute - Cambridge, US 

 

4.30 - 5.00 p.m. 
 

Coffee Break 
 

5.00 - 8.30 p.m. Poster session during the Welcome Get-Together (free finger food and drinks) 
Selection of three posters for the Poster Awards  
 

 
 
 

 

Poster Presentation - Klenk Symposium 2016  
 

 

We are pleased to welcome you to the poster session with 54 poster contributions for the following topics: 
 

A: Discovering basic principles of actionable genomic aberrations in cancer/tumor 
 evolution/acquired resistance 
 Poster A01 - A20 

 

B Using mouse models as preclinical avatars for the development of precision cancer 
 Poster B01 - B10 
 

C Novel approaches for targeted intervention in solid tumors, lymphomas and leukemias 
 Poster C01 - C25 
 

The poster track is intended as a forum that provides an opportunity for the authors to present original 
research results, ongoing and preliminary results to promote interaction.  
 

Poster Award 
The Klenk Poster Award 2016 of the Center for Molecular Medicine Cologne (CMMC) will be awarded to the 
presenting author of the three most outstanding poster contributions. The awardees of the poster prize are 
invited to give a short presentation (10 min.) during the last session on Saturday, Dec. 10, 2016.  
 



Friday - Dec. 09, 2016 
 

 

Session II 
 

 

Using mouse models as preclinical avatars for the development of precision 
cancer medicine 

 

Chair 
 

9.00 - 19.30 a.m. 

 

Christian Pallasch - Cologne, DE 
 

Mouse models of lung cancer: What do they teach us?  
Anton Berns – Netherlands Cancer Institute - Amsterdam, NL 
 

9.30 - 10.00 a.m. The use of mouse lung cancer models for preclinical testing of novel targeted 
therapeutics  
Kwok K Wong Dana-Farber Cancer Institute, Harvard Medical School - Boston, US 
 

10.00 - 10.30 a.m. Deconstructing the molecular genetics of human cancer and its therapeutic implications 
Pier P Pandolfi - Div. of Genetics, Beth Israel Deaconess Medical Center - Boston, US 
 

10.30 - 11.00 a.m. Coffee Break 
 

Chairs 
 

11.00 - 11.30 a.m. 
Reinhardt Büttner - Cologne, DE / Martin Peifer - Cologne, DE 
 

Tailored animal models through in vivo genome editing 
Lukas E Dow - Dept. of Medicine, Hematology and Medical Oncology, Sandra and Edward 
Meyer Cancer Center, Weill Cornell Medicine - New York, US 
  

11.30 - 12.00 a.m. Modeling and targeting GI-cancer subtypes 
Dieter Saur - II Med. Klinik und Poliklinik, Technische Universität München - Munich, DE 
 

12.00 - 12.30 p.m. Mouse models of small cell lung cancer to identify novel therapeutic strategies 
Julien Sage - Depts. of Pediatrics & Genetics, Stanford Univ. Medical Center - Stanford, DE 
 

12.30 - 2.00 p.m. Lunch Break with Poster Presentation (free soup and sandwiches for all participants) 
 

Session III 
 

 

Novel approaches for targeted intervention in solid tumors, lymphomas and 
leukemias 
 

 

Chair 
 

2.00 - 2.30 p.m. 

 

Jürgen Wolf - Cologne, DE 
 

Being precise on the EGFR pathway 
Tony S K Mok - Dept. of Clinical Oncology of Sciences, Chinese University of Hong Kong - HK  
 

2.30 - 3.00 p.m. Lessons from targeted therapy in leukaemia and lymphoma 
John G Gribben - Barts Cancer Center, Queen Mary University of London - London, UK 
 

3.00 - 3.30 p.m. Mechanisms of acquired resistance to third generation TKIs  
Enriqueta Felip - Institute of Oncology, Vall d'Hebron University Hospital - Barcelona, ES 
 

3.30 - 3.50 p.m. 
 

Chair 
Coffee Break 
 

Matthias Fischer - Cologne, DE 
 

3.50 - 4.00 p.m. Announcement of the Poster Awards - Christian Reinhardt and Roman Thomas  
 

4.00 - 4.30 p.m. Somatic alterations in non-small cell lung cancer genomes 
Matthew L Meyerson - Dana-Farber Cancer Center, Harvard Medical School - Boston, US   

4.30 - 5.00 p.m. 
 

Exploiting good and bad senescence in cancer therapy 
Clemens A Schmitt  - Charité - Universitätsmedizin and Max-Delbrück-Center for Molecular 
Medicine - Berlin, DE 
 

5.00 - 5.30 p.m. 
 

Translation and precision: optimising melanoma care 
Richard Marais - Cancer Research UK Manchester Institute, Univ. of Manchester, UK 
 

5.30 - 6.00 p.m. Coffee Break  
 

 

 

6.00 -7.00 p.m. 
 

 
 

 

 

Ernst Klenk Lecture:  
Tracking Cancer Evolution : TRACERx 
Charles Swanton - The Francis Crick Institute - London, UK 
 

Laudatio: Christian Reinhardt and Roman Thomas  



 

Saturday - Dec. 10, 2016 
 

 

Session IV 
 
 

 

Immune checkpoint blockade as a novel therapeutic approach 
 
 

 

Chair 
 

9.00 -09.30 a.m. 

 

Michael von Bergwelt-Baildon - Cologne, DE 
 

Cellular plasticity and clonal yynamics in cancer immunotherapy 
Michael Hölzel - Inst. of Clinical Chemistry and Clinical Pharmacology, University of Bonn - DE  

 

9.30 - 10.00 a.m. 
 

 

Development and reversal of T cell exhaustion 
E John Wherry - Dept. of Microbiology and Institute for Immunology, University of Pennsylvania 
- Philadelphia, US 

 

10.00 - 10.30 a.m. 
 

 

PD-1 cancer immunotherapy  
Gordon J Freeman - Dept. of Medical Oncology, Dana-Farber Cancer Institute and Harvard 
Medical School - Boston, US 

 

10.30 - 11.00 a.m. 
 

Chair 

 

Coffee Break 
 

Roland Ullrich - Cologne, DE 
 

11.00 - 11.30 a.m. 
 

Checkpoint blockade in melanoma: what do we know? 
Dirk Schadendorf - Dept. of Dermatology, Venerology and Allergology, University Hospital - 
Essen, DE 
 

 

11.30 - 12.00 p.m. 
 

Single-agent beyond inhibitor checkpoint in cancer immunotherapy 
William Pao - Oncology Translational Medicine, Roche Pharma Research and Early 
Development - Basel, CH 

 

12.00 - 12.30 p.m. 
 

Resistance mechanisms in cancer immunotherapy 
Thomas Tüting - Dept. of Dermatology, University Hospital - Magdeburg, DE 
 

 

12.30 - 1.00 p.m. 
 

Short presentation  
of the three poster awardees (3 x 10 min. short talk) 
 

 

1.00 - 1.15 p.m.  
 

Summary, open questions, concluding remarks 
Charles Swanton - Christian Reinhardt - Roman Thomas  
 
 
 

 
 
 

General Information 
The meeting is open and no registration or attendance fee is required. Participation is free of charge - 
confirmed registration is required.  
Childcare is provided by Spielland, University Hospital Cologne – if you are interested, please contact 
Debora Grosskopf-Kroiher (Debora.Grosskopf-Kroiher@uni-koeln.de) 
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Overview of the poster abstracts 
 
 
 
 
 
 

 

 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

A-01 Annunziato,
S 

s.annunziato@ 
nki.nl  

 

Division of Molecular 
Pathology, The 
Netherlands Cancer 
Institute, Amsterdam, NL 

Modeling invasive lobular 
breast carcinoma by 
CRISPR/Cas9-mediated 
somatic genome editing of 
the mammary gland 
 

11 

A-02 Dietz, S s.dietz@dkfz-
heidelberg.de 

Cancer Genome 
Research Group, DKFZ 
and NCT, Heidelberg, 
DE 
 

Mutation analysis of 
circulating DNA to monitor 
non-small cell lung cancer 

 
 
 

12 

A-03 Fece de la 
Cruz, F 

ferran.fece@ 
ludwig.ox.ac.uk  

Ludwig Institute for 
Cancer Research, Univ. 
of Oxford, UK 

MEK inhibitors block growth 
of lung tumors with mutations 
in Ataxia Telangiectasia 
Mutated 
 
 

13 

A-04 Hadizadeh 
Esfahani, A  
 

brehme@ 
combine.rwth-
aachen.de 
 

Joint Research Center 
for Computational 
Biomedicine 
RWTH Aachen, DE 
 

A systematic atlas of 
chaperome deregulation 
topologies across the human 
cancer landscape 
 
 

14 

A-05 Halytskiy, V volha@biochem.
kiev.ua 
 

Palladin Institute of 
Biochemistry, National 
Academy of Sciences of 
Ukraine, UA 

 

Shifts in miRNAome create 
epigenetic background for 
mutations and epimutations 
leading to tumor evolution 
 
 

15 

A-06 Hussong, M michelle. 
hussong@uk-
koeln.de  

Functional Epigenomics, 
Cologne Center for 
Genomics 
University of Cologne, 
DE 

The bromodomain protein 4 
(BRD4) interacts with the 
heat shock factor 1 (HSF1) 
and regulates mRNA splicing 
as well as expression of 
pericentromeric RNA  
 

16 

A-07 Janich, S sophie.janich@
med.uni-
muenchen.de 

 

Dept. of Internal 
Medicine III, Univ. 
Hospital Grosshadern, 
LMU Munich, DE 
 

Functional characterization of 
the H3K27 demethylase 
KDM6A in acute myeloid 
leukemia 
 
 

17 

A-08 Kaehler, M kaehler@ 
pharmakologie. 
uni-kiel.de  

 

Institute of Exp. and 
Clinical Pharmacology, 
Univ. Hospital 
Schleswig-Holstein, Kiel, 
DE 
 

MicroRNA-212/ABCG2-axis 
contributes to survival of 
leukemic cells during 
development of imatinib 
resistance 
 

18 
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 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

A-09 Li, Y yizhu.li@ 
zentr.uni-
goettingen.de 

 

Institute of Molecular 
Oncology, University 
Medicine Göttingen, DE 

MAPKAP Kinase 2 inhibition 
differentially affects the 
sensitivity of pancreatic 
cancer cells towards 
nucleoside analogues and 
Cisplatin  
 

19 

A-10 Mamlouk, S soulafa. 
mamlouk@ 
charite.de 

 

Institute of Pathology, 
Charité Universitäts-
medizin Berlin, DE 

DNA copy number changes 
define spatial patterns of 
heterogeneity in colorectal 
cancer 
 
 

20 

A-11 Mescher, M 
 

jeongp@smail. 
uni-koeln.de,  
 

sina.knapp@uk-
koeln.de 
 

Cologne Excellence 
Cluster on Cellular 
Stress Responses in 
Aging-Associated 
Diseases, DE 
 

The epidermal polarity protein 
Par3 is a non-cell 
autonomous suppressor of 
malignant melanoma 
 
 

21 

A-12 Müller, N nmueller@thp. 
uni-koeln.de 

Institute for Theoretical 
Physics, University of 
Cologne, DE 
 

Iterative isolation of 
resistance mechanisms to 
targeted EGFR inhibition from 
tumor-sized cell cultures 
 
 

22 

A-13 Nagel, I inagel@ 
pharmakologie. 
uni-kiel.de 
  

Institute of Human 
Genetics, Univ. Hospital 
Schleswig-Holstein, 
Campus Kiel, DE 
 

Hematopoietic stem cell 
involvement in BCR-ABL1 
positive ALL: a potential 
mechanism of resistance to 
CD19 directed therapy 
 

23 

A-14 Ojamies, P maija.wolf@ 
helsinki.fi 
  

Institute for Molecular 
Medicine Finland, Univ. 
of Helsinki, FN 
 

Monitoring responses to 
targeted therapy at the level 
of cancer subclones by ultra-
deep amplicon resequencing 
in acute myeloid leukemia  
 

24 

A-15 Peña-Llopis, 
S 

Samuel.Pena-
Llopis@NCT-
Heidelberg.de 
 

Dept. of Translational 
Oncology, National 
Center for Tumor 
Diseases (NCT), 
Heidelberg, DE 
 

BAP1 loss as a biomarker of 
tumor aggressiveness 
 
 
 

25 

A-16 Savchenko, 
I 

olga_obuhova@
mail.ru 

Laboratory for Molecular 
Genetics Investigations, 
Sumy State Univ., UA 

Association of polymorphisms 
gene MMP-1 and MMP-9 with 
uterine leiomyoma in women 
in Ukrainian population 
 
 

26 
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 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

A-17 Schütte, M b.lange@ 
alacris.de 
  

Alacris Theranostics 
GmbH, DE 

Deep cancer genomics 
analysis of solid and blood 
tumours for the identification 
of personalised therapies 
 
 

27 

A-18 Sivakumar, 
S 

shivan. 
sivakumar@ 
oncology. 
ox.ac.uk 
 

CRUK Cambridge 
Institute, Univ. of 
Cambridge, UK 

 

Master regulators of 
oncogenic KRAS response in 
Pancreatic Cancer 
 
 
 

28 

A-19 Toprak, U u.toprak@ 
dkfz.de  

Division Theoretical 
Bioinformatics (B080), 
German Cancer 
Research Center, 
Heidelberg, DE 

Rapid structural variant 
detection in cancer genomes 
using a population genetics 
background model 
 
 

29 

A-20 Zamo, A Ellen.leich@ 
mail.uni-
wuerzburg.de 
 

International cancer 
genome consortium of 
germinal center B-cell 
lymphoma (ICGC-
MMML-Seq) 
 

Similarities and differences in 
the SNV-profiles of follicular 
lymphoma with and without 
BCL2-break 
 
 

30 

B-01 Al-Maarri, M mona.al-maarri 
@sf.mpg.de 
 

Max Planck Institute for 
Metabolism Research, 
Cologne, DE 
 

AKT activation in chronic 
lymphocytic leukemia cells 
promotes transformation 
towards aggressive Richter's 
syndrome lymphoma 
 

33 

B-02 Gareus, R ralph.gareus@ 
jax.org 
  

The Jackson Laboratory, 
Sacramento, US 

Patient-derived tumor 
xenografts in humanized 
NSG™-SGM3 mice: A new 
immuno-oncology platform 
 
 

34 
 

B-03 Grasse, S  sabrina.grasse
@uk-koeln.de 
 
anne.steinbach
@uk-koeln.de  
 

Functional Epigenomics, 
University of Cologne, 
DE 

Lung cancer (NSCLC) 
xenograft mouse models 
accurately mirror genomic 
and epigenomic alterations of 
corresponding primary tumors 
 

35 

B-04 Hönig, N natalie.hoenig@
med.uni-
goettingen.de  
 

Dept. of Human 
Genetics, Univ. Medical 
Center Göttingen, DE 
 

Simultaneous inhibition of 
smoothened and PI3K 
induces apoptosis in RMS-
bearing mice 
 
 

36 
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 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

B-05 Meder, L lydia.meder@ 
uk-koeln.de 
 

Dept. I of Internal 
Medicine, University 
Hospital of Cologne, DE 

Combined anti-VEGF and 
anti-PD-L1 immune 
checkpoint therapy of SCLC 
significantly improved 
progression-free and overall 
survival 
 

37 

B-06 Molnár, C 
 

christian.molnar
@uniklinik-
freiburg.de 
 

Pediatrics & Adolescent 
Medicine/Pediatric 
Hematology and 
Oncology, Univ. of 
Freiburg, DE 
 

Investigating the role of 
apoptosis in a mouse model 
of bone marrow failure 
 
 
 

38 

B-07 Ostroumov, 
D 

ostroumov. 
dmitrij@mh-
hannover.de 
  

Clinic for Gastro-
enterology, Hepatology, 
and Endocrinology, 
Medical School 
Hannover, Hannover, 
DE 
 

Development of an orthotopic 
HCC mouse model for 
analysis of tumor-specific 
CD8 T cell responses 
 

39 

B-08 Riabinska, A arina.riabinska@
uk-koeln.de  
 

Dept. I of Internal 
Medicine, Univ. Hospital 
of Cologne, Cologne, DE 
 

ATM reactivation ATM-
deficient tumors and stroma 
leads to tumor reduction and 
improved outcome 
 
 

40 

B-09 Siebert, S susann.siebert@
uk-koeln.de,  
 
christina.grimm
@uk-koeln.de 
 

Functional Epigenomics, 
Cologne Center for 
Genomics, Cologne, DE 

Investigation of the epigenetic 
landscape of hereditary 
nonpolyposis colorectal 
cancer (HNPCC) in an Msh2-/- 
mouse model 
 

41 

B-10 Wierling, C c.wierling@ 
alacris.de  

Alacris Theranostics 
GmbH, DE 

CanPathPro – Development 
of a platform for predictive 
cancer pathway modelling 
using genetically engineered 
mouse models 
 

42 

C-01 Beyer, M Manbeyer@ 
uni-mainz.de   
 

Institute of Toxicology, 
Univ. Medical Centre of 
Johannes Gutenberg 
University Mainz, DE 

Drugging the HDAC6-HSP90 
axis in acute myeloid 
leukemia using a novel 
HDAC6-specific inhibitor 
 
 

45 

C-02 Bielecka, Z 
F 

zbielecka@ 
wim.mil.pl  

Dept. of Oncology with 
Laboratory of Molecular 
Oncology / Military 
Institute of Medicine, PL 

 

Laminin and poly-D-lysine 
pre-coating enables effective 
drug testing in renal cell 
carcinoma 
 
 

46 
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 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

C-03 Cherepkova, 
E V 

indiaelen@ 
gmail.com  

Budgetary State-
Research Institute of 
Physiology and Basic 
Medicine, RS  

Endothelial dysfunction in 
patients with gastric cancer in 
the context of postsurgical 
complications development 
 

47 

C-04 Chudasama, 
P 

priya. 
chudasama@nct
-heidelberg.de 
 

Dept. of Transnational 
Oncology, German 
Cancer Research 
Center, Heidelberg, DE 
 

Targeting FGFR1 for 
treatment of soft-tissue 
sarcoma 
 
 

48 

C-05 Gauci, M d.mincher@ 
napier.ac.uk,  
 
m.gauci@ 
napier.ac.uk 

Molecular Drug 
Research Lab., School 
of Applied Sciences, 
Edinburgh Napier Univ., 
UK 

 

Design of novel theranostic 
prodrug probes for targeted 
cancer diagnosis and therapy 
 
 

49 

C-06 Golfmann, K kristina. 
golfmann@ 
uk-koeln.de 

Cancer Therapy and 
Molecular Imaging, 
Dept. I for Internal 
Medicine, Univ. Hospital 
Cologne, DE 

Combined inhibition of 
FGFR1 and VEGFR1 
signaling improves therapy 
outcome in FGFR1 
overexpressed breast cancer 
 

50 

C-07 Hoenicke, L Hoenicke.Lisa@
mh-hannover.de 

Dept. of Gastro-
enterology, Hepatology 
and Endocrinology, 
Hannover Medical 
School, DE 
 

Attenuated Listeria 
monocytogenes as a 
promising vaccine candidate 
in the settings of 
hepatocellular 
Carcinoma 
 

51 

C-08 Jutzi, J S jonas.jutzi@ 
uniklinik-
freiburg.de  
 

Dept. for Hematology / 
Oncology, Univ. Medical 
Center Freiburg, DE 

Effectiveness of LSD1 
inhibition for the treatment of 
Myeloproliferative Neoplasms 
 
 
 

52 

C-09 Macheleidt, I 
F 

iris.macheleidt@
uk-koeln.de  

Institute for Pathology, 
University Hospital of 
Cologne, DE 

LSD1 inhibitor HCI-2509 
reduces tumor growth in vitro 
and in vivo – implications for 
a novel therapy in NSCLC? 
 
 

53 

C-10 Mahen-
drarajah, N 

nmahendr@ 
uni-mainz.de   
 

Dept. of Toxicology, 
Univ. Medical Center, 
Johannes Gutenberg 
Univ. Mainz, DE 

 

Histone deacetylase inhibitors 
induce proteolysis of 
activated CDC42-associated 
kinase-1 in leukemic cells 
 
 

54 
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 First Author E-mail Affiliation  
(first affiliation listed) 

Poster Title  

C-11 Márquez, C cesarm@ 
stanford.edu 

Howard Hughes Medical 
Institute, USA 
 

Targeting epithelial-stromal 
interactions for lung cancer 
therapy 
 
 
 

55 

C-12 Michurina, A sashamichurina
@gmail.com  
 

Lab. of Endocrinology, 
Faculty of Biology, 
Lomonosov Moscow 
State University, RU 

 

Discovering new human 
progesterone receptor B 
agonists 
 
 
 

56 

C-13 Murumägi, A astrid.murumagi
@helsinki.fi 

Institute for Molecular 
Medicine Finland, FIMM, 
University of Helsinki, FI 

Novel therapeutic possibilities 
for chemorefractory ovarian 
cancer patients identified by 
functional ex vivo drug 
sensitivity testing of primary 
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Introduction 
Large-scale sequencing studies are rapidly identifying putative oncogenic mutations in human tumors. 
However, discrimination between passenger and driver events in tumorigenesis remains challenging and 
requires in vivo validation studies in reliable animal models of human cancer. For these reasons, new 
technologies are needed to expand the genetic toolbox of cancer biologists and allow a more rapid and 
systematic in vivo interrogation of gene perturbations. In this regard, the advent of CRISPR/Cas9 technologies 
for somatic genome editing has already paved the way for a new generation of nongermline animal tumor 
models.  
 
For example, liver-specific gene disruption was achieved by transient delivery of components of the 
CRISPR/Cas9 system in the tail veins of mice, leading to hepatocellular carcinoma (Xue et al. 2014; Weber et 
al. 2015). Similar approaches have been used to deliver targeted oncogenic mutations to the lung (Platt et al. 
2014; Sánchez-Rivera et al. 2014), brain (Zuckermann et al. 2015), and pancreas (Chiou et al. 2015). 
 
Results 
In this study, we describe a novel strategy for in vivo validation of candidate tumor suppressors implicated in 
invasive lobular breast carcinoma (ILC), which is hallmarked by loss of the cell-cell adhesion molecule E-
cadherin. We describe an approach to model ILC by intraductal injection of lentiviral vectors encoding Cre 
recombinase, the CRISPR/Cas9 system, or both in female mice carrying conditional alleles of the Cdh1 gene, 
encoding for E-cadherin.  
 
Using this approach, we were able to target ILC-initiating cells and induce specific gene disruption of Pten by 
CRISPR/Cas9-mediated somatic gene editing. Whereas intraductal injection of Cas9-encoding lentiviruses 
induced Cas9-specific immune responses and development of tumors that did not resemble ILC, lentiviral 
delivery of a Pten targeting single-guide RNA (sgRNA) in mice with mammary gland-specific loss of E-cadherin 
and expression of Cas9 efficiently induced ILC development.  
 
Perspectives 
This versatile and multiplexable platform can be used for rapid in vivo testing of putative tumor suppressor 
genes implicated in ILC, providing new opportunities for modeling invasive lobular breast carcinoma in mice. 
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Monitoring of tyrosine kinase inhibitor (TKI) therapy course in non-small cell lung cancer (NSCLC) patients is 
crucial since the tumors acquire resistance due to the selection of molecularly altered subclones. Here, we 
show the results of a continuous monitoring of tumors over time based on the level of mutant circulating free 
(cf) DNA in order to identify indicators of therapy response and tumor progression. To this end, serial plasma 
samples (n=107) from 16 NSCLC patients, treated with either gefitinib or erlotinib, were used to quantify EGFR 
and KRAS mutations in cfDNA by digital PCR.  
 
Variations in mutation levels over time were found in almost all patients, with the earliest sign for response 26 
hours after therapy onset. Low levels of mutant DNA over time were concurring with stable disease. 
Progressive disease and occurrence of resistance were detected up to several months prior to radiological 
progression. Vast numbers of mutations in cfDNA were associated with poor prognosis and short overall 
survival. Our data indicate that tumor progression can be monitored by digital PCR and might inform the 
demand for a therapy switch earlier than currently possible. Furthermore, in order to detect mutations besides 
the prominent hotspots and to investigate the molecular representation of the tumor exome in cfDNA, we 
performed whole-exome sequencing (WES) of serum and matched tumor tissue samples from six NSCLC 
patients and two control sera. We identified cancer-associated mutations and variants at COSMIC annotated 
sites in all six patients.  
 
Our results provide evidence for cfDNA to inform about the molecular constitution of the disease in the six 
advanced cancer patients with up to 57% of the tumor variants represented in the matched serum samples. 
Moreover, we detected additional mutations of clinical relevance in cfDNA, which were not found in the primary 
tumors. In summary, we show that WES of cfDNA informs about the primary tumors’ molecular alterations and 
can provide complementary information about the mutational patterns eventually deriving from in distant tumor 
clones. 
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Introduction 
Lung cancer is the leading cause of cancer death worldwide. In the past decade, deep sequencing projects 
have shed light on the molecular drivers commonly found altered in NSCLC. As a result, the first molecularly 
targeted agents have been approved for the treatment of tumors presenting activating oncogenic events in 
EGFR or EML4/ALK. However, the translation into therapies for tumors presenting loss-of-function mutations 
has proven challenging and constitutes an unexplored and promising field. 
 
In order to narrow the gap between cancer genomics and effective treatments for tumors harboring mutations 
in well-defined tumor suppressor genes (such as PTEN, BRG1 or ATM), we have developed a genetically 
tractable lung cancer cell model. Focusing on lung adenocarcinoma, we have engineered a panel of isogenic 
cell lines capturing the molecular heterogeneity found in patients. This panel has been screened against a 
collection of drugs, comprising classical chemotherapeutics and kinase inhibitors, providing a comprehensive 
evaluation for hundreds of gene-drug interactions. 
 
Results 
The screen confirmed known or highly expected interactions, proving the robustness of our approach. Among 
the unexpected and most relevant hits, we have found that ATM-deficient cells are exquisitely sensitive to 
drugs inhibiting the central growth factor kinases MEK1/2, including the FDA-approved drug trametinib. 
Extensive validation in ATM mutant patient-derived lung cancer cell lines has confirmed the synthetic lethal 
interaction between ATM and MEK in vitro and in vivo.  
 
Mechanistically, the interaction may not be directly associated with the major role of ATM in DNA damage 
signaling. Rather, we have observed a deregulation of the crosstalk between the MAPK and AKT/mTOR 
signaling pathways as a consequence of ATM deficiency, resulting in an increased dependency on MEK 
kinase activity for cell survival. 
 
Perspectives 
Loss-of-function mutations in the DNA damage response kinase ATM are common in lung adenocarcinoma (5-
10%) but directly targeting these with drugs remains challenging. MEK inhibitors are currently being tested in 
clinical trials for efficacy in KRAS or BRAF mutant lung cancer. However, these mutations alone do not 
adequately predict response to MEK inhibition. Our findings indicate that including ATM mutation status in lung 
cancer as a mechanistic biomarker for MEK inhibitors can improve patient stratification. Ultimately, extending 
the applicability of these drugs beyond KRAS or BRAF mutant tumors. 
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Proteome balance is safeguarded by the proteostasis network (PN), an intricately regulated network of 
conserved processes that maintain native function of the diverse ensemble of protein species to ensure 
cellular and organismal health. Proteostasis imbalances and collapse are increasingly implicated in a spectrum 
of disorders, from neurodegeneration to cancer. 
 
To demystify the characteristics and extent of PN alterations in human diseases, we set out to quantitatively 
map PN topologies across the human ‘diseasome’, at a systems level. The human chaperome is a central PN 
component previously identified as a proteostasis safeguard in human disease 1. Challenged by disease 
heterogeneity and the particular need for personalized genome-informed therapeutic intervention in cancer, we 
showcase a systematic profiling of chaperome alterations across the ‘human cancer landscape’. Using a 
curated PN ontology of ~2,100 genes that we connect in a high-confidence physical interactome network, and 
a customized data dimensionality reduction approach, we condense the complexity of available cancer RNA-
seq gene expression data into an atlas of interactome-guided quantitative cancer chaperome topographic 
maps. Our analyses reveal strong chaperome upregulation across solid cancers, with characteristic clusters of 
unexpected differences between functional sub-families. We developed tools to enable intuitive visual 
exploration of quantitative PN and chaperome disease alterations. Controlling for clinical relevance, we will 
assess patient biopsies to verify signatures of PN de-regulation at the protein level. 
 

Our systematic approach sets the stage for a systems-level analysis of PN alterations across the human 
diseasome, supporting disease modeling and testable hypotheses towards therapeutic strategies for PN 
readjustment in cancer and beyond. 
 

	
  
	
  

Figure 1. The Proteostasis Network (PN) in health, disease and therapy. A. PN processes are fine-tuned to 
meet cellular requirements. B. In disease, PN processes are deregulated, leading to proteostasis deficiencies 
or collapse. C. Proteostasis Regulator drugs (PR) can readjust the PN to a therapeutic, quasi-healthy state. 
Figure adapted from 2. 
 
1 Brehme M et al, Cell Rep. 2014 Nov 6;9(3):1135-50. doi: 10.1016/j.celrep.2014.09.042. 
2 Douglas PM, Dillin A, J Cell Biol. 2010 Sep 6;190(5):719-29. doi: 10.1083/jcb.201005144. 
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Introduction 
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 tumor evolution. Our investigation aims to identify in 
what way the shifts in miRNAome can contribute to the epigenetic abnormalities and DNA damage. MiRNA 
targets within gene transcripts were predicted in silico using the TargetScan software. 

Results  
MiRNAs miR-18, miR-19, miR-21, miR-29, miR-23, miR-155, miR-181, miR-206, miR-221/222 and miR-375, 
hyperexpression of which is essential for cancer cells, can silence HDAC1/2/4/6/7/8/9 and SIRT1/3/5/7 genes 
encoding histone deacetylases as well as silence ASH1L, DOT1L, EHMT1/2, EZH1, MLL, MLL2/3/5, NSD1, 
PRDM2, SET, SETBP1, SETD1A/B, SETD2/3/5/6/7/8, SETDB1/2, SMYD1/2/4/5, SUV39H1/2 and 
SUV420H1/2 genes encoding histone methyltransferases. MiRNAs miR-29, miR-221/222, miR-206, miR-21 
and miR-375 suppress genes encoding de novo DNA methyltransferases DNMT3A, DNMT3B and DNMT3L. 
At the same time, tumor-related down-regulation of miRNAs miR-15/16, miR-17, miR-22, miR-26, miR-31, 
miR-122, miR-125, miR-143, miR-145, miR-204, miR-205 and miR-320 allows overexpression of genes 
encoding histone acetyltransferases PCAF, Elp3, MOZ, MORF, TIP60 and HBO1, transcription factors ATF2, 
CREBBP and EP300, histone demethylases KDM1A/B, KDM2/B, KDM3A, KDM4A/B/C and KDM5A/C/D, 
because transcripts of mentioned genes carry targets for these miRNAs. Also, down-regulation of miRNAs 
miR-31, miR-22, miR-122 and miR-320 can facilitate overexpression of genes ARID1A/B, SMARCC2, 
SMARCD1/2 and ACTL6A coding components of SWI/SNF chromatin remodeling complex. Therefore, shifts in 
miRNAome cause increase of overall level of chromatin acetylation and expression and, as a result, make 
possible the reactivation of silent oncogenes and transposons, which can rapidly lead to DNA damage and 
genome destabilization. 

In addition, the hyperexpressed miRNAs 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 recombination (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). Silencing of these genes facilitates the damage of antioncogenes and tumor suppressor genes as 
well as contributes to increase of mutation rate that leads to oncogene abnormalities and cancer cell variability 
underlying the tumor evolution and drug resistance acquisition. Moreover, down-regulation of some miRNAs 
(e.g. miR-17 and miR-143) can contribute to the reactivation of AICDA gene encoding the cytidine deaminase 
AID that is a potent mutator. 

Perspectives 
Because shifts in miRNAome lead to epigenetic remodeling and increase risk of gene mutations, normalization 
of the miRNA profile can freeze the tumor evolution and counteract the drug resistance acquisition. 
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Abstract 
In recent years the bromodomain protein BRD4 has gained extensive attention – mainly due to its involvement 
in tumour growth and its widespread success as therapeutic target in leukaemia, lung cancer, melanoma and 
diverse other tumour entities. Previously we have identified BRD4 as an integral member of the oxidative 
stress response over the NRF2/KEAP1 axis.  
 
We have now extended our analyses and discovered that BRD4 is also a central regulator of the heat shock 
response by binding to the heat-shock factor HSF1 and its recruitment to nuclear stress bodies. Using mRNA 
sequencing data, we found a significant increase in splicing inhibition during heat shock treatment in BRD4 
knockdown cells. We also found that by BRD4’s recruitment to nSB it is involved in the expression of 
pericentromeric satellite RNA (SatIII) transcripts [3].  
 
We now gained new insights in the epigenetic regulatory network as well as in the function of pericentromeric 
RNA in chromatin organization as well as splicing regulation under stress and its contribution on progression 
and chemotherapy resistance in cancer. We present a model where the co-transcriptional splicing process 
under stress is maintained by the recruitment of BRD4 to nSBs and the activation of SatIII RNA transcription, 
leading to the maintenance of regular splicing of primary stress response genes in the vicinity of nSBs. 
Since BRD4 is a potent target for anti-cancer therapies, our data - linking BRD4 to the splicing machinery and 
the heat stress response - may provide an explanation for the broad clinical utility of BRD4 inhibitors.    
  



	
   17 

A-07 

 
Functional characterization of the H3K27 demethylase KDM6A in acute myeloid leukemia 
 
S. Janich1-3 / L. Hartmann1-3 / S. Vosberg1-3 / R. Mattes1 / H. Polzer1-3 / H. Leonhardt4 / P. Greif1-3 /  
W. Hiddemann1-3 / K. Spiekermann1-3 
 
1 Department of Internal Medicine III, Experimental Leukemia and Lymphoma Research (ELLF), University 

Hospital Grosshadern, Ludwig Maximilians University (LMU), Munich, Germany 
2 German Cancer Consortium (DKTK), Heidelberg, Germany 
3 German Cancer Research Center (DKFZ), Heidelberg, Germany 
4 Department of BioImaging, Ludwig Maximilians University (LMU), Munich, Germany 

 
sophie.janich@med.uni-muenchen.de 

 
Introduction  
KDM6A, also known as UTX, belongs to the family of Jumonjii C (JmjC)-domain-containing proteins that are 
characteristic for lysine demethylation of histones through an oxidative reaction. The ubiquitously expressed 
KDM6A targets specifically the di- and trimethyl groups from histone 3 lysine 27 (H3K27), which leads to a 
transcriptional active state of certain genes. Besides its essential functions in embryonic development and 
differentiation, KDM6A appears to play an important role in cancer. Inactivating somatic mutations were found 
in a variety of human cancer types suggesting a deregulation of H3K27 methylation in cancer and a tumor 
suppressor function for KDM6A. Still, only little is known about KDM6A and its role in acute myeloid leukemia 
(AML).	
  	
  
 
Results  
Using exome and gene panel sequencing of cytogenetically normal AML (n=50) at time point of diagnosis, 
remission, and relapse, we found mutations in the KDM6A gene (n=2; 4.0%) with high variant allele 
frequencies (VAF) at time point of relapse. The observed somatic mutations, L1103R and V1113Sfs*38, are 
located within highly conserved regions of the functional JmjC domain implying an impairment of its 
demethylase activity. Interestingly, both mutations were present subclonal at diagnosis (VAF<5%). Treatment 
appears to have resulted in the selection and outgrowth of these KMD6A mutant clones at relapse (VAF>40%) 
suggesting a KDM6A-related resistance to chemotherapy agents such as cytarabine.  
 
In fact, we were able to show that MM-6, a KDM6A-null AML cell line, is about 4-fold more resistant to 
cytarabine (853 nM) than its sister cell line MM-1 (200 nM), which expresses wild-type KDM6A. While the 
global H3K27 tri-methylation level was only slightly elevated in MM-6 cells compared to MM-1, we observed a 
strong decrease in global H3K27 mono-methylation in MM-6 cells indicating a less transcriptional active state 
of target genes. 
 
Investigation of over 47 AML cell lines for the occurrence of exon deletions in the KDM6A gene revealed 
homozygous exon deletions in four AML cell lines (n=4; 8.5 %). These results are in line with low mRNA and 
no detectable protein expression. Compared to AML cells with a KMD6A wild-type, the H3K27 tri-methylation 
level is strongly elevated suggesting an epigenetically altered phenotype in these cells. 
 
Perspectives  
Characterizing the functional relevance of these mutations and understanding how genetic alterations of 
KDM6A give rise to the development of refractory AML in certain cases might offer new possibilities for 
developing better therapeutic strategies. 
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Introduction & Methods 
The hematopoietic disorder chronic myeloid leukemia (CML) is one of the most extensively studied neoplasms. 
It is caused by translocation between chromosomes 9 and 22 leading to the formation of the Philadelphia 
chromosome and the BCR-ABL fusiongene. Still one of the first-line drugs for targeted therapy is the tyrosine-
kinase inhibitor imatinib (IM), which was tremendously successful. However, the amount of therapeutic 
resistances is increasing, caused either by BCR-ABL-dependent mechanisms (e.g. BCR-ABL 
amplification/overexpression, point mutations) or BCR-ABL-independent mechanisms. These might be linked 
to alterations in drug transporter expression, possibly due to microRNA regulation. Previously, we observed 
changes of microRNA expression profiles during the development of IM-resistances in the leukemic cell line K-
562, as there was an inverse correlation of miR-212 expression and protein levels of the efflux transporter 
ATP-binding cassette transporter G2 (ABCG2) pointing to a relation of miR-212 to IM-resistance. The aim of 
our current studies, was to get a deeper insight into the mechanisms of miR-212 related to IM-sensitivity.  

We transfected K-562 cells, sensitive treatment-naïve cells and cells resistant to various IM-concentrations, 
either with miR-mimic pre-miR-212 or inhibitory anti-miR-212, challenged them with IM and analyzed effects 
on cell survival and cytotoxicity various time points after transfection. In addition, we analyzed subsequent 
changes in ABCG2 mRNA and protein expression using qRT-PCR and surface staining. Furthermore, we 
investigated, whether the transport function of ABCG2 was altered after miR-212 inhibition using an in vitro- 
Hoechst dye transport assay.  

Results 
Inhibition of endogenous miR-212 led to pronounced K-562 cell survival (p<0.01) and reduced apoptosis 
(p<0.01) in treatment naïve, imatinib-sensitive K-562 cells, but not in imatinib-resistant cells. Furthermore, the 
observed effects were dose-dependent and were more pronounced 48 h after transfection with the miR-212 
inhibitor. Next, we analyzed effects of miR-212 inhibition on ABCG2 expression level and found that ABCG2 
mRNA expression was not changed at all tested time points. In contrast, ABCG2 protein expression was 
increased already 24 h after miR-212 inhibition. This was confirmed on a functional level, as ABCG2-
dependent Hoechst dye transport was increased after miR-212 inhibition (p=0.03) and could be abolished 
using the ABCG2-specific inhibitor Ko-143. 

Perspectives 
Overall, these experiments indicate that miR-212 directly affected imatinib susceptibility of imatinib-sensitive K-
562 cells by alteration of ABCG2 protein expression and thereby modulation of ABCG2-dependent transport. 
The miR-212/ABCG2-axis seems to contribute directly to acute, but not long-term imatinib resistance. In 
summary, these findings could be relevant in CML-therapy, overcoming IM-resistances with a better 
understanding of miRNA- and drug transporter alteration in CML. 
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In 2007, Reinhardt et al.1 have demonstrated that targeted deletion of the MAP kinase-activated protein kinase 
2 (MK2), a kinase currently implicated in p38 stress signaling and G2 arrest, leads to sensitization of p53 
mutant cells against cisplatin, effectively inducing cell death. In 2013, and in seeming contrast, Köpper et al.2 
reported a replication stabilizing effect of MK2 inactivation in p53 wildtype cells upon simultaneous treatment 
with gemcitabine, leading to improved cell survival. The two reports seem contradictory, as in one situation 
MK2 loss of function leads to chemosensitization and in the other situation protects the cancer cells against a 
chemotherapeutic drug. 
 
Using a mutant p53 pancreatic cell line (PANC-1), we recapitulated both observations in the same biological 
system. MK2 inhibition sensitized PANC-1 cells towards cisplatin but made them resistant against 
gemcitabine. Furthermore, quantifying the progression of single DNA replication forks using DNA fiber assays, 
we found a striking difference in the effects of cisplatin and gemcitabine: Cisplatin only mildly reduced the 
average fork rate, whereas gemcitabine rapidly and potently inhibits replication progression. MK2 inhibition 
rescued replication in the presence of gemcitabine, but not when cells were treated with cisplatin. Importantly, 
cisplatin-treated cells readily underwent premature mitosis when MK2 function was blocked simultaneously, 
providing an explanation for the enhanced sensitivity of MK2-inhibited cells towards cisplatin. 
 
1Reinhardt HC et al., Cancer Cell. 2007 Feb;11(2):175-89. p53-deficient cells rely on ATM- and ATR-mediated 

checkpoint signaling through the p38MAPK/MK2 pathway for survival after DNA damage.  

2Köpper F et al., Proc Natl Acad Sci U S A. 2013 Oct 15;110(42):16856-61. doi: 10.1073/pnas.1304355110. 
Epub 2013 Sep 30. Damage-induced DNA replication stalling relies on MAPK-activated protein kinase 2 
activity.  
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Genetic heterogeneity between and within tumors is a 
major obstacle to successful therapy as well as a challenge 
for mono-sampling diagnostics in colorectal cancer (CRC). 
To address the contributions of single nucleotide variations 
(SNV) and DNA copy number variations (CNV) to CRC 
genetic heterogeneity, we performed a detailed analysis of 
inter-patient, inter-tumor and intra-tumor heterogeneity. 
Using a CRC-specific DNA sequencing panel we assessed 
mutational patterns and CNVs by ultra-deep sequencing. 
We validated CNVs by fluorescent in-situ hybridization 
(FISH). In 97 samples from 27 CRC patients we found little 
genetic heterogeneity at the driver mutational level but 
strong CNV heterogeneity between and within each patient.  
 
We performed an in-depth analysis of 68 samples from a 
single primary tumor to assess intra-tumor heterogeneity. 
Serial sections of the tumor, each divided into the luminal, 
deep invasive and lateral fronts, were sequenced along the 
proximal-distal axis of the colon. Genetic alterations, 
validated by FISH and shallow whole genome sequencing, 
were mapped to a 3D-model of the tumor.  
 
We find a homogeneous distribution of genetic mutations, yet strongly diverging numbers of DNA copy 
numbers in multiple genes implicated in tumor progression and therapy response. CNV cluster analysis of all 
samples from this tumor revealed two clusters (fig.1). Mapping of these two clusters onto the 3D- tumor 
reconstruction revealed divergent DNA copy number aberrations along the proximal-distal axis (fig.2). Our data 
indicates that CNVs and their regional differences are an important aspect of tumor heterogeneity in CRC. This 
study thus proposes implementation of broader clinical routines taking into account both DNA mutations and 
copy number changes. 
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Introduction 
Melanoma, an aggressive skin malignancy with increasing lifetime risk, originates from melanocytes that 
contact surrounding epidermal keratinocytes. Though keratinocyte-melanocyte cross-talk is essential for skin 
photoprotection it is unknown whether the epidermal microenvironment directly controls melanomagenesis. 
Here we identify an unexpected non-cell autonomous role of epidermal polarity proteins, molecular 
determinants of cyto-architecture, in malignant melanoma. 
 
Results 
Epidermal Par3 inactivation in mice promotes melanocyte dedifferentiation, motility and hyperplasia and in an 
autochthonous melanoma model results in increased tumor formation and lung metastasis. Keratinocyte-
specific Par3 loss upregulates surface P-cadherin that is essential to promote melanocyte proliferation and 
phenotypic switch towards dedifferentiation. In agreement, low epidermal PAR3 and high P-Cadherin 
expression correlate with human melanoma progression, implying that this mechanism also drives human 
disease.  
 
Collectively, our data show that reduced keratinocyte Par3 function fosters a permissive P cadherin-dependent 
niche for melanocyte transformation, invasion and metastasis. This study reveals a previously unrecognized 
extrinsic tumor suppressive mechanism, whereby epithelial polarity proteins dictate the cyto-architecture and 
fate of other tissue-resident cells to suppress their malignant outgrowth. 
 
Perspectives  
The importance of tumor-immune cell interactions has recently been recognized and clinically exploited for 
melanoma therapy. However, despite the success of immunotherapy and targeted therapy for melanoma 
patients, resistance mechanisms determine the efficacy of these therapeutic approaches, highlighting the need 
for new molecular targets to advance melanoma therapy. Here, we identify P-cadherin as a critical mediator of 
direct interactions between tumor cells and their abundant epithelial microenvironment.  
 
This, together with the fact that P-cadherin amplification is common in various human carcinomas, places P-
cadherin as an emerging pro-tumorigenic and pro-invasive adhesion molecule and a promising druggable 
target to disrupt tumor - microenvironment interactions for anti-cancer therapy. 
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Introduction 
Targeted therapy in solid tumors is limited by the emergence of acquired resistance. Acquired resistance is 
driven by heterogeneity existing in the tumor already prior to therapy: With a tumor size of 108-1010  cells at 
detection and a point mutation rate of 10-8 per 
cancer cell generation, 1-100 cells with a given 
point mutation newly arise in each generation. As 
resistance to targeted therapy can be mediated by 
a single nucleotide change, resistant mutants will 
exist prior to treatment. We seek to iteratively 
isolate all resistance mechanisms to a specific 
targeted treatment present in a cell population of a 
given size. As a model system we use PC9 cells, 
an EGFR-driven human NSCLC cell line, which is 
initially sensitive to Erlotinib (GI50~30nM). 
 
Results 
So far, we have isolated cells with three distinct mechanisms of resistance to Erlotinib treatment. All of these 
cell types were present prior to therapy, upon therapy the one growing fastest repopulated the tumor. By 
measuring growth rates we confirmed that all resistant lines grew slower than the parental line, and that the 
fastest growing lines were isolated first. While resistant to Erlotinib, each cell type isolated up to now is 
susceptible to a combination of at most two compounds. The first line carries the well-known T790M 
gatekeeper mutation and is sensitive to AZD9291.The second line carries a mutation in NRAS associated with 
sensitivity to MEK inhibition and is sensitive to the dual inhibition of EGFR and MEK (e.g. Erlotinib and 
Trametinib).   
 
Perspectives 
Multiple resistance mechanisms co-exist in a sufficiently large tumor already prior to therapy. Hence tumor 
regression in response to first-line targeted treatment is only a partial response of a (possibly very large) 
fraction of cells. Even if the number of tumor cells is reduced by orders of magnitude, rare resistant mutants 
will grow and eventually cause a relapse. This is why, in solid tumors, targeted mono-therapy is not curative. 
Conversely, the delivery of short cycles of agents, first targeting wild-type cells and then different resistance 
mechanisms may be able to eradicate one subpopulation after the other while avoiding cross-toxicities that 
may arise in combination therapy.  
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Introduction 
B-cell directed immunotherapies have significantly improved the outcome of patients with relapsed/refractory 
B-cell acute lymphoblastic leukemia (B-ALL). However, relapse due to loss of CD19-antigen on leukemic cells 
has been established as a novel leukemia escape mechanism to CD19-specific immunotherapies. The aim of 
the present study was to analyze whether pre-therapeutic CD19-negative leukemic subpopulations may cause 
this type of relapse.  
 

Results  
In leukemia samples at initial diagnosis from 25 patients with BCR-ABL1-positive B-ALL the following 
compartments were analyzed by fluorescence in situ hybridization after fluorescence activated cell sorting: 
CD34+38-19-3- (hematopoietic stem cells (HSC) and multipotential progenitor cells (MPP )), CD34+38+19-3- 
(myeloid and lymphoid progenitors), CD34+19+20-3- (leukemia cells, CD20-), CD34-19+20+3- (leukemia cells, 
CD20+), CD34-19+20+ (mature B cells), CD34-19-20-3+ (mature T cells), CD34+19-13/33+10-3/16- (early 
myeloid), CD34-19-13/33+10-3/16- (late myeloid), CD34-19-13/33+10-3/16+ (mature myeloid). In ten of the 
patients (40%) BCR-ABL1-fusion positive cells were not only found in the CD19-positive leukemia 
compartments but also within the HSC (40%) and in nine of this patients (36%) also within the progenitor and 
myeloid compartments (“MPP-pattern”). In a second predominant pattern, which we refer to as “B-lineage 
pattern”, present in 13 (52%) of the cases, BCR-ABL1-positivity was restricted to the B-determined CD34+19+ 
cells. Patients with major breakpoint BCR-ABL1-fusions (M-BCR) encoding P210 BCR-ABL1 mainly show the 
MPP-pattern (7/9) and much less frequently the B-pattern (1/9). In contrast, patients with minor BCR-ABL1-
fusion (m-BCR) encoding P210 BCR-ABL1 predominantly show the B-lineage pattern (9/11) and much less 
frequently the MPP-pattern (2/11). 
 

Perspectives 
Our results suggest that in adult B-ALL the BCR-ABL1-fusion frequently represents an antecedent event in 
leukemogenesis which may occur early in the hierarchy of hematopoiesis prior to B-lineage determination. In 
these patients CD19- or CD20-directed therapy is not able to reach all (pre)leukemic cells which may lead to 
therapy-resistance or relapse. This argues for a therapy strategy that does not exclusively address the B-cell 
determined leukemic bulk but also precursor cells for example using a combined chemo-immunotherapy or 
allogeneic stem cell transplantation especially in patients with MPP-pattern. Although the MPP-pattern is more 
frequently seen in patients with P210 BCR-ABL1 ALL compared to P190 BCR-ABL1 ALL, the characterization 
of fusion transcripts (M-BCR or m-BCR) does not allow a clear allocation to the cell of origin of the BCR-ABL1-
fusion.  
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As part of our individualized systems medicine (ISM) program, personalized treatment options are identified for 
chemorefractory acute myeloid leukemia (AML) patients based on exome sequencing and functional ex vivo 
drug sensitivity testing data. When applicable, this information is clinically translated into individual patient 
treatment regimens. We have sought to identify how clonal heterogeneity, which is a characteristic feature of 
AML, impacts the drug responses. Here, we studied drug responses by ultra-deep amplicon sequencing at the 
level of individual AML subclones.  
 

Longitudinal samples obtained at different time-points from 13 AML patients treated with chemotherapy and 
targeted tailored treatments (n=6) were included in the study. These included samples taken before and after 
therapy. The initial subclonal composition of each sample was first determined from exome sequencing data. 
This was followed by ultra-deep (average coverage of 68,500X) amplicon resequencing with unique molecular 
identifiers to validate the variant allele frequencies (VAFs) of cancer-relevant mutations across consecutive 
samples. An enhanced variant detection pipeline including rigorous noise filtering was introduced for the 
detection of rare variants.  
 

Using this approach, we identified 16 low frequency (0.5-2%) variants from four patients at different time points 
that were not detected by exome sequencing. In two patients, variants that by exome sequencing seemed to 
arise only at relapse, were shown to be present as minor subclones already at diagnosis.  
 

Based on linear trends and correlation of VAFs across multiple time-points we quantitatively modeled clonal 
evolution and tracked subclonal responses to therapy. Subsequent to induction chemotherapy (typically 
cytarabine combined with idarubicin), we observed statistically significant responses at the cancer subclone-
level, wherein frequency of variants significantly decreased after therapy. In addition, seven of the 13 patients 
showed the emergence of new subclones after chemotherapy. Targeted therapy at relapse or chemorefractory 
stage was given to six of the 13 patients as part of the ISM program. While only two out of the six patients 
manifested objective clinical responses meeting the ELN criteria, five patients showed statistically significant 
responses at the level cancer subclones. 
 

A comprehensive view of the clonal architecture of cancer, including information on the existence of rare 
subclones, enables both the design of strategic drug combinations and provides means for tracking therapy 
responses at the subclonal level. As targeted drugs may impact on specific subclones only, such responses 
provide a means to objectively measure drug effects at the level of genomically defined cancer subclones. 
Such responses are likely to be highly informative for drug development purposes, understanding of in vivo 
treatment effects and for real-time adjustment of patient therapies.  
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Introduction 
Kidney cancer is among the ten most prevalent cancers arising in Western countries, with clear-cell renal cell 
carcinoma (ccRCC) being the most frequent subtype (75%). About 30% of ccRCC patients present with 
metastatic disease at diagnosis, and another 30% will develop metastases after surgery. When metastatic, 
ccRCC remains largely incurable.  
 

Results 
We recently discovered that the tumor suppressor BAP1 (BRCA1-associated protein 1) is inactivated in 15% of 
ccRCCs1. Notably, we found that mutations in BAP1 are mutually exclusive with mutations of the tumor 
suppressor gene PBRM1, and loss of BAP1 was associated with higher tumor grade, activation of mTORC1, 
and poorer overall patient survival, whereas tumors with PBRM1 loss were associated with lower tumor grade 
and better overall survival1,2. This first molecular genetic classification of ccRCC may have tangible clinical 
implications, as exemplified by our observation that mutations in these tumor suppressor genes highly 
correlated with their immunohistochemistry1. Thus, the lack of nuclear BAP1 protein expression is now being 
used as biomarker of worse prognosis not only in ccRCC, but also in other tumor types with frequent BAP1 
mutations, such as uveal melanoma and mesothelioma. Therefore, these studies are contributing to change 
clinical practice in these diseases. In fact, tumors with BAP1 loss display in general more aggressive 
pathological features and are more prone to metastasize. However, the molecular mechanism for BAP1 loss to 
induce metastasis and tumor aggressiveness remains elusive. 
 

Perspectives 
We found that the three microRNAs (miRNAs) most upregulated by mutant BAP1 constitute a miRNA cluster 
that has previously been implicated in the development of metastasis in brain, liver, skin, ovarian, prostate, 
and breast cancer. Studies are underway to uncover the regulation of the miRNA cluster by BAP1 loss to 
explain its contribution to higher tumor aggressiveness. 
 

References 
1. Peña-Llopis, S. et al. BAP1 loss defines a new class of renal cell carcinoma. Nat. Genet. 44, 751-9 (2012). 
2. Kapur & Peña-Llopis, S. et al. Effects on survival of BAP1 and PBRM1 mutations in sporadic clear-cell 

renal-cell carcinoma: a retrospective analysis with independent validation. Lancet Oncol. 14, 159-67 
(2013). 
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Introduction 
The search for new biological markers of early prognosis of benign tumors in the uterus remains important, 
because uterine leiomyoma (UL) is holds the majority of gynecological operations. Uterine leiomyoma is often 
combined with modifications of the ovaries. In the pathogenesis UL close to hormonal disorders and growth 
factors, it is crucial to balance of apoptosis and proliferation in the tissue of the myometrium. This balance is 
provides including enzymes of the extracellular environment – matrix metalloproteinases (MMP). Considering 
the large number of members of the family of matrix metalloproteinases, we have chosen to study two 
enzymes: MMP-1 and MMP-9, which is associated with the operation of the pathogenesis of many 
pathological processes. The genes of each of them having a large number of polymorphic variants, but most 
often associated with the disease are polymorphisms 1G / 2G-1607 gene MMP-1 and C-1562T gene MMP-9. 
That is what was caused by our choices search communications uterine leiomyoma of molecular genetic 
factors in the body. 
 

Results 
According to the posed in the research was conducted genotyping of patients with UL and women in the 
control group by the polymorphism 1G/G-1607 gene MMP-1. Patients with UL and women in the control group 
were significantly different as the ratio of alleles and genotypes in frequency. Thus, in the control group allele 
frequency 1G and 2G amounted to 0.44 and 0.56, while in patients with UL – 0.32 and 0.68. This measure 
statistical significance of P equal to 0.0199 that was less than 0.05, it is indicating a high probability of 
detected differences. Value genotypes 1G/1G:1G/2G:2G/2G women in the control group was 17.8%, 52.4%, 
29.8%, and in the basic group – 8.3%: 47.2%: 44.5% respectively. The differences between these indicators 
analyzed using Pearson criterion �2, were statistically significant (P=0,042). In patients with UL frequency of 
homozygotes for allele 1G was higher, and homozygotes for the allele 2G, conversely, was lower when 
compared with women in the control group. Logistic regression is revealed that the risk of UL in homozygotes 
for the allele 2G in 3.2 times higher than in homozygotes for allele 1G.  
 

As for the distribution of genotypes for C-1562T polymorphism of the gene MMP-9, the differences between 
patients with UL and women without tumors were statistically little probable. Thus, in the main group the 
frequency of homozygotes for the major allele was 60.2%, heterozygotes - 33.3% and homozygotes for the 
minor allele – 6.5%. The corresponding figures in the control group were 64.3%, 33.3% and 2,4% (P=0,402). 
There is association between allelic polymorphism 1G/2G-1607 gene MMP-1 and development of uterine 
leiomyoma. The risk of benign tumor in the myometrium in homozygotes for 2G allele in 3.2 times higher than 
in homozygotes for 1G allele  (P=0,017). Association of the polymorphism C-1562T gene MMP-9 with the 
development of uterine leiomyoma was not found. 
 

Perspectives 
Genetic polymorphism of matrix metalloproteinases, which manifests itself increased expression of the 
corresponding gene may be relevant to all major mechanism of tumor growth: increased proliferative signals 
weakening inhibitory effect on cell division and stimulating vascularization of tissue. All these mechanisms on 
the background of more or less powerful risk factors can make the transition pathogenetic basis of 
physiological proliferative benign process in tumor growth. 
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Introduction 
Cancer is a complex disease: differences in the genetic profile of each person and his or her tumour make 
every cancer patient and each cancer unique. This individuality has a fundamental impact on the efficacy of 
cancer treatment. Recent advances in next generation sequencing (NGS) technologies are providing 
opportunities for personalised medicine to impact clinical practice in oncology. Personalised approaches, 
based on the characterisation of an individual’s cancer genome through targeted sequencing of pre-specified 
candidate genes in multi-marker tumour panels, believed to provide clinically actionable molecular targets, are 
providing new hope for focusing treatment strategies. However, the restriction to this limited information 
(limited number of mutations or genes or no transcriptome information) comes at the price of unavoidable 
errors in predictions. These approaches are failing to make a significant impact for patients that do not carry 
these well-known markers or who are resistant to therapy.  Here we show how a Comprehensive Molecular 
Tumour Analysis (CMTA) generates a detailed molecular profile of a cancer patient’s genome and tumour's 
genome and transcriptome, enabling identification of changes that can be linked to treatments options. 
 
Results 
We routinely carry out whole genome or low coverage genome/deep exome sequencing of tumour and of 
patient control DNA (e.g. blood) and RNASeq analysis of tumour to derive highly detailed molecular 
information on somatic and germline variants, copy-number alterations and expression deregulation. This 
CMTA of cancer patients, allows us to identify the alterations that indicate treatment options (the so-called 
"actionable variants") or changes that predict drug resistance. The combination of DNA and RNA based 
analyses complement each other, serve as mutual controls, and allow to precisely detect potential “actionable 
variants“. In tandem, we can use this deep molecular characterisation of patient and tumour as input for our 
predictive mechanistic modelling system – ModCellTM. ModCellTM combines the molecular data of the patient’s 
disease with in-depth information on cancer-associated processes in a patient-specific computer model of the 
tumour to simulate the effects of different drugs or drug combinations in silico. 
 
Using our highly comprehensive cancer-analysis pipeline, developed during the course of several cancer 
research projects, we can detect somatic mutations, germline variants and copy-number alterations for a very 
broad spectrum of tumour types. Through identification of gene fusions, gene expression levels and cancer-
relevant isoforms, additional potential treatment options are indicated, including immune therapies. Gene 
expression levels also provide insightful information on the expression of prognostic, diagnostic or 
pharmacogenomic marker genes that help physicians to better understand the pathology of an individual 
tumour. In tandem, ModCellTM generated predictions support a better molecular and mechanistic 
understanding of drug response on a cellular level. 
 
Perspectives 
The comprehensive molecular analysis provided by CMTA (and ModCellTM) offers a clinically tractable and 
highly efficient solution for individualised optimisation of cancer treatment. 
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Introduction  
KRAS is the most frequently mutated gene in Pancreatic Ductal Adenocarcinoma (PDAC), but the 
mechanisms underlying the transcriptional response to oncogenic KRAS are still not fully understood. The 
objective of the study was to uncover transcription factors that regulated the transcriptional response of 
oncogenic KRAS in pancreatic cancer and to understand its clinical relevance.  
 
Results  
Here, we identified transcription factors acting as KRAS-specific master regulators by generating a novel 
transcriptional signature for oncogenic KRAS and superimposing it onto a regulatory network derived from 560 
pancreatic cancer cases. The KRAS specific master regulators clustered into three main biological processes: 
Notch, downregulated Hedgehog/Wnt and Cell cycle. The activities of these processes define three distinct 
subtypes of PDAC, which demonstrate differences in survival, mutational load, as well as stromal and immune 
cell composition.  
 
Perspectives  
Our results characterize the regulatory mechanisms underlying the transcriptional response to oncogenic 
KRAS and provide a framework to develop strategies for specific sub-types of this disease using current 
therapeutics and identifying targets for new groups. 
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Introduction 
Genomic structural variants including insertions, deletions, duplications, amplifications, inversions and 
translocations are important drivers of diverse cancer types, especially those with low mutagen-caused 
mutational loads such as paediatric cancers. Despite the biological importance of SVs, their detection using 
short-read sequencing technologies have offered a considerable technical challenge with issues such as low 
detection specificity, poor running time performance and reduced size range of detection. 
 
Results  
We designed and implemented a SV detection algorithm, SOPHIA that addresses these problems: 

• SOPHIA is a a single-pass algorithm with negligible resource usage. It can be integrated into the NGS 
workflow where the SV calling is done during the alignment and not in a slow procedure afterwards 

• SOPHIA is a rapid algorithm. Even on high-coverage Illumina x10 samples (50x) whose processing 
can take weeks by other tools, we recorded runtimes of less than 8 hours. A typical runtime for a 
Illumina Hiseq2000/2500 (30x) run is less than 2 hours 

• SOPHIA has high specificity and advanced germine variant detection capabilities thanks to a 
population genetics background database generated using data from 1740 patients in the TCGA, 
DKFZ-ICGC and unpublished DKFZ x10 projects 

• SOPHIA can detect a range of different sizes and types of SVs. In addition to large SVs and 
translocations, SOPHIA can detect mid-sized(100bp-1kb) SVs which are a technical challenge. 

 
Looking beyond the detection of structural rearrangements in a given tumour genome, we designed an 
algorithm for cohort-wide analysis of rearrangement landscapes. This has advantages over a gene-centric 
recurrence analysis thanks to the ability of capturing recurrently targeted intergenic loci such as enhancers. 
With our recurrence analysis algorithm, we can automatically detect genomic rearrangement hotspots and 
analyze co-occurrence and mutual exclusivity patterns of a given hotspot across patients in a cohort.  
 
To showcase our approach, we will present an SV landscape analysis of the TCGA-COAD cohort. Colorectal 
adenocarcinoma has frequent focal structural variations, making it ideal to study SV recurrence without the 
complexity of chromothripsis. Using this analysis, we detected genomic rearrangement hotspots on loci 
containing genes such as RBFOX1, MACROD2, FHIT, PARK2, FGFR1, WWOX. A global analysis of co-
occurrence and mutual exclusivity showed that rearrangement hotspots do not show strong mutual exclusivity, 
more in line with common fragile site based alterations rather than tumour suppressor deactivating alterations. 
We also showed that this lack of mutual exclusivity can at least be partially attributed to intratumour 
heterogeneity rather than bona fide clonal co-occurrence. 
 
Perspectives  
We designed multiple algorithms for detection and global recurrence analysis of SVs in cancer genomes.  The 
automated nature of our workflows improves our understanding of cancer genomes based on this challenging 
variant type and is designed to facilitate integrative analysis with other data types such as SNVs. 
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Introduction 
BCL2-breaks affect the majority of follicular lymphoma (FL) cells and mostly result in the t(14;18) and aberrant 
BCL2-expression. However, dependent on the clinical stage, up to 50% of FL may lack BCL2-breaks. Despite 
that most cases express the anti-apoptotic protein BCL2 by widely unknown genetic mechanisms. Former 
studies showed high similarities in the molecular profile and in survival between FL with and without t(14;18), 
but also significant differences such as an enrichment of late germinal center B-cell-, NFkB-, proliferation- and 
immune response signatures in BCL2-break-negative FL.  
 
Results 
Using an whole exome sequencing approach in 16 t(14;18)-negative and 33 t(14;18)-positive FL, we detected 
351 genes that were mutated in both cohorts (e.g. BCL2, CREBBP, MLL2, TNFRSF14, EZH2, EP300, TP53). 
1.367 and 1.461 genes were exclusively mutated in t(14;18)-positive and t(14;18)-negative FL, respectively. 
Despite the small overlap of mutated genes, a strong pathway-redundancy was observed between the 2 
subgroups when the selectively mutated genes of either t(14;18)-positive or t(14;18)-negative FL were 
annotated for pathways. A strong enrichment of pathways involved in apoptosis, proliferation, epigenetic 
processes and general cancer signatures was observed in both subgroups. Pathways, reflecting the immune 
response, as well as NFkB signaling, were selectively enriched in t(14;18)-negative FL. The enrichment of 
apoptotic pathways was more prominent and approximately 1/3 of mutated genes were associated with BCL2 
at highest confidence in t(14;18)-negative FL. Moreover, the integration of gene expression and copy number 
data revealed 125 mutated genes that were found to be significantly differently expressed between FL with 
and without t(14;18) (p<0.001) and 64 of these genes were affected by either copy number changes and/or 
LOH.  
 
Perspectives 
Altogether, these results suggest different and diverse underlying genetic events that may trigger BCL2-
expression and FL-pathogenesis in cases lacking a BCL2-break. 
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Richter's syndrome (RS) is an aggressive transformation of chronic lymphocytic leukemia (CLL) to diffuse 
large B cell lymphoma (DLBCL), which is typically refractory to current therapies with dismal prognosis. RS 
arises from CLL cells independent of common DLBCL mutations.  
 
Frequently, mutations in p53, CDKN2a, or cMyc genes are involved, but a significant proportion displays no 
specifically acquired driver mutation. Here, we demonstrate that Eµ-Tcl-1 mice with genetically over-activated 
AKT develop RS, where the CLL cells developed a high-grade lymphoma phenotype leading to decreased 
survival.  
 
AKT-mediated GSK-3b inhibition and subsequent cMyc and Mcl-1 stabilization might transform CLL to RS 
cells and combinatory treatments with DNA-damaging and PI3K-inhibiting compounds revealed promising 
therapeutic results.  
 
Consistent with our mouse data, 6 out of 48 RS biopsies stained positive for active AKT. Collectively, we have 
generated the first murine RS model providing novel mechanistic insights into the molecular understanding of 
Richter's transformation that is amenable to design novel therapeutic strategies and to address the efficacy of 
synergistic treatment combinations. 
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The JAX® Onco-Hu™ Platform utilizes humanized mice engrafted with tumors to enable in vivo investigation 
of the interactions between the human immune system and human cancer.  

We have recently found that humanized NOD-scid IL2R�null (NSG™) mice bearing patient-derived xenografts 
(PDX) allow efficacy studies of check-point inhibitors. Next generation NSG strains include triple transgenic 
NSG mice expressing the human cytokines KITLG, CSF2, and IL-3 (NSG-S, NSG-SGM3). Here we provide a 
direct comparison of check-point inhibitor evaluation in NSG and NSG-SGM3 mice engrafted with CD34+ 

human hematopoietic progenitor cells (HPCs) from the same donor and implanted with PDX tumors.  

Reconstitution of human immune system in the blood was faster and more robust in NSG-SGM3 compared to 
NSG recipients. Human CD45+ cells reached 25% of total blood cells at week 4 in hu-NSG-SGM3 mice and at 
week 9 in hu-NSG mice. A majority of blood hCD45+ cells (55%) in hu-NSG-SGM3 at week 4 were CD33+ 
myeloid cells. By comparison, engraftment of human CD33+ cells in the circulation was poor in hu-NSG mice 
(15%). Moreover, circulating hCD3+ T cells reached 10% at week 9 and included regulatory T cells (Tregs). 
Hu-NSG mice displayed comparable hCD3+ T cells in the blood only at 12-15 weeks and did not contain 
Tregs. PDX tumors were then engrafted into partially HLA-matched hu-NSG-SGM3 mice at 9 weeks post 
engraftment.  

Two PDX models and one cancer cell line with high PDL1 levels were used to test responses to anti-PD1 
therapy in hu-NSG-SGM3 mice. Treatment with the anti-PD-1 receptor antibody pembrolizumab (Keytruda) or 
nivolumab significantly reduced tumor growth and the PD-1 signal on tumor infiltrating lymphocytes. Also the 
CTLA4 inhibitor ipilimumab (Yervoy) showed efficacy against tumor growth in humanized SGM3 mice. Thus, 
PDX-bearing hu-NSG-SGM3 mice might serve as a new and improved platform for preclinical immuno-
oncology efficacy studies. 
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Lung cancer is the most frequent cause of cancer-related death worldwide. This is partly due to i) high 
incidence rates, ii) diagnosis at advanced stages and iii) frequent resistance against chemotherapies. Thus, 
biomarkers for an early diagnosis and a prediction of therapy resistance are urgently needed. Different pre-
clincal model systems are used for the identification of biomarkers including tumor-derived cell lines or 
xenograft mouse models. Here, the accuracy of models to mirror the alterations in the primary tumor is 
important and has so far not yet been systematically investigated on a genomic and epigenomic level for non-
small cell lung cancers (NSCLC).  
 
We performed targeted next generation sequencings, DNA methylation profiling and gene expression 
analyses on 22 primary lung tissue materials and corresponding xenograft models of non-small-cell lung 
cancer (NSCLC). We show that mutations, copy number alterations and epigenetic modifications of primary 
tumors are closely resembled in the xenografts. Furthermore, these alterations are not only represented, but 
are also enriched in the tumor xenograft and thus facilitate the identification of specific alterations. However, 
the transfer back to clinical material, in particular their use for formalin-fixed and paraffin embedded 
pathological specimen remains an experimental challenge which we discuss in preliminary experiments.  
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Introduction 
Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children. It is currently treated with a 
combination of surgery or radiotherapy and multi-agent chemotherapy including vincristine, actinomycin and 
cyclophosphamide (VAC). However, the 3-year overall survival for recurrent RMS is below 30%. We are 
searching for a targeted therapy that is i) more efficient and ii) circumvents severe side effects of systemic 
VAC treatment that are deleterious, especially in children.  
Our group and others have demonstrated that RMS show aberrant activation of the Hedgehog (HH) signaling 
cascade. Therefore this pathway is a potential candidate to target this tumor entity. Two clinically inhibitors of 
Smoothened (SMO), a transmembrane protein important for HH signaling, are already approved for advanced 
basal cell carcinoma, which show high HH signaling activity due to mutations in e.g. the HH receptor 
PATCHED1 (PTCH). We here show that combined pharmacological inhibition of HH and PI3K/AKT/mTOR 
signaling is able to significantly reduce tumor growth in the Ptch+/- mouse model for RMS, in which HH 
signaling is active. 
 
Results 
RMS-bearing animals were treated with the SMO inhibitor HhAntag (that is frequently used in mouse studies) 
and the PI3K inhibitor GDC-0941 alone or in combination. The inhibitors were administered daily for a period 
of 36 days. Tumor growth was assessed by low dose in-vivo microCT. Tumor growth was significantly reduced 
after treatment with either drug alone. Strikingly, the antitumoral effect was stronger after combinatorial 
treatment. On molecular level, HhAntag and GDC-0941 evoked a reduction in HH and PI3K/Akt signaling 
activity, respectively. In addition, each treatment reduced the proliferative capacity of tumor cells. However, 
only the simultaneous inhibition of both pathways additionally induced Caspase 3-dependent apoptosis.  
 
Perspectives 
The proapoptotic effect of simultaneous HH and PI3K/AKT/mTOR inhibition could be the cause for strong RMS 
growth inhibition, which will be analyzed in more detail in the future. In addition, we will compare the 
antitumoral effects of HhAntag with those of the already approved SMO inhibitors vismodegib and sonidegib. 
This comparison is important because SMO inhibitors show highly variable antitumoral effects, at least in 
RMS. We hope that our work will contribute to the development of better treatment options for this most 
common soft tissue sarcoma in children.  
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Lung cancer is the leading cause of smoking- and cancer-related deaths worldwide. Small cell lung 
carcinomas (SCLC) account for approximately 14 % of all lung cancer cases and are frequently diagnosed at 
late stage with a median survival of 9 months.  
 
Novel therapy approaches including ‘programmed cell death receptor 1’ (PD1) and ‘programmed cell death 
ligand 1’ (PD-L1) blockade revealed compelling anti-tumor immunity in several cancers such as melanomas 
and lung carcinomas. Here, we aimed to decipher the efficacy of PD-L1 alone and in combination with anti-
‘vascular endothelial growth factor’ (VEGF) targeted treatment in a transgenic mouse model of SCLC.  
 
We used the genetically engineered SCLC mouse model to investigate the effect of combined anti-VEGF/anti-
PD-L1 therapy on progression-free survival (PFS), overall survival (OS) and tumor-associated immune cells. 
We found that combined anti-VEGF/anti-PD-L1 targeted therapy significantly improved PFS and OS of mice 
compared to vehicle, anti-PD-L1 and anti-VEGF monotherapy. Mice treated with anti-PD-L1 alone relapsed 
after 3 to 4 weeks of treatment presenting an exhausted T cell phenotype indicated by an increase in tumor-
associated PD1 and TIM3 expressing CD4 and CD8 T cells. Strikingly, this exhausted phenotype was 
abrogated in mice treated with combined anti-VEGF and anti-PD-L1 antibodies. Our data suggest potential 
synergistic effects by combining anti-VEGF and anti-PD-L1 targeted treatment in SCLC. 
 
In order to investigate our findings in the clinic, we will analyze biopsies and peripheral blood from SCLC 
patients treated with standard therapies and will compare them to refractory SCLCs treated with anti-immune 
checkpoint therapies. Finally, whole exome and RNA sequencing of selected cases will be performed to 
identify biomarkers of response and alternative resistance mechanisms. 
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Apoptosis has been established as an anti-cancer defense with deregulation leading to cancer survival and 
spreading. Lately, paradoxical observations showed that, at least under certain circumstances, apoptosis 
could be a promoter of tumor development (reviewed by Labi and Erlacher, CDDis, 2015). One example where 
this could be the case is Dyskeratosis congenita (DC), an inherited bone marrow (BM) failure syndrome 
predisposing to leukemia. In DC, mutations in genes associated with telomere generation and maintenance 
are causing premature telomere shortening and accumulation of DNA damage. The activation of DNA damage 
response mechanisms like p53 can halt cell cycle and, in case of extensive damage, induce senescence or 
apoptosis, the latter via the transcriptional activation of Puma. Due to the overall shortening of telomeres in 
hematopoietic stem cell (HSC) of DC patients, apoptosis rates in the HSC compartment are very high. This 
high turn-over rate of HSCs puts an enormous proliferation pressure on the stem cells and can cause early 
exhaustion of the stem cell pool, premature failure of hematopoiesis, and often BM failure.  
 
We hypothesize that high apoptosis rates followed by compensatory proliferation might also be the reason for 
the acquisition of further genetic lesions by driving the HSCs to switch off or dampen damage response 
signaling, in order to maintain their functional potential. This might lead to a higher genetically instability, 
resulting in the progression to myelodysplastic syndromes (MDS) and in later stages acute myeloid leukemia 
(AML), as it is the case in 10-15% of DC patients. In this context, blocking apoptosis could result in alternative 
repair mechanisms of DNA damage instead of cell death and would thereby lead to a relief of i) BM failure and 
ii) proliferative pressure, as well as a slower disease progression. 
 
By performing serial transplantations (seTx) of HSCs from telomerase-deficient mice (mTerc-/-), we found a 
way to model human disease course in mice. We could observe accelerated telomere shortening, cytopenias, 
and, in later stages of the disease, bone marrow failure in our models. Further in vitro and in vivo studies 
showed higher apoptosis susceptibility and proliferation rates in mTerc-/- HSCs compared to Wildtype (wt). We 
aim at identifying key players of DNA damage response and apoptosis pathways in different stages of disease 
progression. By crossing Puma-/- with mTerc-/- mice we are investigating the consequences of apoptosis 
inhibition on hematological symptoms and disease progression in bone marrow failure syndromes. 
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Introduction 
Hepatocellular carcinoma (HCC) is the 5th most common kind of cancer and the 2nd most leading cancer-
related cause of death worldwide, the 5-year survival rate being less than 10% and with increasing incidence. 
Immunotherapy is a promising approach that needs to be further developed for CD8 T cells against liver 
cancer. Tumor-infiltrating lymphocytes (TILs) exhibit reduced proliferative capacity, enhanced expression of 
co-inhibitory receptors on their surface and functional exhaustion with considerably reduced production of 
effector cytokines IFN� and TNF�. 
 
Results  
We have established an orthotopic HCC mouse model in order to study the influence of hepatocellular 
carcinoma on specific cytotoxic CD8 T cells. Hepatic tumors were generated in vivo using the "Sleeping 
beauty" (SB) transposon system. The transfection of murine hepatocytes with plasmids encoding transposon-
flanked oncogenes was performed by hydrodynamic injection and the SB transposase integrated the 
oncogenes into the hepatocyte genome. Tumor induction was achieved by the use of oncogenic NRAS 
(G12V), that promoted continuous signalling for cell growth and proliferation, in combination with myristoylated 
AKT (myr-AKT), which enhanced cell growth, metabolism, proliferation and survival. A short hairpin against the 
mRNA of p53 (shRp53) was used to block the p53 apoptotic pathway. The oncogene expression has led to 
tumor development within four to eight weeks in livers of C57BL/6J mice. In order to analyse CD8 T cell 
responses we have linked the model antigen ovalbumin (OVA) to oncogenic NRAS (G12V). We investigated 
the anti-tumor response by using the adoptive transfer of OVA-specific CD8 T cells (OT-I). The phenotype of 
OVA-specific CD8 T cells showed increased surface expression of the co-inhibitory receptors PD-1, TIM-3, 
CD160, LAG-3, 2B4, and reduced cytokine production and degranulation capacity after restimulation with the 
cognate peptide. Specific CD8 T cells were isolated from the liver tumor and a total RNA transcriptome 
microarray was performed to elucidate the molecular cause of tumor-induced T cell exhaustion. The 
transcriptome data showed altered expression of several genes responsible for chemotaxis, T cell function, 
proliferation and cell survival, including increased expression of apoptosis facilitators like BIM, BMF and 
caspase 3, accompanied by low expression of T-bet and TCF-7. 
 
Perspectives  
This orthotopic liver cancer model and transcriptome data will contribute to the understanding of possible 
molecular targets in order to ameliorate T cell exhaustion and investigate possible means to improve 
checkpoint-inhibition efficacy against solid tumors and identify new targets for immunotherapy. Further 
experimental studies would involve blocking antibodies and small molecules against selected targets. 
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Figure 1. Axial MRI scans of mouse 
thymic lymphomas in Atm LSL/LSL mice 
before and after Atm re-activation 
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The concept of oncogene addiction has been exploited successfully to treat genetically-stratified human 
tumors. Examples include targeting of EGFR-mutant or EML4-ALK-fused lung adenocarcinomas and BCR-
ABL-fused CML. Re-expression of mutant or deleted tumor suppressor genes has also been exploited 
successfully. For instance, restoration of Tp53 results in apoptosis and senescence in numerous murine tumor 
entities. Furthermore, nutlin-3, which prevents the interaction between p53 and MDM2 has demonstrated 
remarkable activity in MDM2-amplified human tumors. In contrast, therapy-induced re-expression of BRCA2 
has been shown to lead to chemotherapy resistance and continued proliferation. Here, we aimed to investigate 
the effect of reactivation of the tumor suppressor ATM, which operates directly upstream of p53 and BRCA2 in 
linear pathways. ATM is frequently inactivated in numerous solid and hematological malignancies and ATM 
deletion has been shown to lead to impaired apoptosis and genomic 
instability. 
 

To study ATM-reactivation we generated a mouse lox-STOP-lox Atm 
allele (AtmLSL), which phenotypically resembles the Atmko allele in 
multiple aspects. Application of Cre-Recombinase to AtmLSL/LSL 
mouse embryonic fibroblasts effectively restored Atm expression and 
could revert impaired proliferation, premature senescence, 
accumulation of unrepaired DNA lesions and hypersensitivity to DNA-
damage inducing agents that we had observed both in AtmLSL/LSL and 
Atm-/- fibroblasts. In addition, recovery of functional ATM by 
ubiquitous Cre expression in AtmLSL/LSL mice has prevented shorter 
lifespan, hypersensitivity to ionizing radiation and impaired T-cell 
maturation, observed in AtmLSL/LSL mice. Re-activation of Atm in thymic 
T-cell lymphoma and Myc-driven Burkitt´s lymphoma led to tumor 
regression (Figure 1), reduced proliferation and induction of apoptosis in 
the tumor tissue. Furthermore transplantation experiments, in which we could distinguish between Atm re-
activation in tumor cells and stroma cells, revealed an important role of Atm in the tumor microenvironment. 
 

Understanding the role of specific proteins in tumor maintenance is important to uncover actionable liabilities of 
individual cancers. Our results raise several possibilities, which might be considered to investigate in the 
future. First, stimulation of downstream pathways regulated by ATM might be profitable for patients bearing 
ATM-deficient cancers. Second, targeting upstream ATM inhibiting factors, such as WIP1 and NOTCH1 in the 
tumor microenvironment might be a viable therapeutic strategy in ATM-defective tumors. Finally, 
transplantation of ATM-proficient immune cells might be considered as a therapeutic approach for treatment of 
cancer in A-T patients who tend to develop malignancies at a much higher rate above average.  
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HNPCC is one of the most frequent autosomal dominant inherited cancer predisposition syndromes and 
accounts for approximately five percent of all colon cancer cases [1]. The disease is characterized by 
heterozygous germline mutations in mismatch repair (MMR) genes (e.g. MSH2, MLH1, MSH6 and PMS2) and 
microsatellite instability (MSI) [2,3]. The aim of the present study is to gain insight into the epigenetic landscape 
of MSI tumors and more precisely how histone modification patterns change upon genetic instability. Therefore 
a Msh2 knock out mouse model was used and Chromatin Immunoprecipitation DNA Sequencing (ChIP-Seq) 
experiments of four histone H3 modifications (i.e. K4me3, K36me3, K9me3 and K27me3) were performed. To 
determine alterations of histone marks normal intestine of Msh2+/+ wild type and Msh2-/- knock out mice were 
either treated with 0,5Gy ɣ-irradiation or left untreated as control. First results reveal an overall identical 
number of genes with epigenetic modifications in the knock out and wild type mice. Interestingly, upon 
irradiation, an increase in H3K27me3 was observed with significantly more genes affected in Msh2-/- compared 
to Msh2+/+ mice, indicating an inactivation of the corresponding genes. Obtained data will now be used for a 
computational modeling approach that is focused on the intestinal stem cell niche.  
 
[1] Lynch H.T. et al. Nat Rev Cancer 2015; 15 (3), S. 181–194. 
[2] Jäger A.C. et al. Oncogene 2001; 20 (27), S. 3590–3595. 
[3] Martín-López J.V. and Fishel R. Fam. Cancer 2013; 12 (2), S. 159–168. 
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Introduction 
Despite major breakthroughs in cancer research, cancer remains a major cause of death worldwide associated 
with enormous socio-economical costs. Ultimately, identification of successful therapies is hampered by the 
high level of complexity and genetic heterogeneity encountered even within single tumours. As a result, large 
fractions of patients remain refractory to treatment with even the most effective targeted drugs. Technological 
developments have enabled the generation of large scale molecular datasets, exponentially increasing the 
knowledge base on cancer and opening up new therapeutic possibilities. However, current approaches 
exploring these data are confined to statistical and pattern recognition techniques, or at best modelling single 
pathways, rather than considering the complex cross-talk among pathways that determines cancer initiation, 
progression and drug response. New data integration and analysis approaches are required, in order to 
optimally exploit this wealth of data for basic research, better treatment and stratification of patients, as well as 
for more efficient targeted drug development. CanPathPro (www.canpathpro.eu), a new multi-national EU 
Horizon2020 project, is addressing this challenge of translating highly complex and heterogeneous omics data 
into predictive modelling of cancer signalling.  
 

Results 
CanPathPro is building and validating a combined experimental and systems biology platform, to be utilised in 
testing cancer signalling hypotheses, in biomedical research. Building on current knowledge, we have 
developed a large mathematical model of cancer-related signalling pathways called ModCellTM. ModCellTM 

uses a large and growing in-house database of information on functional consequences of genetic variants 
and mechanistic drug action. The development of even more detailed mathematical models is, however, 
hampered by the limited data available on reaction kinetics and their respective kinetic parameters. To 
overcome this bottleneck, CanPathPro is applying parameter estimation methods using comprehensive omics 
data from mouse models of breast and lung cancer. Our approach follows the temporal changes occurring 
during cancer development, integrating quantitative histolopathological tumour characterisation, genome and 
transcriptome data plus (phospho)proteome data obtained by SWATH technology. The in silico model is 
optimised in an iterative fashion, via perturbation experiments of tumor-derived cell lines and organoids, thus 
enabling the validation of pathway and parameter information. Overall, CanPathPro takes a unique approach, 
combining classic cancer research with omics data and systems biology tools, to develop and validate a 
combined systems and experimental biology platform, for generating and testing cancer signalling hypotheses. 
 

Perspectives 
The CanPathPro-generated platform will enable in silico (computer-based) identification of cancer signalling 
networks critical for tumour development. It will allow users to predict activation status of individual pathways, 
following integration of user (or public) data sets in the pathway models. The innovative approach of 
CanPathPro will have impact on diverse areas, from cancer research and personalised medicine to drug 
discovery, ultimately improving understanding of cancer signaling and outcomes for cancer patients. 
  



	
   43 

Notes 

 

  



	
  44 

Notes 

 
 



	
   45 

C-01 

 
Drugging the HDAC6-HSP90 axis in acute myeloid leukemia using a novel HDAC6-specific inhibitor 
 
M. Beyer1 / A. Sellmer2 / S. Mahboobi2 and O.H. Krämer1 
 
1 Institute of Toxicology, University Medical Centre of Johannes Gutenberg University Mainz, Germany 

2 Institute of Pharmacy, Faculty of Chemistry and Pharmacy, University of Regensburg, Germany 
 
Manbeyer@uni-mainz.de  

 
Introduction 
Histone deacetylases (HDACs) are enzymes that remove acetyl groups from lysine residues. Eighteen HDACs 
have been identified in mammalian cells. Current research strives to determine individual functions of HDACs 
and to design selective and potent HDAC inhibitors (HDACi). In contrast to the other HDACs, HDAC6 contains 
two active catalytic domains and an ubiquitin binding site, which contributes to protein homeostasis. HDAC6 is 
mainly located in the cytoplasm and its typical substrates are non-histone proteins like �-Tubulin, heat shock 
protein 90 (HSP90), and Cortactin. The chaperone HSP90 assists in the folding of normal and leukemogenic 
proteins. In acute myeloid leukemia (AML), 30% of patients carry an internal tandem duplication (ITD) in the 
FMS-like tyrosine kinase 3 (FLT3). This mutation is coupled with poor prognosis and therefore an interesting 
therapeutic target. It has been reported that HSP90, HDAC6, and FLT3 interact physically and functionally. 
Drugging the HDAC6-HSP90-FLT3 interplay could hence be a novel therapeutic option. We developed the first 
highly selective inhibitor of HDAC6. This innovative tool allows a definite assessment of HDAC6 functions in 
vitro and in vivo. 
 
Results 
Treating human MV4-11 cells with the novel HDAC6-specific inhibitor Marbostat-100 does not alter cell cycle 
distribution and does not increase apoptosis. Marbostat-100 increases the acetylation of �-Tubulin, but it does 
not induce acetylation of HSP90. Furthermore, Marbostat-100 does not affect FLT3-ITD and its downstream 
signaling. In contrast, the HSP90-inhibior Onalespib (AT13387) evokes the degradation of phosphorylated 
FLT3 and HDAC6 as well as an increase in apoptosis. Moreover, a combinatory treatment of FLT3-ITD-
positive AML cells with Marbostat-100 and AT13387 for 24 to 48 h leads to a clear increase of apoptosis. 
Thus, contrary to what was previously thought, HSP90 and HDAC6 act in different, not epistatic pathways on 
the leukemogenic driver FLT3-ITD. 
 
Perspectives  
Targeting HSP90 and HDAC6 could be a novel approach to overcome the resistance of AML against 
chemotherapy. The new developed and highly selective HDAC6-inhibitor Marbostat-100 could be a first 
precise tool in a combinatory treatment of AML. It might help to reduce adverse drug effects and increase the 
prognosis of patients. In addition, Marbostat-100 will aid to precisely decipher biological functions of HDAC6. 
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Introduction 
Three-dimensional cell culture models are becoming a standard tool in preclinical drug testing [1]. Herein, the 
effectiveness of 3D cultures using laminin and/or poly-D-lysine was investigated in renal cell carcinoma (RCC), 
which accounts for 80% of primary renal cancers. It is now known that RCC represents a diverse group of 
cancers arising from the kidney tubule [2]. RCC histological subtypes’ response to targeted therapies varies in 
its effectiveness [3]. In fact, drug resistance now belongs to the most rapidly evolving areas of solid tumor 
molecular oncology research including renal cell carcinoma [2]. Up to 30% of RCC patients are initially 
diagnosed with synchronous metastases, whereas next 30% develop metastases during 5 year follow-up [3]. 
Therefore a need of developing new preclinical drug testing tools is essential. 
 
Results 
Primary-like resistance phenomenon to tyrosine kinase inhibitors was observed in two 3D models as well as in 
one 2D model in HKCSCs cell line (Celprogen, cat no.	
  36117-44). Resistant and sensitized cells, including: 
HKCSCs, ACHN, Caki-1 and HEK293 cell lines, were subsequently cultured in pre-coated plates to achieve 
three-dimensional structures which would enable a long-term culture in various targeted therapies and 
cytostatic drugs. In several RCC cell lines, the best models for effective drug testing were created using Caki-1 
cells cultured on laminin or poly-D-lysine pre-coated plates. In those models, percentage of cells in cell cycle S 
phase was noticed as well as higher percentage of viable and proliferating cells. It was also shown that 
possibly resistant cells may reenter cell cycle from its quiescent state in their unique mechanism of drug 
response. This data was collected using flow cytometry analysis. Gene expression analysis performed using 
quantitative Real-time PCR showed increased percentage of chosen cancer stem cell markers in RCC cells 
cultured in 3D suspension models. In total, the expression of VEGF, c-KIT, Sox-2, Nestin, CD133 and CDH1 
was investigated. Those data was statistically significant using t-Student test (p<0.05).  
 
Perspectives 
To investigate the effect of hypoxia on 3D cancer cell cultures seeded on pre-coated plates. 
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Endothelial dysfunction is almost obligatorily accompanies the development of neoplasms, especially in the later stages, 
due to the presence of chronic tissue hypoxia, imperfections of angiogenesis in tumor tissues, an existence of 
endotheliocytes of newly formed vessels in extreme conditions and their systemic influence on the endothelium as a 
whole. 
 

Dysfunctions of energetic and plastic metabolism of endothelial cells in their chronic activation lead to the predominance 
of vasoconstrictor influences. Clinically meaningful results of this can be the development of microcirculatory disorders in 
the field of surgical interventions, the potentiation of prothrombotic reactions of hemostasis system and development of 
thrombosis, facilitation of tumor cells extravasation and development of distant metastases. 
 

To estimate the degree of endothelial dysfunction in patients with gastric cancer and its influence on the development of 
postsurgical complications. 122 patients with gastric cancer were studied, including 87 - 71.3% of men and 35 women - 
28.7%. II clinical stage was diagnosed in 62 (50.8%) of the patients examined and III clinical stage - in 60 patients 
(49.2%). Criteria for inclusion in the study: the presence of gastric cancer of II-III clinical stage (T1N2M0, T2N1M0, 
T3N0M0 or T1N3M0, T2N2M0, T3N1M0 or T2N3M0, T3N2M0, T4aN1M0, T3N3M0, T4aN2M0, T4bN0-1M0); 
implementing of surgical treatment alone or in combination with other methods of therapy as the main treatment. 
To study the morpho-functional state of the vascular endothelium, the following methods were used: measurement of 
content of circulated endotheliocytes in the blood; content of von Willebrand factor in blood serum; Doppler 
echocardiographic test with reactive hyperemia of brachial artery (the endothelium-dependent vasodilation - EDVD). 
 

In the preoperative period an excess of circulated endotheliocytes 
comparing to control group level in 3.59 times, p = 0,007 was 
registered; increasing of WF content in blood in 1.67 times the, p = 
0,033; decreasing of EDVD in 1.33 times, p = 0,041. During surgical 
therapy there was a twofold increasing of average content of circulated 
endotheliocytes on 3 days after surgery, increasing of WF concentration 
and reduction of EDVD index to critical values. 
 

Depending on the baseline of endothelial function disorders, all 
patients were divided into 2 groups - with significant and 
moderate manifestations of dysfunction. Analysis of frequency of 
complications during postsurgical period - of inflammatory and 
thrombotic was done. Observation period was on average 46 ± 5 
days. Among patients of subgroup with severe endothelial 
dysfunction, there were 2 cases of anastomotic leak, 3 cases of 
sepsis and 13 - inflammatory complications in the surgical wound 
(total 15 patients - 23.4%).  
 

In the second group there were, respectively, 1 case 
of anastomotic leak and sepsis, and 6 cases of 
wound infection (a total of 6 patients - 10.3%). 
Differences in relative number of patients with 
postoperative complications amounted to 2.27 times 
(p = 0,042).	
  Thrombotic complications occurred in 11 
patients, 9 of which in subgroup with expressed 
endothelial dysfunction (14.1%), and 2 cases in 
subgroup with moderate dysfunction (3.4%). Differences between groups totaled 4.08 times (p = 0,039). 
 

The presence of endothelial dysfunction in presurgical period is associated with the risk of chronic inflammatory and 
thrombotic complications. We believe that the use of remedies for the correction of endothelial dysfunction can be useful 
during surgery and possibly other ways to treat patients with malignant tumors. 
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Introduction 
Soft-tissue sarcomas (STS) are highly diverse and clinically challenging malignancies. In the setting of 
metastatic STS, systemic therapy using a limited spectrum of conventional cytotoxic drugs may provide 
symptom palliation and prevent rapid disease progression, but does not prolong survival in the majority of 
cases. Hence, there is an unmet need for novel, molecularly targeted STS therapies. Alterations of the FGFR1 
receptor tyrosine kinase have been identified as oncogenic drivers in various cancers, and small-molecule 
FGFR inhibitors are being evaluated as anticancer drugs; however, the role of FGFR1 in STS has not been 
established. Prompted by the detection and subsequent therapeutic inhibition of amplified FGFR1 in a patient 
with metastatic leiomyosarcoma, we investigated the oncogenic properties and potential as drug target of 
FGFR1 in STS. 
 
Methods 
The frequency of FGFR1 amplification and overexpression, as assessed by fluorescence in situ hybridization, 
microarray-based comparative genomic hybridization and mRNA expression profiling, SNP array profiling, and 
RNA sequencing, was determined in three independent patient cohorts. The sensitivity of STS cell lines with or 
without FGFR1 alterations to genetic and pharmacologic FGFR1 inhibition and the signaling pathways 
engaged by FGFR1 were investigated using viability assays, colony formation assays, and biochemical 
analysis. 
 
Results 
Increased FGFR1 copy number was detected in 74 of 190 (38.9%; Cohort 1), 13 of 79 (16.5%; Cohort 2), and 
80 of 254 (31.5%; Cohort 3) patients. FGFR1 overexpression occurred in 16 of 79 (20.2%, Cohort 2) and 39 of 
254 (15.4%; Cohort 3) patients. FGFR1 alterations were detected in nine different categories of STS, including 
subtypes with specific genetic alterations as well as subtypes characterized by complex karyotypes. Targeting 
of FGFR1 by RNA interference and small-molecule inhibitors (PD173074, AZD4547, BGJ398) revealed that 
the requirement for FGFR1 signaling in STS cells is primarily dictated by FGFR1 expression levels, and 
identified the MAPK-ERK1/2 axis as critical FGFR1 effector pathway. 
 
Perspectives 
These data identify FGFR1 as oncogenic driver in multiple STS subtypes and suggest that FGFR1 inhibition, 
guided by patient selection according to FGFR1 expression and monitoring of MAPK-ERK1/2 signaling, may 
broaden the therapeutic armamentarium against STS, a hypothesis that can readily be tested in molecularly 
stratified clinical trials. 
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Introduction  
Cancer genomics is providing a portfolio of specific proteins expressed by tumours that offer routes to 
deciphering the biological processes of cancer development and to efficacious targeted treatments. The 
portfolio includes several overexpressed proteases and potential biomarkers. In spite of major advances in 
diagnosis and treatment, there remains a paucity of reliable biomarkers for early detection due to poor 
selectivity and specificity. The principal aim of this research is the development of smart theranostic molecular 
prodrug probes for early cancer detection (diagnosis), patient monitoring and as potent therapeutics which are 
activatable by overexpressed proteases in the tumour microenvironment.   
 
The endoprotease legumain is a potential cancer biomarker and a molecular target for imaging and drug 
targeting. Legumain (asparaginyl endopeptidase) is a lysosomal protease with a remarkably restricted 
specificity, cleaving substrate sequences having uniquely an asparagine (Asn) at the P1 site. Legumain is 
overexpressed in solid tumours of the colon, prostate, and breast and extracellularly activates members of the 
matrix metalloproteinases (MMPs) that are known contributors to cancer metastasis.   
 
We report the design of targeted prodrug probes of tumour-associated legumain and MMP-9 in prostate 
cancer and the 5T33MM murine myeloma in vivo model respectively. The probes embed potent antitumour 
agents and are latently fluorescent until activated. Fluorochrome-based molecular tracers have been shown to 
allow highly sensitive visualization of their molecular targets. 
 
Results  
Novel molecular prodrug-probe SM9 (Rho-Pro-Ala-Asn�-PEG-AQ) is an efficient rhodamine-labelled FRET 
substrate, containing a cytotoxic drug (AQ) and is selectively cleaved (�) at the Asn residue affording good 
restoration of fluorescence during incubation with rh-legumain (fluorescence spectroscopic and HPLC-MS 
methods. Confocal microscopy studies have shown that theranostic probe SM9 (1µM) is a lipophilic substrate, 
targetable selectively to the lysosomes of PC3 prostate cancer cells.  
 
An MMP-9 targeted prodrug probe, EV2, (Rho-D-ala-ala-ala-leu-gly~ile-AQ) at 20µM in 5T33MM-diseased 
bone marrow (BM) homogenate (500 µg protein/ml) was metabolized to the active agent (complete at 6h) 
whereas essentially no metabolism (at 24h) occurred in BM homogenate from naïve animals; nor was the 
prodrug degraded in homogenates from the non-tumour bearing organs, including liver, of the 5T33MM mice.  
Furthermore, EV2 is activated by human CD138+ (MMP-9-expressing) MM cells immunomagnetically isolated 
from BM samples of MM patients. 
 
Perspectives  
SM9 and EV2 probes have the potential to be used as a diagnostic tools to define legumain and MMP-9 
activities in tumour biopsies, from which treatment options can be assessed. Proof of principle for a dual 
theranostic targeted approach has been established in vitro and in vivo. Rationally designed fluorogenic 
molecular probes are being tested in a clinical context, and have the potential to be useful in selecting 
patients.  
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Introduction: Molecular alterations in the fibroblast growth factor receptor 1 (FGFR1) pathway is found in approximately 
15% of all breast cancer and is associated with poor prognosis [1]. Although FGFR1 amplification was described as a 
promising predictive marker, early phase clinical trials of potent, selective pan-FGFR inhibitors, demonstrated no clinical 
efficacy in breast cancer [2, 3]. In contrast, dual FGFR and VEGFR inhibitors, such as Lucitanib, showed promising 
results in patients harboring amplification of FGFR1 [3, 4]. However, specific biomarkers and the mechanisms of action 
still remain to be elucidated. Thus, the aim of this study is to understand how FGFR1 is driving the disease and identify 
biomarkers to predict therapy response in breast cancer.  
 

Result: Breast cancer cell lines, carrying the amplified FGFR1 gene and a high FGFR1 expression, were not sensitive to 
selective FGFR1 inhibition in vitro and FGFR1 knockdown does not repressed cellular growth. Nevertheless, BGJ398, a 
pan FGFR inhibitor, effectively inhibited phosphorylation of FGFR1 and downstream MEK/ERK signaling without 
deregulating the PI3K/AKT pathway. We observed that FGFR1 overexpressed breast cancer cells upregulate VEGF-A 
expression and secretion under FGF-2 stimulation via activation of the MEK/ERK signaling cascade. Furthermore, in 
vivo FGFR1 knockout experiments revealed a strong reduction of vessel density and tumor growth, whereas retrovirus-
mediated FGFR1 overexpression demonstrated an increased angiogenic phenotype in vivo. Furthermore, we found that 
tumor cell derived VEGF-A phosphorylates tumor cell VEGFR1 in an autocrine manner. Strikingly, VEGF-VEGFR1 
signaling regulates VEGF-A secretion via an autocrine feed-forward mechanism, thus enhancing VEGF-A secretion. 
Selective CRISPR/Cas9-mediated knockout of VEGFR1 (flt1) or a VEGFR1 inhibition blocks the VEGF-VEGFR1-VEGF 
feed-forward loop, resulting in a significant decrease in VEGF-A. We established a human breast cancer orthotopic 
xenograft model in NSGTM mice, which were treaded with BGJ398, Lucitanib or vehicle. In contrast to FGFR1 inhibition 
alone with BGJ398, combined VEGFR and FGFR1 inhibition with Lucitanib treatment showed significant tumor growth 
inhibition in FGFR1- overexpressed orthotopic breast cancer xenografts. In that line, a combination therapy with BGJ389 
and Zactima, a VEGFR inhibitor, resulted in a similar outcome, as Lucitanib mono- treatment. Finally, 
immunohistochemistry staining of tissue microarrays of breast tumor sections (n=61) were used to evaluate the co-
expression of FGFR1 and VEGFR1. Overexpression of FGFR1 was associated with high expression of VEGFR1 
(40,9%, n=25) among all breast cancer patients. Beside in luminal B–type breast cancers (11,47%, n= 7), a high co-
expression of FGFR1 and VEGFR1 was also found in the triple-negative subtype (16,39%, n=10). These tumors had a 
significant higher proliferation rate with 76,47% tumors having high Ki67.  
 
Perspective: The results underscore the angiogenic role of FGFR1 and VEGFR1 in breast cancer patients and provide 
important insights related to the function of FGFR1 and VEGFR1 in breast cancer. Thus, co-expression of FGFR1 and 
VEGFR1 might be a relevant tumor biomarker to predict therapy response against FGFR1/VEGFR1 targeted treatment 
in breast cancer patients. 
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Introduction: Hepatocellular carcinoma (HCC) is a global health problem representing the second leading cause of 
cancerrelated death with strongly increasing incidence1. Current treatment options are insufficient and the disease 
prognosis is dismal. Sorafenib, a multi-targeted kinase inhibitor, is the only approved drug reported to prolong the 
survival of patients by nearly three months2. Thus, there is an urgent need for new therapeutic approaches. HCC 
has been reported to be highly immunogenic3. Moreover in our previous studies we have found that antigen-
specific CD4+ Th1 cells are indispensable to control the HCC development4, 5. Therefore, immunotherapy 
represents a promising alternative strategy for the treatment of HCC. In particular, in our studies we decided to 
concentrate on attenuated Listeria monocytogenes (Lm) strains that have been recently successfully tested in the 
treatment of various solid tumors and that are potent inducers of anti-tumor Th1 immune responses. 
 

Results: We took advantage of a recently established transposon-based orthotopic mouse model of HCC5, 6, 
applying hydrodynamic tail vein injection to stably integrate oncogenic NrasG12V and Ovalbumin (OVA) into mouse 
hepatocytes of p19Arf-/- mice to induce tumor development in the liver. In this tumor model we tested the 
therapeutic potential of the attenuated strain Lm ?actA/?inlB (LmAI)7 expressing the tumor model antigen OVA 
(designated LmAIO) (both strains kindly provided by D. A. Portnoy). Here we show that vaccination using LmAIO 
delivering tumor antigen (OVA) induces a strong anti-tumor response. Applying therapeutic LmAIO-vaccination 
after tumor initiation we were able to decrease liver tumor burden. We also show that prophylactic vaccination with 
LmAIO prevents tumor formation. Furthermore, we demonstrate that in both experimental approaches – therapeutic 
as wells as preventive – LmAIO-based immunotherapeutic treatment significantly prolongs the survival of mice. We 
found, that LmAIO elicits strong tumor-specific CD4+/CD8+ T cell responses correlating with the observed 
protection against HCC development. The immune response seems to be independent on induction of tumor-
specific antibodies. 
 

Perspectives: The attenuated strain LmAI represents a promising candidate for a HCC-specific vaccine 
development. For the future perspectives LmAI strain expressing HCC-associated antigens will be developed and 
tested in vivo using several orthothopic murine models of HCC for its potential to impair liver cancer development. 
Such approach is very relevant for the clinic and harbors great potential to prevent tumor development and/or 
prolong the survival of HCC patients. 
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Introduction 
Myeloproliferative Neoplasms (MPN) are a group of clonal malignant diseases. It consists of several 
subentities, mainly Polycythemia Vera (PV), Essential Thrombocythemia (ET) and Primary Myelofibrosis 
(PMF). A missense mutation in the JAK2 kinase is found in most of patients affected by these  diseases. The 
JAK1/2 kinase inhibitor Ruxolitinib was developed several years ago and has FDA approval for the treatment 
of PMF and as second line therapy for PV patients. Although ameliorating disease symptoms, MPN treatment 
by JAK-inhibition insufficiently influences JAK2V617F allele burden. Conversely, stem cell transplantation, albeit 
the only curative therapy yet, is associated with extensive morbidity, highlighting the need for novel effective 
targeted therapies. 
The histone “lysine-specific demethylase 1A” (LSD1/KDM1A) is known to demethylate di and mono methylated 
lysine 9 (H3K9me2/1) as well as tri methylated lysine 4 (H3K4me3) on histone 3. LSD1 has recently been 
proposed as a rational target in AML therapy. LSD1 is overexpressed in both AML and MPN patients. 
Reducing LSD1 activity caused differentiation ex vivo and reduced AML engraftment in vivo. A novel LSD1 
inhibitor (IMG-7289) has just entered a phase I/II trial for AML patients. Recent data on MPN mouse models 
suggest LSD1 inhibition as a novel approach in MPN therapy.  
We are assessing the effect of IMG-7289 treatment in a JAK2V617F-ki murine MPN model by continuous daily 
treatments in mice with established disease. Treatment will continue up to 56 days or until death of all animals 
in the control group, respectively. The effect of LSD1 inhibition on complete blood counts (CBC) and 
hematological phenotype, survival and JAK2V617F allele burden as well as on the pathophysiological BM and 
spleen phenotype will be determined. Moreover, we will profile pro-inflammatory cytokine levels during the 
course of treatment and investigate epigenetic changes by ChIPseq. 
 
Methods 
Jak2V617F-L2 mice, a kind gift of Dr. J.-L. Villeval, were crossed to MxCRE mice and displayed a fulminant 
MPN phenotype without dIdC induction.  CBC and BM FACS analysis were conducted as previously 
described. We designed a qPCR assay to quantitate murine JAK2V617F allele burden.  
 
Results 
IMG-7289 treatment was exceptionally well tolerated and mice showed drastic decreases in platelet count (208 
vs. 2063*103/�l), reticulocytes (800 vs. 1674*103/�l) and neutrophils 14 days after the start of treatment. HCT 
and WBC started to decrease after 28 days. After 56 days of treatment, WBC (14 vs. 45*103/�l) and HCT (52 
vs. 74%) almost reached levels of healthy control mice, while platelet levels remained slightly subnormal (695 
vs. 3927*103/�l). The remaining pathophysiological data and functional data on epigenetic regulation will be 
presented.  
 
Perspectives 
The LSD1 inhibitor IMG-7289 normalizes or stabilizes elevated CBCs in a JAK2V617F MPN mouse model. Our 
preliminary data suggest that LSD1 is a potent target in MPN and clinical studies testing this hypothesis are 
intended. Due to LSD1’s epigenetic mode of action and the reversibility of drug-induced epigenetic 
remodeling, a life-long treatment of MPN patients might be necessary to reach and maintain minimal residual 
disease. Alternatively, combination regiments including epigenetic therapy such as LSD1 inhibition and more 
potent or specific JAK2V671F inhibitors, might eliminate the MPN clone. 
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Lung cancer is world-wide the leading cause of cancer related deaths. Although targeted therapies are 
available, the five-year survival rate is still at around 18%. Therefore, new therapies are urgently needed. 
Since epigenetic changes often occur during cancer formation and progression, inhibitors against various 
epigenetic modifiers including the Lysine Specific Demethylase 1 (LSD1) were developed. LSD1 is an 
epigenetic writer, containing a FAD-binding site, related to the family of monoamine-oxidases that can be 
inhibited by Tranylcypromine (TCP). Furthermore, LSD1 was shown to be overexpressed in NSCLC in a 
Tissue-Micro Array.  
 
To assess whether LSD1 inhibition can be considered as a promising novel therapeutic option, we studied the 
impact of LSD1 on tumor cell growth in vitro and in vivo. A wide panel of NSCLC cell lines, carrying various 
tumor relevant mutations and gene alterations, were treated with different LSD1 inhibitors, followed by 
analyses of cell viability, wound healing and invasion capacities. Here, we used four different non-reversible 
TCP derivates (GSK690, RN-1, OG-L002 and C76) and one reversible non-TCP derivate (HCI-2509). For in 
vivo studies, a transgenic KRAS G12V-driven lung cancer mouse model was established and HCI-2509 was 
orally administered over two different time periods. Tumor growth was determined by tumor histology. Gene 
expression and protein level were analyzed by quantitative rtPCR, immunohistochemistry and immunoblotting, 
respectively. Among the five different LSD1 inhibitors, only HCI-2509 was shown to reduce the cell growth in 
vitro most potently with an IC50 of 2µM. Notably, HCI-2509 demonstrated a pronounced decrease of LSD1 at 
protein level that was linked to an elevation of H3K4me2. In the lung cancer mouse model the tumor growth 
was significantly reduced by early and late phase treatments of HCI-2509.  
 
In conclusion, we suggest that treatment of NSCLC with HCI-2509 is a novel therapeutical option. 
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Introduction  
The non-receptor tyrosine kinase Activated CDC42-associated Kinase-1 (ACK1/TNK2) is a regulator of cell 
growth, differentiation, and survival. Recent evidence suggests that ACK1 is a target in hematopoietic and 
solid cancers. Therefore, ACK1 appears as valid target in a large number of tumors entities. Histone 
deacetylase inhibitors (HDACi) are epigenetic drugs that antagonize the growth of cancer cells. Either such 
agents act against most of the eleven zinc-dependent HDACs or they inhibit individual members of the four 
classes of HDACs (I-V). Notably, the FDA has approved three HDACi for the treatment of hematologic 
disorders (SAHA, FK228, and LBH589), which fosters current interest and research in such compounds. 
 
Results  
Here we reveal that the broad-range HDACi Panobinostat (LBH589) and Entinostat (MS-275), a specific 
inhibitor of class I HDACs, induce the proteolysis of ACK1 in chronic and acute myeloid leukemia cells 
(CML/AML). LBH589 is a stronger activator of apoptosis than MS-275 and this correlates with a stronger loss 
of intact ACK1. Induction of apoptosis by the kinase inhibitor Staurosporine and the replicative stress inducer 
Hydroxyurea also lead to the cleavage of ACK1 in leukemic cells. Moreover, the caspase inhibitor z-VAD-FMK 
partially rescues ACK1 from degradation in the presence of HDACi. The attenuation of ACK1 results in a 
diminished phosphorylation of the cancer-relevant signal transducer and activator of transcription-3 (STAT3). 
Inhibition of ACK1 activity with the tyrosine kinase inhibitor Dasatinib also suppresses STAT3 phosphorylation, 
indicating that STAT3 is a novel downstream target of ACK1. Furthermore, Dasatinib and HDACi favorably 
combine against CML cells. We conclude that HDACs are required to sustain the ACK1-STAT3 signaling 
cascade and leukemic cell growth. 
 
Perspectives  
Our new findings illustrate a hitherto unknown caspase-dependent processing of ACK1. We additionally reveal 
that STAT3 is a target of ACK1. Further investigations are in progress to answer which of the caspase(s) 
cleave(s) ACK1 in response to HDACi and whether or not the five other members of the STAT family are 
targets of ACK1. In combinatory schedules Dasatinib and HDACi display beneficial antileukemic effects. 
Hence, such drug combinations could be molecularly defined novel therapeutic options. 
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Introduction 
The communication between epithelial cells and their underlying stroma is an important but poorly understood 
aspect of organismal biology. If aberrantly regulated, these interactions can prove to be tumorigenic. Although 
cancer-associated fibroblasts (CAFs) are known to promote and sustain the growth of tumors, the underlying 
mechanisms remain incompletely understood. Previous work in our lab has identified a novel mechanism of 
communication in which CAFs secrete cardiotrophin-like cytokine factor 1 (CLCF1), a cytokine that binds 
ciliary neurotrophic factor receptor (CNTFR) on tumor cells and promotes neoplastic growth. CNTFR is a 
component of the tripartite receptor complex formed by CNTFR-gp130-LIFR and is capable of activating 
several oncogenic signaling cascades, including Jak-STAT. Our overall goal is to determine whether targeting 
CNTFR represents a strategy for treating non-small cell lung cancer (NSCLC).  
 
Results 
Our gene expression analyses reveal that increased CNTFR and CLCF1 levels correlate with poor patient 
outcomes and that CLCF1 expression is consistently higher in CAFs than in normal lung fibroblasts (NLFs) 
from the same patient. Our lab has previously shown that CLCF1 overexpression from NLFs increases tumor 
growth in a xenograft model. Likewise, adding a recombinant CLCF1 increases the proliferation of NSCLC cell 
lines in culture (A549, H23, and H358). In contrast, CNTFR knockdown decreases cell proliferation in vitro and 
tumor growth in A549 and H23 xenografts. Thus, these data collectively demonstrate that the CLCF1-CNTFR 
signaling pathway is critical for NSCLC progression. Importantly, CNTFR knockdown also decreases the 
protein levels of phosphorylated STAT3, phosphorylated ERK, and several dedifferentiation markers. Thus, 
CLCF1-CNTFR signaling may promote tumor growth by activating the Jak-STAT and Ras-Raf-MEK-ERK 
pathways, and by promoting the dedifferentiation of normal epithelial tissue. We are currently treating cells and 
PDXs with molecules that inhibit CLCF1-CNTFR signaling. These experiments will allow us to further elucidate 
the mechanism by which CLCF1-CNTFR signaling promotes tumor growth, and importantly to explore the 
efficacy of this approach as a form of lung cancer therapy.  
 
Perspectives 
In these experiments, we identify for the first time a critical role for CLCF1-CNTFR signaling in NSCLC 
progression. We validate this role in both a cell culture model and in PDXs, and we also demonstrate novel 
links between the CLCF1-CNTFR interaction and two well established oncogenic pathways – Jak-STAT and 
Ras-Raf-MEF-ERK. Our findings have broad impacts on the field, and may shed light on oncogenic 
mechanisms in other cancer contexts, as well as facilitate the development of novel therapeutic strategies. 
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Many synthetic progestins possess proliferative as well as antiproliferative activity in vivo, depending on the 
presence and ratio between different types of the nuclear and membrane receptors in the various tissues. 
There is a need to explore progestins’ transcriptive activity in simple systems to identify selective ligands for 
different receptor isoforms.  
 
We made an attempt to estimate newly synthesized group of 14 pregna-D-pentaranes and 4 3-O-
methoxyimino derivatives of progesterone with known binding characteristics upon their capacity to influence 
transcription activity (TA) of the human nuclear progesterone receptor (nPR-B) in vitro, enabling to except 
effects of these steroids mediated through all the rest receptors besides nPR-B. Yeast were transformed with 
plasmid containing nPR-B gene and LacZ reporter gene, allowing to assay TA. Reliability of method was 
verified with a native agonist progesterone and synthetic antagonist – mifepristone. 
 
16-alpha-17-alpha-cyclohexanoprogesterone (CHP) and 16-alpha-17-alpha cyclopropanoprogesterone (CPP) 
were detected as full progesterone agonists upon the relative transcription activity (RTA) with significantly 
lower EC50 for CHP. These data support the previous findings of lower agonistic activity of CPP 
in Clauberg-Mcfail and Corner-Allen tests on rabbits’ uterus due to prevalence of the nPR-A in this tissue. It 
was assumed that CHP may act as a strong discriminated nPR-B agonist with great potential in treating the 
ovarian and endometrial cancers.  
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Ovarian cancer (OvCa) is the sixth most common cancer in women and a leading cause of death from 
gynecologic diseases. Poor prognosis in OvCa is due to late diagnosis and acquired resistance to 
conventional therapy. A significant setback for OvCa treatment is the lack of reliable biomarkers and the lack 
of effective targeted therapies.  
 
In order to discover novel therapeutic opportunities with approved and emerging drugs for OvCa, we have 
established primary cultures from chemo-refractory ovarian cancer patients for ex vivo Drug Sensitivity and 
Resistance Testing (DSRT). In addition, we have performed DSRT with 31 established OvCa cell lines. The 
drug panel covered 360 approved drugs as well as emerging, investigational and pre-clinical oncology 
compounds such as kinase and non-kinase inhibitors. Genomic and transcriptomic profiling by next-gen 
sequencing was carried out in parallel. Most samples represent high-grade serous OvCa. 
 
Results from 10 primary cultures tested so far showed a distinct drug sensitivity profiles. The results on patient 
cells led to the discovery of previously unanticipated therapeutic possibilities. For example, in a 53-year old 
chemorefractory low grade serous OvCa patient, genomic and transcriptomic analyses revealed a fusion gene 
of NRG-1, a target that was recently reported to involve the NRG1/ERBB3 activation loop in OvCa. We found 
high expression of ERBB2 and ERBB3 by RNA-seq and phospho-ERBB3, phospho-ERBB2 and phospho-
EGFR by immunohistochemistry. In agreement with the molecular mechanism, DSRT analysis identified 
significant sensitivity of patient tumor cells to EGFR inhibitors, such as erlotinib and afatinib. Based on these 
findings, the patient has received first a combination of erlotinib and gemcitabine, then afatinib and 
gemcitabine combination, followed with afatinib monotheraphy, which resulted in a favorable response as seen 
by decreasing serum CA-125 tumor marker levels. 
 
In conclusion, drug response testing together with genomic and transcriptomic profiling can identify and 
mechanistically validate tumor driver signals and identify clinically actionable inhibitors. Hence, this type of 
systems medicine profiling can significantly expand the power of current exclusively genomics-oriented 
personalized medicine approaches and help in drug repositioning to new indications. 
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Introduction 
Human cytolytic fusion proteins (hCFP) are a novel immunotherapeutic class, which overcome the problems of 
third generation immunotoxins such as immunogenicity. The human pro-apoptotic serine protease Granzyme 
B (GrB) has shown to be highly therapeutic effective. Hence, a recombinant hCFP consisting of a human 
epidermal growth factor receptor (EGFR)-specific antibody-fragment and a point-mutated variant of GrB 
(R201K) was generated and characterized on solid tumor entities such as rhabdomyosarcoma. Both express 
the EGFR from high to moderate levels, which is overexpressed on up to 30% of all human tumors with 
relatively low expression level in healthy tissue. The completely novel hCFP (E)GbR201K-scFv1711 contains 
the single chain Fragment variable (scFv)1711, which is derived from the approved human antibody 
Panitumumab. The R201K-variant is insensitive to Serpin B9, the natural inhibitor of GrB, which is often 
expressed from solid tumor cells.  
 
A key functional parameter, especially in the context of immunotherapeutics such as hCFPs, is the affinity 
constant of the used targeting moiety. Therefore, the scFv was genetically fused to an engineered version of a 
human DNA repair enzyme, called SNAP-tag that allows the covalent coupling of benzylguanine (BG)-modified 
substrates. The suitability of a scFv as part of an immunotherapeutic could be verified that way. 
 
Results 
The scFv1711 retained his functionality after fusion to the SNAP-tag, and shows a very good affinity constant 
(KD). We developed a method to define the affinity constants of scFv-SNAP fusion proteins by surface 
plasmon resonance (SPR) spectroscopy and established a regenerative experimental setup.  
The novel hCFP (E)GbR201K-scFv1711 was internalized rapidly into the target cells and treatment in the 
nanomolar range resulted in antigen-specific cell killing and significant induction of apoptosis. In the presence 
of Chloroquine, an endosomolytic substance, higher specific cytotoxic effects could be defined. Additionally, 
the novel hCFP was stable in serum and bound to human rhabdomyosarcoma tissue ex vivo.  
 
Perspectives  
We could verify that the human scFv1711 is a functional binding moiety and that the novel hCFP is a very 
promising therapeutic candidate suitable for further clinical investigation. Next, the therapeutic potential could 
be tested in vivo. The experimental procedures described herein concerning the new protocol for affinity 
determination by SPR spectroscopy, are suitable for the preclinical evaluation of diverse antibody formats and 
derivatives. 
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Introduction 
Lung cancer is the leading cause of cancer-related deaths worldwide. Approximately 85% of lung cancer 
patients are diagnosed with non-small-cell lung cancer (NSCLC). The majority of patients is diagnosed in 
advanced NSCLC stages with metastatic progression. Current therapies aiming to reduce the risk of NSCLC 
metastasis include cisplatin-based adjuvant chemotherapy and radiation. Both have robust but only moderate 
effects in terms of reducing the risk of metastatic relapse and increasing survival. Hence, there is a high need 
for novel therapies reducing the risk of metastatic relapse. To this end, we performed a functional in vivo 
shRNA screen in an orthotopic NSCLC model.  
 
Results 
Primary tumors and metastases were retrieved and subjected to massively parallel sequencing. Specific 
shRNA clones that were differentially represented between primaries and metastases were selected for further 
characterization. The respective shRNAs were stably expressed in the NSCLC cell line NCI-H1975, and target 
gene suppression was confirmed by immunoblotting. Validated cell models were subjected to in vitro assays of 
migration, invasion, and matrix metalloproteinase activity. Preliminary results indicate the modulation of 
surrogates of the metastatic process in vitro. Further mechanistic studies, and in vivo confirmation are 
ongoing. The expression of validated targets will be correlated with clinical outcomes in a large cohort of 
patients with resected NSCLC from our institutional biobank. 
 
Perspectives  
This unbiased functional approach aims to identify and validate novel targets for adjuvant therapy in localized 
lung cancer.  
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Introduction  
The understanding of complex diseases, such as cancer, is becoming more comprehensive with the 
improvements of high-throughput technologies e.g., next-generation sequencing. However, advances in 
technology platforms and bioinformatic tools contrast with the scarce implementation of cancer genomics in 
clinical practice. One reason for this situation is that pathologists and oncologists have to face thousands of 
genomic alterations and unravel their clinical relevance. Accordingly, the scientific community has claimed the 
need of a comprehensive knowledge database [1] as well as decision support platforms [2,3] for the 
interpretation and reporting of genomic findings in clinical practice e.g., in molecular tumor boards. 
 
Towards this end, we have developed a framework for reporting genomic data relying entirely on public 
knowledge. The report is tailored towards genomic alterations with predictive evidence on drug response. In 
particular, suggested treatment options are classified according the stage of development of the drug 
(approved, clinical trials or pre-clinical studies) and the cancer type for which the predictive association exists.  
 
Results  
To test the approach we applied it to a TCGA dataset comprising 3184 samples. The results showed a 
substantial increase on the number of patients with treatment options when drugs in clinical trials were 
included, compared to only approved drugs.  Also, we assessed the clinical utility of the reports on cancer 
patients whose treatment was based on their genomic profiles. 10 out of 11 reports included the treatment 
option decided by the expert panel.  
 
Perspectives  
We present a method to report treatment options based on the genomic profile of the patient. It is designed as 
a supporting tool for all clinicians, biologists and bioinformaticians working with genomic characterization of 
patients in clinical routine and face complex decisions regarding treatment options.  
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Introduction 
The HEDGEHOG (HH) signaling pathway plays a crucial role in tumorigenesis. However, its role in the 
pathogenesis of cSCC, the second most common non-melanoma skin tumor in humans, is not known. 
Canonical HH signaling is characterized by binding of the HH ligand to its receptor PATCHED1 (PTCH). This 
suspends the inhibition of SMOOTHENED (SMO) and SMO in turn activates the GLI transcription factors and 
expression of target genes. One of the targets is GLI1, which is considered as a main readout for the 
pathway’s activity. Additionally, GLI activity can be modulated in a non-canonical manner, which involves 
regulation by other signaling pathways such as MEK/ERK signaling. MEK/ERK is a downstream effector 
pathway of EGFR or IGF1R receptors, which both are commonly overexpressed by cSCC. 
 
Results 
By in situ hybridization we show that GLI1 is strongly expressed in the tumor mass of human cSCC, but 
interestingly not in outer parts of the tumor or invading cells. Using cSCC cell lines we show that activation of 
canonical HH signaling pathway by SHH or Smoothened agonist SAG is impossible and most of the SMO 
inhibitors fail to silence the expression of GLI1. This points to a rather minor role of canonical HH signaling 
pathway in cSCC. We further show that activation of EGFR or IGF1R signaling results in significant 
downregulation of GLI1 expression level, which is abrogated when simultaneously blocking the MEK/ERK 
signaling pathway. Thus we conclude that the inhibitory effect of EGFR/IGF1R signaling on GLI1 expression 
level is mediated by the MEK/ERK pathway via a mechanism that is independent of the SMO/GLI axis.  
 
Perspectives 
Since EGF and IGF1 are well known growth factors it is highly interesting to investigate the link between 
EGFR/MEK/ERK mediated GLI1 downregulation and proliferation or invasion of cSCC. We hypothesize that, in 
contrast to BCC, in cSCC GLI1 is either dispensable for tumor proliferation or that downregulation of GLI1 is 
even required for tumor progression. We are currently testing this hypothesis by deleting or overexpressing 
GLI1 in cSCC cell lines and measurement of the effects on proliferation and invasion capability. 
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Introduction  
Acute myeloid leukemia (AML) is a heterogeneous disease with diverse leukemogenic driver lesions. The 
genetic understanding of AML has resulted in major improvements in diagnosis, classification, prognostication, 
and outcome prediction. However, these insights have not yet translated into molecular mechanism-based 
therapies in the majority of cases, because AML cells are able to rapidly escape attempts at therapeutic 
targeting such as small-molecule inhibition of FLT3 internal tandem duplication (FLT3-ITD) mutants, which 
occur in up to 30% of cases and confer a poor prognosis. To identify potential new targets for combinatorial 
treatment approaches, we performed a series of large-scale RNA interference screens, using a subgenomic 
short hairpin RNA (shRNA) library targeting kinases, phosphatases, and known cancer-related genes, in a 
panel of AML cell lines.  
 

Results  
We identified that the RET receptor tyrosine kinase (RTK), which has not previously been implicated in AML 
pathogenesis, is critical for the viability and proliferation of cell lines representing various AML subtypes. 
Validation experiments demonstrated that depletion of RET by shRNA knockdown led to cell cycle arrest in the 
G0/G1 phase and increased apoptosis. RTK profiling using ELISA-based antibody arrays demonstrated that 
RET is highly phosphorylated in RET-dependent AML cell lines. Analysis of known RET ligand/co-receptor 
pairs (GDNF/GFRA1, NRTN/GFRA2, ARTN/GFRA3, PSPN/GFRA4) by quantitative real-time PCR and shRNA 
knockdown indicated that RET signaling is facilitated mainly through NTRN/GFRA2 or ARTN/GFRA3. 
Interrogation of various signaling pathways known to promote myeloid leukemogenesis showed that RET 
knockdown resulted in decreased phosphorylation of 4E-BP1 (T37/46), p70S6K (T389), and ULK1 (S758), 
pointing to mTORC1-mediated protein synthesis and/or suppression of autophagy as important effectors of 
RET signaling in AML cells. Based on recent data showing that FLT3-ITD mutants can be degraded by 
autophagy (Larrue et al., Blood 2016), we reasoned that the RET-mTORC1 signaling axis promotes AML 
through protection of FLT3-ITD mutants from autophagic degradation. Consistent with this hypothesis, genetic 
or pharmacologic (vandetanib, danusertib) inhibition of RET predominantly affected FLT3-dependent AML cell 
lines and were accompanied by upregulation of autophagy and destabilization of FLT3, as evidenced by p62 
degradation, LC3B turnover, increased numbers of autophagic vacuoles, and decreased FLT3 protein levels. 
In line with the observations in AML cell lines, data from a murine bone marrow transplantation model showed 
that Ret is required for AML development and propagation in vivo as we observed a significant survival 
advantage in mice transplanted with Ret knockdown cells compared with mice transplanted with control cells. 
Finally, genome-wide transcriptome analysis identified elevated RET mRNA levels in 35 of 260 (13.5%) 
primary human AML samples. 
 

Perspectives  
Combined, our results indicate that in a proportion of AML, RET-mTORC1 signaling promotes cell viability and 
proliferation through suppression of autophagy, suggesting that targeting RET or, more broadly, depletion of 
critical leukemogenic drivers via induction of autophagy may provide a therapeutic opportunity in this subset of 
patients. 
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Liposarcoma almost invariably contain an amplification of q13-15 on chromosome 12, which entails the 
oncogene Mdm2 (100% frequency of amplification) and the gene encoding the cell-cycle dependent kinase 
CDK4 (frequency of amplification – 90%). Mdm2 is an E3 ubiquitin ligase that mediates its ubiquitination 
activity towards the tumor suppressor protein p53 via its RING finger domain. CDK4 on the other hand, is 
bound to cyclin D, and this complex can phosphorylate retinoblastoma (Rb) protein, allowing the E2F1 
transcription factor to mediate the G1 to S transition of the cell cycle. Co-amplification of Mdm2 and CDK4 has 
been proposed to act as a ‘driving factor’ for initiating tumors.  
 
Currently, there are three studies in clinical trials involving CDK4 inhibitor – PD0332991 (NCT01209598) and 
LEE011 (NCT02571829) alone and in combination with Mdm2 inhibitor HDM201 (NCT02343172) for treating 
liposarcoma patients. Therefore, we sought to investigate the impact of Mdm2 and CDK4 inhibition on well-
differentiated liposarcoma cells using Nutlin-3 as the Mdm2 antagonist and PD0332991 (palbociclib) as CDK4 
inhibitor. Both inhibitors reduced cell viability when applied individually. However, we observed drug 
antagonism upon co-treatment with Nutlin and PD0332991, followed by assays for cell viability. Upon 
immunoblot analysis, we observed that p53 and expression of its target genes were reduced upon co-
treatment with Nutlin and PD0332991, in comparison with Nutlin alone.  
 
At the mRNA level, the p53 target genes p21 and PIG3 were induced by Nutlin, but there was no significant 
further increase in the expression of these genes upon co-treatment with the CDK4 inhibitor. Similar results 
were observed upon knockdown of Mdm2 and CDK4 by siRNA, in comparison with Mdm2 depletion alone. 
Moreover, depleting HMGA2, another product of an amplified gene in liposarcoma, did not enhance the toxicity 
of Mdm2 or CDK4 depletion. These results suggest that the combination of the two drugs does not result in 
additive or even synergistic effects on liposarcoma cells with respect to viability and to p53 activity. Thus, 
simultaneously targeting both Mdm2 and CDK4 may not represent a viable therapeutic strategy for 
liposarcoma patients.  
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Introduction  
Whereas death rates from cardiovascular disease have plummeted over the last 50 years, mortality rates from 
cancer have hardly changed and will soon surpass those from cardiovascular disease. In this regard, breast 
cancer is the most common cause of cancer death for women worldwide. Most deaths from breast cancer 
result from disease relapse following treatment of the primary tumor. Because breast cancer recurrence is 
typically an incurable disease, understanding the mechanisms by which residual cancer cells survive treatment 
is required to improve therapies for breast cancer patients following disease relapse. 
 
Recent evidence implicates down-regulation of the tumor suppressor protein prostate apoptosis response-4 
(PAR-4) as a critical step for breast cancer recurrence. Down-regulation of PAR-4 allows recurring tumors to 
survive tumor regression following targeted therapy and chemotherapy and is both a necessary and sufficient 
step for tumor recurrence. Therefore, strategies that either restore PAR-4 expression, or the identification of 
the downstream effector pathway(s) could pay therapeutic dividends. 
 
Results  
Recent advances in analyzing apoptotic signaling networks have uncovered an important role for activation of 
caspase-8 following DNA damage caused by genotoxic drugs. Our own data demonstrate that PAR-4 
functions downstream of caspase-8 by cleavage-induced nuclear translocation of the C-terminal part. We 
further show that nuclear translocation of the C-terminal fragment inhibits NFkB signaling and leads to 
depletion of c-IAP1 in a defined subset of triple negative breast cancer (TNBC) cells.  

Next, we demonstrate that loss of PAR-4 in TNBCs mediates resistance to DNA damage-induced apoptosis. 
Recent findings demonstrate that genotoxic drugs cause depletion of c-IAPs, which triggers the spontaneous 
formation of a RIP1/FADD/caspase-8 complex. Here we show that depletion of PAR-4 in TNBCs prevents 
DNA damage induced c-IAP1 depletion and caspase-8 activation. Furthermore, specifically targeting c-IAP1 
with siRNA or with “Smac mimetics” (LCL-161) overcomes chemoresistance induced by the loss of PAR-4 and 
restores caspase-8 activation. Our data identify c-IAP1 as an important downstream mediator of PAR-4 and 
we provide evidence that combining “Smac mimetics” and genotoxic drugs overcomes drug resistance 
mediated by the loss of PAR-4 in TNBC cells.  
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Tumor angiogenesis is mainly driven by VEGF/VEGFR2 (vascular endothelial growth factor/-receptor 2) 
signaling. Therefore, targeting VEGF/VEGFR2 (anti-angiogenic therapy) is seen as an effective approach in 
cancer treatment. However, these targeted therapies result in modest PFS (progression free survival) without 
benefit in OS (overall survival) and development of resistance in some cases. Moreover, emerging preclinical 
studies reported that anti-angiogenic therapy promotes a malignant phenotype with increased invasiveness 
and metastasis in different types of cancer including pancreatic neuroendocrine carcinoma, breast cancer and 
glioblastoma. The mechanism of this evasive resistance is poorly understood. 
Here we aim to investigate the influence of VEGFR2 inhibition in NSCLC (non-small-cell lung cancer) on tumor 
cell invasion and formation of metastases. Furthermore, we provide evidence that the VEGFR2 inhibition-
induced invasive phenotype is controlled by EphA2, another RTK (receptor tyrosine kinase) involved in 
angiogenesis and tumor formation. 
Using a spheroid invasion model we found that drug-induced inhibition and sh-RNA mediated KD (knock 
down) of VEGFR2 on NSCLC cells drives tumor cell invasion. In addition, inhibition of VEGFR2 induces a 
highly invasive phenotype in an intrapulmonary injected mouse model characterized by infiltrative tumor 
growth and increased amount of lung metastases. This effect is tumor VEGFR2 specific proved by in vivo 
experiments with a gatekeeper resistant mutation for VEGFR2 preventing the inhibitory effect of ZD6474 
(EGFR/VEGFR2 inhibitor). Via Co-IP (co-immunoprecipitation) experiments and PLA® (proximity ligation 
assay) we identified a heterocomplex between VEGFR2 and EphA2 which was released upon VEGFR2 
inhibition. EphA2 KD in NSCLC cells was able to inhibit the malignant phenotype caused by anti-angiogenic 
therapy in vitro and in vivo. Interestingly, a single mutation on EphA2 (S897A) prevented the anti-angiogenic 
therapy driven invasion as effective as the EphA2 KD. Pharmacological targeting of EphA2 with Dasatinib 
inhibited as well the invasive phenotype upon VEGFR2 inhibition in vivo.  
In summary, our findings revealed that inhibition of tumor cell VEGFR2 in NSCLC induces tumor cell invasion 
and metastases. This invasive phenotype is controlled via an interaction of VEGFR2 and EphA2 (S897). Our 
results suggest that inhibition of EphA2 may be a new therapeutic approach to prevent anti-angiogenic therapy 
induced invasiveness.  
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The cellular microenvironment in classical Hodgkin lymphoma (cHL) is dominated by a mixed infiltrate of 
inflammatory cells with typically only one or a few percent of Hodgkin and Reed/Sternberg (HRS) tumor cells. 
HRS cells orchestrate this infiltrate by the secretion of a multitude of chemokines and direct cell–cell 
interactions. T cells are usually the largest population of cells in the HL tissue, encompassing T helper (Th) 
cells, regulatory T (Treg) cells and cytotoxic T cells. Helper and regulatory T cells presumably provide 
essential survival signals for the HRS cells, and the regulatory T cells also play an important role in rescuing 
HRS cells from cellular immune response. Here, we investigate the significance of the cHL-specific T cell 
infiltrate in regard to its role in tumor evasion.  
 
Comparing the global gene expression profiles of T cells isolated from cHL lymph nodes (LN) and reactive 
human tonsils revealed substantial phenotypical differences. Performing gene expression profiling, the T cell 
compartment in the cHL microenvironment featured an activated, highly proliferative and yet 
immunosuppressive phenotype. However, the nature of the regulative phenotype in both cHL CD4+ T cell 
subsets (Th: CD25- and CD127+; Tregs: CD25+ and CD127-) differs to the corresponding tonsillar Treg subset 
that comprises a purer population of natural FOXP3+ T cells. The ability of HRS cells to induce suppressive T 
cells was analyzed with an in vitro model system using human CD4+ peripheral blood (PB) T cells that were 
co-cultured with cHL cell lines. Co-cultured, naive T cells displayed an induced, CD25+ subpopulation and 
upregulated levels of FOXP3, CTLA4 and IRF4. Moreover, the exposure to HRS cells caused a dampened 
Th1 specific immune response.  
 
As for specific means of tumor evasion, the purinergic pathway seems an attractive co-factor. In vitro 
observations support a HRS dependent generation of environmental adenosine. Additionally, we observed an 
increase expression of the surface molecules BTLA and CD200R in cHL-infiltrating T cell subsets. Regarding 
their corresponding binding partners, typically expressed on tumor cells, most cHL cell lines were positive for 
HVEM and CD200. Taken together, we provide a novel perspective on the complex HRS - T cells interaction, 
verify its immunosuppressive nature and provide further insights into various means of tumor evasion in cHL. 
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Introduction 
Systemic therapeutic applications of many promising antineoplastic agents, like auristatins, are restricted by 
their high toxicity. Therefore, targeted therapies are one main focus of life science research today. The 
generation of antibody-drug-conjugates (ADCs) is an outstanding technique that enables the specific delivery 
of toxic payloads such as auristatins to target cancer cells. Until today, the drug component is mostly 
chemically attached to modified lysine or cysteine residues of monoclonal antibodies (mAbs) or antibody 
variable fragments (scFvs). This results in a heterogeneous mixture with varying drug-to-mAb/scFv-ratios and 
conjugation sites. To overcome these limitations we are using the SNAP-tag technology to specifically 
conjugate drug molecules in a defined 1:1 stoichiometry, without influencing the binding moieties bio-
functionality. The SNAP-tag is an engineered version of the human DNA repair protein O6-alkylguanine-DNA 
alkyltransferase (hAGT) that specifically and rapidly reacts with benzylguanine derivatives (BG). As a result a 
unique conjugation site is provided thus leading to a homogenous scFv-SNAP-auristatin based ADC.  
 
Results 
In this study, we conjugated a scFv-SNAP fusion protein targeting the epidermal growth factor receptor 2 
(HER2) to a BG-modified derivative of auristatin F (AURIF). HER2 is frequently overexpressed in breast 
cancer and therefore a well-established target antigen for immunotherapy. Conjugation of the HER2-specific 
anti-HER2(scFv)-SNAP to AURIF resulted in a potent novel ADC that demonstrated specific binding and 
internalization into target cells, indicating that the bio-functionality of the scFv-SNAP fusion protein was not 
impaired by conjugation to AURIF. Cell viability/apoptosis assays verified specific toxicity of the ADCs against 
target cells by inducing cell cycle arrest when applied at nanomolar concentrations.  
 
Perspectives 
We demonstrated that the SNAP-tag technology has the potential to be used as platform technology for the 
generation of improved ADCs with a chemically defined conjugation site and stoichiometry. First, the stable, 
efficient, and chemically defined linkage of drugs to scFvs by the SNAP-tag technology has the potential to 
improve personalized medicine by flexible conjugation to alternative payloads. Second, it could serve as 
cancer-in vivo diagnostic tool in future time by easy coupling of different fluorophores/imaging agents. 
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Introduction 
Glioblastoma is a very aggressive form of brain tumors with limited therapeutic options. Usually, glioblastoma 
is treated with ionizing radiation (IR) and chemotherapy after surgical removal. However, the radiotherapy is 
frequently unsuccessful, amongst others due to resistance mechanisms the tumor cells have acquired. Anti-
apoptotic Bcl-2 family members can contribute to radioresistance by interfering with apoptosis induction in 
response to ionizing radiation. Bcl-2 and the closely related Bcl-xL and Mcl-1 are often overexpressed in 
glioblastoma cells. Levels of these proteins are not only regulated at the transcriptional and translational level 
but also post-translationally. In contrast to Bcl-2 and Bcl-xL, Mcl-1 is a short-lived protein whose stability is 
closely regulated by ubiquitylation-dependent proteasomal degradation. While ubiquitin ligases facilitate 
degradation, the deubiquitylating enzyme USP9x interferes with degradation by removing polyubiquitin chains 
from Mcl-1 thereby stabilizing this protein. Thus, an inability to downregulate Mcl-1 by enhanced USP9x 
activity might contribute to radioresistance in tumor cells. Moreover, USP9x might regulate sensitivity to 
ionizing radition by targeting other proteins. 
 
Results 
Comparing human grade III astrocytoma with grade IV glioblastoma samples, we show that Mcl-1 and USP9x 
are upregulated during tumor progression. Expression levels of both proteins correlated significantly. High 
Mcl-1 and USP9x levels reduced survival of patients with high grade glioblastoma. Furthermore, we examined 
four established (A172, U373, Ln229, T98G) and two primary (LKI, WKI) glioblastoma cell lines that differ in 
their ability to downregulate Mcl-1 and induce apoptosis in response to IR. In contrast to A172, Ln229, and 
LKI cells, the other three cell lines were able to downregulate Mcl-1 in response to IR and, therefore induced 
apoptosis more efficiently than the former three cell lines. Examining resistant A172 and sensitive U373 cells 
more closely, we detected an increased Mcl-1 ubiquitylation and a reduced Mcl-1 stability 48 h after irradiation 
in U373 cells, but not in A172 cells. At the same time, the interaction between USP9x and Mcl-1 was 
increased in resistant A172 cells but not in sensitive U373 cells. While Mcl-1 knock-down by siRNA increased 
apoptosis induction after irradiation in all glioblastoma cell lines, USP9x knock-down significantly improved 
radiation-induced apoptosis in one of four cell lines and slightly increased apoptosis in another cell line. In the 
latter two cell lines, USP9x knock-down also increased radiation-induced clonogenic death. The massive 
downregulation of Mcl-1 and apoptosis induction in A172 cells transfected with USP9x siRNA shows that the 
deubiquitinase regulates cell survival by regulating Mcl-1 levels. In contrast, USP9x regulated radiosensitivity 
in Ln229 cells without affecting Mcl-1 levels.  
 
Perspectives 
We conclude that USP9x can control survival and radiosensitivity in some glioblastoma cells by Mcl-1-
dependent and Mcl-1-independent mechanisms. In general, targeting protein stability of protecting factors 
might determine the outcome of anti-tumor therapies. 
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Introduction 
Lung cancer is the leading cancer fatality worldwide, with non-small cell lung cancers (NSCLC) accounting for 
approximately 85% of all cases. Radiotherapy is an important modality in the curative and palliative treatment 
of patients with advanced NSCL, and its efficacy is enhanced by simultaneous administration of 
radiosensitizing drugs. Current chemoradiotherapy protocols, however, still fall short in capitalizing on the 
recent progress in characterization of distinct NSCLC entities by genomic and additional biomarkers.  
 
Against this background, we set out to identify and validate novel targets for personalized chemoradiotherapy 
strategies in NSCLC. 
 
Results 
Combining a knowledge-based approaches and unbiased functional genomics screens using lentivirally 
expressed shRNA libraries in human NSCLC models we have nominated several putative modulators of the 
radiation response in NSCLC. We have generated cell lines with conditionally activated transgenes, and stable 
shRNA expression for target validation in vitro and in xenograft models in vivo. Mechanistic studies 
deciphering the modes of radioresistance and potentially nominating additional targets are ongoing. 
Prevalence of expression and prognostic/predictive value of preclinically validated resistance factors will be 
studied in our institutional biobank including a large and well-characterized cohort of NSCLC patients treated 
with chemoradiotherapy. 
 
Perspectives 
Our studies provide a framework for preclinical development of novel personalized chemoradiotherapy 
strategies in lung cancer. 
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e-mail: lstaudt@box-l.nih.gov 
https://ccr.cancer.gov/Lymphoid-Malignancies-Branch/louis-m-staudt   
 
Guest speaker 
Session I: Discovering basic principles of actionable genomic aberrations in 
cancer/tumor evolution/acquired resistance 
 

 
 

Tüting, Thomas - Prof. Dr. med. 
Dept. of Dermatology, University Hospital 
Magdeburg, DE 
e-mail: thomas.tueting@med.ovgu.de 
http://www.khau.ovgu.de/Team/Klinikleitung.html 
 
Guest speaker 
Session IV: Immune checkpoint blockade as a novel therapeutic approach 
 
 

 
 

Wherry, E John - PhD, Prof. 
Dept. of Microbiology and Institute for Immunology, University of Pennsylvania 
Philadelphia, US 
e-mail: wherry@mail.med.upenn.edu 
http://www.med.upenn.edu/wherrylab/ 
 
Guest speaker 
Session IV: Immune checkpoint blockade as a novel therapeutic approach 
 
 

 
 

Wong, Kwok K - MD PhD, Prof. 
Dana-Farber Cancer Institute, Harvard Medical School 
Boston, US 
e-mail: kwong1@partners.org 
http://www.dfhcc.harvard.edu/insider/member-detail/member/kwok-kin-wong-md-
phd/ 
 
Guest speaker 
Session II: Using mouse models as preclinical avatars for the development of 
precision cancer medicine 
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Venue „Klenk Symposium“ 
Lecture Hall 
Access is only possible from the 
Joseph-Stelzmann Str. 26  
 
Please follow the yellow Klenk signs. 

Joseph-Stelzmann Str.  Joseph-Stelzmann Str.  

„Underpass“ through the 
CECAD Research Building 
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Lindenburg  



 
 

32nd Ernst Klenk Symposium in Molecular Medicine 
 

Precision oncology: Translating basic discoveries into patient survival. 
Dec. 08 - 10, 2016 

 
 

Venue 
Lecture Hall of the Medical Faculty 

Access is only possible from Joseph-Stelzmann-Str. 26, 50931 Cologne.  
Please follow the yellow Klenk signs. 

 
 

Program Overview 
 

 
Thursday - Dec. 08, 2016 

 
 

12.50 p.m. 
 

 

Start of the Klenk Symposium - Welcome Address 
 

Session I 
 

Discovering basic principles of actionable genomic aberrations in cancer/tumor 
evolution/acquired resistance 
 

1.00 - 2.30 p.m. Part I - Stefan Pfister - Mathew Garnett - Jeffrey A Sosman 
2.30 - 3.00 p.m. Coffee Break 
3.00 - 4.30 p.m. Part II - Louis M Staudt - Matthew L Meyerson  - William R Sellers 
4.30 - 5.00 p.m. Coffee Break 
5.00 - 8.30 p.m. Poster Session and Welcome Get-Together  

with free finger food and drinks for all participants 
 

 
Friday - Dec. 09, 2016 

 
 

Session II 
 

Using mouse models as preclinical avatars for the development of  
precision cancer medicine 
 

9.00 - 10.30 a.m. Part I - Anton Berns - Kwok K Wong - Pier P Pandolfi 
10.30 - 11.00 a.m. Coffee Break 
11.00 - 12.30 a.m. Part II - Lukas E Dow - Dieter Saur - Julian Sage 
12.30 - 2.00 p.m. Lunch Break – free soup and sandwiches for all participants 

 

Session III 
 

Novel approaches for targeted intervention in solid tumors, lymphomas and 
leukemias 
 

2.00 - 3.30 p.m. Part I - Tony S K Mok - John G Gribben - Enriqueta Felip 
3.30 - 3.50 p.m. Coffee Break 
3.50 - 4.00 p.m. Announcement of the Poster Awards - Christian Reinhardt and Roman Thomas 
4.00 - 5.30 p.m. Part II - Matthew L Meyerson - Clemens A Schmitt - Richard Marais 
5.30 - 6.00 p.m. Coffee Break  

 

6.00 - 7.00 p.m. 
 

Ernst Klenk Lecture - Charles Swanton 
 

 
 

Saturday - Dec. 10, 2016 
 

 

Session IV 
 

 

Immune checkpoint blockade as a novel therapeutic approach 
 

9.00 - 10.30 a.m. Part I - Sergio A Quezada - E John Wherry - Gordon J Freeman 
10.30 - 11.00 a.m. Coffee Break 
11.00- 12.30 a.m. Part II - Dirk Schadendorf - William Pao - Thomas Tüting 
12.30 -  1.00 p.m. Short presentation of the three poster awardees (3 x 10 min. short talk) 
1.00 -  1.15 p.m. Summary, open questions, concluding remarks 
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