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Cancer is among the leading causes of death and represents a significant burden of 
disease worldwide. In Europe it is the leading cause of morbidity following cardiovas-
cular diseases, with over 4 million new cases each year (GLOBOCAN 2018 http://
gco.iarc.fr). Cancer is a challenge for public health, as it can become a chronic disease 
contributing substantially to the growth of medical expenditures and constituting a 
major socio-economic issue for Europe as well as globally. To address the increasing 
need to reduce incidence and mortality of malignancies and to improve the quality of 
life of cancer patients, a coordinated effort is necessary. A rapid and effective bidirec-
tional transfer of relevant cancer research findings between bench and bedside would 
play a pivotal role. The key area of translational cancer research addresses these needs, 
however, the research efforts in the field should be harmonized and integrated so as 
to profit from coordination at the transnational level.

The ERA-NET TRANSCAN-2 (Aligning national/regional translational cancer research 
programmes and activities) is a collaborative network of ministries, funding agencies 
and research councils with programmes in translational cancer research, funded by 
the European Commission under the EU framework programme Horizon 2020. The 
network is composed of 28 partners from 19 Countries. It is the continuation of the 
previous programme ERA-NET TRANSCAN. Altogether since 2011, 7 annual Joint 
Transnational Calls (JTCs) have been launched and 79 transnational projects have been 
funded. 

Under the call launched on 2014 on the topic “Translational research on human tu-
mour heterogeneity to overcome recurrence and resistance to therapy”, which was 
co-funded by the European Union, sixteen transnational consortia including 85 re-
search groups were funded.The Call was aimed at funding studies on human tumour 
heterogeneity in order to direct therapeutic intervention and identify new targets for 
the development of efficacious precision therapeutic strategies, which are able to pre-
vent tumour recurrence or resistance.

This 3rd Symposium of TRANSCAN-2 on Tumour Heterogeneity brings together 15 
of the 16 funded consortia from JTC2014 in order to present the outcomes of these 
projects, as well as to increase networking and scientific discussion amongst research-
ers from related research fields and to increase the opportunities for new collabora-
tions and sustainability of the invested funds. Young scientists were also encouraged to 
join and present their work in a poster session to expose and discuss their work with 
scientists from their field of research. 

We hope you enjoy and benefit from the symposium!
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Mass Spectrometry Imaging Directed 
Micro-omics for the Investigation of Intratumor 
Heterogeneity (ARREST)
Presented by Liam A. McDonnell
Fondazione Pisana per la Scienza ONLUS, Pisa, Italy

Mass spectrometry imaging (MSI) is able to simultaneously record 
the distributions of hundreds of molecules directly from tissue. These 
spatially-resolved molecular information can be combined with mul-
tivariate/clustering analysis to reveal regions of tissue with distinct 
molecular signatures, a process that has been termed MSI-based 
molecular histology and has been used to reveal tumor subpopu-
lations, metabolically distinct cell layers, and tumor interface zones. 

Rapid direct tissue analysis is essential for MSI in order to maintain 
spatial localization and acceptable measurement times. The absence 
of an explicit analyte separation/purification step means MSI lacks 
the depth of coverage of LC-MS/MS. Here, we demonstrate how 
MSI can be combined with high sensitivity microproteomics, even of 
the same tissue section, to further investigate the molecular changes 
associated with tumor subpopulations. 

Project Coordinator:
Liam McDonnell, Fondazione Pisana per la Scienza ONLUS, Pisa, Italy

Project Partners:
Benjamin Balluff, Maastricht Multimodal Molecular Imaging Institute (M4I), Maas-
tricht University, Maastricht, The Netherlands
Axel Walch, Helmholtz Zentrum München, Research Unit Analytical Pathology, 
Oberschleißheim, Germany
Robert Schneider, IGBMC, CNRS UMR 7104 - Inserm U 964 Illkirch, France
Jens Siveke, Klinikum rechts der Isar, Technical University of Munich, Munich, 
Germany
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Patient-derived models for intratumour 
functional heterogeneity and its implications 
for personalized medicine (BeFIT)
Huei-Wen Chen1, Cédric Blanpain2, Patrick Mehlen3, Sandro De 
Falco4, Pan-Chyr Yang1

1College of Medicine, National Taiwan University, Taiwan; 2Université Libre de Bruxelles/Interdis-
ciplinary Research Institute, Belgium; 3Léon Bérard Comprehensive Cancer Center, University 
of Lyon, France; 4Institute of Genetics and Biophysics, Department of Biomedical Sciences, CNR, 
Italy

This “BeFIT” project focuses on the heterogeneity within intra-pa-
tient heterogeneity, which could be major driving force for the can-
cer stemness, drug-resistance and metastasis. We believe that func-
tional heterogeneity plays the role for the adaptation of the tumor 
under dynamic and stressful micro-environmental conditions and/
or changing its malignant and survival potential under therapeutic 
stress. Based on this, our groups both have tried to developed the 
patient-derived xenograft (PDX) model on studying the inter-/in-
tra-tumoral heterogeneity and tumor evolution; also, Taiwan’s team 
work with Europe groups on developing and studying the hetero-
geneity of cancer cells in the cancer stem cells (CSCs)/cancer-as-
sociated fibroblasts (CAFs) co-culture system under different en-
vironmental stresses, including hypoxia and acidic condition. Single 
cell analysis indicated that the stress-driven heterogeneity could be 
identified and showing the different signaling on cell survival, stem-
ness and plasticity of differentiation. Here, we have identified several 
important key regulators of cancer stemness, drug resistance, and 
immune checkpoint regulators that are significantly modulated in 
tumor heterogeneity and evolution under the stress conditionings 
and could be benefit for the anti-cancer precision medicine.

Project Coordinator:
Yang Pan-Chyr, National Taiwan University Taipei, Taiwan

Project Partners:
Cédric Blanpain, Interdisciplinary Research Institute (IRIBHM) Université Libre 
de Bruxelles, Belgium
Patrick Mehlen, Centre Léon Bérard, University of Lyon, Lyon, France
Sandro De Falco, Institute of Genetics and Biophysics “A. Buzzati Traverso”, 
Department of Biomedical Sciences, CNR, Italy
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Cancer evolution and identification of 
relapse-initiating cells (CEVIR)
Presented by Christoph A. Klein
Fraunhofer Projektgruppe ITEM-R, Germany

Cancer is an evolutionary process where the units of selection, the 
cancer cells, are constantly reacting and changing in response to 
environmental and iatrogenic selection pressures. Our project will 
test the hypothesis whether relapse-initiating cells can be identified 
during early disease stages, molecularly characterized and the infor-
mation be used for monitoring in non-small cell lung cancer (NS-
CLC). To this end we will compare methods to detect and isolate 
disseminated and circulating NSCLC cells as well as cell-free DNA 
and profile them on a genomic and methylomic level. Relapse-ini-
tiating cells will be identified by means of cell lineage tree analysis. 
Plasma samples obtained longitudinally during disease progression 
will be screened for informative markers. The project started one 
year later and has progressed to a large extend for critical methods 
development and patient recruitment. The cohort of patients, pro-
spectively collected during the last 3 years, is now being analyzed. 
We will present the current stage of technology development and 
provide a perspective for the final 8 months of the project.

Project Coordinator:
Christoph A. Klein, Fraunhofer Projektgruppe ITEM-R, Germany

Project Partners:
Martin Schuler, Department of Medical Oncology, West German Cancer Cen-
ter, University Hospital Essen, Germany
Christoph Bock, CeMM Research Center for Molecular Medicine of the Austri-
an Academy of Sciences, Vienna, Austria
Ehud Shapiro, Department of Computer Science & Applied Math and Depart-
ment of Biological Chemistry Weizmann Institute of Science, Rehovot, Israel
Antonio Chiesi, HANSABIOMED Ltd, Tallinn, Estonia
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Defeating Recurrence and resistance in 
AML: Multigenomic Approaches to analyse 
heterogeneity (DRAMA)
Presented by Saverio Minucci
Dept of Experimental Oncology at the European Institute of Oncology, IFOM-IEO Campus, 
Milan, Italy

Although standard chemotherapy induces disease remission in the 
majority of Acute Myeloid Leukemia (AML) patients, most of them 
relapse and eventually die since they do not respond to therapy 
anymore. Therefore, there is an urgent medical need to identify dis-
ease markers predicting relapse or response to treatment.
Resistance to treatment might be associated to the selection of rare 
tumor cells harboring specific DNA mutations (relapse-specific mu-
tations) that cause resistance to drugs. The alternative and/or com-
plementary possibility is that alterations of the “epigenome” (the 
complex set of proteins that help to package and use DNA within 
the cell nucleus) are involved in the determination of resistance to 
drugs. DRAMA aimed to test whether drug resistance in AML is 
the result of mutations in DNA and/or in the epigenome. Overall, 
our results lead us to propose that drug resistance emerges as the 
consequence of both genetic and epigenetic alterations, and that 
-though recurrent pathways associated and functionally involved in 
resistance can be identified- intrinsic features of each individual leu-
kemia shape the molecular path to resistance. Thus, this study has 
enabled us to identify candidate markers predicting either cure or 
relapse after treatment, to be tested in clinical trials.
 

Project Coordinator:
Saverio Minucci, Istituto Europeo di Oncologia, Dept of Experimental Oncology, 
Milan, Italy

Project Partners:
Pier Giuseppe Pelicci, Istituto Europeo di Oncologia, Dept of Experimental On-
cology, Milan, Italy
Henk Stunnenberg, Radboud University Nijmegen, Department of Molecular 
Biology, Nijmegen, The Netherlands
Miguel A. Sanz, Fundacion para la Investigacion del Hospital Universitario La Fe 
de la Comunidad Valenciana, Valencia, Spain
Hughes de The’, NSERM U944, CNRS/UPD UMR 7212, Institut Universitaire 
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d’Hématologie, Hôpital St. Louis, Paris, France
Hartmut Dohner, University Hospital, Ulm, Germany

Fighting resistance in CLL (FIRE-CLL)

Eric Eldering1, Arnon Kater1, Florence Cymbalista2, Nadine Varin-
Blank2, Alexander Egle3, Nadja Zaborsky3, Idit Schachar4, Dimitar 
Efremov5, Daniel Mertens6, Stephan Stilgenbauer6, Marc Zapatka7, 
Martina Seiffert7

1Departments of Experimental Immunology and Hematology, Academic Medical Center, 
Amsterdam, the Netherlands. 2UMR InsermU978/Université Paris 13, Service d’hématologie 
biologique, Paris, France. 3Federal Hospital of Salzburg and Paracelsus Medical Private University, 
Laboratory for Immunological and Molecular Cancer Research, Salzburg, Austria. 4Weizmann 
Institute of Science, Dept of Immunology, Rehovot, Israel. 5International Centre for Genetic 
Engineering and Biotechnology, (“ICGEB”), Trieste, Italy. 6Ulm University, Department of Internal 
Medicine III, Ulm, Germany. 7German Cancer Research Center (DKFZ), Molecular Genetics, 
Heidelberg, Germany

Chronic Lymphocytic Leukemia (CLL) is a common cancer and 
its incidence and burden is increasing in our aging Western society. 
CLL is clinically very diverse, ranging from death within 2-3 years to 
indolent disease. The clinical course is influenced by both genetic 
variation and the variable interaction of the cancer cells with the 
surrounding normal tissue cells - the so-called micro-environment.
Our consortium consists of 7 groups from 6 countries that combine 
basic and clinical research. We aim to reach a thorough molecular 
understanding of patient-specific genetic and micro-environmental 
heterogeneity to bring a curative perspective for CLL by combina-
tion treatment. Our methods consist of integrated work packages 
that feed into and reinforce each other:

WP1 Characterizing intratumoral genetic heterogeneity
WP2 Impact of microenvironment and immune surveillance on sub-
clonal heterogeneity
WP3 Understanding and breaking resistance by tailored combina-
tion strategies

The aim of our concerted effort is to bring lasting cures for CLL 
within reach of clinical reality. 

The clear and objective impact of the FIRE-CLL consortium is wit-
nessed by 32 peer reviewed articles from all 3 WPs, with essential 
links to 5 ongoing clinical trials. The main achievements of FIRE-CLL 
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were rooted in the original goals to study subclonal and micro-envi-
ronmental variation in CLL and to bring the knowledge obtained to 
the clinic. Some of these facts derived from all 3 WPs that demon-
strate the broad impact of FIRE-CLL will be summarized here:

- Tracking of somatic mutations and their changes in allele frequen-
cy over time in patients revealed highly distinct evolutionary pat-
terns. Surprisingly, in long-term stable disease and in relapse after 
long-lasting clinical response to treatment, subclonal shifts are minor. 
In contrast, in refractory disease major clonal shifts occur although 
little impact occurs on leukemia cell counts. Thus, (sub)clonal evo-
lution is mostly driven by treatment-induced selection of subclones 
underlining the need for novel, non-genotoxic treatment regimens. 

- Resistance inducing mutations occurring in Btk and PLCγ during 
long term treatment have to be considered in the therapeutic op-
tions.

- Clonal evolution of leukemic cells in mice is extremely dynamic, 
particularly upon transfer of primary tumors into recipient mice. In-
terrogating genetic landscapes of TCL1 tumors alongside immune 
phenotyping in mice yielded important insight into cancer-immune/
microenvironment crosstalk during disease progression and treat-
ment response. 

- Numerous findings accounting for tumor evasion, permissive en-
vironment of the lymph nodes and altered crosstalk with the sur-
rounding cells give new avenues for combinatorial treatments fo-
calized on a patient-specific therapy, with links to the expanding 
and highly active field of immune therapy.

- The restoration of the immune system of CLL patients during 
treatment with venetoclax and ibrutinib was documented in detail.

- The signaling and survival pathways in CLL are therapeutically tar-
geted by novel drugs ibrutinib and venetoclax that are now rou-
tinely applied. We have documented how these pathways in turn 
also respond to such long-term treatment. Selection of resistant 
clones can increasingly be understood in mechanistic terms. 

- The obtained insights from our fundamental studies and ongoing 
clinical trials will lead to rational new combination therapies, which 
increasingly involve MRD-guided cessation of treatment. 
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Examples of these achievements will be presented at the symposium.

In conclusion, FIRE-CLL has been instrumental in driving under-
standing and thus optimizing prognosis and treatment strategies for 
CLL using the novel targeted inhibitors.

Project Coordinator:
Eric Eldering, Academic Medical Center Department of Experimental Immunol-
ogy, Amsterdam, The Netherlands

Project Partners:
Dimitar Efremov, International Centre for Genetic Engineering and Biotechno-
log, Monterotondo, Rome, Italy
Alexander Egle, Federal Hospital of Salzburg and Paracelsus Medical Private 
University, Salzburg, Austria
Idit Shachar, Weizmann Institute of Science, Rehovot, Israel
Stephan Stilgenbauer, Department of Internal Medicine III, Ulm University, Ulm, 
Germany Martina Seiffert, German Cancer Research Center (DKFZ) Heidel-
berg, Germany
Florence Cymbalista, UMR InsermU978/Université Paris 13/ AP-HP GHPSSD 
Service d’hématologie biologique, Bobigny, France

PRESENTATION ABSTRACTS
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Genetic and cellular intratumor heterogeneity 
as predictor of chronic lymphocytic leukemia 
outcome and treatment resistance (GCH-CLL)

Presented by Olivier Bernard
INSERM U1170, Institut Gustave Roussy, France

Chronic lymphocytic leukemia (CLL) is the most frequent adult leu-
kemia in the west. The clinical course and outcome of CLL is highly 
variable. It is accepted that intra-tumor heterogeneity, at the genetic 
and cellular levels, is the main force driving both tumor development 
and treatment resistance. At the genetic level, there is no single gene 
mutation characteristic of the disease, showing inter-patient hetero-
geneity. In addition, in a given patient, CLL cells may carry different 
burdens of mutations underscoring intra-patient heterogeneity. At 
the cellular level, leukemic cells remain responsive to multiple stimuli 
originating from the microenvironment but with different intensi-
ties and effects. Those interactions with the microenvironment affect 
cellular survival, proliferation and also response to treatments. This 
makes CLL an excellent model for the study of the impact of tumor 
heterogeneity on cancer evolution and response to treatment.

The overarching aim of the consortium is to decipher intra-tumor 
heterogeneity and the functional consequences of specific muta-
tions on B-cell biology along with tumor response to extracellular 
stimuli and pharmacological treatments, using next generation se-
quencing, up-to-date cellular approaches and functional modeling. 
Experimental and clinical data will be integrated to build up a model 
allowing predicting disease evolution and response to treatment, in-
cluding resistance. 

Current achievements include:
1. Studying the links between EZH2 expression and response to 

specific inhibitors in CLL samples.

2. Investigation of the links between a wide array of mutations and 
the in vitro response to specific inhibitors (Haematologica. 2019 
Sep;104(9):1830-1840, J Clin Invest. 2018 Jan 2;128(1):427-445)

3. Establishment of the consequences of specific mutations, Tet2 
and Nfkbie mutation on B-cell maturation and response to TLR 
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stimulation (Cancer Discov. 2018 Dec;8(12):1632-1653, Blood 
Adv. 2018 Mar 27;2(6):703-714. and in preparation).

4. Observation that RPS15 mutations rewire the translation pro-
gram of CLL cells by reducing the translation efficiency of critical 
molecules, including translation initiation factors and other regu-
latory elements (Ntoufa et al, ASH 2018; Blood 2018 132:1843).

5. In progress integrative approach of genotyping 1000 CLL pa-
tients fully clinically annotated.

The presentation will focus on both the most recent aspects and 
functional analyses. 

Project Coordinator:
Olivier Bernard, INSERM U1170, Institut Gustave Roussy, France

Project Partners:
Elias Campo, Fundació Privada Clinic per a la Recerca Biomèdica/Hospital Clinic 
c/Rosello, Barcelona, Spain
Thorsten Zenz, DKFZ / NCT, Dept. of Translational Oncology, Heidelberg, Ger-
many Wolfgang Huber, European Molecular Biology Laboratory (EMBL), Heidel-
berg, Germany Kostas Stamatopoulos, Institute of Applied Biosciences, CERTH, 
Thessaloniki, Greece Paolo Ghia, Università Vita-Salute San Raffaele, Milan, Italy
Gonzalo R. Ordonez, DREAMgenics Parque Tecnológico de Asturias, Llanera, 
Asturias, Spain

PRESENTATION ABSTRACTS
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Intratumour heterogeneity, clonal selection 
and metastatic propensity in breast cancer 
(HetMet)
Presented by Stian Knappskog
Department of Clinical Science, University of Bergen, Bergen, Norway

Intra-tumour heterogeneity constitutes a major problem with re-
spect to molecularly targeted therapies. Whilst the evaluation of 
genetic markers that underlie these treatment strategies rely on 
representative biopsies, contemporary data has revealed that pri-
mary breast cancers (BC) may harbour different subclones. As a re-
sult, diagnostic samples may overlook important molecular changes 
of prognostic importance as well as alterations for which targeted 
therapies could have been offered. 

Axillary lymph node (ALN) metastases play a central role in the 
management of BC as they have been shown to be the most im-
portant factor predicting distant relapse. One may envision that rare 
subclones in the primary tumour, capable of metastasizing, are dis-
seminated to the axilla where they expand. However, little is known 
of the genetic alterations that characterize ALNs. We hypothesize 
that ALN metastases are a surrogate of intra-tumor heterogeneity 
at the primary site. Consequently, ALN can allow us to obtain a 
more representative picture of the alterations characterizing het-
erogeneous primary BC. 

We have applied next generation sequencing of multiple regions 
from the primary tumor and matched ALNs from breast cancer 
patients. Thus, we have characterized the mutations specific for ALN 
metastases and estimated the branching points from the primary 
tumour. In general, we have found the ALN metastases to branch 
of quite late from the primary tumour and to harbor fewer unique 
mutations as compared to distant metastases. Further work will fo-
cus on refined estimation of subclonal composition of the primary 
tumours and the assessment of corresponding subclones in ALNs, in 
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order to better understand the evolutionary relationship between 
primary tumours and metastases.

Project Coordinator:
Per Eysten Lonning, Department of Clinical Science, Faculty of Medicine and 
Dentistry, University of Bergen, Norway

Project Partners:
Fabrice Andre, Department of Medical Oncology, Institut Gustave Roussy, Ville-
juif, France Christos Sotiriou, Breast Cancer Translational Research Laboratory 
J-C Heuson - Université Libre de Bruxelles, Faculty of Medicine, Jules Bordet 
Institute / Brussels, Belgium
Dimitris A. Mavroudis, Department of medical oncology, University Hospital of 
Heraklion, Heraklion, Greece

PRESENTATION ABSTRACTS
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Evolution of resistant clones to novel target-
directed drugs in colorectal tumors - A 
genetic and epigenetic study of intratumoral 
heterogeneity dynamics (INTRACOLOR)
Presented by Héctor G. Palmer
Stem Cells and Cancer Laboratory, Vall d´Hebrón Institute of Oncology, Barcelona, Spain

The proposing research groups are part of the MoTriColor initia-
tive recently funded by EU Commission (H2020). The central aim 
of such consortium is to evaluate the power of using distinctive 
gene expression subtypes to select patients to be treated with three 
different target-directed therapies: anti-PDL1 for MSI-like tumors, 
Vinorelbine for BRAFm-like tumors and TGFbeta inhibitors for Mes-
enchymal-like tumors. Samples at baseline and disease progression 
will be collected for all patients enrolled in each clinical trial. One 
of the major strengths of the present proposal is the access to all 
samples and clinical or molecular data from the prospective study 
structured in the MoTriColor initiative. Genetic evaluation of these 
paired samples will be a precious opportunity to identify the arising 
of resistant clones selected by each target therapy. Furthermore, a 
deep evaluation of the molecular heterogeneity present in the cor-
responding primary tumors will allow revealing how the resistance 
to specific targeted-therapies could already be codified in such orig-
inal variegation and enriched along drug selection. 
 
In addition, the generation of Patient-Derived Xenograft (PDX) 
models from selected patients at baseline and progression will allow 
testing the efficacy of new treatments to break the resistance driven 
by such arising clones.

Project Coordinator:
Josep Tabernero Caturla, Vall d’Hebron Institute of Oncology (VHIO), Barcelo-
na, Spain

Project Partners:
Sabine Tejpar, Katholieke Universiteit Leuven. Leuven, Belgium
Rene Bernards, Netherlands Cancer Institute, The Netherlands
Teresa Troiani, Department of Experimental and Clinical Medicine and Surgery, 
Second University of Naples, Italy
Andres Cervantes, Biomedical Research Institute INCLIVA, University of Valen-
cia, Spain Sabrina Arena, Candiolo Cancer Institute IRCCS, Candiolo, Italy
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Multiple myeloma intra-clonal heterogeneity: 
evolution and implications of targeted therapy 
(intraMMclo)
1Danka Cholujova, 2Gabor Beke, 3Christine-Ivy Liacos, 4Gabriela 
Rozic, 5Iwona Solarska, 5Krzysztof Jamroziak, 4Merav Leiba, 
3Efstathios Kastritis, 1Jana Jakubikova
1Cancer Research Institute, Biomedical Research Center, Bratislava, Slovakia; 2Institute of 
Molecular Biology, Bratislava, Slovakia; 3National and Kapodistrian University of Athens, School of 
Medicine, Athens, Greece 4Sheba Medical Center, Tel Hashomer, Israel; 5Institute of Hematology 
and Transfusion Medicine, Warsaw, Poland

Multiple myeloma (MM) represents prototypical disease model to 
study tumor heterogeneity due to the high frequency of intra-clonal 
diversity within malignant clone of plasma cells (PC) in the bone 
marrow. To better understand the myeloma heterogeneity within 
complex myeloma pathophysiology, we perform large-scale mass 
cytometry (CyTOF) analysis in the cohort of bone marrow samples 
from MM patients (n=188) compared to 10 age-matched healthy 
donors. We design a pipeline for deep characterization of PC with-
in the immune ecosystem of the myeloma microenvironment en-
rolling bone marrow of MGUS, smoldering MM, newly diagnosed 
and relapsed or relapsed/refractory MM patients. To evaluate intra 
and inter-tumor heterogeneity by profiling of PC clusters, we detect 
significant variations in transcriptional factors, stemness-controlling 
markers, and signaling regulators ensuring B cell development. We 
reveal spectrum of PC sub-clonal clusters with phenotypic and sig-
naling variations and abundance supported the idea of sub-clonal 
heterogeneity within MM tumor. Moreover, comprehensive analysis 
of B cell lymphopoiesis reveals various immunophenotyping aber-
rancies and signaling modulations with frequency assessment in MM 
patients. In addition, interaction of PC with myeloma immuno-eco-
system shows profound innate immune-promotion and adaptive 
immune-suppression of immune cell subsets in the tumor micro-
environment. Revlimid-velcade-dexamethasone (RVD) treatment is 
effective in MM patients; therefore highest numbers of our MM pa-
tients have been receiving RVD therapy in our cohort. RVD therapy 
shows significant effect on several immune cells, preferentially PC 
clusters, with profound signaling responses. This study might provide 
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the rational for prediction of MM patient status and design of target-
ed and immune therapy in MM on personalized bases. 

This work was supported by TRS-2015-00000170, REA grant agreement No. 
609427-SASPRO 0064/01/02, APVV-16-0484 and VEGA 2/0076/17.

Project Coordinator:
Jana Jakubikova, Cancer Research Institute, Biomedical Research Center, Bratisla-
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Dissecting phenotypic heterogeneity of human 
melanoma: building a rationale for active 
immunotherapies overcoming immunologically-
induced dedifferentiation (ITEM)
Presented by Massimo Guidoboni
IRCCS IRST – Meldola (FC), Italy

Intralesional tumor heterogeneity is a common feature of solid tu-
mors, melanoma included, and it plays a major role in determining 
resistance to therapy. We hypothesized that heterogeneous tumor 
cells can be grouped into a finite number of phenotypic variants 
sharing non-overlapping gene sets. The identification of these pu-
tative phenotypic variants should allow to develop new diagnostic 
tools able to capture and classify intra-patient tumor heterogeneity, 
possibly providing the knowledge base for designing more effective 
immunological treatments.
The ITEM project aimed at identifying specific sets of antigens relat-
ed to the different melanoma cell subpopulations and their changes 
along immunotherapy.
Single cell RNASeq (scRNASeq) analysis was performed on single 
cell suspensions obtained from metastatic lesions by fine-needles as-
pirates in patients with metastatic melanoma before and after start-
ing immunotherapy.
Given the increased availability of more effective therapies for mel-
anoma patients able to give significant objective response, no serial 
biopsies from the same lesions could be obtained.
However, pretreatment and post-treatment samples were obtained 
for six and three patients, respectively. scRNASeq analyses were 
performed on single cells suspensions after elimination of blood cells 
(CD45+). CD45- single cells showing signatures of tumor stromal 
cells (e.g. fibroblasts, endothelial cells, etc.) were also excluded from 
the analysis.
Our data, together with similar data obtained from available data-
sets, were utilized for compiling a list of genes whose concurrent 
expression covered the large majority of melanoma cells.
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From this list, only genes previously reported to induce antigen-spe-
cific immune response were selected for their validation as potential 
immunological targets.
Accordingly, concurrent expression of the putative targets was then 
evaluated in a series of pre-and post-treatment tumor biopsies ob-
tained from patients who underwent dendritic cell vaccination by 
MICSSS (Multiplexed Immunohistochemical Consecutive Staining 
on Single Slides), which allows to evaluate the concurrent simulta-
neous expression of up to 10 putative targets on the same sample, 
as well as by multispectral immunofluorescence (Vectra Polaris) and 
by Nanostring assay. The selected panels allowed to distinguish the 
large majority of tumor cells, thus providing the rationale for the 
development of subpopulation-specific immunotherapies.

Project Coordinator:
Massimo Guidoboni, IRCCS IRST - Immunotherapy and Cell Therapy, Meldola 
(FC), Italy

Project Partners:
Irwin Davidson, IGBMC, CNRS/INSERM, Illkirch, France
Rosalie Luiten, Dept of Dermatology, University of Amsterdam, Amsterdam, 
The Netherlands Jon Amund Kyte, Dept. of Oncology Oslo University Hospital 
Radiumhospitalet, Oslo, Norway
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Overcoming Neuroblastoma Tumor 
Heterogeneity, Resistance and Recurrence 
(ONTHETRRAC)

Peter F. Ambros1, Angelika Eggert2, Gudrun Schleiermacher3, 
Frank Speleman4, Frank Westermann5

1CCRI, Children’s Cancer Research Institute, Vienna, 2Charité - Universitätsmedizin Berlin/
Department of Pediatrics, 3Institut Curie/Département d’Oncologie Pédiatrique et INSERM, 
4Ghent University/Center for Medical Genetics, 5DKFZ, Deutsches Krebsforschungszentrum/
Department of Neuroblastoma Genomics

The strongest prognostic marker in pediatric tumors, the amplifi-
cation of the MYCN oncogene, present in approximately 30% of 
neuroblastomas, facilitates excellent discrimination between aggres-
sively and benignly behaving neuroblastomas. However, a substantial 
number of neuroblastomas show the amplification only in a sub-
population of tumor cells, making its clinical impact questionable. 
We therefore asked whether the genomic background of MYCN 
heterogeneous tumors impacts the prognosis of these tumors. We 
explored - by a combination of a single cell analysis technique and 
pan genomic analysis - 99 neuroblastoma patient samples, gaining 
new insights into these diagnostically challenging tumors. HetMNA 
tumors in infants/toddlers, especially when developing in a favorable 
genetic background, had an excellent outcome in localized, resect-
able stages even without cytotoxic therapy. For these tumors, we 
hypothesize this is due to the lack of full-blown malignancy of the 
MYCN-amplified (MNA) clone at the time of diagnosis. In most 
patients over 18 months, on the other hand, MNA evolved in a 
genetically already highly malignant tumor background, which pos-
sibly stifled clonal outgrowth. Thus, the integration of age, stage and, 
importantly, the genetic tumor background, as well as an adequate 
sampling procedure (at least two different areas of the tumor should 
be analyzed) are crucial to therapy stratification in hetMNA neuro-
blastoma. These data will allow a more precise classification of these 
patients into genetically defined treatment groups. 

WES deep sequencing (500x) identified the spatial and temporal 
heterogeneity of (sub)clonal mutational events including ALK in 8/8 
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samples 559 SNVs with a mutated allele fraction of > 1% using 
adapted bioinformatics pipelines. A Cox proportional hazards pro-
cedure (450 patients with complete clinical/biological datasets) re-
tained stage 4 disease (as opposed to non-stage 4) and ALK amplifi-
cation as factors with a higher hazard of relapse/progression (hazard 
2.3 and 2.2, respectively).

In collaboration with the research group of M. Fischer (Germany), 
more than 400 pretreatment neuroblastomas were investigated by 
whole genome or whole exome sequencing. For 208 tumors telo-
mere maintenance mechanisms were investigated. Together, these 
findings demonstrate that the divergent clinical phenotypes of hu-
man neuroblastoma are driven by molecular alterations affecting 
telomere maintenance and RAS or p53 pathways. On the basis of 
these data, the authors propose a mechanistic classification of neu-
roblastoma that may benefit the clinical management of patients.

As liquid biopsy techniques show a number of advantages in com-
parison to classical bioptic methods, we addressed two questions: 
i) whether the clearing dynamics of DTCs in neuroblastoma pa-
tients have predictive power and ii) whether cell free DNA can be 
used to detect a relapse before it is clinically manifest; i) A com-
prehensive study on 200 uniformly treated neuroblastoma patients 
enrolled in the SIOPEN HR-NBL1 study allowed discrimination into 
three prognostic subgroups. As more than 95% of stage M neu-
roblastoma patients have a bone marrow disease at diagnosis, we 
evaluated whether the clearing rate of the bone marrow during 
chemotherapy can be combined with the analysis of the genomic 
information of the tumor. This so far not addressed combination of 
functional data and genomic marker resulted in a clear separation 
into different prognostic/predictive subgroups, allowing a better dis-
ease status prediction; ii) The technical prerequisites for identifying 
genomic aberrations in cell free DNA (cfDNA) from peripheral 
blood and bone marrow were addressed successfully by members 
of the consortium and the successful application to neuroblastoma 
cfDNA samples could be compiled. Importantly, ddPCR data on 
consecutive blood plasma samples from high risk neuroblastoma 
patients showed that liquid biopsy techniques allowed early relapse 
detection weeks before the recurrence was clinically detected. Thus, 
in the next clinical high risk neuroblastoma study, the meticulous 
analysis of genomic aberrations of the tumor applying state-of-the-
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art techniques will be complemented by liquid biopsy techniques to 
learn about disease evolution during the course of the treatment 
thereby facilitating early relapse detection.

Project Coordinator:
Peter Ambros, CCRI, Children’s Cancer Research Institute, St. Anna Kinder-
krebsforschung, Vienna, Austria

Project Partners:
Gudrun Schleiermacher, Institut Curie Département d’Oncologie Pédiatrique 
et INSERM U830, Paris, France
Angelika Eggert, Charité - Universitätsmedizin Berlin, Department of Pediatric, 
Berlin, Germany
Frank Westermann, Deutsches Krebsforschungszentrum DKFZ, Dept. of Neu-
roblastoma Genomics, Heidelberg, Germany
Frank Speleman, Ghent University Center for Medical Genetics, CMGG, Gent, 
Belgium
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Proteogenomic and targeted metabolomic 
analysis of ovarian cancer heterogeneity and 
its contribution to recurrence and therapy 
resistance (PROMETOV)
Pauline Pfänder1,2*, Yang Zhang3-5*, Saša Končarević6*, Stephan Jung6, 
Karsten Kuhn6, Vadim Farztdinov6, Ahmed Sadik1,2, Piret Kaarde7, 
Bahar Yuksel8, Hamdullah Sozen8, Samet Topuz8, Ziga Aleksic9, 
Borut Kobal9, Verena Panitz1,10, Natalia Govorukhina3, Alexander 
M. Heberle4,5, Marcel Kwiatkowski3,4, Gur Yaari11, Ian Pike12, Peter L. 
Horvatovich3, Kathrin Thedieck4,5,13, Christiane A. Opitz1,10

* These authors contributed equally
1Brain Cancer Metabolism Group, German Cancer Research Center (DKFZ), Heidelberg, 
Germany; 2Faculty of Bioscience, Heidelberg University, Heidelberg, Germany; 3Department of 
Analytical Biochemistry, Groningen Research Institute of Pharmacy, University of Groningen, 
9713 AV Groningen, The Netherlands; 4Institute of Biochemistry, University of Innsbruck, 
Innrain 80-82, 6020 Innsbruck, Austria; 5Laboratory of Pediatrics, Section Systems Medicine 
of Metabolism and Signaling, University of Groningen, University Medical Center Groningen, 
Groningen, The Netherlands; 6Proteome Sciences R&D GmbH & Co. KG, Altenhöferallee 3, 
60438 Frankfurt/Main, Germany; 7Women’s Diseases Department, Foundation of Northern 
Estonia Regional Hospital, Tallinn, Estonia; 8Department of Obstetrics and Gynecologic 
Oncology, Istanbul University, Istanbul, Turkey; 9Department of Gynecology, University Medical 
Centre Ljubljana, Ljubljana, Slovenia; 10Neurology Clinic and National Center for Tumor Diseases, 
University Hospital of Heidelberg, Heidelberg, Germany; 11Bar Ilan University, Ramat Gan, Israel; 
12Proteome Sciences plc, Hamilton House, Mabledon Place, London, WC1H 9BB, United 
Kingdom. 13Department for Neuroscience, School of Medicine and Health Sciences, Carl von 
Ossietzky University Oldenburg, Oldenburg, Germany

In ovarian cancer radical surgery and platinum-based chemothera-
pies gain response rates >70%, however most tumors relapse, lead-
ing to a dismal prognosis. The relapse after a treatment response 
suggests that tumor heterogeneity may be involved in tumor recur-
rence. While in the past most studies have focused on genetic tumor 
heterogeneity, we hypothesize that multi-level omics measurements 
will improve our understanding of tumor heterogeneity. We aim to 
analyze ovarian cancer heterogeneity on transcript, protein and me-
tabolite level in the primary tumor and peritoneal metastases. There-
fore, we developed minimally-invasive methods to monitor ovarian 
cancer evolution in biological fluids to overcome tumor sampling 
bias and allow continuous tumor surveillance. Tumor heterogene-
ity in freshly collected primary tumors and metastases before and 
after therapy will be measured by a novel proteogenomics, phos-
pho-proteomics and targeted metabolomics approach using RNA-
Seq, MS/MS and chemical isobaric labelling. For minimally-invasive 
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monitoring, isobaric labelling-based simultaneous measurements of 
heterogeneous tumor tissues and plasma will identify the proteins 
and metabolites present in both compartments while also dramat-
ically increasing sensitivity. Thus, we will identify the contribution of 
ovarian cancer heterogeneity to therapy resistance and recurrence 
and provide the basis to develop minimally-invasive methods for 
early ovarian cancer detection, stratification of patients to therapies, 
therapy monitoring and detection of relapse. This would have an 
immense impact as the developed methods could also be applied 
to other tumors and may enable early and individualized treatment 
as well as control of therapy responses.
____________________________________________________
PROMETOV is supported by the national funding organizations and 
the EC under the framework of the ERA-NET TRANSCAN-2 ini-
tiative.

Project Coordinator:
Christiane A. Opitz, German Cancer Research Center, DKFZ Brain Cancer Me-
tabolism Group, Germany

Project Partners:
Borut Kobal, Department of Gynaecology, University Medical Centre Ljubljana, 
Slovenia Ian Pike, Proteome Sciences R&D GmbH & Co. KG, Frankfurt am Main, 
Germany
Peter Horvatovich, Analytical Biochemistry, Department of Pharmacy, Universi-
ty of Groningen, The Netherlands
Gur Yaari, Faculty of Engineering, Bar Ilan University, Ramat Gan, Israel
Peep Talving, Tartu University Hospital, Department of Surgery, Tartu, Estonia
Samet Topuz, Department of Obstetrics and Gynecologic Oncology, Istanbul 
Medical Faculty, Istanbul University, Turkey
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Targeting colon tumor initiating cell 
heterogeneity (TACTIC)
JP Medema1, C Ball2, H Glimm2, L Trusolino3, HG Palmer4, A 
Zeuner5

1LEXOR, Cancer Center Amsterdam, Amsterdam University Medical Center, Meibergdreef 9, 
1105AZ Amsterdam, The Netherlands; 2 Department of Translational Oncology, NCT Dresden, 
University Hospital, Carl Gustav Carus, Technische Universität Dresden, Dresden and DKFZ, 
Heidelberg, Germany; 3 Department of Oncology, University of Torino, 10060 Candiolo, Torino, 
Italy; Candiolo Cancer Institute-FPO IRCCS, 10060 Candiolo, Torino, Italy; 4 Stem Cells and 
Cancer Group, Vall d’Hebron Institute of Oncology, Barcelona, Spain; 5 Department of Oncology 
and Molecular Medicine, Istituto Superiore di Sanità, Rome, Italy

Tumor heterogeneity poses a formidable challenge in tumor biology 
and therapy efficacy. It has become increasingly clear that intra-tu-
mor heterogeneity is in part a result of a hierarchical organization 
that is reminiscent to normal tissue organization with a minor frac-
tion of tumor initiating cells (TICs) at the apex. TICs form the root of 
tumors, are instructed by the microenvironment and can efficiently 
give rise to tumor phenocopies upon injection in mice. Importantly, 
our recent insight in colon cancer has shown that TICs displays a 
further heterogeneity that is dictating therapy efficacy. These findings 
indicated that a subset of quiescent TICs (qTICs) can be identified 
that, upon re-activation, regenerate the complete tumor. More im-
portantly, these qTICs are extremely therapy resistant and effective-
ly colonize distant metastatic sites. 
Our team has shown over the past years that qTICs can be identified 
using both exogenous and endogenous labelling technics and can be 
traced us. Moreover, deep sequencing analysis has shown that this is 
a very rare population of cells that is not only therapy resistant but 
also appears to drive metastatic spread via IGFR1. Using our label-
ling approach, we have shown that ZEB2 as well as PROX1 are key 
marker genes of qTICs and that these cells are further characterized 
by activity of TET2 that results in the conversion of genomic 5-meth-
ylcytosine (5mC) to 5-hydroxymethylcytosine (5hmC). 
Moreover, our data provide compelling evidence for a plethora of 
resistance mechanisms that prevent the therapy-induced death of 
these cells. Tet2 was reported to regulate endogenous cell death 
mechanisms by repressing TNFalpha expression, while HER2/3 ex-
pression was shown to circumvent EGFR targeted therapy in these 
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cells. In addition, we observe the expression of several key apoptotic 
regulators in these qTICs. Importantly, these specific features also 
provide us with avenues to target qTICs, which is the ultimate aim 
of our program. Preventing activation of the HER2/HER3 rescue 
pathway will kill qTICs, similarly, targeting of the anti-apoptotic BCL-
XL machinery kills qTICs to some extent, which can be enhanced 
with selected sensitizers. Finally, a novel non-toxic compound called 
Fenritinide has strong efficacy towards this rare population of cells 
and provides a promising means to target colon TICs.

Project Coordinator:
Jean Paul Medema, Academic Medical Center / LEXOR, Center of Exp Molec-
ular Medicine, The Netherlands

Project Partners:
Ann Zeuner, Department of Hematology, Oncology and Molecular Medicine, 
Istituto Superiore di Sanità, Rome, Italy
Hanno Glim, Department of Translational Oncology, National Center for Tumor 
Diseases (NCT) and German Cancer Research Center (DKFZ) Heidelberg, 
Germany
Hector G. Palmer, Stem Cells and Cancer Laboratory Vall d ́Hebrón Institute of 
Oncology - VHIO, Barcelona, Spain
Livio Trusolino, Laboratory of Translational Cancer Medicine, Candiolo Cancer 
Institute FPO, IRCCS Candiolo, Torino, Italy
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Clinical utility of tumour heterogeneity in triple 
negative breast cancer and high-grade serous 
ovarian carcinoma for prediction of therapy 
response (TH4RESPONS)
Presented by Eliane Taube
Institute of Pathology, University Hospital Charité, Campus Mitte, Berlin, Germany 

TH4Respons investigates temporal tumor heterogeneity between 
primary and relapsed ovarian cancer and primary and relapsed tri-
ple negative breast cancer. It was decided to investigate ovarian can-
cer heterogeneity not only genetically but also at the proteomic 
level, since the approach is innovative and independent of various 
influences on the genome, reflected by the phenotype. As a proof 
of concept a tissue classificator for the detection of different his-
totypes was built. Furthermore, samples of 44 paired primary and 
relapse ovarian carcinomas were analysed by HTGseq and a variety 
of genes could be identified to be differentially expressed in both 
situations. Interpretation and immunohistochemical validation is on-
going. For biomarker identification on the immunohistochemical lev-
el intratumoral mircovessel density (MVD) and VEGF-A expression 
were analyzed in a cohort of 222 primary and recurrent HGSOC 
tissue samples and correlated with clinico-pathological outcome.

For triple negative breast cancer expression of Rad51 should be 
evaluated in cooperation with the VHIO in Barcelona. Unfortunate-
ly, the examination of Rad51 in large cohorts faced many techni-
cal difficulties. Many of the unforeseen technical obstacles could be 
solved in order to develop a fully integrated image analysis pipeline 
will significantly contribute to a wider adoption of the RAD51 assay 
in the translational research community. Further studies on triple 
negative breast cancer include the inactivation of the DNA repair 
enzyme MGMT by epigenetic silencing through methylation of CpG 
islands in the promotor region as a correlate for sensitivity to al-
kylating agents and immunohisthochemical expression of HLA class 
I molecule as a marker for T-cell cytotoxic response. Both studies are 
under review in scientific journals. 
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During the course of the project interesting knowledge about tem-
poral heterogeneity could be achieved. In passing a strong network 
has been established. 

Project Coordinator:
Manfred Dietel, Institute of Pathology, Charité University Hospital Berlin, Ger-
many

Project Partners:
Violeta Serra, Vall d’ Hebron Institute of Oncology, Experimental Therapeutics 
Group, Barcelona, Spain
Giuseppe Viale, European Institute of Oncology, Department of Pathology, Mi-
lan, Italy Alexandra Leary, Institut Gustave Roussy Gynecology Unit, Translational 
Research Laboratory INSERM U981, Villejuif, France
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Targeting of resistance in pediatric oncology 
(TORPEDO)
Presented by Jan Molenaar
Department of Onco-genomics AMC-UVA, Amsterdam, The Netherlands

In most cases, targeted monotherapies do not elicit durable re-
sponses, with resistance developing due to acquisition of new ge-
netic alterations or by selection of primarily resistant subclones. It 
is therefore of crucial importance to develop rational combination 
therapies based on an understanding of these resistance mecha-
nisms gained through longitudinal sampling of patients and preclin-
ical testing in faithful patient-derived xenograft (PDX) models. In 
TORPEDO, each group has focused on one pediatric tumor entity 
or subgroup, with the aim to identify at least one rational combina-
tion therapy approach based on solid preclinical evidence.

In the last 3 years we have collectively generated a repertoire of 
PDX models, which are being shared within the consortium. Or-
ganoid systems and tumor-bearing orthotopic PDX mice have been 
treated with an effective monotherapy until progressive growth ap-
peared. These tumors have been subjected to molecular profiling. 
Based on the resistance mechanism (also considering information 
from longitudinal patient samples with a similar genotype), a com-
bination therapy has been designed and efficacy compared against 
the monotherapy. 

For example, in neuroblastoma this has led to the identification of 
two combination strategies, BCL2 inhibitors with MDM2 inhibitors 
and MEK inhibitors with BCL2 inhibitors. Other rational combina-
tions like CDK4 inhibitors with MDM2 inhibitors were found not 
to be effective. Our results are now implemented in clinical trials 
through our European network. The combination treatment of 
BCL2 inhibitors with MDM2 inhibitors is opening in several loca-
tions as a combined phase 1/2 trial. We will present an overview of 
new combination treatment options in various tumor types and the 
stages of development. 

This project has set the stage for implementation of combination 
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treatment strategies in pediatric cancer which is currently further 
developed not only in this project but also as a general strategy in 
leading pediatric cancer consortia like the ITCC (Innovative Treat-
ments for Children with Cancer).

Project Coordinator:
Michael Pfister, German Cancer Research Center, Division of Pediatric Neu-
rooncology, Heidelberg, Germany

Project Partners:
Olaf Witt, German Cancer Research Center, CCU Pediatric Oncology, Heidel-
berg, Germany Gudrun Schleiermacher, Institut Curie, U830 Inserm and Dept 
of Pediatric Oncology, Paris, France
Georger Birgit, Gustave Roussy, UMR 8203 CNRS and Dept of Pediatric and 
Adolescent Oncology, Villejuif, France
Jan Molenaar, Dept of Onco-genomics AMC-UVA, Amsterdam, The Nether-
lands
Katia Scotlandi, Rizzoli Institute, CRS Development of Biomolecular Therapies, 
Bologna, Italy
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Modulation of angiogenesis players in low oxygen and acid 
conditions during CAF induced tumor de-differentiation 
process

Valeria Cicatiello,  Annalisa Fico,  Vincenza Colonna, Emilia Pascale, Huei-Wen Chen1 
and Sandro De Falco
Institute of Genetics and Biophysics ‘Adriano Buzzati Traverso’ – CNR, Naples, Italy 1Institute of Toxicology, National Taiwan 
University College of Medicine, Taipei, Taiwan

BeFIT project 

Cancer is a dynamic disease, subjected to continuous spatial and temporal variation of 
its molecular signature. This high heterogeneity is nourished by the intrinsic plasticity of 
cancer stem cells (CSCs) and the intra-tumor microenvironment, widely characterized 
by conditions as hypoxia and low pH. In this context, angiogenesis has a great impact on 
microenvironment establishment, influencing the selection of hypoxic phenotype of can-
cer stem cells and contributing to therapy resistance. The strictly connection is supported 
by increasingly evidence that the same pathways that regulate maintenance of stem cell 
properties play important roles also in regulation of tumor angiogenesis. 

In BeFit project we planned to evaluate the entire expression profile and the angiogenic 
phenotype of primary culture of Oct3/4(+)/Nanog(+) lung CSCs fed with CD90(+) 
cancer-associated fibroblasts (CAFs)1. Cells were subjected to transient de-differentia-
tion in normal, acid and hypoxic conditions. 

RNAseq analysis revealed that hypoxia is the most potent stimuli inducing a differential 
expression of a large number of genes. Gene ontology showed that most of modulated 
genes are involved in extracellular matrix organization and function for normal and acid 
condition, while hypoxia determined a strong enrichment of transcriptional pathways. 
Furthermore, pathways analysis put in evidence the activation of angiogenic processes, 
especially in low pH condition, and many genes resulting modulated by RNAseq were 
also validated by qRT-PCR and proteome profiling array. 

Further studies will be conduct in order to clarify the relationship between tumor de-dif-
ferentiation process and angiogenesis players. 

1) Chen WJ et al; Nat Comm 2014
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Ultraconserved Non-coding RNA in the Emergence and 
Maintenance of Cancer Stem Cells

Annalisa Fico1, Emilia Pascale1, Vincenza Colonna1, Valeria Cicatiello1, Huei-Wen 
Chen2 and Sandro De Falco1

1 Institute of Genetics and Biophysics ‘Adriano Buzzati Traverso’ – CNR, Naples, Italy; 2 Institute of Toxicology, National Taiwan 
University College of Medicine, Taipei, Taiwan

BeFIT project

One of the main goals of BeFIT project has been to investigate how the changes of tu-
mor microenvironment impact on cancer stem cells (CSCs) plasticity and consequently 
on tumor heterogeneity.

Hypoxia and acidosis are two classic features of the neoplastic microenvironment and are 
associated with resistance to conventional anticancer therapy. Indeed, they are consid-
ered the main factors facilitating the emergence and maintenance of CSCs. Low oxygen 
concentration and pH modulates several pathways governed by protein-encoding genes 
but recent insights indicate how the noncoding transcriptome is also affected. Recent 
data have linked the tumor microenvironment to the function of specific microRNAs 
(miRNAs). Other than on miRNA, we focused our attention on a family of long ncRNAs 
transcribed from regions that exhibit extremely high conservation between human, rat 
and mouse genomes, the ‘transcribed-ultraconserved elements’ (T-UCEs). Recent studies 
have identified alterations in T-UCE-expression patterns that are associated with specific 
tumor phenotypes and functionally linked to cancer development.

We studied the tumor cell de-differentiation which give rise to CSCs, using a well-estab-
lished primary culture of Oct3/4(+)/Nanog(+) lung CSCs fed with CD90(+) cancer-asso-
ciated fibroblasts (CAFs)1. The de-differentiation process was conducted in hypoxic and 
acidic condition and, starting from a genome-wide expression profiling, we highlighted a 
link between oxygen deprivation/low pH, CSC formation and T-UCE/miRNA modulation.

1. Chen WJ et al., Nature Comm 2014
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Inhibition of EZH2 and immune signaling exerts synergistic 
antitumor effects in chronic lymphocytic leukemia
Elisavet Chartomatsidou, Stavroula Ntoufa, Nikos Papakonstantinou, Alessandra 
Rovida, Konstantia Kotta, Daniela Belloni, Elisabetta Ferrero, Niki Stavroyianni, Achilles 
Anagnostopoulos, Richard Rosenquist, Kostas Stamatopoulos, and Paolo Ghia
Strategic Research Program on CLL and B-cell Neoplasia Unit, Division of Experimental Oncology and IRCCS Istituto 
Scientifico San Raffaele, Milan, Italy

GCH-CLL project

The histone methyltransferase EZH2 induces gene repression through trimethylation of 
histone H3 at lysine 27 (H3K27me3) and its overexpression has been associated with 
aggressiveness. We have previously shown that EZH2 is overexpressed in adverse-prog-
nosis patients with chronic lymphocytic leukemia (CLL) and that EZH2 pharmacological 
inhibition induced down-regulation of H3K27me3 levels and cell apoptosis. Considering 
the significant role of external triggering in CLL development and evolution, here we in-
vestigated the potential links between signals emanating from the tumor milieu and EZH2 
expression and whether synergism may exist between EZH2 and signaling inhibitors.

Analysis of viability, EZH2 and H3K27me3 levels revealed significant up-regulation in pri-
mary CLL cells after external stimuli (i.e. CpG) and in a stromal co-culture system that 
improves CLL cell survival without the addition of external stimuli. Next, we explored 
the ex vivo synergistic effects of EZH2 inhibition with either Ibrutinib (signaling inhibitor) 
or Venetoclax (inhibitor of the anti-apoptotic protein, BCL-2) and found that all combi-
nations induced significant viability decrease compared to the CpG-treated cells, but also 
to the single inhibition. Finally, in  CLL cells from cases resistant to BcRi, EZH2 inhibition 
resulted in a reduction of viability and H3K27me3 levels, also accompanied by a reduction 
in anti-apoptotic proteins and an increase in the levels of apoptosis mediators. 

Our accumulating evidence highlights EZH2 as a potential player in CLL cases with a 
dismal prognosis, thus suggesting that combination of EZH2 inhibition together with in-
hibitors commonly used in the therapy of CLL could represent an improvement on the 
current therapeutic strategy.
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Generation and characterization of preclinical models derived 
from patients enrolled in the Motricolor clinical trial 3
Giovanni Crisafulli1,2, Annalisa Lorenzato1,2, Pamela Arcella1,2, Monica Montone1, 
Benedetta Mussolin1, Erika Durinikova1, Andrea Cassingena3, Alice Bartolini1, Andrea 
Sartore-Bianchi3,4, Salvatore Siena3,4, Alberto Bardelli1,2 and Sabrina Arena1,2,*

1Candiolo Cancer Institute, FPO - IRCCS, Candiolo (TO), Italy; 2Department of Oncology, University of Torino, Candiolo 
(TO), Italy; 7Niguarda Cancer Center, Grande Ospedale Metropolitano Niguarda, Milan, Italy; 8Department of Oncology and 
Hemato-Oncology, Università degli Studi di Milano, Milan, Italy

INTRACOLOR project, PI partner; e-mail: sabrina.arena@unito.it

Colorectal cancer (CRC) is a highly heterogeneous disease, and novel classification crite-
ria are investigated in order to better guide therapeutic strategies.
The Intracolor project develops in parallel with the European project Motricolor, which 
has promoted the activation of clinical trials to evaluate the efficacy of three novel target-
ed therapies to treat mCRC patients on the base of their transcriptional profile.
The Intracolor project proposes to monitor tumor evolution through the analysis of 
paired tumor samples at baseline (prior to therapy) and progression and to test in pa-
tient-derived xenograft models novel therapeutic strategies to overcome primary or 
acquired resistance to drug combinations used in the Motricolor trials.
We have generated the first three mouse avatars, defined as Clinical Trial Associated 
Xenograft (CTAX) from tissue biopsies collected at baseline from three CRC patients 
enrolled in the Motricolor clinical trial (CT) 3 (treatment of MSI-like CRCs with check-
point blockade immunotherapy).
We have initially performed tissue analysis and confirmed the tumor histology observed in 
the originating tumor tissue. From one CTAX, we have been able to generate a 2D-grow-
ing cell line and 3D-growing organoids.
We have performed exome and RNA analysis in one MSS and in one MSI-H responder 
models and in both we were able to retrieve either mismatch-repair (MMR) defec-
tive-associated signatures or genomic alterations in the MMR genes. When comparing 
genomic analysis performed in the CTAX-organoid-cell line pairs we found high-level 
concordance in mutational profiles, genetic signatures enrichment and tumor mutational 
loads (TMB), thus offering the possibility to exploit different preclinical models to test 
innovative therapeutic strategies.
In conclusion, we have generated and characterized molecular heterogeneity in novel 
preclinical models from CRC patients enrolled in the Motricolor CT3; further analysis 
to identify potential mechanisms of response or resistance is warranted to improve the 
selection of patients that would likely respond to novel drug combinations.
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Multi-region sequencing dissects intratumor heterogeneity in 
neuroblastoma
Karin Schmelz1,2,*, Joern Toedling1,2,*, Jutta Proba1, Falk Hertwig1,2, Peter F. Ambros5 
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ONTHETRRAC project

To investigate intratumor heterogeneity (ITH) and to understand tumor evolution in neu-
roblastoma, we performed a multi-region whole-exome sequencing (WES) on 51 spa-
tially separated tumor samples derived from 10 primary neuroblastomas. WES data were 
generated for tumor regions and matched germline control samples at a mean exome 
coverage of 300x. A high rate of spatial heterogeneity was detected in these 10 patients. 
Importantly, spatial genetic heterogeneity was also apparent for mutations of known 
cancer-related genes in high-risk tumors. To further increase the sensitivity of the analysis, 
we also performed a targeted re-sequencing of 149 samples of these 10 neuroblasto-
mas. For one high-risk neuroblastoma with an ALK mutation and a heterogenous MYCN 
amplification, we compared patient tumor and PDX tumors that were established from 
two different time points of the disease. Targeted sequencing of the PDX tumors showed 
an MYCN amplification already at an early time point when it was undetectable in the 
diagnostic human sample, while later, both PDX and primary tumor displayed a MYCN 
amplification. We also defined the clonal composition before and after chemotherapy, 
dissecting out ALK as a putative driver of mutations. Other mutations, such as those in 
DPCR1 and DPYSL5, were present at very low frequencies in early samples, but showed 
clonal selection under therapy. Our data provide the evidence for extensive spatial and 
temporal ITH in primary neuroblastomas and clonal selection under chemotherapy. This 
underlines the fact that a single biopsy is insufficient to generate an accurate clinical in-
terpretation of molecular diagnostic results.
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Liquid Biopsy in neuroblastoma: ctDNA analysis for visualizing 
intra- tumor heterogeneity and follow-up monitoring
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ONTHETRRAC project

Intra-tumor heterogeneity (ITH) is a major challenge for the detection of relevant ge-
nomic aberrations in primary tumor (TU) biopsies. Hence, there is a yet unmet need for 
alternative analytic procedures to minimize sampling error in tumor patients. Analyzing 
cell-free tumor DNA (ctDNA) from more easily accessible patient biomaterial could 
surmount these challenges. However, in order to apply ctDNA-based results in the clinics, 
we need to find out how suitable this DNA actually is for identifying relevant genomic 
aberrations of the TU.
We compared data from genome-wide analysis (lcWGS, HD-SNPa) of DNA from TU 
biopsies, disseminated tumor cells (DTCs) from the bone marrow (BM) and/or ctDNA 
from peripheral blood (PB) and/or bone marrow (BM) plasma, of stage M neuroblastoma 
patients. In addition, PCR based analysis of ctDNAs was used to follow-up on MYCN 
amplification in sequential blood and bone marrow plasma samples during the disease 
course.
Twelve out of 24 patients showed identical genomic aberrations in the analyzed sources 
(tumor, DTCs, ctDNA from PB/BM) whereas in the other 50%, besides a high number 
of concordant somatic copy-number aberrations (SCNAs), discordant SCNAs between 
the three tissues of origin were found. In the discordant group the mean discordance rate 
was 5.0 SCNAs per patient with a mean total SCNA number of 14.6 as compared to a 
significantly lower mean SCNA number of 7.5 in the non-discordant group. In all com-
partments unique aberrations were found, however, only 3 out of 19 patients showed 
unique aberrations in the primary TU that were not present in the DTC or ctDNA sam-
ples. Only one out of six patients with discordant trio-samples showed unique SCNAs in 
the tumor while in five patients additional unique SCNAs were detected in the ctDNA 
from PB and/or BM that were not found in the primary tumor. Furthermore, PCR based 
detection of MYCN copies in longitudinally collected plasma samples provided additional 
relapse- relevant information.
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At diagnosis, circulating tumor DNA and DTCs can provide a more complete genomic 
picture as compared to the primary tumor alone. In longitudinally collected samples, de-
tection of gene amplifications allows minimal-residual disease monitoring, providing addi-
tion information to highly sensitive BM diagnosis especially in non BM relapse situations.
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Proteogenomic and targeted metabolomic analysis of ovarian 
cancer heterogeneity and its contribution to recurrence and 
therapy resistance
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PROMETOV project

In ovarian cancer radical surgery and platinum-based chemotherapies gain response rates 
>70%, however most tumors relapse, leading to a dismal prognosis. The relapse after a 
treatment response suggests that tumor heterogeneity may be involved in tumor recur-
rence. While in the past most studies have focused on genetic tumor heterogeneity, we 
hypothesize that multi-level omics measurements will improve our understanding of tumor 
heterogeneity. We aim to analyze ovarian cancer heterogeneity on transcript, protein and 
metabolite level in the primary tumor and peritoneal metastases. Therefore, we developed 
minimally-invasive methods to monitor ovarian cancer evolution in biological fluids to over-
come tumor sampling bias and allow continuous tumor surveillance. Tumor heterogeneity in 
freshly collected primary tumors and metastases before and after therapy will be measured 
by a novel proteogenomics, phospho-proteomics and targeted metabolomics approach 
using RNASeq, MS/MS and chemical isobaric labelling. For minimally-invasive monitoring, 
isobaric labelling-based simultaneous measurements of heterogeneous tumor tissues and 
plasma will identify the proteins and metabolites present in both compartments while also 
dramatically increasing sensitivity. Thus, we will identify the contribution of ovarian cancer 
heterogeneity to therapy resistance and recurrence and provide the basis to develop min-
imally-invasive methods for early ovarian cancer detection, stratification of patients to ther-
apies, therapy monitoring and detection of relapse. This would have an immense impact as 
the developed methods could also be applied to other tumors and may enable early and 
individualized treatment as well as control of therapy responses.
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Secondary somatic driver mutations in G-protein related 
pathways and mutation signatures in uveal melanoma
Francesca Piaggio1 , Veronica Tozzo2 , Cinzia Bernardi1 , Michela Croce3, Roberto 
Puzone4 , Silvia Viaggi5,6, Serena Patrone6 , Annalisa Barla2 , Domenico Coviello6, Martine 
J. Jager7, Pieter A. van der Velden7, Michael Zeschnigk8, Davide Cangelosi9, Alessandra 
Eva9, Ulrich Pfeffer1,* and Adriana Amaro1

1 Tumor Epigenetics; IRCCS Ospedale Policlinico San Martino, Genova Italy, adriana.amaro@hsanmartino.it;
  francesca.piaggio@hsanmartino.it; cinzia.bernardi@yahoo.it; ulrich.pfeffer@hsanmartino.it;
2 DIBRIS, University of Genova, Italy, veronica.tozzo@dibris.unige.it; annalisa.barla@unige.it;
3 Biotherapy; IRCCS Ospedale Policlinico San Martino, Genova Italy, michela.croce@hsanmartino.it;
4 Clinical Epidemiology, IRCCS Ospedale Policlinico San Martino, Genova Italy,
  roberto.puzone@hsanmartino.it,
5 DISTAV, University of Genova, Italy, silvia.viaggi@unige.it ;
6 IRCCS Istituto G. Gaslini, Genova, Italy, coviello@unige.it; 3040005@studenti.unige.it;
7 Laboratory of Human Genetics, , Department of Ophthalmology, Leiden University Medical Center, Leiden,
  The Netherlands , M.J.Jager@lumc.nl; P.A.van_der_Velden@lumc.nl;
8 Institute of Human Genetics, University Clinics Essen, University Duisburg-Essen, Essen, Germany,
  Michael.zeschnigk@uni-due.de;
9 Laboratory of Molecular Biology, IRCCS Istituto Giannina Gaslini, Genova, Italy, alessandraeva@gaslini.org;
  davide.cangelosi@gmail.com.
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Background: Uveal melanoma (UM), a rare cancer of the eye, is characterized by initiating 
mutations in the genes GNAQ, GNA11, CYSLTR2, and PLCB4 and by metastasis promot-
ing mutations in the genes SF3B1, SRSF2, and BAP1. Here we tested the hypothesis that 
additional mutations, though occurring in only few cases (“secondary drivers”), might influ-
ence tumor development. 

Methods: We analyzed all the 4125 mutations detected in exome sequencing datasets 
comprising a total of 139 UMs and tested the enrichment of secondary drivers in KEGG 
pathways that also contain the initiating mutations. We searched for additional mutations in 
the putative secondary driver gene PTK2B and we developed new mutational signatures 
that explain the mutational pattern observed in UM.

Results: Secondary drivers were significantly enriched in KEGG pathways that also con-
tained GNAQ and GNA11 such as the calcium signaling pathway. Many of the secondary 
drivers were known cancer driver genes and are strongly associated with metastasis and 
survival. We identified additional mutations in PTK2B. Sparse dictionary learning allowed for 
the identification of mutational signatures specific for UM.

Conclusions: A considerable part of rare mutations that occur in addition to known driver 
mutations are likely to affect tumor development and progression.
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45A ncRNA expression impairs microtubules dynamics 
affecting drug response in neuroblastoma

Calderoni M.1, Grinovero N.1, Viaggi S.2, Pagano A.1,3
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3IRCCS-POLICLINICO San Martino-IST, Genova, Italy 

45A non-coding (nc) RNA overexpression induces modifications of neuroblastoma cell cy-
toskeleton leading to a cascade of reactions which interferes with proliferation control, cell 
migration, tumorigenic potential and cell adhesion properties. In detail, 45A-overexpressing 
cells show a non-specific metastatic engraftment whereas the silencing of its expression 
drives to the production of liver-specific metastasis. 
We investigated by Real-time qPCR, western blot and immunocytochemical analysis the 
different expression and/or localization of GTSE1, MCAK, Aurora B, p53 and the altered 
organisation of tubulin in different neuroblastoma cell (SKNBE2) models stably overex-
pressing or downregulating 45A ncRNA. Indeed, the proper regulation of these proteins is 
fundamental for the cytoskeleton organization and its impairment leads to the particularly 
dangerous condition known as chromosomal instability (CIN). 
We demonstrate that 45AncRNA not only directly regulates the expression of aforemen-
tioned proteins but can even affect the subcellular localization of GTSE1: in 45A-overex-
pressing cells the protein is accumulated in nuclei, while 45A-downregulation leads to a 
significant GTSE1 cytoplasm relocation (nuclear GTSE1 being 86% vs 14% respectively, 
p<0.01). The simultaneous cytoplasmatic sequestration of p53, driven by GTSE1, affects 
apoptosis, justifying the observed resistance of 45A-downregulating cells to taxoids. 
Furthermore, 45A-overexpression leads to an increased number of abnormal spindles, thus 
promoting CIN, and possibly explaining the increased tumorigenic potential exhibited by 
45A-overexpressing cells. 
These data highlight the role of 45A ncRNA in the functional regulation of several protein 
expression involved in microtubules dynamics, causing different drug response and suggest-
ing its possible relevance in prognosis. 

Funding acknowledgement: this work was entirely supported by the Associazione Italiana per la Lotta al Neuroblas-
toma/Fondazione Neuroblastoma (Genoa, Italy).



TRANSCAN-2 SYMPOSIUM: TUMOUR HETEROGENEITY

POSTER ABSTRACTS

45

miRNA-193a function as a tumor suppressor gene in human 
head and neck cancer; Development of a novel therapeutic 
strategy 

Reem Miari and Fuad Fares
Department of Human Biology, Faculty of Natural Sciences, University of Haifa, Haifa, Israel. ffares@sci.haifa.ac.il

Head and neck squamous cell carcinoma (HNSCC) constitute a major public health burden 
with an annual incidence of almost 600,000 patients worldwide and a mean 5-year survival 
rate of less than 50%. The expression pattern of miRNA-193a in several cancers including 
leukemia, hepatocarcinoma, lung epithelial carcinoma and cervical adenocarcinoma cell lines 
showed down-regulation resulting from epigenetic silencing. The anti-oncogenic activity of 
miRNA-193a in Head and Neck cancer is not known. In our study, we found extremely high 
level of methylation rate on the promoter region in the pharynx originated cell lines (Fadu) 
compared to the tongue originated cells (SCC-9 and SCC-25) and to normal fibroblast 
resulted in significant decreases in the expression levels of miRNA-193a.  Furthermore, we 
found that overexpression of miR-193a using gene therapy concept with Adenovirus inhib-
ited the proliferation of Head and Neck cancer cells in vitro and in vivo. Our results indi-
cated that transduction of Fadu cells with AD-miR-193a is significantly reduced cell viability 
in a dose and time dependent manner and induced apoptosis via activation of caspases. 
Moreover, in vivo studies using xenografts nude mice model revealed that treatment with 
Adeno-miR-193a inhibited tumour growth, thus tumor weight and volume were significant-
ly reduced when compared to untreated-control group. 
Our results reveal that miR-193a regulation plays an important role in Head and Neck can-
cer and suggest that sustained pre-miR-193a expression using Adenovirus could provide a 
promising strategy for the treatment of head and neck cancer.
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Heterogeneity of genomic alteration in primary and metastatic 
breast cancer
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Sara Gandini3, Federica Corso3, Alessandra Rappa1, Davide Vacirca1, Massimi Barberis1
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The evolution of the breast cancer (BC) genome from pre-invasive stages to metastasis is 
complex and mostly unexplored. To gain insight into the landscape of mutations occurring 
during malignant progression, we compared the molecular profile of matched primary and 
relapsed tumors, focusing on the additional alterations developed in metastases.
We performed a comprehensive genomic profile with large Next-Generation Sequenc-
ing (NGS) panels (FoundationeOne Dx or Oncomine Comprehensive Cancer Assay v.3) 
on 289 samples of 128 BC patients (48.4% luminal B HER2-,7.0% luminal B HER2+, 2.3% 
HER2+, 42.2% triple negative). 
Among 128 patients enrolled, only 70 cases (54.7%) were further examined as both prima-
ry tumors (P, n=75) and matched metastasis (M, n=77) passed the NGS quality parameters. 
Overall, 276 unique driver mutations were detected in 59 genes, including SNVs, indels, 
CNVs, fusions. The most frequently altered genes was: TP53 (45%P, 49%M), PIK3CA (35%P, 
31%M), MYC (29%P, 22%M), CCND1 (27%P, 19%M), FGF19 (25%P, 18%M). 153 mutations 
(55.4%) were shared between P and matched M (median n° shared mutations: 2, range 
0-7), whereas 56 (20.3%) and 67 (24.3%) mutations occurred in P and M only, respectively. 
Among 61 patients with single P and M samples compared, 27 (44.3%) cases developed 
65 driver alterations during malignant progression (median n° mutations: 1, range 1-11), 
affecting mostly ESR1 (n=8), PIK3CA (n=8), MYC (n=4), MDM4 (n=3), NF1 (n=3), FGFR1 
(n=3) and TP53 (n=3).
A significant quota of driver mutations was shared between P and M but novel and clinically 
relevant alterations could drive the metastatic progression.
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Epigenetic alteration of cancer-associated fibroblasts reveals 
the tumor microenvironment heterogeneity in non-small cell 
lung cancer patients
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Cancer-associated fibroblasts (CAFs) in the tumor microenvironment hold the key to tu-
mor evolution and malignancy, and are considered as a potent therapeutic target. Whether 
CAFs exhibit tumorigenic heterogeneity and how the multivariate epigenetic-transcriptom-
ic crosstalk links to the tumor-promoting network remain unclear. Here, we developed a 
synchronizing analysis platform with DNA methylome and transcriptome array to compre-
hensively characterize individual CAFs of over 40 paired patient-derived CAFs (PD-CAFs) 
and adjacent normal fibroblasts (PD-NFs) from the patients with non-small-cell lung cancer 
(NSCLC). We found 614 differentially expressed (DE) probes between CAFs and NFs in-
volved in ECM receptor interaction, focal adhesion, TGF-β signaling pathway, while 14,781 
CpG sites differentially methylated (DM) with 60% hypomethylation. Further integrative 
analysis showed 482 pairs of significant DM CpG sites with DE target genes, and 71% dis-
played negative correlation between DNA methylation and gene expression. We identified 
a DNA methylation signature that could differentiate CAFs from NFs with 88% sensitivity 
and 77% specificity (AUC, 0.88; 95% CI, 0.80-0.97). Applying this signature to an indepen-
dent cohort of NSCLC patients resulted in an AUC of 0.80 (95% CI, 0.62-0.97). In addition, 
this signature significantly correlated with recurrence (P = 0.013, log-rank test). It showed 
patients with score high had significantly shorter recurrence-free survival (HR, 9.29; 95 % 
CI, 1.14-75.44; P = 0.037, multivariate Cox regression). Furthermore, our DNA methyla-
tion signature exhibited great prognostic power in multiple validation cohorts of NSCLC. 
Detection of TME harboring epigenetic perturbation may provide valuable insights into the 
heterogeneous pre-malignancy potency of individual CAFs on clinical outcome.

Research was funded by grants from Academia Sinica (AS-104-TP-A07) and Ministry of Science and Technology (MOST 
107-2314-B-002-015, MOST 106-2319-B-002-002).
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