Foreword by the Director
The LBI-CR was founded in 2005 and it quickly became one of the internationally visible Austrian science
institutions for cancer research. Now ten years of translational cancer research are completed and we can look
back on many significant contributions. To mark this Annual Report as the tenth volume we have included a
number of images from the past decade showing alumni, employees, Partners and advisors of the LBI-CR who
have contributed to building up the institute, to keep its momentum and to integrate it into medical research
performing universities in Vienna. We achieved this through scientific networking and collaborations with a
main focus on the generation and utilization of gene targeted mouse models. These faithful models of human
disease recapitulate the situation in cancer patients and are suitable to explore the core cancer pathways that
drive disease processes and strategies to interfere with their function. We are vindicated by an outstanding
assessment based on an external evaluation of our performance, which was conducted in fall 2015. External
evaluators concluded “the quality and impact of research done at the institute are of the highest scientific and
strategic value for the Austrian research landscape.”
Today the LBI-CR looks back not only onto a decade of successful research, but also onto a period of
consolidation and restructuring, which was necessary to maintain critical mass as well as to support the
integration scenario with the Medical University Vienna and the University for Veterinary Medicine, Vienna.
With completion of this phase, scientific output will become a renewed focus and the institute is therefore
proud to present in this report evidence for the most successful year with regards to research output. We
certainly hope this momentum can be kept during a time the institute is integrated into the universities and
thus will meaningfully complement the excellent cancer research done in Austria.
Cancer research is our passion and remains to be reshaped at a breath-taking speed by the technological
advances of modern biosciences. The LBI-CR as a small research institute faces an enormous challenge in
ensuring the research program is keeping pace with current technology developments and support for
infrastructure is always an issue. Therefore the success of the LBI-CR is rooted in the cooperative environment
and outstanding infrastructure provided by four major research institutions conducting cancer research in
Vienna: St. Anna Children’s Cancer Research Institute, Medical University Vienna, Research Institute for
Molecular Pathology, University of Veterinary Medicine, Vienna. Together with these and the company
TissueGnostics the LBI-CR successfully establishes novel insights how cancer appears, progresses or can be
recognized and treated.
On behalf of the entire institute we thank all Partners, collaborators, scientific advisors, external evaluators and
the LBG for their continued advice, critical feedback and support. Sincerely,

Prof. Richard Moriggl, Director
Institute address:
Währinger Strasse 13a, 1090 Vienna, Austria
Tel +43(0) 1 40160 71200
Fax +43(0) 1 40160 931300
Email: office@lbicr.lbg.ac.at
http://lbicr.lbg.ac.at
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Executive Summary
Securing research expertise of the LBI-CR by maintaining the critical mass and integration into the Austrian
research landscape: The LBI-CR looks back onto an unusually successful year 2015, which has seen significant
progress in organizational aspects, but it is also characterized by an outstanding scientific output in the form of
th
publications and an increasing participation in international research projects. We have celebrated the 10
anniversary of founding the institute in 2005, which has seen 178 publications with an impact factor > 3 and a
total of 1.645 impact factor points. We therefore had the opportunity to take stock of our achievements and
we were fortunate to look back with collaborators and friends on the progress we have made in a decade of
exciting research. We were lucky enough to contribute in a decade to cancer research, which has seen a
fundamental change how research is performed due to the advent of “omics” technologies. This has had a
major impact on cancer research, as tumors are recognized now as a bewildering multitude of diseases with
complex genetics. Looking at the cancer epigenome and also on post-translational modifications in essential
cancer associated proteins reveals unique and very diverse scenarios, not compatible with normal cell genetics
and proteome. That we were able to keep up with these developments was mainly due to the generous
support of our Partners and the LBG, but also through learning and hard work efforts of our team. We remain
grateful for these significant commitments. We are proud that the external evaluation, which was successfully
completed in November 2015 stated in its report: “The proposed scientific work program is attractive and
internationally competitive, as demonstrated by the scientific output so far.”
Organizational Goals: Due to the scheduled end of funding by the LBG, the institute will be integrated into
medical university structures of Vienna till 2018, and this date will be preceded by a wind-down period in the
next years. To prepare for the 40% cut of LBG funding in 2016 the institute underwent considerable
restructuring since 2014, which was successfully completed in 2015. This restructuring relied and was made
possible by the two Partner universities, which have made considerable commitments towards the three
endowed professors with respect to infrastructure, personnel and material costs. These negotiated
investments provide the means to focus LBG funding on the minimal but highly effective administration and to
promote the junior group, without jeopardizing other research activities.
The universities fund two histo-pathology trained staff positions for the collaborative histo-pathology unit of
the LBI-CR to support meaningful translational cancer research. This entails state-of-the-art immunostaining
and processing of diseased tissue material from animal models with control samples from patients for
comparative pathology purposes. Thus, LBI-CR infrastructure like the HistoQuest microscope for quantitative
pathology and recent investments including the tissue array facility are also available for Partners. With this
set-up archived tissues are incorporated into a tissue array, allowing analysis for a large number of samples
under more uniform conditions to work towards human disease relevance. Accessible technology to extensive
histological analysis, immunostaining and fluorescence is therefore a process that can be offered through the
LBI-CR. Collaboration with TissueGnostics and their technology software tools allows for digital pathology,
results and data are stored in clinical databases to get information and metadata with subsequent study results
are connectable. This unit is supervised by L. Kenner and R. Moriggl at the University for Veterinary Medicine
Vienna and supported by considerable equipment and personal investment by the university.
To maintain critical mass at the institute Dr. Grebien was incorporated into the research program as a new
outstanding researcher, who has in 2015 begun to build up his ERC funded research team. In addition to Dr.
Grebien’s salary the institute invests into two PhD students and material costs within a starting package to
support the development of the research team into a flourishing scientific contribution not only to the LBI-CR,
but also to the Austrian research community.
Scientific Goals: Since its foundation the LBI-CR follows the ambitious long-term objective to strengthen
Austrian excellence in cancer research and to become integrated into the Austrian Research community. For
this goal maintaining critical mass for the remaining functional period was critical and the interactions within
the institute have been strengthened with the recruited expertise from Dr. Grebien. Amongst the 40
publications of the institute, which were published in 2015 and accumulated 310 impact factor points, we are
proud to report that eleven were published with a last and/or first author from the institute. These publications
have a higher average impact factor than all publications, highlighting the high standard of the institute’s
research program. Amongst these publications were several reports receiving considerable attention in the
research area, public media or international press, including the report about STAT3 regulated ARF expression
suppressing prostate cancer metastasis by Pencik et al., growth hormone resistance exacerbating cholestasisinduced murine liver fibrosis by Stiedl et al. and disrupted STAT3 signaling promoting KRAS-induced lung
tumorigenesis by Grabner et al.
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Group leaders of the LBI-CR at the Annual Meeting 2015 in Seggau.

Mission Statement
Studies of human or animal cancer revealed a complex mutational and epigenetic cancer genome landscape.
This highlights deep gaps in our fundamental understanding of normal biology or cancer cell biology. We know
today that cancer has unique and very complex genetics and understanding the damage and changes in cancer
cells, but reverting them or killing these cells remains a demanding challenge and requires joint efforts. We
need to link insights from translational genomics with comparative and molecular pathology to culminate into
creation and analysis of advanced translational model systems to promote pre-clinical research. This requires
basic research and creative experimental approaches. For this, also access to modern and novel technologies is
required to conduct scientific progress with sufficient speed. We need to talk to clinicians, medicinal chemists,
pharmacologists, pathologists, geneticists, the public or industry in an interdisciplinary approach to make
cancer research a winner to defeat cancer through a knowledge basis.
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Scientific data from the last 10 years (from top left): mobility shift assay for STAT3 with target DNA; Staining
for intact epithelial organization in prostate cancer; STAT3 activation (purple) in prostate; aberrant bone
morphology upon expression of EWS-Fli1 in mouse embryos; Histology of liver tumor infiltration; Lymphoma
stained for PDGFR and the mesenchymal marker FSP (pink)
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Overview
1.1 Aims
1.1.1 Introduction
The LBI-CR performs cancer research with emphasis on the generation and utilization of gene targeted mouse
models serving closely as pre-clinical test and model systems to understand and to treat human cancer. The
analysis of core cancer pathways and comparative pathology with translational genomics are in focus. The
analysis concentrates often on cooperative core cancer pathways. This provides a strong focus on oncogenic or
tumor suppressor signaling pathways of this Austrian center of excellence dedicated to mechanistic cancer
research. Currently the research program includes childhood cancers, hepatocellular carcinoma, liver fibrosis,
lung cancer malignant melanoma, colorectal cancer, breast cancer, blood cancers, lymphomas and prostate
cancer. The LBI-CR establishes novel insights into the etiology of cancer using translational models, which are a
study subject for diagnostic and therapeutic approaches. “External evaluation by international acknowledged
researchers in the field of cancer research has consistently commended the LBI-CR on its outstanding scientific
performance” states Richard Moriggl, founding director of the LBI-CR. The LBI-CR is grateful for the support by
all Partners, the LBG, third party granting agencies, Scientific Advisory Board (SAB) members and sponsors. This
helps the institute and the society to gain molecular insights how a growing number of new cancer cases can be
attacked in our fight against cancer. The LBI-CR contributes in particular to clinically relevant research through
hard work by our employees in many national and international network collaborations. In 2015 the LBI-CR was
subjected to an interim evaluation, which concluded: “In the now ten years of its existence, the institute has
succeeded in fulfilling this mission in the best possible way and has positioned itself as a cohesive and clearly
recognizable institution in Austrian cancer research. Moreover it sets a clear and enviable example of an
outstanding collaborative research effort.” Therefore, the LBI-CR is acknowledged today within the
international research community as a considerable achievement with adequate visibility in cancer research,
which has assembled the necessary critical mass to make significant contributions to the field. It currently
implements a strategy for a sustainable integration of its research expertise into the Austrian research
community to strengthen cancer research at the partner universities Medical University Vienna and University
for Veterinary Medicine Vienna.
The long-term and ambitious goal of the LBI-CR to produce significant scientific results with international
visibility has been attained in the view of the evaluators´ panel. Therefore, it was essential to maintain critical
mass and to anchor the established research program into Partner structures without jeopardizing the
scientific excellence already assembled. The LBI-CR can not only look back on a successful decade, but also an
outstanding year 2015, in which excellent scientific output was achieved, restructuring was completed and the
junior group was fully integrated with an ERC starting grant to support dynamic development. The medical
research performing universities of Vienna considerably contributed to the institute’s ability to achieve all
these goals with substantial financial, organizational and in kind support for the existing research program of
the endowed professors. The key researchers are indebted to the commitment of all Partners for their
longstanding commitment towards building the LBI-CR into what it is today. We are in addition grateful to the
LBG to have the foresight to invest into this research endeavor and we will provide further evidence to qualify
for this investment in the forthcoming funding period.
With a long term perspective upon integration into the Partner universities the institute is now set to become a
stable addition to the Austrian research environment to contribute with significant research performance to
cancer research.
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Figure 1.1 - The LBI-CR ten years ago: Casanova Team in 2006: Leander Blaas, Emilio Casanova, Deeba Khan
Stoiber-Sakaguchi Team in 2006: Hans-Peter Kantner, Eva Weisz and Dagmar Stoiber
Moriggl Team 2006: Andriy Tsyrulnyk, Katrin Friedbichler, Richard Moriggl, Barbara Zankl, Jan-Wilhelm Kornfeld
Kenner Team 2006: Lukas Kenner, Michaela Schlederer, Daniela Laimer, Pamina Pflegerl
Eferl Team 2006: Rainer Zenz, Robert Eferl, Markus Mair, Monica Musteanu
Schmid Team 2006: Johannes Schmid, Andreas Birbach, Anu Wanasinghe, Muhammad Ilyas
The Institute in 2006 (bottom) with 19 members of staff
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1.1.2 Organizational Goals
Maintaining critical mass at the institute was a major concern until Florian Grebien was appointed as new key
researcher in 2014. This considerable investment into a start-up package for this high potential researcher
rested largely on the potential of Dr. Grebien to attract an ERC starting grant. With the successful acquisition of
this prestigious project, which is funded with 1.5 M€ the strategy of the institute’s leadership paid off. Even
more so as the LBG pledged an incentive of 450.000 € towards the institute if the grant was acquired. With this
achievement the critical mass of the institute is set to be maintained, in fact the LBI-CR’s overall budget is
bound to increase due to the funding situation, despite the fact that the LBG reduced its financial contribution
by 60% in 2016. The evaluators and scientific advisors showed their respect for this considerable achievement
in times of money cuts and in times of higher scientific competition for third party money.
The integration of the institute’s research program is enabled by the establishment of three LBG GmbH-funded
endowed chairs placed in context of cutting edge translational cancer research for Richard Moriggl, Lukas
Kenner and Emilio Casanova. While the formal decision was taken in 2014, the implementation requires
significant changes within the institute. In 2015 the institute has made substantial progress towards this goal,
which will only be completed upon the scheduled end of the institute in 2018. With the transfer of R. Moriggl’s
research lab to the VetMedUni into significantly improved facilities one important step was taken towards a
long term integration into the university. Another was the transfer of the collaborative histo-pathology unit to
the VetMedUni, which is an important aspect of the long term strategy of the VetMedUni to exploit the
extensive veterinary expertise for modern translational bio-medical research using animal models of disease.
The facility under the supervision of R. Moriggl and L. Kenner serves thus as a bridge between these two
university Partners. Therefore, the academic excellence of the LBI-CR is well underway to be integrated into the
two Partner universities beyond the funding period for the LBI-CR. Their highly trained scientists can continue
their career within a more stable research environment at the university level.
Restructuring of the available resources at the institute was necessary as the endowments worth 460.000 €
annually were required to be paid from the institutes allocation and at the same time 150.000 € annually
needed to be allocated for the junior group. This required a comprehensive reallocation of 25% of the
institute’s annually available resources. This restructuring is based on a strict controlling of spending plans, as
the financial flexibility of previous periods was significantly reduced by these spending commitments. A newly
introduced budget allocation and controlling mechanism for material costs currently underpins the budgeting
of a significant share of the institute’s annual research expenses. In addition a significant number of personnel
was transferred onto university positions, which were provided by the Partner universities with the
endowments. Overall the management of the institute succeeded in this enormous task due to the strong
commitment of all the key researchers to a continued success of the LBI-CR and the fortunate budget situation
with regards to third party funding in tight interaction with our grant manager.

1.1.3 Scientific Objectives
The LBI-CR aims to perform internationally visible research in a competitive field of science such as cancer
research. Underpinned is the consolidation course of the LBI-CR by the successful implementation of two SFBs
and two stand-alone projects all funded by the Austrian Science Fund (FWF). With EAVI2020, a large research
and innovation action (RAI) endowed with more than 20 M€ aimed at developing HIV vaccines, and ALKATRAS,
an innovative training network (ITN) focusing on ALK related diseases, the institute has now three projects
within the European Horizon2020. This clearly reflects the high level of expertise of the institute and the
international recognition thereof. Since its foundation the institute produced 170 publications, which exceed
three impact factor points and have a cumulative impact factor of 1,524 with an average impact factor of 9.2.
The institute continues to boasts a significant number of collaborative publications with acknowledged leaders
in cancer research, in addition to a significant number of publications originating at the institute. In 2015 the
research output peaked with a historic high of total publications of 40. This outstanding historic research
performance of the LBI-CR projects was appreciated by the external evaluators.
Cancer research is moving in a very fast speed. This requires continuous adaptation of the scientific objectives
also under the guidance of the SAB and with the support of the Partner institutions. The most recent
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translational genomic information is integrated into the faithful making of model systems to closely mimic
human disease. This allows us to explore new interactions of genes or their influence on key driver pathways in
cancer development and progression. The scientific highlights from the LBI-CR’s basic research focusing on the
production and use of genetically modified mouse models of cancer bore several research publications, which
reflect this approach: 1) Emilio Casanova reported in Nature Communications the tumor suppressive role for
STAT3, which was previously believed to contribute to the progression of lung cancer. 2) Dagmar StoiberSakaguchi published her collaborative effort with our Partner organization CCRI in which she generated a new
transgenic mouse for ETV6/RUNX1 positive childhood leukemia. And 3) Lukas Kenner has developed a new
model for prostate cancer activating the oncogene PI3K through ablation of PTEN in the prostate, which could
be used to show a previously unknown interaction between the loss of the IL-6 -activated STAT3 transcription
factor and tumor suppressor p53. In addition the LBI-CR is also working intensively on the direct comparison
with human disease and development of targeted therapies. Prof. Kenner and his team reported further on
reliable quantification of protein expression and cellular localization in histological sections to support
improved diagnostic procedures, which received international attention. The future direction of the LBI-CR
cancer research is comparative, translational medicine. Academic, clinical and industrial research makes
intensive use of transgenic mouse models. Individual therapy or precision medicine is today a comparative
discipline based on translational methodology. Basic cancer research is bridged towards clinical cancer research
and the endowed professorships of the LBI-CR and models established bridge medical research performing
universities in Vienna.

Figure 1.2 – Visit of Claudia Lingner and Marisa Radatz (LBG) at the LBI-CR in 2006.

1.2 External Evaluation Summary
The Ludwig Boltzmann Gesellschaft (LBG) invited with Prof. Dr. Gerard Evan (Head of Department of
Biochemistry, University of Cambridge, UK, and chair), Prof. Dr. Aly Karsan (Department of Pathology and
Laboratory Medicine, University of British Columbia; Medical Director, Centre for Clinical Genomics, Michael
Smith Genome Sciences Centre, BC Cancer Agency, Vancouver, Canada), Prof. Dr. Achim Leutz (Head of the
Group Cell Differentiation and Tumorigenesis, Max Delbrück Center for Molecular Medicine, Berlin, Germany)
and Dr. Christine Petry (Programme Director, Research Centers, Deutsche Forschungsgemeinschaft, Bonn,
Germany) an international team of experts to Castle Seggau, Leibnitz, on November 10-11, 2015 in order to
evaluate the performance of the Ludwig Boltzmann Institute for Cancer Research since its extension in 2010.
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Figure 1.3 – Coverpage of the program for the annual meeting 2015 in Castle Seggau
This evaluation is a regular procedure within the statutes of the LBG and it was the third external interim
evaluation since funding of the LBI-CR, where a negative decision would arrest the institute development
immediately, reflecting the importance and the independent review process on best scientific practice.
To prepare for this evaluation the LBI-CR provided a concise report about its activities from 2011 to 2014.
Moreover, the LBG generated a comprehensive set of questions that served the evaluation panel as terms of
reference. The evaluators had the opportunity to discuss in separate meetings with the director and research
manager, key researchers, scientific staff, scientific advisory board as well as partner representatives.
The evaluation panel concluded that the LBI-CR developed into an important center of excellence for
mechanistic cancer research during the last ten years of its existence also due to the visionary funding of this
institute by the Ludwig-Boltzmann-Gesellschaft, the institute´s leadership and scientific projects that were
chosen to be conducted. The model expertise within this institute provides a very unique contribution to the
scientific landscape in Austria and also more important on an international level, where several independent
high ranked publications with citations are proven facts. This is facilitated by the contribution of the institute’s
Partners. Overall, the progress and quality of work done at the institute was judged as impressive and further
funding was strongly recommended, where the policy of winding down successful institutes remained
controversial. Amongst the panels most important three recommendations were:
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1. The quality and impact of research done at the institutes are of the highest scientific and strategic value for
the Austrian research landscape. The evaluation panel therefore strongly recommends the continuation and
further funding of the institute.
2. The panel considers it in the utmost interest of the LBG to ensure the maximum sustainability of their
generous funding effort for this unique institution over the last ten years. Every effort on behalf of both the
LBG and the Partner institutions should be made to help maintain the fruitful collaborations between the key
researchers. Therefore, they should take action to ensure further consolidation of the key positions and
infrastructure. A documented guarantee of the positions of Prof. Moriggl's and Prof. Casanova’s endowed
professorships and their full integration into the respective universities´ personnel and strategic planning are
the most urgent and pressing steps now required for this consolidation.
3. Furthermore, sustainability could also be underpinned by ensuring a long-term perspective for the key
secretarial and management personnel (Sabine Komnenovic, the institute’s secretary, and Stefan Grünert, a
skilled grant manager). Additionally Dr. Florian Grebien, through the nature of his research interests, figures as
an integrative factor for the enterprise and would be an asset to any research institution’s permanent staff. For
the purpose of further strengthening cancer research at the two medical universities in Vienna, and to prevent
further brain drain from Austria, the decision about Dr. Grebien’s career prospects must not be postponed for
too long, as he already appears to have some interesting offers outside of Austria.

Figure 1.4 – An image used for the launch event of the new generation of LBIs in 2005.
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1.3. Output Measures
1.3.1 Publications
Key Researchers of the LBI-CR contributed to 40 publications in peer reviewed journals with a cumulative
impact factor of 310. Of these publications eleven were led by key researchers from the LBI-CR and nine of
these achieved an IF > 3. Of the total list of publications 33 reached an IF > 3 and 26 an IF > 5. The average
impact factor of all publications with an IF > 3 reached 9.1 per publication. The graphs below display the
historical development of the publication related output measures, which provide evidence that in 2015 the
institute recovered from a weaker period in 2013-14 and has now reached an all-time high with regards to
several publication related output-parameters. The restructuring of the institute and consolidation phase had a
consequence on output measures due to the intense and extended strain to negotiate and implement the
integration of the LBI-CR with university Partners coupled with the departure of the key personal. But now the
total number of publications with an IF > 3 exceeds the previous record of 20 publications in 2011 by 65%.
These publications are overall of high quality. The nine publications with major contributions from the institute
have a significantly higher IF, as they show an average IF of ~10 well visible from comparison to the annual and
historic average. Therefore, we conclude that the number of publications in 2015 reached an all-time high with
a significant contribution of high quality manuscripts originating at the institute. Moreover, we note in the last
three years a trajectory of slowly rising average IF per publication, which has now almost reached the historic
level of 9.2 IF per publication.

Figure 1.5 – Publications: The LBI-CR and others contributed to 40 publications in the last year, 33 of which had
an impact factor >3 with 2 publications of a pending impact factor.
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Figure 1.6 – Total Impact Factor: The 33 LBI-CR contributions with an IF > 3 obtained a total of 299 impact
factor points, which is an indicator for the continued high quality of research performed at the LBI-CR.

Figure 1.7 – Average Impact Factors: An average Impact Factor of 9.1 was obtained by the 33 LBI-CR
publications with an IF > 3. All publications showed an average IF of 7.7 in 2015. This significant achievement
has to be seen in the context of the considerable number of publications and increasing time required to get
high quality manuscripts published.
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1.3.2 Third Party Funding
Third party funding substantially supports core funding from the LBG GmbH and the LBI-CR Partners. It
provides leverage for existing projects and know-how, both for the LBI-CR and the Partners. Overall staff of the
LBI-CR raised funds of more than 6.4 M € throughout the funding phase, of which approximately 3.4 M € have
been spent by the end of 2015. Since 2005 the LBI-CR had an increasing amount of external funds available for
its operation, which has stabilized at about 600.000 € in the second year running.
In 2015 key researchers at the institute submitted 10 proposals, of which four remain under review and three
were successfully evaluated, which corresponds to a success rate of 50%. In addition four applications for PhD
scholarships with the Boehringer Ingelheim Fonds and the Austrian Academy of Sciences were submitted, of
which Luisa Schmidt’s proposal with the OeAW for a DOC fellowship was successful. Of the successful proposals
two were within the highly competitive Horizon2020 programme: Lukas Kenner participated in the third
Alkatras bid for an Initial Training Network within the Marie Skłodowska-Curie actions (alkatras.erialcl.net),
which has a success rate below 10%. Emilio Casanova joined with collaborator Polymun the European AIDS
Vaccine Initiative (EAVI2020 – www.eavi2020.eu), which received 23 M€to accelerate the search for an
effective HIV vaccine. In addition Dagmar Stoiber participates in a FFG project lead by the Vienna Start-up
Origimm. With these four projects a total exceeding 600.000 € was secured to support the research
programme of the LBI-CR.

Figure 1.8 - Third Party Funding is essential to maintain critical mass at the LBI-CR. Here, in particular national
funding plays a significant role, but due to the increasingly restrictive national resources the LBI-CR is
successfully exploring EU sources.
Third party funding is internationally accepted as a strong indicator for the scientific quality of a research
institution. Researchers of the LBI-CR have successfully attracted third party funding mainly from national
sources throughout the funding phase with increasing success. This includes a private donation for Melanoma
research, GEN-AUIII, individual FWF grants, SFB-F28, SFB-F47, Nanosmart and the Doktoratskolleg
“Inflammation and Immunity” project funding. In addition, Prof. Emilio Casanova was successful in an FFG
Bridge application.
In 2015 the two SFBs held by Prof. Moriggl continued to make a major contribution to the budget of his team.
SFB F28 (Jak-Stat Signaling: from Basics to Disease", see also www.jak-stat.at) led by Prof. Mathias Müller will
be completed at the beginning of 2016 and received an outstanding review. Within SFB F47 coordinated by
Prof. Peter Valent and entitled “Myeloid neoplasms” (see: www.meduniwien.ac.at/sfb_mpn/) significant
progress was made.
The FWF stand-alone projects by E. Casanova (Growth hormone resistance and liver fibrosis, see
http://www.fwf.ac.at/de/abstracts/abstract.asp?L=D&PROJ=P25599) and L. Kenner (Genetic analysis of IL-6
signaling in prostate cancer, see: http://www.fwf.ac.at/de/abstracts/abstract.asp?L=D&PROJ=P26011)
continue to contribute to the research portfolio throughout 2016. The ERC Starting Grant of F. Grebien was
successfully initiated in June 2015 and recruitment towards this project will significantly expand the research
activities of the LBI-CR.
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This should ensure continued success in an environment where attracting extramural funding becomes
increasingly difficult. The Key Researchers fully subscribe to continued efforts towards external funding to
allow better networking and we accept external funding rate as an important measure of success for future
restructuring in research project directions in the benefit of cancer research and patient therapies.

Figure 1.9 - The contribution of third party funding has continuously increased in absolute numbers throughout
the existence of the LBI-CR despite the increasingly competitive situation. The ERC Starting Grant of Florian
Grebien and other third party funds will ensure the level of 600.000 € annually will be maintained for the
remaining years.

Figure 1.10 - Third party funding acquired by institute staff has leveled out since 2011. The overall sum
acquired by the institute since its foundation amounts to 6.4 M€ and makes thus a significant contribution to
the annual budget.
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1.3.3 Externally Funded Projects

FWF SFB-F28 Jak-Stat Signalling: From Basics to Disease (Moriggl)
Richard Moriggl investigates leukemogenesis with persistently activated
forms of STAT5.
Persistent tyrosine phosphorylation of STAT3 and STAT5 (pYSTAT) is
associated with oncogenic activity of many different transforming
tyrosine kinases. Oncogenic tyrosine kinases like JAK2V617F were shown
to cause and to rely on persistent activation of STAT5. High pYSTAT5 is
regarded as a general promoter of hematopoietic cancers, although
normal STAT5 function safeguards hematopoiesis. The JAK2-STAT5
pathway drives several core cancer pathways but can also promote
differentiation or senescence. Exploiting new mouse models we are
investigating hematopoietic cancer development in mice harboring JAK2
and STAT5 gain-of-function mutants combined with loss of tumor
suppressor gene (TSG) function. Both JAK2 and STAT5 activation are
hematopoietic cancer drivers. We have characterized a constitutively
activated mutant of STAT5A (called cS5), which mimics persistent
tyrosine kinase signalling. We generated novel mouse models for high or
low oncogenic STAT5 from the hematopoietic stem cell lineage on. These
mice should act synergistically with haploinsufficient TSG mice found in
human myeloproliferative neoplasm (MPN) to promote myeloid disease
initiation and progression.

FWF SFB-F47 Myeloproliferative Neoplasias (Moriggl)
The consortium of the SFB F47 is comprised of research teams from six different research institutions. This
research programme focuses on the pathogenesis and development of new therapeutic strategies for
myeloproliferative disease that constitute the research focus.

Figure 1.9 - The SFB F47 consists of more than 40 scientists who are coordinated by speaker Peter Valent and
deputy speaker Richard Moriggl to conduct research for improved diagnosis and therapy of MPN.
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R. Moriggl investigates targeting STAT5 in myeloproliferative neoplasms. STAT5 plays a crucial role in
proliferation and survival of leukemic cells. Our data suggest that transformation through STAT5 requires
acquisition of complementary oncogenic functions, 1) in the nucleus where oligomers of oncogenic STAT5
activate genes involved in proliferation and survival 2) in the cytoplasm, where abundant amounts of oncogenic
STAT5 are present and interact with the PI3K-AKT-mTOR pathway to induce cell growth and survival and 3) on
chromatin. STAT5 is a chromatin modifier and was found to be associated with chromatin remodeling proteins.
In the current project, we aim to identify STAT5 complex formation and to target oncogenic STAT5 through
small molecular weight inhibitors.

FWF Stand-Alone: Growth Hormone Resistance and Liver Fibrosis (Casanova)
The stand alone grant entitled “Growth hormone resistance and liver fibrosis” (P25599) was initiated in
September 2013 and will run for three years with a total budget of 310 k€ plus overheads. It addresses liver
fibrosis, which constitutes a considerable health problem in the human population. Growth hormone
resistance syndrome has been largely associated with liver cirrhosis in humans and it has been considered as a
mere consequence of liver dysfunction attributed to fibrosis.
Challenging this view, we propose that growth hormone resistance actively contributes to the onset and
development of fibrosis. To address this question, we generated compound knockout mice by crossing growth
-/hormone receptor knockout animals (Ghr , a mouse model for growth hormone resistance) with a mouse
-/strain of inflammatory cholestasis and liver cancer (Mdr2 mice). Animals lacking both, MDR2 and GHR display
severe liver fibrosis at 3-8 weeks characterized by a massive hepatic collagen deposition. This data suggest that
growth hormone resistance plays an active role in the development of liver fibrosis rather than just being a
consequence of the disease. Within this proposal, we will address the connection between growth hormone
resistance and liver fibrosis, reversibility of liver fibrosis and progression of liver fibrosis to hepatocellular
carcinoma.

FWF Stand-Alone: Genetic dissection of IL-6 signalling in prostate cancerogenesis (Kenner)
The stand alone grant entitled “Genetic dissection of IL-6 signalling in prostate cancerogenesis” (P26011) was
initiated in November 2013 and will run for three years with a total budget of 350 k€ plus overheads. It
addresses prostate cancer (PC), which is the second most common cause of death in men worldwide and
approximately 90.000 die from PC in Europe each year. The cytokine interleukin-6 (IL-6), which activates the
Jak/Stat pathway (Jak - Janus kinase, Stat – signal transducer and activator of transcription), has been shown to
be strongly deregulated in PC. We investigate the hypothesis that IL-6 and its downstream target Stat3 function
as tumor suppressors in the development and progression of PC. The IL-6/Stat3 pathway could furthermore
play an essential part in interactions between tumor, inflammatory and stromal cells in PC.
Cre mediated PTEN loss in prostate epithelial cells mimics histopathological and molecular features of human
PC. In addition to using PTEN, we conditionally delete IL-6 or Stat3 in this model. In contrast to most published
data, our preliminary results indicate that loss of IL-6 or Stat3 leads to accelerated PC development. Further
pathological and molecular analysis of the described transgenic mouse models will be undertaken to identify
the biological features supporting initiation, invasion and metastasis of PC after loss of IL-6 or Stat3. We plan to
analyse the IL-6 axis in greater detail, elucidating the role of IL-6 classical signalling versus IL-6 transsignalling in
PC. We will evaluate ablation of the androgen receptor/ androgen-signalling axis (surgical castration of
transgenic mice) as well as additional PI3K inhibition on the signalling of IL-6/Stat3 target genes. Finally we plan
to compare human PC patient samples and mouse tissue specimens using tissue microarrays to assess whether
our results are relevant to the situation in humans. Our hypothesis should define a novel function of the
Jak/Stat pathway in the development of PC and the progression towards castration resistance.
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ERC Starting Grant: ONCOMECHAML (F. Grebien)
Acute Myeloid Leukemia
(AML) is the most
frequent cancer of the
blood system, with >80%
mortality within 5 years of
diagnosis. Straightforward
clinical
decisions
are
complicated
by
the
genetic complexity of
AML. In particular, fusion
proteins arising from
chromosomal aberrations
are recurrently found in
AML and often act as
strong driver oncogenes.
In
“Multi-Partner
Translocation”
(MPT)
families, one specific gene
is fused to many recipient loci. Due to this modular architecture, MPT families are of particular interest to
comparative studies of oncogenic mechanisms. The three most common MPT families in AML represent
translocations of the MLL, RUNX1 and NUP98 genes. Despite their clinical significance, the molecular
mechanism of transformation remains unknown for the majority of fusion proteins and it is unclear if
transforming mechanisms are conserved within and across different MPT families.
We hypothesize that common oncogenic mechanisms of fusion proteins are encoded in physical and genetic
cellular interaction networks that are specific to MPT families. We propose to delineate critical common
effectors of oncogenic mechanisms in AML driven by MPT families through a comprehensive, comparative,
functional analysis of 20 clinically representative MLL-, RUNX1- and NUP98-fusion proteins using a unique
experimental pipeline. Characterization of protein interactomes and their effects on gene expression will
identify common cellular denominators of MPT families, whose functional contribution will be assessed
through pooled shRNA screens in clinically relevant model systems. High-confidence hits will be validated in
mouse models and primary cells from AML patients. This project will generate large informative datasets and
novel experimental systems that are of relevance for basic and clinical cancer research. It will contribute to
improved understanding of oncogenic mechanisms, which may directly impact on diagnostic and therapeutic
strategies in the management of AML.

H2020 Initial Training Network (ITN): Alkatras (L. Kenner)
Anaplastic Lymphoma Kinase (ALK) is an increasingly prevalent oncogene in a number of human malignancies
and therefore its aberrant activation represents a prominent clinical problem. ALK was first discovered in 1994
when Steve Morris, St. Jude, Memphis, USA cloned this gene from cases of ALCL. Since that time, ALK has been
implicated in a number of cancers ranging from neuroblastoma to Non-Small Cell Lung Cancer (NSCLC) and
inflammatory myofibroblastic tumours to name a few. In the case of ALCL, ALK is activated as the consequence
of a chromosomal translocation whereby the oligomerisation domains of the Nucleophosmin (NPM) gene (or
other variant) are juxtaposed to the kinase domain of ALK. The resultant NPM-ALK fusion protein is
constitutively active. In the case of NSCLC, an inversion event fuses the Echinoderm microtubule-associated
protein-like 4 (EML4) gene to ALK and for neuroblastoma activating point mutations are present, most notably
the F1174L ALK mutant. The consistent presence of this oncogene in a number of cancer sub-types suggests
not only that common underlying mechanisms of tumorigenesis may exist, but also a unique therapeutic target
in ALK.
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The ALKATRAS ETN encompasses scientists, clinicians and industrial partners with appropriate experience to
translate findings to the clinic as evidenced in publications arising from the ERIA network. In particular, as well
as investigating the therapeutic efficacy of ALK inhibitors, we will also investigate vaccination protocols and
their synergistic effects with standard therapies. This will be achieved using a number of novel murine models
of ALK-induced malignancies and then adapted to a human scenario. A PhD student will be recruited to the LBICR to explore under the supervision of Lukas Kenner alternative pathways that can be used as drug targets in
ALCL. We will aim to identify kinases that are activated in ALCL and clarify the role of miR-155 which is highly
expressed in ALCL ALK-. Moreover, TYK2 and miR-155 might regulate genes which might serve as drug targets
for ALCL patients without ALK translocation and could also benefit relapsed ALCL ALK+ patients.

H2020 Research and Innovation Action (RIA): EAVI2020 (E. Casanova)

HIV-1 is responsible for a global pandemic of 35 million people, and continues to spread at a rate of >2 million
new infections/year. It is widely acknowledged that a protective vaccine would be the most effective means to
reduce HIV-1 spread and ultimately eliminate the pandemic, while a therapeutic vaccine may help mitigate the
clinical course of disease and lead to strategies of viral eradication. However despite 30 years of research, we
do not have a vaccine capable of protecting from HIV-1 infection or impacting on disease progression. This in
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part represents the challenge of identifying immunogens and vaccine modalities with reduced risk of failure in
late stage development. To overcome this bottleneck some of the most competitive research groups in vaccine
discovery from European public institutions and biotechs from 9 EU countries together with top Australian and
Canadian groups and US collaborators, have agreed to join forces in EAVI, providing a pool of international
expertise at the highest level. With more than 20 M€ funding by Horizon2020, EAVI2020 will provide a platform
for the discovery and selection of several new, diverse and novel preventive and/or therapeutic vaccine
candidates for HIV/AIDS. Emphasis will be placed on early rapid, iterative, small experimental medicine (EM)
human vaccine studies to select and refine the best immunogens, adjuvants, vectors, homologous and
heterologous prime–boost schedules, and determine the impact of host factors such as gender and genetics.
Animal models will be used to complement human studies, and to select novel immunization technologies to
be advanced to the clinic. To shift the “risk curve” in product development we will develop innovative risk
prediction methods, specifically designed to reduce the risk associated with late stage preventive or
therapeutic vaccine failure, increasing the chance of discovery of an effective vaccine.
Within the consortium the LBI-CR is responsible to generate appropriate BAC vectors to express specified HIV
antigens in CHO cell lines harboring modified glycosylation pathways and helper proteins to improve HIV
antigen production and quality. Emilio Casanova has extensive expertise in the generation and use of murine
disease models and has recently been designing Bacterial Artificial Chromosome (BAC)-based expression
vectors for a highly efficient recombinant protein production in CHO cells, which will be crucial to facilitate a
cost effective vaccine production.

1.3.4 Scientific Events
Annual ERIA Meeting in Vienna
Lukas Kenner is founding member of ERIA, the European Research Initiative of ALK-related malignancies, which
holds annual meetings in regular intervals also in Vienna. After 2011, the 2015 meeting was held for the second
time in Vienna. Many specialists in the field on June 25 -26 attended this meeting, supporting the main task of
ERIA to strengthen cooperation and partnership of research groups focused on the role of ALK in cancer, which
is now a frequent driver mutation. The meeting was held in the spirit to help patients with cancers driven by
ALK mutations in order to accelerate scientific progress for new mechanistic understanding and explorative
science to find cures. With this aim in mind we anticipate that more efficacious and less toxic therapeutic
strategies will be developed in the future through intense cooperation of involved Partners.

Figure 1.10 – Group Picture from the ERIA meeting 2015 in Vienna
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Annual LBI-CR Meeting in Seggau
The Annual Meeting 2015 in Seggau Castle marked a decade of successful research at the LBI-CR. This scientific
event was attended by more than 40 renowned scientists including SAB-members from Austria, Germany, USA
and Switzerland on November 8 – 11. Many of whom have contributed to the success of the institute with their
advice, support or collaboration. The meeting was also used for an external evaluation by Drs. Christine Petry,
Gerard Evan (University of Cambridge), Aly Karsan (University of British Columbia) and Achim Leutz (Max
Delbrück Centrum, Berlin) under guidance of Dr. Peter Mayrhofer (LBG GmbH), who all acknowledged the
scientific achievements of the institute. The setting in Seggau combined with beautiful sunshine proved a
stimulating atmosphere supporting many fruitful scientific discussions. The meeting was entitled “From
Translational Models to Targeted Therapy” and several presentations discussed the challenges of targeting
individual oncogenes to validate them for drug development.
The LBI-CR also gratefully acknowledges the sponsors of the meeting, as with Boehringer Ingelheim, JanssenCilag and Gold Sponsor Novartis substantial financial support towards the scientific programme of this meeting
was secured. Without this support the extensive scientific programme would have been difficult to assemble.

Figure 1.11 – Group picture from the Annual LBI-CR Meeting 2015: The meeting marked the tenth anniversary
of founding the LBI-CR and was attended by more than 50 scientists, including the SAB, collaborators and
representatives of the Partners.
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Inaugural Lecture Medical University
Emilio Casanova-Hevia, Professor of “Transgenic Models in Cancer Research”, Lukas Kenner, Professor of
“Laboratory Animal Pathology”, and Richard Moriggl, Professor of “Functional Cancer Genomics”, had their
Inaugural Lectures at the Medical University of Vienna on September 22. The three endowed chairs of the
Ludwig Boltzmann Society will strengthen cancer research at the Medical University of Vienna and received a
warm welcome by outgoing Rector Schütz and incoming Rector Müller. The LBG endowment for the
professorships runs till 2019 and the universities will perform an evaluation in time for the three recipients of
the endowments to keep tenure track justified.

Figure 1.12 - Impressions from the Inaugural Lectures at the MUW: top: Prof. Wolfgang Schütz (left, rector of
the Medical University Vienna (MUW)), Mag. Claudia Lingner (middle, CEO LBG) and Prof. Markus Müller (right,
vice-rector of MUW) congratulate the three endowed professors.
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1.4 Scientific Highlights
The Scientific highlights for 2015 include the finding that Wdr5-MLL interaction can be targeted in C/EBPα Nterminal leukemia (Grebien), growth hormone resistance exacerbates cholestasis-induced liver fibrosis
(Casanova), STAT3 is a tumor suppressor in KRAS-induced lung tumorigenesis (Casanova), and STAT3
suppresses prostate cancer metastasis by regulating ARF expression (Kenner).

1.4.1 Targeting the Wdr5-MLL Interaction in Leukemia

Figure 1.13 – The publication by Grebien et al. describes the identification of Wdr5 (green) through the
analysis of the differential interactomes of C/EBPα p42 and p30. Displayed is a network representation of
proteins reproducibly identified in Ap-MS experiments of tagged C/EBPα variants. Proteins identified in the
purifications of both c/ebpα p42 and p30 variants are shown in purple. p42-specific interactors are shown in
blue, and proteins specifically bound to p30 are color-coded according to their function (see inset).
Florian Grebien and co-workers reported their work on functionally relevant proteins which interact specifically
with oncogenes underlying the development of leukemia. The C/EBPα p30 variant expressed in AML was
identified to preferably interact with Wdr5 using an extensive comparative analysis involving massspectrometry. Wdr5 is a component of SET/MLL histone methyltransferase complexes, which can promote
H3K4 methylation, a chromatin mark associated with active transcription. shRNA-mediated downregulation of
Wdr5 and interference with a pharmacological compound could overcome the differentiation block associated
with C/EBPα p30 expression. These data indicate that Wdr5 is a critical mediator of p30-dependent cellular
functions in C/EBPα-mutated AML. Furthermore, these results highlight Wdr5 and the MLL complex as
potential therapeutic targets in leukemia.
Publication:
Grebien F, Vedadi M, Getlik M, Giambruno R, Grover A, Avellino R, Skucha A, Vittori S, Kuznetsova E, Smil D,
Barsyte-Lovejoy D, Li F, Poda G, Schapira M, Wu H, Dong A, Senisterra G, Stukalov A, Huber KV, Schönegger A,
Marcellus R, Bilban M, Bock C, Brown PJ, Zuber J, Bennett KL, Al-Awar R, Delwel R, Nerlov C, Arrowsmith CH,
Superti-Furga G. Pharmacological targeting of the Wdr5-MLL interaction in C/EBPα N-terminal leukemia. Nat
Chem Biol. 2015 Aug;11(8):571-8. Jul 13. doi: 10.1038/nchembio.1859. Impact Factor: 12.996
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1.4.2 Growth Hormone Resistance Exacerbates Liver Fibrosis

Figure 1.14 - Western blot analysis of liver tissue revealed activation of p-EGFR and downstream effectors in
Mdr2–/– mice, but attenuation if Ghr was absent (left). Relative mRNA levels of Egfr and Hnf-6 were quantified
by qRT-PCR from mouse livers and normalized to Gapdh.
Emilio Casanova and co-workers published findings on growth hormone resistance in liver disease, which were
featured in Nature Reviews Gastroenterology & Hepatology. Growth hormone resistance is known to be
associated with liver fibrosis; however, whether the resistance is simply the result of hepatocyte malfunction
owing to cirrhosis or if it has a causal role in disease development has been debated. To determine the nature
of this relationship, mice lacking the gene that encodes the growth hormone receptor (Ghr–/–) were crossed
with a mouse model of inflammatory cholestasis and liver fibrosis (Mdr2–/–). The resulting double knockout
mice had raised serum levels of markers associated with liver damage and cholestasis. Moreover, compound
mice had extensive bile duct proliferation and increased collagen deposition in the liver compared with Mdr2–
/– mice. This finding suggests that growth hormone resistance increases the severity of the liver fibrosis
phenotype. Furthermore, Ghr–/– mice that were fed a diet containing 1% cholic acid had increased levels of
liver damage, biliary infarcts and reactive oxygen species, as well as increased hepatocyte apoptosis. In an in
vitro experiment, hepatocytes isolated from Ghr–/– mice that were treated with deoxycholic acid, transforming
growth factor beta or TNF alpha (either alone or in combination) had reduced cell viability compared with wildtype hepatocytes. Together, these results indicate that loss of the Ghr leaves mice more susceptible to liver
injury from bile acids and cytokines compared to control mice.
Publication:
Stiedl P, McMahon R, Blaas L, Stanek V, Svinka J, Grabner B, Zollner G, Kessler SM, Claudel T, Müller M, Mikulits
W, Bilban M, Esterbauer H, Eferl R, Haybaeck J, Trauner M, Casanova E. Growth hormone resistance
exacerbates cholestasis-induced murine liver fibrosis. Hepatology. 2015 Feb;61(2):613-26. doi:
10.1002/hep.27408. Impact Factor: 11.190

1.4.3 STAT3 Suppresses Tumor Progression in Lung Cancer
Emilio Casanova reported in Nature Communications the tumor suppressive role for STAT3, which was
previously believed to contribute to the progression of lung cancer. They revealed in a mouse model this new
role applies specifically to mutations often found in patients with a history of smoking. The most frequent
genetic alterations found in lung adenocarcinomas are missense mutations and amplifications of kirsten rat
sarcoma viral oncogene (KRAS) and epidermal growth factor receptor (EGFR) in about 30% and 20% of all
Caucasian cases, respectively. Although several targeted anti-EGFR therapies are effective in patients with
EGFR mutations, oncogenic KRAS is still considered as impossible to target with pharmacological inhibitors. To
elucidate further treatment strategies, the focus has therefore shifted towards signaling pathways downstream
of or cooperating with KRAS. Signal transducer and activator of transcription 3 (STAT3) represents one
important transcription factor thought to cooperate with rat sarcoma viral oncogene (RAS) mutations during
tumorigenesis. STAT3 mediates cellular responses to extracellular stimuli and is often activated in lung cancer.
For this reason current therapies are being developed to specifically inhibit STAT3.
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Figure 1.15 – The publication by Grabner et al. was featured prominently on the nature.com website on March
4 (top). The publication shows that STAT3 expression indicates good prognosis in lung cancer: Lung cancer
patients with high expression of STAT3 (red) have a significantly increased survival rate compared to patients
with a low expression (black) in two separate patient cohorts (bottom).
However, Emilio Casanova and colleagues showed now that STAT3 also acts as a tumor suppressor when
combined with certain mutations of the KRAS oncogene, which are often found in lung cancer patients with a
history of smoking. Low STAT3 levels were found in lung cancer patients with advanced malignancy and poor
survival. This suggests that, in this context, inactivation of STAT3 might not be a beneficial therapeutic strategy
and patients with a history of smoking should under no circumstances be treated with these new drugs. The
newly identified tumor suppressive role for STAT3 presents therapeutic opportunities to treat patients
suffering from lung cancer and carrying certain mutations.
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Publication:
Grabner B, Schramek D, Mueller KM, Moll HP, Svinka J, Hoffmann T, Bauer E, Blaas L, Hruschka N, Zboray K,
Stiedl P, Nivarthi H, Bogner E, Gruber W, Mohr T, Zwick RH, Kenner L, Poli V, Aberger F, Stoiber D, Egger G,
Esterbauer H, Zuber J, Moriggl R, Eferl R, Győrffy B, Penninger JM, Popper H & Casanova E. Nat Commun. 2015
Mar 3;6:6285. doi: 10.1038/ncomms7285. Impact Factor: 11.5

1.4.4 STAT3 Suppresses Metastasis in Prostate Cancer
Lukas Kenner has developed a new model for prostate cancer activating the oncogene PI3K through ablation of
PTEN in the prostate, which has received considerable attention and has now been accepted for publication in
Nature Communications. Using his tool, he could show a previously unknown interaction between the loss of
the IL-6 -activated Stat3 transcription factor and tumor suppressor p53. He could show his tumor models are
very similar to the expression profile as the corresponding human tumors. Moreover, his models are also
metastatic, which is the life threatening complication in the clinic, for cancer patients with advanced,
metastatic disease that cannot be cured.

Interleukin-6 (IL-6) is an important cytokine that controls the inflammatory responses of cells. A hyperactive IL6 is generally considered to be oncogenic, mainly because it activates the known tumor promoter STAT3 and in
tumor models monoclonal antibodies interfering with IL-6 signalling showed promise. Therefore, therapeutic
strategies aiming to reduce IL-6 and STAT3 activity in prostate cancer are currently undergoing clinical
evaluation. However, Stat3 has long been associated with a more complex role in oncogenesis depending on
the cellular context. It was reported before Stat3 acts as tumor promoter as well as tumor suppressor. They
could now confirm that in prostate cancer Stat3 activation prevents metastasis. They uncover an unexpected
molecular mechanism responsible for this activity of Stat3, as they identify the tumor suppressor P14ARF to be
under control of Stat3 in prostate cells. P14ARF can block cell division and thus has the ability to inhibit tumor
growth. Usually it acts downstream of the most frequently mutated tumor suppressor called p53. The presence
of these proteins therefore protects the patient from developing aggressive disease. As currently no molecular
markers are available to distinguish between an aggressive or benign alterations in the prostate, we assessed
Stat3 and p14ARF expression in a retrospective study of prostate cancer. We found the absence of both
markers identifies patients with an elevated risk of metastatic disease. Therefore Stat3 and p14ARF may serve
as biomarkers for indolent prostate tumors with a predictive power twice as good as Gleason scoring. Oral
presentations of this report were selected at numerous occasions for awards, most notably Jan Pencik received
the "Young Investigator Award" of the prestigious Charles Rodolphe Brupbacher Foundation in 2015.
Publication:
Jan Pencik, Michaela Schlederer, Wolfgang Gruber, Christine Unger, Steven M. Walker, Athena Chalaris,
Isabelle J. Marie, Melanie R. Hassler, Tahereh Javaheri, Osman Aksoy, Jaine K. Blayney, Nicole Prutsch, Anna
Skucha, Merima Herac, Oliver H. Kramer, Peter Mazal, Florian Grebien, Gerda Egger, Valeria Poli, Wolfgang
Mikulits, Robert Eferl, Harald Esterbauer, Richard Kennedy, Falko Fend, Marcus Scharpf, Martin Braun, Sven
Perner, David E. Levy, Tim Malcolm, Suzanne D. Turner, Andrea Haitel, Martin Susani, Ali Moazzami, Stefan
Rose-John, Fritz Aberger, Olaf Merkel, Richard Moriggl, Zoran Culig, Helmut Dolznig & Lukas Kenner. STAT3
regulated ARF expression suppresses prostate cancer metastasis Nat Commun. 2015 Jul 22;6:7736. Impact
Factor: 11.470
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1.5 Awards
Jan Pencik of the LBI-CR received the prestigious young investigator award of the Charles Rodolphe Brupbacher
Foundation for his research with Lukas Kenner on prostate cancer entitled "Aberrant STAT3-ARF signaling
targets distinct subgroups of lethal prostate cancer". He also obtained the Novartis Discovery Award.
Moreover, Jan Pencik, Barbara Maurer and Bettina Wingelhofer received the ICIS Graduate Award to attend
the Cytokines Meeting in Bamberg, Germany.

Figure 1.16 - Awards: Jan Pencik at the award ceremony of the Charles Rodolphe Brupbacher Foundation
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1.6 Public Relations
1.6.1 Press Reports
The LBI receives extensive support in all its public relations activities from the main office of the LBG and the
public relations offices of the Partner universities. We are very grateful for this important contribution, which
ensures a continued visibility of the institute, its staff and research output in the Austrian media. In 2015 the
LBI-CR was mentioned 28 times in print and 44 times in online media. In addition, one radio interview was
conducted and broadcast on the Austrian radio station Ö1.

Figure 1.17 - Press reports: A small collection of press reports, which referred to the LBI-CR, which included an
interview with Florian Grebien after he received the ERC starting grant and a brief feature about Emilio
Casanova’s contribution to EAVI2020.
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Figure 1.18 - Public relations: Highlights from 10 years work to create visibility for the LBI-CR in Austria (top:
Richard Moriggl interviewed at the Meet Science Event; middle: Richard Moriggl discussing with EU
Commissioner Johannes Hahn, Günther Winkler (former Rector University of Vienna) and Knut Consemüller
(former President of the Austrian Research Council) at the national science day; bottom: Richard Moriggl
thanks former Bundesminister Karl-Heinz Töchterle and and LBG President Josef Pröll.
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1.7 Partners
Since its foundation the LBI-CR has been embedded into a strong network of research institutions in Vienna,
which conduct cancer research. They provide a cooperative environment crucial for the success of the LBI-CR.
With the endowed professorships the integration of the LBI-CR will be maintained for a strengthening of the
scientific excellence for Austrian cancer research. The University for Veterinary Medicine, Vienna and the
Medical University Vienna as longstanding Partners of the LBI-CR have thus supported the remit of the institute
to integrate the LBI-CR’s research expertise into the Austrian research infrastructure with a significant
intensification of their commitment.
Together with the academic Partners and one company the LBI-CR successfully establishes novel insights using
animal models, which are then translated into diagnostic and therapeutic approaches. The employees of the
LBI-CR frequently transfer work to Partners and vice versa. The LBI-CR continued injections of different
transgenic constructs at the Vetmeduni and IMP, Vienna, which led to the successful establishment of several
new transgenic models.

1.7.1 CCRI
The St. Anna Children's Cancer Research Institute (CCRI) advances diagnosis, prognosis and treatment
strategies for children and adolescents suffering from cancer by conducting basic laboratory, translational and
clinical research into the specific features of different pediatric cancers with the aim to make the most
innovative treatment options available to young patients. Renate Panzer and Heinrich Kovar cooperate with
the LBI-CR actively on pediatric cancers. “The CCRI benefits from access to pre-clinical tumor models, which the
LBI-CR provides,“ said Heinrich Kovar, scientific director of the CCRI.

1.7.2 IMP
Research at the Research Institute for Molecular Pathology (IMP) spans a wide range of topics, broadly
organised into 4 themes: life at the molecular and cellular levels, information processing and storage in neural
circuits, mechanisms of organismal development and disease, and interdisciplinary approaches that bring ideas
and methods from other fields to bear on biological questions. The common goal in all of these areas is to
elucidate the mechanisms and principles that underlie complex biological processes. Meinrad Busslinger
cooperates with the LBI-CR on hematopoietic cancers.

1.7.3 MUW
The Medical University Vienna (MUW) is not only the largest medical organization in Austria, it is also one of
the most important top-level research institutions in Europe and provides Europe's largest hospital, the AKH in
Vienna, with all of its medical staff. With its long history and tradition, which covers 650 years, MUW has
developed into a highly modern research institution. The Department of Clinical Pathology with Prof. Lukas
Kenner and the Institute of Pharmacology with Prof. Emilio Casanova are important cooperation partners
which have actively supported the LBI-CR since its foundation. “The cooperatively run LBI-CR reflects a highly
successful research focus of the MUW,“ said Magnifizenz Wolfgang Schütz, former Rector MUW about the
cooperation with the LBI-CR. We are looking forward to an intensified cooperation under the new Rektor
Marcus Müller, who has supported the LBI-CR in his former position as vice rector for research.

32 - Overview

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

1.7.4 VETMEDUNI
The University of Veterinary Medicine, Vienna (Vetmeduni) is unique in Austria as a university that relates to a
single subject. It does not only train and educate the vets of the future but is also constantly pushing back the
frontiers of research and further education in the areas of animal health and of man and the environment – in
a multidisciplinary manner and an international context. Prof.´s Müller, Sexl and Rülicke cooperate actively with
the LBI-CR on hematopoietic cancers. With the integration of Prof. Richard Moriggl into the Institute for
Genetics and Animal Breeding under Prof. Mathias Müller the cooperation will be further intensified in the
forthcoming years. “We obtain access to important expertise, in the area of metabolic and neoplastic
disorders,“ said Magnifizenz Sonja Hammerschmid, Rektor Vetmeduni.

1.7.5 TISSUE GNOSTICS
TissueGnostics develops instruments for scientific and clinical routine use. This includes automated image
acquisition and image processing for immunohistochemistry and multi-channel immunofluorescence of tissue
sections, cultured and smeared cells. The product lines adapt perfectly to a wide variety of needs, including
differential blood analysis for hematology laboratories.

Figure 1.19 – Press Conference at Café Landtmann with chairman of the jury Leopold März (former Rector of
the University of Natural and Life Sciences), Elisabeth Gehrer (former Bundesministerin for science and
education) and Christian Konrad (former President of LBG) for the launch of the new LBIs after the reform
made by the LBG in 2005.
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Figure 1.20 – Alumni: Several alumni of the LBI-CR have realised attractive career opportunities in academia
and industry, including Tatsuaki Mizutani (top), Jan-Wilhelm Kornfeld (middle left) and Rainer Zenz.
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1.8 Personnel
1.8.1 Personnel Status
In 2015 Emilio Casanova recruited one PhD student; Florian Grebien recruited one Bioinformatician, two PhD
students, one Diploma student; Lukas Kenner recruited one PhD student; Richard Moriggl recruited two
Diploma students; Dagmar Stoiber recruited one PhD student.

Name

Entry Date

Aigner Petra, MSc.

PhD student

10.27.2015

Bauer Eva, MSc.

PhD student

10.01.2010

Bogner Edith, Mag.

Biomedical
Scientist
Biomedical
Scientist
Biomedical
Scientist

01.01.2013
07.01.2014
07.01.2014

Comment
Program Line 1,
Dr. Stoiber-Sakaguchi
Program Line 1,
Dr. Stoiber-Sakaguchi
FFG,
Prof. Casanova
FWF-P25599-B19,
Prof. Casanova
FWF-P25599-B19,
Dr. Casanova

Casanova Emilio, Prof.Dr.

Key Researcher

02.01.2006

Ebner Jessica, BSc

Diploma student

11.17.2015

Eder Thomas, DI

Bioinformat-ician

11.02.2015

Elabd Mohamed

Diploma student

03.01.2015

PhD student

10.01.2009

PhD student

03.01.2014

PhD student

03.01.2014

Grebien Florian, Dr.

Key Researcher

01.01.2014

Program Line 1

Grünert Stefan, Dr.

Grant Manager

08.06.2012

All three Program Lines

Heyes Elizabeth

Diploma student

03.01.2015

Hochgatterer Birgit

Diploma student

01.20.2014

Horvath Jaqueline

CTA

03.22.2011

Javaheri Tahereh, MSc

PhD student

02.08.2010

Kaltenecker Doris

PhD student

02.01.2014

Kenner Lukas, Prof. Dr.

Key Researcher,
Deputy Director

09.01.2005

Program Line 3

09.01.2005

All three program lines

10.03.2011

All three program lines

01.26.2015

FWF P26011Project
Prof. Kenner

Grabner Beatrice, MSc

Komnenovic Sabine
Kovacevic Adila
Limberger Tanja
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Management
Assistant
Animal
technician
PhD student

Program Line 2
Program Line 1,
Dr. Grebien
ERC Grant,
Dr. Grebien
SFB F4707-B20,
Prof. Moriggl
Program Line 2,
Prof. Casanova
FWF-P25599-B19,
Prof. Casanova
FWF-P25599-B19,
Prof. Casanova

SFB F4707-B20,
Prof. Moriggl
SFB F2807-B20,
Prof. Moriggl
Program Line 1, Dr. StoiberSakaguchi; MUW In-kind
Program Line 1,
Prof. Richard Moriggl
SFB F2807 -B20,
Prof. Moriggl

Change of
contract

till September 2015
till June 2014
since July 2014
till February 2015
since 02/2014
MUW Prof.

till February 2014
since March 2014
till July 2015

till December 2015

till January 2015

since 02/2014
MUW Prof.

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

Program Line 1,
Prof. Moriggl
SFB F2807 -B20,
Prof. Moriggl
FWF-P25599-B19,
Prof. Casanova

PhD student

09.03.2012

PhD student

03.01.2014

Mohrherr Julian, MSc

PhD student

11.02.2015

Moriggl. Richard
Dr.Univ. Doz, DI

Director

09.01.2005

Program Line 1

Müller Kristina, Dr.

PhD student

05.01.2009

SFB F2807 -B20
Prof. Moriggl

PhD student

12.01.2012

PhD student

11.01.2013

Pham Thi Thanh Ha

PhD student

11.15.2013

Schlederer Michaela

Laboratory
Manager

10.01.2005

Schmidt Luisa

PhD student

04.01.2014

Schmöllerl Johannes, MSc

PhD student

04.01.2014

Stiedl Patricia, MSc

PhD student

12.15.2010

Stoiber-Sakaguchi Dagmar,
Dr.

Key Researcher

09.01.2005

PhD student

08.27.2012

Postdoc

05.01.2015

Terlecki-Zaniewicz Stefan,
MSc

PhD student

12.01.2015

Themanns Madeleine, MSc

PhD student

10.20.2011

PhD student

03.01.2013

PhD student

12.09.2013

Biomedical
Scientist

10.01.2014

PhD student

01.01.2014

Maurer Barbara, MSc

Pencik Jan, MSc

Swoboda Alexander, MSc

Weiss Patricia, MSc

Wingelhofer Bettina, MSc
Zboray Katalin, MSc

Zahma Safia, Ing.

PhD student
PhD student
CTA

10.01.2011
07.01.2014
08.05.2012

Program Line 3,
Prof. Kenner
FWF P26011Project
Prof. Kenner
SFB F4707-B20,
Prof. Moriggl
Program Line 3,
Prof. Kenner
Program Line 1,
Prof. Grebien
Prorgram Line 1,
Prof. Grebien
Program Line 2,
Prof. Casanova

till February 2014
since March 2014

since 02/2014 Prof.
MUW/VetMedUni
since Nov.2014,
Scientific Assistant /
VetMedUni
till October 2013

till June 2014

since August
maternity leave

Program Line 1
MUW in-kind
Program Line 3,
Melanomproject
Program Line 3,
Melanomproject
ERC Grant
Dr. Florian Grebien
SFB F2807 -B20,
Prof. Moriggl
SFB F4707-B20,
Prof. Moriggl

till October 2015

Project Melanoma,
Prof. Moriggl
Project Melanoma,
Prof. Moriggl
SFB F4707-B20,
Prof. Moriggl

till September 2014

FFG, Prof. Casanova

till June 2014

FWF-P25599-B19
Prof. Casanova
All three program lines

till October
maternity leave
till May 2014

since October 2014
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1.8.3 Personnel Development

Figure 1.21 – Keyresearchers in 2006: Emilio Casanova, Richard Moriggl, Dagmar Stoiber-Sakaguchi, Lukas
Kenner, Johannes Schmid and Robert Eferl were the founding members of the LBI-CR.

Team Prof. Emilio Casanova
Supervision of the thesis of Mag. Beatrice Grabner and Mag. Patricia Stiedl, who completed their PhDs. Mag.
Katalin Zboray is supervised, but has currently taken maternity leave.

Team Dr. Florian Grebien
Supervision of the thesis of Mag. Luisa Schmidt and Johannes Schmöllerl, MSc. In addition, Dr. Grebien is cosupervising the PhD thesis of Anna Skucha together with Prof. Giulio Superti-Furga at the CeMM, Vienna.

Team Prof. Dr. Lukas Kenner
Supervision of the thesis of Mag. Jan Pencik and Astrid Aufinger. The thesis of Jan Pencik was submitted in
December 2015.

Team Prof. Dr. Richard Moriggl
Supervision of Mag. Tahereh Javaheri, Mag. Madeleine Themanns, Mag. Bettina Wingelhofer, Mag. Ha Pham,
DI Doris Kaltenegger, DI Barbara Maurer, and of MSc students Elizabeth Heyes, Rahil Noorizadeh and
Mohamed Elabd. Furthermore, Dr. Alexander Swoboda is postdoc and Dr. Kristina Müller assistant in the RM
group.

Team Dr. Dagmar Stoiber-Sakaguchi
Dagmar Stoiber-Sakaguchi completed her habilitation on 8.10.2015. Mag. Eva Bauer and Petra Aigner, Msc.
were supervised by Dagmar Stoiber. Eva Bauer will submit her PhD in 2016.

1.8.4 Nominations, Memberships, Reviewer, Editorial Board Member Status
Prof. Dr. Richard Moriggl
Invited as Expert Reviewer for (in alphabetic order), Frequent chosen and accepted reviewer function for (in
alphabetic order): Bioconjugate Chemistry, Blood, British Journal of Cancer, Cancer Discovery, Cancer Research,
Carcinogenesis, Cell Reports, EMBO Journal, EMBO Molecular Medicine, EMBO Reports, European Journal of
Clinical Investigation, Journal of Clinical Investigation, Journal of Immunology, Expert Review of Molecular
Diagnostics, Expert Review of Endocrinology and Metabolism, FEBS Letters, Future Drugs Ltd., Gut, International
Journal of Molecular Sciences, JAK-STAT, Journal of Biological Chemistry, Journal of Leukocyte Biology,
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Haematologica, Hepatology, Human Molecular Genetics, Leukaemia, Molecular and Cellular Biology, Molecular
and Cellular Endocrinology, Oncotarget, Proceedings of the National Academy of Science USA, PLOS One, The
Scientific World Journal and others. Editorial Board Member for JAK-STAT, World Journal of Hematology, and
Hematology; External review on multiple NIH applications, advisory reviewer for the "Institute National Du
Cancer" (France), several reviews for the Croatian Science Foundation, the Liddy Shriver Sarcoma Initiative
(USA), the University Hospitals Case Medical Centre (USA), the German Research Foundations “Deutsche
Forschungsgemeinschaft” or “Deutsche Krebshilfe” (Germany), the Heinrich Heine University (Düsseldorf,
Germany), the Paracelsus Medical University Salzburg (Austria), the "Volkswagenstiftung" (Germany), the “NÖ
Forschungs- und Bildungsges.m.b.H.” (Austria), the University Montreal (Canada), the Académie Louvain
(Belgium), evaluator for the Molecular and Cellular Medicine Board, United Kingdom, Basic Science Fund,
Denmark, the Institute Cochin, the Hospital Necker, both Paris, France, under guidance of AERES, scientific
evaluation committee member for the TRANSCAN ERA-Net on Translational Cancer Research, scientific
evaluation committee member for the FCT Scientific Research and Technological Development Projects – from
the ministry of science and education, Portugal.

Prof. Dr. Lukas Kenner
Invited as reviewer for American Journal of Pathology, EMBO Journal, PlosOne, Cancer letters, Experimental
Haematology, Annals of Haematology, Molecular Neurobiology, Nephron, British Journal of Urology,
International Journal of Cancer, Stem Cell Reviews. Advisory reviewer for the “Deutsche
Forschungsgemeinschaft”, the “Landesexzellenzinitiative Hamburg”, the “Bürgermeisterfonds der Stadt Wien”,
the “wissenschaftlicher Ausschuss für Freisetzungen und Inverkehrbringen von GVO” (Austrian Ministry of
Health) and the IMP. Membership for the Austrian Society of Pathology, the American Association for Cancer
Research, the Austrian Chancellor's Bioethic Comission, and invited expert for the “German Bundestag”.

Prof. Dr. Emilio Casanova
Expert opinion for PlosOne, Biotechniques, Frontiers in Biosciences, Hepatology, Journal of Hepatology.
Membership of the European Association for the Study of the Liver (EASL).

Dr. Florian Grebien
Member of the Editorial Board of the Bosnian Journal of Basic Medical Sciences.
Reviewer for Science Signalling, Journal of Biotechnology, International Journal of Molecular Sciences. Grant
reviewer for the „Fondation Recherche Medicale“ (France).
Membership at the American Society for Hematology (ASH) and the Austrian Association of Molecular Life Sciences
and Biotechnology (ÖGMBT)

Dr. Dagmar Stoiber-Sakaguchi
Expert opinion for Immunology Letters and grant reviewer for the “Jubiläumsfonds” of the Oesterreichische
Nationalbank and Human Frontier Science Program. Membership of the Austrian Pharmacological Society
(APHAR), the European Hematology Association (EHA) and the Austrian Association of Molecular Life Sciences and
Biotechnology (ÖGMBT).

1.9 Infrastructure
All Partners of the LBI-CR have their main facilities and work focus in Vienna. Main laboratory and office space
th
of the LBI-CR are located at a campus of the MUW in the 9 district of Vienna, five minutes walking distance to
the “Votivkirche/Schottentor”, a lively area of Vienna. The campus “Währingerstraße” will remain the main site
for the LBI-CR, where the research teams of Emilio Casanova, Florian Grebien and Dagmar Stoiber-Sakaguchi
are. Due to space restrictions and the additional tasks for Richard Moriggl his research team has transferred
activities to the campus of the Vetmeduni to reflect his increasing commitment in dual partnership with this
university. This includes the entire laboratory move of the group Moriggl and the Histopathology lab focus,
which are now within the Institute of Animal Breeding and Genetics at Vetmeduni Vienna, which will also
provide extensive lab space for the researchers associated with their endowed professorships.
With the scheduled end of the LBI-CR in 2018 further improvements of the research infrastructure are
expected to be financed through the Partner universities to ensure sustainability of these investments. This
requires extensive adaptations and negotiations with the MUW and in particular with the Pharmacology
Department to ensure full and easy access of all researchers of the LBI-CR to the relevant infrastructure.
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1.10 Financial Considerations
From 2011 to 2015 the LBI-CR had an annual budget available between 2.4 and 2.6 M€, of which 15 to 24%
was raised through third party grants. The budget had to be subjected to a complete restructuring due to
imminent changes scheduled for the period 2014 – 2016, which amount to more than 1.1 M€ anually or ~40%
of the total budget of the LBI-CR:
a) incorporation of the new research team of Florian Grebien (200.000 € annually)
b) three endowed professorships, which are funded through the LBI-CR budget (450.000 € annually)
c) funding cut by LBG (380.000 € annually)
Maintaining the overall budget stable without jeorpadizing the current research programme within the existing
research teams was thus a major challenge for 2015, which could only be achieved with the commitment and
investment of the Partner Universities Medical University Vienna and University of Veterinary Medicine,
Vienna. This allowed the transfer of three personnel positions onto university positions: Michaela Schlederer,
Safia Zahma and Kristina Müller. In addition the MUW has invested into the research groups of Profs. Kenner
and Casanova by funding two further postdoc positions, which were filled with Dr. Olaf Merkel and Dr. Herwig
Moll.
The restructuring of the finances are underpinned by a strict internal controlling mechanism for material costs,
the reduction of investments supported by commitments by the Partner universities and a more efficient use
of the available mouse space. Furthermore, the situation is partly alleviated by the commitment of the LBG to
cofinance the juniour group of Florian Grebien with 30 % (450.000 €) of the ERC-Starting Grant worth 1.5 M€.
Lastly, the institute has in recent years achieved a positive balance due to a favourable third party funding
situation, which has resulted in significant financial reserves. In summary, the LBI-CR can report on a positive
financial outlook for the final three years also due to the recent acquisition of EU funded research grants, which
provide significant overheads of 25% in addition to the financial support towards the scheduled research
activities.

LBG/partner/cash
third party
percent third party
Inkind
percent in kind
Total budget

€
€
€
€

2011
1.321.147
451.958
20%
509.370
22%
2.282.475

€
€
€
€

2012
1.496.237
494.856
20%
509.370
20%
2.500.463

€
€
€
€

2013
1.482.342
363.056
15%
509.370
22%
2.354.768

€
€
€
€

2014
1.495.880
596.481
23%
505.000
19%
2.597.362

€
€
€
€

2015
1.317.014
569.836
24%
470.993
20%
2.357.842

Figure 1.22 - Financial development: The total budget in recent years fluctuated between 2.3 and 2.6 M€ with
a peak in 2014. The personnel budget increased in 2014 due to the incorporation of the team of Florian
Grebien and the salaries of the endowed professorships. The proportional contribution of third party funds to
the budget of the institute is continuously increasing in relative terms. The dip in 2013 was due to R. Eferl
leaving the institute taking with him his third party grants.
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Figure 2.1 – The scientific advisory board: Throughout ten years of research at the LBI-CR the scientific
advisors have continued to provide valuable input to the current administrative and research issues.
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2. Boards
2.1. Scientific Advisory Board

Prof. NANCY HYNES
Friedrich Miescher Institute
Basel, Switzerland

Prof. THOMAS LOOK
Dana-Farber Cancer Institute
Boston, USA

Prof. GUSTAVO LEONE
The Ohio State University,
Columbus, USA

Prof. RADEK SKODA
Medical University of Basel
Basel, Switzerland
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Prof. KAY-UWE WAGNER
University of Nebraska Medical
Center, Omaha, USA

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

2.2. Supervisory Board

HEINRICH KOVAR
RENATE PANZER
Children´s Cancer Research Institute
1090 Vienna

RUPERT ECKER
GEORG STEINER
Tissue Gnostics GmbH
1020 Vienna

MICHAEL FREISSMUTH
PETER VALENT
Medical University Vienna
1090 Vienna

HARALD ISEMANN
MEINRAD BUSSLINGER
Research Institute of Molecular Pathology
1030 Vienna

MATHIAS MÜLLER
THOMAS RÜLICKE
University of Veterinary Medicine Vienna
1210 Vienna
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3. Research Program
The heterogeneity and complexity of cancer requires individual disease models, which mimic the cellular and
genetic events leading to individual cancer types. The LBI-CR focuses on establishing and analysing novel
models of cancer by generating appropriate genetic lesions in mice to mimic the human situation. Moreover, a
direct comparison to matching human cancer types are performed for a reality check. These models are
suitable to investigate the underlying aetiology of cancer development and progression. In addition, they might
serve as preclinical models for diagnostic and therapeutic measures to establish clinically relevant proof of
concept studies.
Science at the LBI-CR is facilitated through visionary research collaborations with Partner institutions and
biotech companies. Within the research network the LBI-CR has the capacity to analyze phenotypes of
transgenic mouse models of cancer and addresses with clinical Partners key questions to battle the disease.
The following cancers are currently under investigation: carcinomas of liver, prostate, breast, lung and colon,
Ewing's sarcoma, leukemias, lymphomas as well as melanomas. Moreover, we have established xenograft
mouse models in immune-compromised mice for many human tumor entities largely needed for international
multi-investigator grant collaborations.

Figure 2.3 – Quality Assurance: The LBI-CR was successfully evaluated in 2008 by internationally acknowledged
experts Profs. Tak Mak (University of Toronto), Gerard Evan (University of California, San Francisco) and
Thomas Graf (Centre for Genomic Regulation, Barcelona): “We view the LBI-CR as a promising new institute in
the field of cancer research, run by a group of talented young researchers. We therefore recommend that
research at the LBI-CR should be supported beyond the 4 year time-line."
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3.1. Emilio Casanova

Modelling human diseases using genetically modified mice
Name:
Title:
Date of Birth:
Nationality:
Institution:
Adress:
Phone:
Fax:
e-mail:

Casanova Emilio
PhD. in Biology
25.08.1969
Spanish
Ludwig Boltzmann Institute for Cancer Research (LBI-CR)
Währingerstr.13a, A-1090 Vienna, Austria
(+43-1) 40160-71210
(+43-1) 40160-931300
Emilio.casanova@lbicr.lbg.ac.at

Group members: from left to right: Julian Mohrherr, Emilio Casanova; Herwig Moll

3.1.1 Group and Project Overview
Current basic questions of mouse models aim towards the question which mutations cooperate in the
development of different types of cancer. One concept requires state of the art cancer models to explore the
combination of conventional with targeted therapies. Emilio Casanova has extensive expertise in the
generation of modern murine models of neoplastic disease, including the Multi-hit mouse, which allows for the
evaluation of oncogene cooperativities in tumor development. The model is based on the stochastic expression
of oncogene combinations ('hits') that are mediated by Cre in a given tissue. Cells with cooperating hits are
positively selected and give rise to tumors. We used this approach to evaluate the requirement of Ras
downstream effector pathways in tumorigenesis. Moreover, the Casanova group has two industrial project
collaborations (detailed below).

3.1.2 Results from the Research Work and Future Outlook
Role of STAT3 and EGFR in K-RAS Induced Lung Tumors
Lung cancer is leading the worldwide cancer related deaths. It can be divided into to two main types: Small Cell
Lung Cancer (SCLC) and Non-Small Cell Lung Cancer (NSCLC), the later accounting for 80% of the cases.
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Common genetic alterations associated with lung cancer are the loss of tumor suppressors, like p53, LKB1 etc.
and activating mutations, overexpression, amplification of oncogenes, such EGFR and K-RAS (2-4). In lung
tumors, EGFR signals through K-RAS, PI3K and STAT3. STAT3 regulates important pathways in tumorigenesis,
through upregulation of genes encoding apoptosis inhibitors (BCL-XL, BCL-2, MCL-1 and survivin). In patient
samples and NSCLC cell lines nuclear pSTAT3 is upregulated and correlates with subsequent suppression of
apoptosis of NSCLC tumors (5); however, the role of STAT3 in lung cancer in vivo has not yet been investigated.
We have established a genetic mouse model that allows to induce K-RAS-dependent lung tumors and
simultaneously genetically ablates STAT3. Analysis of this model showed that mice with deleted STAT3 and
activated K-RAS have a shorter life span when compared to control animals (K-RAS activated, intact STAT3).
Furthermore, animals with deleted STAT3 and activated K-RAS have a significant increase in tumor burden and
develop more adenomas and adenocarcinomas than the control animals (K-RAS activated, intact STAT3). This
data suggest that disruption of STAT3 signalling promotes tumorigenesis in K-RAS induced tumors.
Mechanistically, we have shown that tumors lacking STAT3 expressed increased levels of IL8, infiltration of
granulocytes and macrophages, increased tumor vascularization and therefore augmented tumor growth and
progression (Grabner et al., Nature Communications 2015).

Figure 3.1.1: STAT3 suppresses Kras-induced lung tumorigenesis: (A) Kaplan–Meier plot showing overall
survival of male mice with the indicated genotypes infected with AdCre (n=10 male mice per genotype; logrank test). (B) Representative haematoxylin and eosin stainings and quantification of tumor area/lung area in
mice at indicated time points. Data were analysed by Student’s t-test and are shown as mean±s.d., n=6–10.
Scale bar, 800 m. (C) STAT3 mRNA expression of lung adenocarcinoma patients harbouring smoking history at
different tumor grades is shown (n=139; grade I, low metastatic potential; grade II, intermediate metastatic
potential; grade III, high metastatic potential). (Kruskal–Wallis test with Dunn’s multiple comparison testing
P<0.0001) (D) Kaplan–Meier plot showing overall survival of lung adenocarcinoma patients with smoking
history stratified by high or low STAT3 mRNA expression (lower quartile, log-rank) n=35–104 per group. (logrank test *P<0.05; **P<0.01; ***P<0.001)
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Liver Fibrosis and Hepatocellular Carcinoma Development
Liver fibrosis constitutes a considerable health problem in the human population (8). Growth hormone
resistance (GH) syndrome has been largely associated with liver cirrhosis in humans and it has been considered
as a mere consequence of liver dysfunction attributed to fibrosis (9). We have shown that mice devoid of STAT5
in hepatocytes (a model for GH resistance) develop a severe liver cirrhosis phenotype when they are
challenged with genetic and pharmacological models of cholestasis thus suggesting that GH resistance actively
contributes to the onset and development of fibrosis (Blaas et al., Hepatology 2010; Mair et al.,
Gastroenterology 2010; Mair et al., Front Biosci. 2011). Currently, we are extending these studies by analyzing
-/the role of Growth hormone receptor (GHR) in liver fibrosis and HCC. We make use of GHR knock-outs (GHR )
-/-/animals as model of systemic GH resistance. Challenging GHR animals by crossing them with the MDR2
strain (Multidrug resistance protein 2 knock-out, a mouse model for primary sclerosing cholangitis and HCC)
results in massive liver fibrosis phenotype. Analysis of this model reveals that hepatocytes lacking GHR
signaling are more sensitive to bile-acid induced damage, thus suggesting that impairment of GH signaling plays
an active role in the development of liver cirrhosis. Interestingly, despite of the liver fibrosis observed in the
-/-/GHR :MDR2 double knock-outs, these mice virtually do not develop HCC. Thus, disruption of GH signaling
contributes to the development of liver fibrosis but blocks liver tumorigenesis (Stiedl et al., Hepatology 2015).
We are currently investigating the molecular pathways responsible for the suppression of liver tumorigenesis
upon abrogation of GH signaling. These findings should contribute to the understanding of the development of
liver cirrhosis, a life threatening irreversible liver disease, and its progression to HCC.
This project receives financial support through the stand-alone FWF-project "Growth hormone resistance and
liver fibrosis" (P25599).

Figure 3.1.2 - Disruption of Growth hormone signaling exacerbated liver fibrosis but prevents liver
–/–
–/–
tumorigenesis. (A) Ghr ;Mdr2 mice develop a severe liver fibrosis phenotype. Chromotrope aniline blue
-/-/staining demonstrated severe collagen deposition in Ghr ;Mdr2 mice. (B) Analysis of serum parameters
–/–
–/–
revealed a significant increase of AST, ALT, ALP, bilirubin, and bile acids in Ghr ; Mdr2 mice relative to all
controls (n=5/genotype). Results are shown as mean-SEM. *P<0.05; **P<0.01;***P<0.001. ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; (C) Deletion of Ghr suppresses
–/–
liver tumorigenesis. Macroscopic pictures of livers of experimental mice show numerous tumors in Mdr2
–/–
–/–
mice compared to Ghr ;Mdr2 mice at 12 months of age. (D) Quantification of tumor number/mouse in all
four genotypes. Each data point represents one animal (n >10/genotype).
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The “AKT Multi-Hit”: A Mouse Model to Study Oncogene Cooperativity
Acquired mutations in cancer cells may (or may not) cooperate in the development of tumors (10).
Combinations of mutations that interact in tumorigenesis should be selected in a Darwinian fashion (11). To
study how oncogenes cooperate in the development of tumors, we have generated, in a coordinated effort
within the LBI-CR institute, the so called “Multi-Hit” model. This model allows the expression of three
oncogenes in an inducible and random manner. Combinations of these oncogenes that cooperate in
tumorigenesis are positively selected and result in faster or more aggressive tumors. Identification of the
combination of oncogenes present in the resulting tumors allows to elucidate oncogene cooperativity
(Musteanu et al., Nature Methods 2012). To illustrate this idea, we have generated a transgenic mouse that
allows the inducible and random expression of the three AKT family members (AKT-1, 2 and 3) based on the
Cre/loxP system. Induction of the AKT isoforms results in breast tumors (among other types of tumors). This
example shows that the Multi-Hit technology is operational and can be used to study oncogene cooperativity.
These mouse models go far beyond the tumor models in mice which are based on single mutations and reflect
rather the complex nature of human tumors and serve in addition as useful tools to test anti-tumor therapies.
In the future, we are currently investigating the molecular mechanisms responsible from the oncogenic role of
the AKT family members in breast tumors and metastasis.

Figure 3.1.3 – AKT Multi-hit mice develop spontaneous mammary gland tumors upon AKT3 activation: (A)
CreERT2
MH
Kaplan Meier analysis of Rosa26
:AKT
and control mice injected with tamoxifen reveals that
CreERT2
MH
Rosa26
:AKT
mice develop mammary gland tumors with 100% penetrance. (B) HE staining of a
CreERT2
MH
representative mammary gland tumor derived from the Rosa26
:AKT mice

Bacterial Artificial Chromosomes
Bacterial Artificial Chromosomes (BACs) are large vectors that can contain up to 400 Kb. They may
accommodate an entire locus with all the regulatory elements that control the transcription of a gene. Thus,
BACs harboring the appropriate locus contain their own chromatin environment and they are not affected by
the surrounding chromatin to their genomic integration site (13). Due to these characteristics, BACs are largely
used in the mouse transgenic field (14). Interestingly, these attributes make the BACs very attractive expression
vectors for recombinant protein production in mammalian cells (15). In collaboration with an industrial partner,
POLYMUN Scientific Immunbiologische Forschung GmbH (http://www.polymun.at/), we have developed
several BAC-based expression vectors suitable for recombinant protein production of antibodies and other
therapeutic proteins (Blaas et al., BMC 2007; Blaas et al., Methods Mol. Biol. 2012; Mader et al., Appl Microbiol
Biotechnol 2012, Kunert and Casanova, Bioengineered. 2013, Zaboray, Nucleic Acids Res., 2015). By using our
BAC-expression system, we could show a significant improvement in the production yields of single
polypeptides and antibodies and, importantly, we could show that the BAC-expression system significantly
reduce the time needed to obtain high producing cell clones. In addition, in 2015 we have established a
collaboration with the “The Antibody Lab” (http://www.theantibodylab.com), a startup biotechnology
company interested in the production of therapeutic recombinant IgA antibodies and other biologicals.
Furthermore, we take part of a European consortium (European AIDS Vaccine Initiative 2020, EAVI2020) where
we will use the BAC-based expression system to produce new HIV vaccines. We are trying to improve the BACexpression system by performing an unbiased screening in CHO cells and identifying hot spots which permit
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high antibody production based on the genomic environment. Such genomic regions containing appropriate
hot spots will be retrieved and tested as BAC-based expression vectors for antibody production in CHO cells.
With this approach, we expect to develop an improved series of BAC-based expression vectors that will confer
reliably high and stable levels of recombinant protein expression thereby reducing the costs and time to
establish appropriate expression systems.

Figure 3.1.4: Bacterial artificial chromosomes improve recombinant protein production in mammalian cells.
(A) Clonal distribution of IgG-Fc cell pools shows the specific productivity picogram/cell/day (pcd) of the 20 best
clones out of 50 pre-screened clones derived from stable CHO cell pools generated with the Caggs:BACRosa26,
Caggs:BACHprt and Caggs:plasmid control vectors (B) Production a single polypeptide using BAC-based vector
under Polymun industrial settings. CHO K1 cells were transformed with a BAC-based vector expressing the
GP140 polypeptide. The productivity of a GP140-BAC single clone was measured in a fed-batch culture during
14 days. For comparison, a Polymun conventional plasmid-based GP140 producer (DHFR amplified) is shown.
The GP140 clone producer generated with the BAC-vector system (GP140-BAC) reached a maximal titer of 1010
mg/l, while the conventional/plasmid-based GP140 producer (GP140 Conventional plasmid) reached a
maximum of 6.4 mg/l.

Outlook Casanova
Lung cancer is a devastating disease responsible for the death of 1.584.800 people worldwide. Lung cancer can
be divided in two main entities: Small Cell Lung Cancer and Non-Small Cell Lung Cancer (NSCLC) representing
15% and 85% of all lung cancers, respectively (16) . Amount the NSCLC, lung adenocarcinoma is the most
abundant subtype. Recent sequencing analysis of lung adenocarcinomas has identified KRAS as the main
cancer-driver gene being mutated in 33% of the tumors (17) . Unfortunately, mutated KRAS remains still an
undruggable target (with the exception of some promising small molecule irreversible blocker for the
KRASG12C mutation (18)), therefore the efforts have shifted to the targeting of mutated KRAS downstream and
co-operating pathways. In addition, while more of the experimental efforts are focus in the analysis of primary
tumors, most of the cancer related-deaths are due to metastasis. In the future, we would like to address this
question by performing a comprehensive analysis (exon sequencing, RNAseq) looking for gene candidates by
comparing human primary tumors versus metastasis. This should allow us to identify putative mutated KRAS
co-operating genes responsible for metastasis. Gene candidates implicated in metastasis will be validated using
in vivo (KRAS-induced lung cancer mouse models) and in vitro (mutated human KRAS lung cancer cell lines)
experimental models.
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3.1.3 Scientific Cooperations
National:
Dr. Harald Esterbauer, Medical University of Vienna, Austria: Generation of conditional knock-in mice.
Dr. Christoph Oesterreicher: Medical University of Vienna, Austria: Generation of BAC-based transgenic mice.
Dr. Wolfgang Mikulits, Medical University of Vienna, Austria: Liver fibrosis.
Dr. Veronika Sexl, University of Veterinary Medicine, Vienna, Austria: Generation of transgenic mice
Dr. Michael Trauner, Medical University of Vienna, Austria: Liver fibrosis.
Dr. Dietmar Katinger, POLYMUN Scientific Immunbiologische Forschung GmbH, Vienna, Austria: BAC-based
vectors applied to recombinant protein production.
Dr. Helmut Popper, Medical University of Graz, Austria: Lung cancer
Dr. Zsuzsanna Horvath, Medical University of Vienna, Austria: Breast tumors
Dr. Robert Eferl, Medical University of Vienna, Austria: Lung cancer and liver fibrosis
Dr. Maria Sibilia, Medical University of Vienna, Austria: Lung cancer

International:
Dr. Kay-Uwe Wagner, University of Nebraska, Nebraska, EEUU: Breast tumors
Dr. Alan Perantoni, National cancer institute, Frederick, EEUU: Stat5 signalling in tumors.
Dr. Valeria Poli, University of Turin, Italy: Stat3 signalling in tumors.
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K, Stiedl P, Nivarthi H, Bogner E, Gruber W, Mohr T, Zwick RH, Kenner L, Poli V, Aberger F, Stoiber D,
Egger G, Esterbauer H, Zuber J, Moriggl R, Eferl R, Győrffy B, Penninger JM, Popper H, Casanova E.
Disruption of STAT3 signalling promotes KRAS-induced lung tumorigenesis. Nat Commun. 2015 Mar
3;6:6285. doi: 10.1038/ncomms7285. Impact Factor: 11.470
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Stiedl P, Grabner B, Zboray K, Bogner E, Casanova E. Modeling cancer using genetically engineered mice.
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colorectal cancer in mice. Oncoimmunology. 2015 Jan 22;4(4):e998529. eCollection 2015 Apr.
doi: 10.1080/2162402X.2014.998529. Impact Factor: 6,266
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Zboray K, Sommeregger W, Bogner E, Gili A, Sterovsky T, Fauland K, Grabner B, Stiedl P, Moll HP, Bauer
A, Kunert R, Casanova E. Heterologous protein production using euchromatin-containing expression
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50 - Casanova

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

51 - Research Program

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

52 - Grebien

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

3.2 Florian Grebien

Integrating genomics, transcriptomics and proteomics to identify critical effectors in
leukemia
Name:
Title:
Date of Birth:
Nationality:
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Phone:
Fax:
e-mail:

Grebien Florian
PhD. in Biology
13.01.1978
Austrian
Ludwig Boltzmann Institute for Cancer Research (LBI-CR)
Währingerstr.13a, A-1090 Vienna, Austria
(+43-1) 40160-71240
(+43-1) 40160-931300
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Group Members (from left): Thomas Eder (Bioinformatician), Stefan Terlecki-Zaniewicz (PhD Student) Luisa
Schmidt (PhD Student), Florian Grebien (Group Leader), Jessica Ebner (Master Student), Anna Skucha* (PhD
Student), Johannes Schmöllerl (PhD Student) * jointly supervised with Prof. G. Superti-Furga, CeMM Vienna

3.2.1 Group and Project Overview
The concept of personalized treatment in modern medicine will require an improved molecular understanding
of the pathological processes underlying neoplastic initiation and progression. The recent tsunami of largescale sequencing studies has revealed a high number of novel genetic lesions that may contribute to
carcinogenesis. Thorough experimental validation of these newly identified mutations using standard
methodologies, however, cannot keep up with the pace of continuously accelerating data generation.
Therefore, the current challenge in modern biology is to adapt and develop novel tools for functional
characterization of disease processes.
Florian Grebien’s group is employing novel transgene expression systems in combination with cutting-edge
proteomic-, genomic- and transcriptomic approaches to establish a robust experimental pipeline for the rapid
characterization of effects of candidate mutations in proteins of interest in a multilayered, global fashion (Fig.
3.2.1). This is complemented by functional studies to detect specific molecular vulnerabilities that are
dependent on the oncogenic mutation of interest. Newly identified molecular mechanisms of mutated alleles
are validated using primary patient-derived leukemic cells and translational mouse models of cancer, with a
strong focus on leukemia.
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Chromosomal translocations are frequent events in cancer. Often, this event fuses two genes, thereby creating
novel proteins with oncogenic functions. In leukemia, large-scale genomic efforts have shown that specific
translocation-associated fusion proteins are associated with different disease subtypes, suggesting that they
can act as driver oncogenes. In many cases, however, the molecular mechanism of cellular transformation of
fusion proteins identified in leukemia is unknown.
A significant number of genes is involved in a series of cytogenetically distinct translocation events involving
more than one fusion partner gene, resulting in “Multi-Partner Translocation (MPT) families”. MPT families
share the biochemical properties of one common partner moiety, but at the same time feature very different
functions of the unique fusion partner gene parts. The most important MPT families in AML comprise fusions
involving the MLL-, RUNX1- and NUP98 genes, featuring >20 different fusion proteins each.
Since June 2015 Dr. Grebien's research is funded by the starting grant "ONCOMECHAML" from the European
Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (grant
agreement No. 636855). The reviewers of the proposal confirmed in their evaluation statement, that the
approach is clinically very important and feasibly leads to the development of a novel concept in research.

Figure 3.2.1 - Schematic outline of the established experimental pipeline, inferring the proposed workflow. As
indicated by the grey circle, our proposed workflow will start with an unbiased screening encompassing all
gene products and will systematically reduce the number of critical candidates to manageable numbers for
detailed follow-up studies.

3.2.2 Results from the Research Work and Future Outlook
Identification of Critical Effectors of MLL Fusions in AML
Chromosomal translocations involving the Mixed Lineage Leukemia (MLL) gene on chromosome 11 are found in
10 % of all human acute leukemias. The MLL gene is fused to a plethora of recipient loci, resulting in the
expression of >60 different fusion proteins. In the majority of those, MLL’s N-terminus is retained within the
fusion protein, while tis C-terminus is lost, leading to loss of MLL’s H3K4-specific methyltransferase activity. The
different fusion partners of MLL, however, often lead to the recruitment of novel enzymatic activities to the
MLL N-terminus, thereby creating hybrid proteins with novel cellular activities that contribute to leukemic
transformation. While functional analysis of selected MLL fusion proteins has revealed novel molecular
mechanisms of transformation as well as novel targeting strategies, it is not clear if these oncogenic
mechanisms represent a common vulnerability in the entire MLL-fusion family. We hypothesize that all fusion
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proteins within the MLL-translocation family share common oncogenic mechanisms. Identification of common
critical effectors of MLL fusion proteins will inform novel diagnostic and therapeutic strategies to improve the
management of AML.
By using the FLP/FRT recombination system in combination with tetracycline-regulated gene expression, we
established cellular systems for inducible expression of affinity-tagged variants of seven MLL fusion proteins
(MLL-FPs), which are presumed to utilize different molecular mechanisms of transformation (MLL-AF1p, MLLAF4, MLL-AF9, MLL-CREBBP, MLL-EEN, MLL-ENL, MLL-GAS7). Affinity-purification coupled to Mass
Spectrometry (AP-MS) and ensuing bioinformatics analysis of seven MLL-FPs revealed a dense, highly
interconnected protein-protein interaction network (Figure 3.2.2A). While the entire network comprises >950
proteins, only 128 proteins were identified to interact with ≥5 of 7 MLL-FPs investigated, making these proteins
strong candidates for common critical effectors of MLL-FPs. To systematically assess a potential functional
contribution of conserved MLL-interaction partners to MLL-induced leukemogenesis, we used an shRNAscreening approach. MLL-rearranged human AML cell lines were transduced with shRNAs and the effect of
candidate knockdown on cellular proliferation (negative selection) and myeloid differentiation (positive
selection) was measured (Figure 3.2.2B). We are currently validating results results from the primary screening
to identify high-confidence candidates.

Figure 3.2.2: Systematic functional interrogation of conserved interaction partners of MLL fusion proteins. (A)
AP-MS-derived protein-protein interaction network of 7 selected MLL fusion proteins (schematized fusion
proteins). Shown are top 300 interactors per fusion protein (based on p-values, grey and cyan circles). Cyan
circles represent 128 proteins that interact with ≥5 of 7 MLL fusion proteins. (B) Experimental workflow to
systematically test a functional contribution of 128 conserved MLL-fusion interaction partners (network, top)
using an shRNA strategy in positive- and negative selection readouts.

Identification of Critical Effectors of NUP98 Fusions in AML
The MPT family involving the NUP98 (Nucleoporin 98) gene comprises >20 different fusion proteins. The overall
frequency of leukemias with NUP98-rearrangements ranges from 2 to 30%, depending on patient, age and
leukemia subtype. Several members of the NUP98 translocation family have recently been proposed to
constitute disease-defining entities by the most recent WHO classification of genetic abnormalities in AML, but
not much is known about the molecular mechanisms underlying NUP98-fusion protein-mediated
leukemogenesis.
We have recently started to assess the leukemogenic potential of NUP98 fusion proteins (NUP98-FPs) in a
comparative fashion, using a murine bone marrow transplantation model. In this model, NUP98-FPs were
exogenously expressed in primary mouse fetal liver cells. Transplantation of these cells into lethally irradiated
recipient mice induced the development of an aggressive malignant disease in all cases. Mean disease latencies
of leukemias induced by different NUP98-FPs ranged from 34 to 124 days (Figure 3.2.3A). Immuno-phenotypic
characterization of bone marrow from leukemic mice revealed excessive accumulation of Mac-1/GR-1-positive

55 - Research Program

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

donor-derived cells in the bone marrow and spleen of affected animals (Figure 3.2.3B, and data not shown). As
our expression model allows the inducible down-regulation of NUP98-FPs by administration of Doxycycline
(Dox),
we analysed the consequences of oncogene withdrawal using transplantation of fully transformed NUP98-FP
AML cells. While all secondary recipient mice succumbed to an aggressive leukemia in the absence of Dox, Doxinduced down-regulation of NUP98-FP expression efficiently prevented the outbreak of lethal leukemia (Fig
3.2.3C, D). This was accompanied by an increase in the proportion of mature Mac-1/GR-1-positive myeloid cells
and a concomitant decrease in immature c-Kit-positive cells (Figure 3.2.3E). To assess changes in gene
expression caused by down-regulation of NUP98-FPs, we purified leukemic cells after different timepoints of
Dox administration. Preliminary analysis of RNA-seq data revealed that acute withdrawal of NUP98-FPs leads to
a down-regulation of several genes that have been implicated in leukemic self-renewal, including Hoxa7, Hoxa9
and Hoxa10 (Fig 3.2.3F). These data show that the retroviral transplantation model established by us
recapitulates critical aspects of human NUP98-FP-induced leukemia, including characteristic changes in
immuno-phenotype and gene expression profile.

Figure 3.2.3: Comparative analysis of four selected NUP98-fusion proteins using a mouse bone marrow
transplantation model. (A) Kaplan-Meier analysis of recipient mice transplanted with four different NUP98fusion proteins (designated NUP98-fusion 1-4) and Nras-G12D-transduced fetal liver cells. (B) FACS analysis of
bone marrow from moribund mice of NUP98-FP-expressing cells. (C) Bioluminescence imaging of secondary
recipient mice transplanted with primary NUP98-FP AML cells in the absence or presence of Dox. (D) KaplanMeier analysis of secondary recipient mice transplanted with primary NUP98-FP AML cells in the absence or
presence of Dox. (E) FACS analysis of bone marrow of secondary recipient mice transplanted with NUP98-FP
AML cells in the absence or presence of Dox. (F) Changes in expression of indicated genes upon Dox-treatment
of secondary NUP98-FP transplanted secondary recipients were measured by RNA-seq.
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Functional Studies of N-terminal CEBPA Mutations in AML
Nine percent of patients with Acute Myeloid leukemia (AML) have mutations in the gene encoding the
transcription factor CCAAT-enhancer-binding protein alpha (CEBPA,
). The most prevalent type of
mutations represents frameshifts in the N-terminal part of the CEBPA gene, leading to production of a
shortened C/EBPa protein from an internal ATG codon downstream of the mutated region (termed C/EBPa
p30). Although it is known that these mutations induce a block in myeloid differentiation and lead to increased
self-renewal, the molecular mechanisms underlying these changes are still poorly understood.

Figure 3.2.4: CRISPR/Cas9-mediated deletion of the p42 C/EBPa variant in HL-60 cells. (A) Schematic
representation of the targeting strategy of the CEBPA gene locus. ATG initiation codons for p42- and p30
isoforms are indicated. The selected sgRNA targets the CEBPA gene downstream of the p42-ATG codon. (B)
Results of Sanger-sequencing analysis of the targeted region within the CEBPA locus in selected single cell
clones, proving the presence of homozygous frameshift mutations. (C) Western blot analysis of selected clones
for C/EBPa expression confirms selective loss of C/EBPa p42 expression.
Through AP-MS studies we
SET/MLL histone methyltransferase complexes responsible for catalysis of trimethlyation of Lysine 4 on histone
H3 (H3K4me3). shRNA-mediated down-regulation of Wdr5 was able to overcome the p30-induced
differentiation block in cultured cells and led to a decrease in leukemia-initiating cell (LIC) frequencies in an in
vivo
-dependent AML. In collaboration with the Structural Genomics Consortium (SGC)
Toronto, Canada, we characterized the small molecule OICR-9429 as a new antagonist of the WDR5-MLL
interaction. OICR-9429 bound to the MLL-interacting pocket of Wdr5 with high affinity, thereby disrupting the
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interaction between WDR5 and MLL. OICR-9429 treatment o
-expressing cells led to the upregulation of myeloid surface markers and induced cell death. Overall, these data indicate that Wdr5 is a
critical mediator of p30-dependent cellular functions in CEBPA-mutated AML. Furthermore, these results
highlight Wdr5 and the MLL complex as potential therapeutic targets in leukemia.
More recently, we have established a number of cell line models that allow further functional studies of CEBPA
mutations in AML. This involves CRISPR/Cas9-mediated gene targeting of the CEBPA genomic locus in human
cells. To model patient-derived mutations we designed sgRNAs targeting Cas9 cleavage to the CEBPA Nterminus (Fig 3.2.4A). We used a lentiviral transduction strategy to stably introduce the sgRNA together with
Cas9 into the human AML cell line HL-60. We identified several clones showing frameshift mutations on both
alleles of the CEBPA gene, as shown by Sanger sequencing (Fig 3.2.4B). Western blot analysis of selected clones
confirmed selective loss of the long, p42 wild type C/EBPa isoform while expression of the truncated p30
C/EBPa variant was retained (Fig. 3.2.4C). These data demonstrate that we were able to specifically abrogate
C/EBPa p42 expression in human leukemia cells using genome engineering. In the future, we plan to combine
mutant CEPBA alleles with other genomic alterations to better mimic more complex genetic scenarios of
human AML patients.

Aims and Milestones
Our main aim is to use the funding of the LBI-CR and ERC to build a sustainable research group, which can
perform internationally visible research in the field of functional analysis of novel oncoproteins in leukemia.
Since the ERC grant was initiated in June 2015 we used these funds to complement our existing small team
with skilled co-workers to reach critical mass. In November 2015 a full-time bioinformatician postdoctoral
researcher joined our team to strengthen this increasingly important aspect of biomedical research after an
extensive and careful selection procedure. In addition, we successfully recruited an additional PhD student and
one Master Student at the end of 2015, bringing the current group size to seven. Another important milestone
was the successful publication of the identification of Wdr5 as a critical effector in CEBPA N-terminal leukemia
in the high-impact journal Nature Chemical Biology. Research results of the group were presented at several
international meetings in form of short talks and/or posters, both by the Principal Investigator and PhD
students.
In 2015, the group made good progress in building up the necessary expertise and infrastructure to implement
the planned research programme. We have continued to invest significant efforts in the improvement of
mouse models to study fusion proteins in leukemia by analyzing effects of inducible oncogene repression by
RNA-seq in an in vivo-setting. In addition, we have continued our investigations of molecular mechanisms of
leukemogenesis using loss-of-function approaches and chemical biology in several projects. At the evaluation
of the institute in November 2015 our presented research plan was rated as “outstanding – exceptional” and
thus received strong support from the scientific advisory board and the evaluation panel.

New Perspectives
In 2016 we anticipate to complete building up our research team. Apart from another Master student who will
join the group in March 2016 and an experimental Postdoctoral Researcher joining in June 2016, we are still
looking for another talented PhD student and a research technician. This is enabled also by the outstanding
success of PhD student Luisa Schmidt, who has been awarded a highly competitive DOC-fellowship funded by
the Austrian Academy of Sciences (OeAW) in November 2015. We are confident that in late 2016 the FG
laboratory will have grown to its final anticipated size of ten scientists at different career stages to constitute a
complementary, multidisciplinary research team that can be internationally competitive in modern leukemia
research. This is expected to result in a string of publications initiated at the LBI-CR with the principal
investigator as last author to support the next career steps not only of Florian Grebien, but also of the other
scientific staff in the lab.

3.2.3 Scientific Cooperations
National:
Dr. Keiryn Bennett, Center for Molecular Medicine, Vienna: Mass Spectrometry/Proteomics
Dr. Michael Dworzak, St. Anna Childrens Hospital Vienna: Mechanistic studies on primary human AML cells.
Dr. Stefan Kubicek, Center for Molecular Medicine, Vienna: Drug screening, Chemical Biology
Dr. Veronika Sexl, University of Veterinary Medicine, Vienna: Molecular mechanisms of leukemogenesis.
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Dr. Giulio Superti-Furga, Center for Molecular Medicine, Vienna: Molecular mechanisms of leukemogenesis.
Joint supervision of PhD Student Anna Skucha.
Dr. Peter Valent, Medical University Vienna, Austria: Mechanistic studies on primary human leukemia cells.
Dr. Johannes Zuber, Research Institute of Molecular Pathology, Vienna: shRNA screens in AML.

International:
Dr. Ruud Delwel, Erasmus MC Rotterdam, The Netherlands. Mechanistic studies on primary human AML cells.
Dr. Stephanie Dumon, University of Birmingham, UK. Functional studies on transcription factors in AML.
Dr. Jolanta Grembecka, University of Michigan, USA. Small-molecule-mediated inhibition of critical effectors in
AML.
Dr. Claus Nerlov, Weatherall Institute for Molecular Medicine, Oxford, UK: Mouse models for C/EBPalphadependent leukemia.
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Group members (from left): Olaf Merkel (Post Doc), Jan Pencik (PhD student, right), Lukas Kenner (Group
Leader), Michaela Schlederer (Biomedical Scientist), Elisabeth Gurnhofer (Biomedical Scientist), Astrid Aufinger
(PhD student), Tanja Limberger (PhD student), Ruben Branco (graduate student), Madeleine Kuroll (Master
student), Nicole Prutsch (PhD student), Michaela Potocnik (secretary), Osman Aksoy (PhD student)

3.3.1 Group and project overview:
The group of Lukas Kenner has one main focus on Anaplastic Large Cell Lymphoma (ALCL), a highly malignant
non-Hodgkin T-cell lymphoma found in children and young adults with still poor survival rates. In a NPM-ALKdriven transgenic mouse tumor model we were able to demonstrate that Jun and JunB proteins were essential
for tumor dissemination and metastasis. Furthermore, we could show that platelet derived growth factor
receptor B (PDGFRB) was regulated by AP1 and highly expressed in lymphomas of these mice. It can be
therapeutically targeted by the tyrosine kinase inhibitor Imatinib, and we showed that in NucleophosminAnaplastic Lymphoma Kinase (NPM-ALK) transgenic mice this would lead to significantly prolonged survival.
Since Imatinib treatment led to a complete rescue in the JunB and cJun double knockout with absent PDGFRB
expression in the tumor we think that its expression in a microenvironment supports tumor growth. This has
been tested in in vitro experiments and can be addressed in vivo with FSP-CRE mice that allow for specific
PDGFRB knockdown in stromal cells. The targeting of PDGFRB in an ALCL patient using Imatinib has resulted in
a long lasting remission. A CD4-CRE mediated knockdown of PDGFRB has been created in the NPM-ALK-driven
transgenic mouse model to further analyze the role of this growth factor in ALCL tumorigenesis. The loss of
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PDGFRB in tumor cells has resulted in remarkably increased survival. Recently we addressed the role of
microRNA 155 in ALCL. MicroRNAs are 18-22 nucleotide long non-coding RNAs that are able to repress target
proteins by non-perfect base pairing in the 3’UTR. We could show that miR-155 was highly expressed in ALCL,
ALK- and suppressed downstream targets including CEBPbeta and SOCS1. In addition, it indirectly induced IL-22
in ALCL cell lines. We now focus on tyrosine kinases from the JAK/STAT family that are situated downstream of
the IL-22 receptor, especially TYK2. Preliminary data indicate that a loss of TYK-2 in NPM-ALK transgenic mice
may result in prolonged survival. These data are supported by lentiviral shRNA mediated knock-down, which
support an important function of these in ALCL cell survival.
The second focus of the group is the regulation of senescence in prostate cancer (PCa) through the JAK/STAT
and p53 regulated pathways. We focus on the role of the IL-6/STAT3/p14 ARF pathway which modulates
senescence competence in PCa. Cre-mediated conditional PTEN loss in prostate epithelial cells mimics key
histopathological and molecular features and is a highly relevant model of human PCa. In addition, we delete
IL-6 or Stat3 in this model. In contrast to most published data, our preliminary results indicate that a loss of IL-6
or Stat3 leads to accelerated PCa development. We have complemented the data generated in transgenic
mouse models with large human datasets which were derived from whole genome sequencing, single
nucleotide polymorphism (SNP) analysis and tissue microarrays (TMA) for protein analysis. SNP analysis of PCa
metastases revealed high frequencies of STAT3, p14 ARF, PTEN and p53 deletions. Further pathological and
molecular examination of the used transgenic mouse models will be undertaken to identify the biological
features supporting initiation, invasion and metastasis of PCa, to elucidate the role of IL-6 classical signaling
(CS) versus IL-6 transsignaling (TS) in PCa.

3.3.2 Results from the research work and future outlook
Anaplastic Large Cell Lymphoma
Anaplastic large cell lymphoma (ALCL) is a malignant T-cell Non-Hodgkin lymphoma and frequently associated
with the t(2;5) translocation resulting in the expression of the NPM-ALK fusion protein. We want to understand
the contribution of PDGFR driven tumor stroma interaction to tumor progression. This should directly result in
new diagnostic and therapeutic strategies for NPM-ALK patients. Our recent studies have identified AP-1
transcription factors (TF) JUNB and cJUN as downstream effectors of NPM-ALK. These TFs directly upregulate
PDGFRB expression in the lymphoma cells and promote tumor progression and dissemination in a murine
NPM-ALK lymphomagenesis model. Therapeutic inhibition of PDGFRB with the kinase inhibitor Imatinib
markedly prolonged the life of NPM-ALK transgenic mice. In addition, Imatinib treatment in a late-stage patient
with refractory NPM-ALK-positive PDGFR-expressing ALCL resulted in rapid, complete and sustained remission.
In a large cohort of fully annotated ALK+ ALCL patients of the European Intergroup for Childhood NHL (EICNHL)
consortium, PDGFRB expression in ALK+ but not ALK- ALCL correlated with poor prognosis, thus suggesting an
ALK dependent function of PDGFRB. The focus of our future work is to analyze PDGFRB function in both the
tumor cells and in the microenvironment of ALCL. The loss of PDGFRB expression in the lymphoma cells was
validated by IHC and Western blot analysis. We have found that ablation of PDGFRB in CD4-NPM-ALK mice
fl/fl
leads to significantly increased survival of CD4-NPM-ALK-CD4Δ PDGFRB mice, which is highly significant
according to log-rank statistics (p<0.001). This indicates that PDGRB might be a driver in ALCL tumor formation.
The goal of our future work is to further clarify the molecular pathway of this finding . Moreover, we want to
investigate the role of PDGF/PDGFR in tumor-stroma crosstalk in ALK+ ALCLs. This will be achieved by tumor
(via CD4-Cre) or/and stroma specific (via FSP-Cre) deletion of PDGFRB.
For the purpose of dissecting the role of PDGFRB signaling in NPM-ALK driven T cell lymphomas, we crossed
mice carrying the CD4-promotor driven human NPM-ALK with PDGFRB floxed mice. In a second interbreeding
step these mice were crossed with mice with CD4 promoter driven Cre recombinase expression to yield a
ΔPDGFRB
specific deletion of PDGFRB in T cells (hereinbelow assigned CD4-NPM-ALK-CD4
). As PDGFRB is absent in
normal T-cells no phenotypic effects are expected towards normal T-cell development (Fig. 1).
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Fig. 3.3.1. - Expression of PDGFRB and correlation to survival data in mouse and human NPM-ALK positive
lymphomas. (A) Genotyping strategy for PDGFRBf/f and PDGFRBΔ/Δ mice (B) reduced PDGFRB RNA expression
levels in tumors as measured by qRT-PCR. and (C) CD4-NPM-ALKCD4ΔPDGFRB tumor extracts show significant
reduction of PDGFRB protein levels by Western blot. (D) Kaplan Meier survival curve of CD4-NPMALKCD4ΔPDGFRB mice (green, n=18) shows a highly significant survival advantage (p≤0.0001; log-rank
statistics) compared to CD4-NPM-ALK littermates (red, n=19). All of the wild-type littermate control mice were
alive at the end of the observation period (black, n=3).

The TYK2-STAT1 Pathway in ALCL
Targeted therapy has shown remarkable success with inhibitors of anaplastic lymphoma kinase (ALK) in 60% of
ALCL patients driven by ALK fusion proteins (ALK+). Unfortunately, treatment with ALK inhibitors inevitably
leads to resistance development, thus making the identification of new therapeutic targets an imperative.
Whole genome sequencing of T-cell lymphomas has revealed mutations in genes of the Janus kinase family
(JAK1, JAK2 JAK3, TYK2), which are known to have essential functions in cytokine signaling, motility and
proliferation.
Recently fusion proteins of Tyrosine kinase 2 (TYK2) were shown by us and others to drive oncogenic signals in
ALCL. Using IHC we found dramatically higher TYK2 expression in ALCL compared to normal lymph nodes. In
order to corroborate the importance of TYK2 for ALCL cell survival, shRNA mediated gene knock-down was
performed. This resulted in a strong induction of apoptotic cell death in ALCL cell lines (Fig. 3.3.2). Alternatively,
we used CRISPR/Cas9 techniques for TYK2 knock-out in human ALCL cell lines to address clinical relevance.
In an attempt to test the therapeutic potential of our findings we treated ALCL cell lines and controls with a set
of small molecule inhibitors of TYK2, showing high susceptibility of ALCL cell lines. In contrast, peripheral blood
mononuclear cells (PBMC) and the JURKAT T-ALL cell line were not affected. Analysis of potential downstream
targets (STAT1, STAT3, STAT5) revealed distinct p-STAT1 reduction after small molecule TYK2 inhibition.
Accordingly, shRNA mediated gene knockdown of STAT1 revealed an essential function for STAT1 in ALCL cell
survival. The reduction of TYK2 gene dosage in CD4 ALCL mice resulted in a complete rescue of the early
lethality phenotype. Ongoing in vivo experiments using an ALCL transgenic mouse model in which TYK2 is
knocked out in T-cells will systematically assess the therapeutic relevance of our findings.
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Fig. 3.3.2 - Knockdown of TYK2 or JAK1 leads to cell death in ALCL cell lines. (A) Schematic of the IFNalpha
signaling pathway including TYK2 and JAK1 kinase. (B) ALCL cell lines bgb Mac2a and K299 were lentivirally
transduced with shRNAs targeting either TYK2, JAK1, GFP and luciferase. Positive cells were selected for 24h
using puromycin. shRNAs targeted against TYK2 and JAK1 led to rapid induction of cell death, whereas shRNA
targeting GFP and luciferase had no effect. (C) Western blot confirmation of TYK1 and JAK1 knock down was
performed. We observed reduced expression of potential downstream targets STAT1, pSTAT1, pSTAT3, STAT5
and pSTAT5. (D) Treatment of ALCL cell lines with a set of JAK/STAT inhibitors. TYK2#1 and JAK1#1 from
Genentech and TYK2 inhibitor Bayer-18, which is commercially available. We found that the small molecule
compound was highly effective in all ALCL cell lines, whereas control PBMCs and Jurkat cell line were not
affected. Concordantly, a commercially available selective TYK2 inhibitor, Bayer18, showed good efficacy
-/especially in ALK- ALCL cell lines. (E) CD4-NPM-ALK mice, which developed ALCL, were intercrossed into Tyk2
-/mice. Preliminary results showed a rescue of early lethality in CD4-NPM-ALK-Tyk2 mice.

Function of IL6/Stat3 Pathway in Prostate Cancer
Our goal is to understand the contribution of STAT3 to tumor progression. This should directly result in new
diagnostic strategies urgently needed for prostate cancer (PCa) patients. PCa is the most prevalent cancer in
men. Hyperactive Stat3 is thought to be oncogenic in PCa. However, targeting of the IL-6/Stat3 axis in PCa
patients failed to provide therapeutic benefit. Here, we show that genetic inactivation of Stat3 or IL-6 signaling
in a Pten-deficient PCa mouse model accelerates cancer progression with subsequent metastasis.
Mechanistically, we identify p19ARF as a novel direct Stat3 target. The loss of Stat3 signaling disrupts the ARFMdm2-p53 tumor suppressor axis bypassing senescence. In accordance, loss of STAT3 and p14ARF expression
in patient tumors correlates with an increased risk of disease recurrence and metastatic PCa. Strikingly, we also
identified STAT3 mutations in primary PCa and frequent STAT3 and CDKN2A deletions in 21% of metastatic PCa.
Thus, STAT3 and ARF are sensitive prognostic markers to stratify high from low risk PCa patients. These data
challenge the current discussion on therapeutic benefit or risk of IL-6/STAT3 inhibition. In addition, we could
identify frequent STAT3 and CDKN2A deletions in liquid biopsies from blood plasma of patients suffering from
bad prognostic PCa (Fig. 3.3.3). For this reason, STAT3 and p14ARF are ideally suited to act as biomarkers for
the prognosis of this disease. If these two factors are missing in tissue samples, the risk that the tumor grows
and forms metastases increases dramatically. The predictive power of these proteins as biomarkers is twice as
good as the current gold standard. These data are in complete consistency with the data from the tumors, and
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we therefore suggest to switch from needle biopsies to NGS of PCa patient blood samples. As only about 10%
of patients with PCa die from the disease, this can help to prevent unnecessary therapeutic interventions with
severe side effects, such as incontinence and impotence.

Figure 3.3.3 - STAT3 and p14-ARF deletion predict bad prognosis. (A) Graphic representation of gene deletion
analysis of TP53, PTEN, STAT3 and CDKN2A in an independent data set of 37 metastatic PCa samples. (B)
Univariate and multivariate analyses of GSC, STAT3 or p14ARF protein levels. Data were analyzed by log-rank
test. HR for p14 ARF is twice as accurate predicting bad prognosis compared to Gleason Scoring. (C) NGS
analysis of „liquid biopsies“ from PCa patients (x-axis) shows similarly that loss of large fragments of STAT3/IL-6
or CDKN2A can be detected in patients with bad prognosis (DNA deletions: light blue bars < 20 MB, dark blue
bars > 20 MB).

Role of c-Jun in Prostate Cancer
We are currently analyzing the possible contribution of c-JUN to prostate tumor progression. This should
directly result in new diagnostic and therapeutic strategies urgently needed for PCa patients affected by
aggressive and/or metastatic tumors. The contribution of c-Jun, an important member of the AP-1 transcription
factor family, to PCa progression is controversially discussed. Our objective is to investigate whether c-Jun acts
as a tumor suppressor or oncogene in the Pten-deficient PCa mouse model and to elucidate the molecular
mechanisms, thus illuminating c-Jun signaling.
We generated a transgenic PCa mouse model by crossing Pb-Cre4 mice with mice carrying floxed alleles of Pten
-/-/and/or c-Jun (hereafter referred to as Pten c-JunPC ). We analyzed PCa development of Pten c-JunPC double
-/knockout mice and compared them to PtenPC and wild type mice. We characterized the tumors
macroscopically and histopathologically and performed gene as well as protein expression analyses in order to
study the effects of loss of c-Jun during PCa development. We have been able to show that genetic inactivation
of c-Jun in a Pten-deficient PCa mouse model leads to increased tumor weight and reduced life expectancy.
Concomitant loss of Pten and c-Jun leads to significantly increased PCa tumor growth and early lethality
compared to PtenPC-/- mice. In accordance, a loss of c-Jun expression analyzed in large cohorts of patient
tumors correlated with an increased risk of disease recurrence. Strikingly, Pten c-JunPC-/- deficient tumors
showed increased proliferation and decreased apoptosis rates. Pten c-JunPC-/- tumors revealed an unexpected
bypass of the senescence response and accordingly showed reduced levels of the tumor suppressors p16 and
p19. These data indicate that cell-cycle regulation and senescence are disrupted in PCa when c-Jun is absent.
Interestingly, we found reduced expression levels of the histone demethylase JMJD3 that was associated with
the activation of the INK4a locus, leading to senescence induction. We identified c-Jun as a tumor suppressor in
mouse PCa. Furthermore, the loss of c-Jun mRNA expression correlates with poor outcome in PCa patients. Low
c-Jun expression levels could therefore be a novel marker to stratify high- and low-risk PCa patients, which may
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Figure 3.3.4 - c-Jun acts as tumor suppressor in a mouse model of PCa. (A) Kaplan-Meier survival curve reveals
-/-/a significant reduction in survival of Pten c-JunPC mice compared to PtenPC mice. The tumor weight
increased after combined loss of Pten and c-Jun. (B) Decreased c-Jun expression predicts bad prognosis in
human PCa patients. (C) Loss of c-Jun leads to escape from Pten-loss induced senescence.
be exploited therapeutically. Mechanistically, we could show that a loss of c-Jun leads to circumvention of the
Pten-loss induced senescence response. Therefore, we assume that c-Jun directly activates the counterpart of
JMJD3 which leads to release of the INK4A/ARF locus inducing senescence.
This project receives financial support through the stand-alone FWF-project "Genetic Analysis of IL-6 signal
pathway in Prostate carcinogenesis" (P26011).

Aims and milestones
Recent amendments to the cancer-scientist’s toolkit including massive parallel sequencing, proteomic mass
spectrometry and finally the CRISPR technology are currently changing the face of oncologic research. A large
number of potential therapeutic targets for each cancer type are being identified in very short time frames,
however, their validation in cell lines, 3-D culture model but also humanized laboratory animals will remain the
most important step towards better therapeutic approaches. We will focus on the validation of individual
therapeutic targets and clinical markers and their translation into the clinic.
In the research topic of mature T-cell lymphomas we have identified therapeutic targets beside the ALK kinase
like PDGFRB and TYK2. In the case of PDGFRbeta, the way from bench to bedside has already been successful,
since a heavily pre-treated ALCL patient has been cured with the PDGFRB inhibitor Imatinib and a clinical trial is
underway to test its combination with brentuximab vedotin, the CD30 armed antibody. We furthermore want
to elucidate the mechanistic role of the PDGFRB as a bad prognostic factor in ALCL. In the context of the
regulating AP1 factors upstream of PDGFRB, which we identified to play a crucial role in ALCL, we will
characterize other interaction partners of Jun including BATF, BATF3 and IRF4, which can be found in close
proximity to Jun on so called composite elements. In the case of TYK2 research project, our in vitro results show
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tumor metabolic addiction on the TYK2/JAK1/STAT1 pathway, which offers novel options for small molecule
targeting. These will be validated in patient derived xenograft as well as transgenic models of ALCL.
In PCa research projects, we will continue to select targets that are derived from the genome sequencing
efforts of the ICGC consortium. We will analyze these data together with biomathematician Niko Beerenwinkel,
ETH Zürich, in order to model the chronologic sequence of events and the interaction of the observed
mutations. Quantitative analysis of the aggressively growing tumors will help to uncover different genetic
subtypes of PCas. This will be followed by experiments with our mouse models that have identified STAT3/ARF
axis as well as cJun as powerful tumor suppressor pathways, which regulate senescence, cancer progression
and metastasis. We will test these powerful prognostic markers with minimal invasive techniques such as
“liquid biopsies”. Together with nuclear medicine imaging specialists at the MUW, we want to develop labeled
markers that allow for non-invasive prognosis determination. Combination of these techniques will improve
active surveillance procedures with less invasive prostate biopsies and more retrievable markers to improve
the quality of life for affected PCa patients. Furthermore we will investigate the role of non-coding RNAs and
histone methylation in prostate cancer. Especially the knowledge gained by whole-genome sequencing efforts
will produce interesting hypotheses that can be tested in the future, including novel mechanism of cancer
initiation and metastasis formation.

Perspectives
We are also looking forward to exciting new perspectives by establishing powerful prognostic markers with
minimal invasive techniques such as “liquid biopsies” for ALCL and PCa patients. In addition we just started the
first clinical study with the lead of Prof. Uli Jäger and Prof. Philipp Staber (Clinic for Internal Medicine I, MUW)
of the Arbeitsgemeinschaft Medikamentöse Tumortherapie (AGMT)_ALCL 1: “window of opportunity” with
+
Imatinib and brentuximab vedotin in patients with relapsed/refractory ALK ALCL. Together with nuclear
medicine imaging specialists at the MUW, we want to develop labeled markers that allow for non-invasive
prognosis determination. Combination of these techniques will improve active surveillance procedures with
less invasive prostate biopsies and more retrievable markers to improve the quality of life for affected PCa
patients. Finally, we are studying the effects of STAT3 in the mitochondrion where our preliminary data show
that it is intricately linked to fatty acid oxidation. This will open new metabolOmics guided therapeutic
avenues.

3.3.3 Scientific co-operations
The group of L. Kenner holds long-term international and national collaborations, which are essential for the
extensive number of joint publications:

National (in alphabetic order with brief topic link):
Dr. Fritz Aberger; University of Salzburg; Skin cancer and hedgehog signaling
Dr. Zoran Culig; Medical University Innsbruck; IL-6/Stat3 signaling and invasion in prostate cancer
Dr. Thomas Decker; MFPL Vienna; IFNAR in Inflammatory Bowel Disease (IBD)
Dr. Uli Jäger; MUW; Role of PDGFRB in NPM-ALK lymphomagenesis
Dr. Helmut Klocker; Medical University Innsbruck; the role of fat metabolism in prostate cancer
Dr. Heinrich Kovar; CCRI Vienna; Ewing´s sarcoma
Dr. Mathias Müller; University of Veterinary Medicine, Vienna; Tyk2 and IBD
Dr. Josef Penninger; IMBA Vienna; RANKL in lung Cancer formation
Dr. Thomas Rülicke; University of Veterinary Medicine, Vienna; Mouse models
Dr. Christian Seiser; MFPL; HDAC regulated stem cell differentiation and tumorigenesis
Dr. Veronika Sexl; University of Veterinary Medicine, Vienna; JAK-STAT in cancer
Dr. Maria Sibilia; CCC, MUW; EGFR in animal models for colitis
Dr. Ninon Taylor; LIMCR, III. Medical Dept., PMU Salzburg; Mechanisms of Insulin Resistance in chronic HIV
Infection
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International (in alphabetical order with brief topic link):
Dr. Sebastian Bauer; University Duisburg-Essen, Germany; GIST mutations of c-KIT in human GIST tumor
formation
Dr. Fabrice Gouilleux; University Picardie Jules Verne, INSERM, Amiens, France; GIST and activated forms of
Stat3
Dr. Konrad Hochedlinger; Harvard Stem Cell Institute, Cambridge, MA, USA; Stem cell induction using viral
vectors
Dr. Greg Hannon; Cold Spring Harbor Laboratory (CSHL), USA; miRNA in cord blood stem cell differentiation
Dr. Giorgio Inghirami; Cornell University, NY, USA; AP-1 in NPM-ALK induced human- and mouse
lymphomagenesis
Dr. Richard Kennedy; Queens University Belfast, UK; Stat3 and IL-6 pathway analysis in prostate cancer
Drs. Tom Look; Dana Farber, Boston, USA; ALCL and mutated JAK kinases
Dr. Colin McGuckin; CTI, Lyon, France; Jak/Stat pathway in stem cell differentiation and tumorigenesis
Dr. Mark Parthun; Ohio State University, Columbus, USA; Characterisation of HAT-/- mouse models
Dr. Mariusz Ratajczak; University of Louisville, Stem cell Institute at James Brown Cancer Center, KY, USA;
Cancer stem cell induced rhabdomyosarcoma development
Dr. Raffaella Sordella; CSHL, USA; IL-6 in lung carcinogenesis
Dr. Karel Soucek; Institute of Biophysics ASCR, Brno, Czech Republic; stem cells in Prostate cancer
Dr. William Tse; West Virginia University School of Medicine, Morgantown, USA; AF1q in breast cancer
metastasis
Dr. Jan Tuckermann; University of Ulm, Germany; Transgenic Stat5 and GR mice in inflammatory diseases
Dr. Suzanne Turner; University of Cambridge UK; Tumor–stroma interactions and stem cell pathology in ALCL
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Name:
Title:
Date of Birth:
Nationality:
Institution:

Moriggl, Richard H. (RM)
Prof. DI. Dr., Director
17.05.1969
German
Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

Address:

Währingerstr.13a, A-1090 Vienna, Austria

Phone:
Fax:
e-mail:

(+43-1) 40160 71210 or 25077 5622
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Group Members: DI Barbara Maurer, Elizabeth Heyes, Prof. Richard Moriggl (RM), MSc Bettina Wingelhofer,
Dr. Alexander Swoboda, MSc Doris Kaltenegger, Mohammed Elabd, MSc Patricia Freund, MSc Ha Pham, Dr.
Kristina Müller, MSc Tahereh Javaheri (from left)

3.4.1 Group and Project Overview:
The group of RM moved in January 2015 to the Institute of Animal Breeding and Genetics of the University of
Veterinary Medicine (Vetmeduni), Vienna and forms in a dual professorship the Functional Cancer Genomics
unit, Institute of Animal Breeding and Genetics, University of Veterinary Medicine Vienna and Medical
University Vienna. The group has currently six different PhD and two postdoctoral research projects, assisted
by three MSc students and two BMA positions integrated in team efforts. Financing of seven research positions
within the RM group are through extramural funding sources, e.g. through two “Sonderforschungsbereich” SFB
network grants, a melanoma research donation that also is essential to co-finance the colorectal cancer project
and a project on post-translational modification of STAT5, and other third party funding sources like a NIH R01
contribution on colitis research. Furthermore, long term Partnership with the CCRI financed one PhD position
on Ewing sarcoma research. The LBI-CR institute is also supported by histo-pathology technical support with
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one BMA position affiliated to the group of RM, essential for the core unit on histo-pathology established at
the Institute of Animal Breeding and Genetics. We equipped the histo-pathology platform in 2015 with
machines and technology to be able to carry out modern methodology in phenotyping both for human and
mouse samples, combined with tissue array technology and quantitative imaging evaluation. Furthermore, one
assistant postdoc position is attributed to the group RM, both the BMA and postdoc position are financed by
the Vetmeduni in context of the LBI fusion with Partner universities. Major projects are described below with
one Figure highlighting research project focus with illustration to the topic and legend description.

Approach
The research within the group of RM is basic cancer research with translational direction. We do comparative
medicine and we make translational models for an emerging need to serve as test systems of genetic findings,
which emanate from cancer genomic landscape studies or which serve as a basis for basic and translational
cancer research questions. The laboratory of RM is specialized on kinase and transcription factor research. We
question their role in various types of cancers. Work is centered on transgenic mouse analysis and verification
of results follows analysis of human patient samples together with clinical oriented research groups. Mouse
models display persistent or absent JAK-STAT signaling in combination with additional cancer promoting
oncogenes or tumor suppressor gene loss. Moreover, aberrant cytogenetic abnormalities as observed in
childhood cancer translocation products are modeled in transgenic mice. We established for the first time a
Ewing sarcoma (ES) tumor model through inducible expression of the EWS-FLI1 (EF) translocation product, also
an aberrant transcription factor. Translational work is focused on molecular characterization and
understanding with therapeutic intervention strategies in myeloproliferative neoplasms (MPN) or Peripheral T
cell Leukemia and Lymphoma (PTCL). Recurrent, somatic STAT5 gain-of-function (GOF) mutations or gene
dosage of JAK-STAT are of particular interest to us. Improvements in understanding of molecular alterations
and their tissue type specific context are essential to enable better targeted therapies.

3.4.2 Results from the research work and future outlook
Cancer genome insights revealed major abnormalities and frequent hyperactivation/overexpression of the JAKSTAT pathway contributing to onset and progression of cancers. Specifically, three research areas stay in focus
of the RM group, namely 1) Hematopoietic Cancer, 2) Cancer and Metabolism and 3) Metastasizing
Mesenchymal Tumors. Many human cancers display pYSTAT5 and it is a negative prognostic marker in
hematopoietic neoplasm. High pYSTAT5 is associated with increased expression of STAT5 target genes through
chromatin integrator function of STAT5 oligomers which promote survival, cell-cycle progression and factorindependent growth. Somatic hyperactive pYSTAT5 mutations were recently identified in leukemia and
lymphoma patients, but cancer genome landscaping studies postulated additional genetic aberrations to
enable full transformation. We found very significant cooperativity with kinase signalling, but no significant
synergy with tumor suppressor loss. Most important, enhanced pYSTAT5 action is a driver for PTCL disease.
+
During the last years we and others have shown that STAT5 is required for leukemia maintenance in BCR/ABL ,
+
+
Flt3-ITD or JAK2V617F myeloid or lymphoid cells. We study cytokine and growth factor signalling, core cancer
pathway analysis, molecular mechanisms of action of transcription factors downstream of kinase action,
immunity, metabolism, survival, proliferation and migration analysis. Several projects in three cancer research
areas are explained in detail below.

Project 1: Hematopoietic Cancer
We study normal and abnormal hematopoiesis and targeting STAT5 in leukemia/lymphoma or MPN (Fig. 3.4.1
and 2). STAT5 transcription factors were shown to be highly expressed and activated by tyrosine and serine
phosphorylation in many hematopoietic cancer types. We and others have described an essential role for
STAT5 activation in regulation of survival or cell cycle progression genes. We were the first to link serine
phosphorylation and oligomerization of STAT5 to myeloid transformation. We have related the findings to
human MPN and our current work is dissecting how pYSTAT5 synergizes with hyperactivation of JAK2V617F,
Flt3-ITD or other driver pathways. We and others have published multiple manuscripts relevant to translational
cancer research focused on hematopoietic cancer development. We generated a series of new transgenic
mouse models using the vav promoter to express a gradient of variants of STAT5 in early hematopoietic cells to
gain insight into MPN, leukemia and lymphoma development (Fig. 3.4.1 and 2). It is currently unclear if the two
distinct STAT5 genes have redundant functions or if clear differences exist. Somatic hypermutation of STAT5B
suggests differences that are associated with the two genes. This is further supported by differential expression
patterns and knockout phenotypes, which could bear consequences for targeting approaches. Current
phenotypes of our new PTCL transgenic models that are submitted for publication resemble aggressive forms
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of human PTCL diseases, which we verified with RNA-seq expression profiling and histo-pathology comparison.
We also found that JAK or STAT5 inhibition could serve as targeted therapy approach in PTCL. Interestingly, we
can switch disease phenotypes to the myeloid lineage by driver kinase action. Recently, GOF mutations of
STAT5B were discovered in relapsed leukemic patients that were associated with poor prognoses despite
receiving specific anti-leukemia treatment.

Figure 3.4.1: The Recurrent STAT5B Driver Mutation Causes Rapid Lymphoma/Leukemia in Juvenile Mice: A
Schematic of STAT5B together with reported recurrent, somatic mutations. B Kaplan–Meier survival curve of
mice which harbor the STAT5B mutation shows that the mice were terminally ill at the age of 60 days. C
Peripheral blood smear of the mutant mice shows a severe degree of white blood cell expansion. D Mutant
STAT5B transgenic mice suffer from splenomegaly with eight fold increase in spleen weight (data not shown). E
STAT5 expression and activation was increased in LN of transgenic mice as analyzed by immunoblotting. F
Further analysis revealed that the LSK population in the transgenic mice is significantly increased in comparison
to WT mice. G Interestingly, the population of the common lymphoid progenitor cells is also increased.
The RM lab is further involved in therapeutic cancer intervention studies within a SFB-F4707 network grant of
excellence started in 2013. Here, we focus on targeting STAT5 (Fig. 3.4.2) and identifying N- and C-terminal
action of STAT5 modulated by posttranslational modifications such as phosphorylation and O-linked β-N-acetyl
glucosamine (O-GlcNAc; data not shown and manuscript prepared) as well as oligomerisation. Here, we
collaborate with a leading laboratory for chemical STAT inhibitor synthesis, Prof. Gunning, University Toronto,
Canada.
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Figure 3.4.2: Targeting of STAT5 in Hematopoietic Cancers: A Ba/F3 cells were treated in triplicates with a
library of 7 putative STAT5 inhibitors at indicated concentrations or DMSO (Ctrl) for 24 h. AC-4-130 was
selected for in depth studies. B Parental Ba/F3 cells and Ba/F3 cells overexpressing either WT STAT5A, STAT5B
or the constitutive active mutants cS5F and cS5RF or STAT5BN642H, respectively, were treated in triplicates
with AC-4-130 or DMSO (Ctrl) for 72 h. C Human AML or control cell lines were treated in triplicates with AC-4130 or DMSO (Ctrl) at indicated concentrations for 72 h. A-C Cell viability was analyzed using CellTiter Blue
Assay and IC50 values (µM) were determined using non-linear regression in GraphPad PRISM. D MV4.11 cells
were treated with AC-4-130 (2 or 5 µM) or DMSO (Ctrl) for 48 h. Apoptotic cells (top) were detected by
Annexin-V/PI staining. Cell cycle distribution was determined using PI staining (bottom). E Whole cell lysates of
MV4.11 cells treated with indicated concentrations of AC-4-130 or DMSO (Ctrl) for 5 h were immunoblotted for
pYSTAT5, STAT5, pSTAT3, STAT3, pERK1/2 or ERK. β-ACTIN served as loading control. F MV4.11 cells were
treated with AC-4-130 (5 µM) or DMSO (Ctrl) for 6 h, and mRNA expression of STAT5 target genes was
subsequently analyzed by RT-qPCR. Ct values were normalized to GAPDH. A-F Data represent means ± SEM of
three independent experiments. * P < 0.05 ** P < 0.01; *** P < 0.001.

Project 2: Cancer and Metabolism
We investigate hepatocellular carcinoma (HCC) development harboring JAK2 or STAT5 genetic loss. We
established and mapped the close interaction of a nuclear hormone receptor, the glucocorticoid receptor (GR),
with hepatic STAT5. The GR is also a stress sensor in context of high circulating glucocorticoid (GC) and
adrenocorticotropic hormone levels, both under control of a neuroendocrine regulation. The STAT5-GR
interaction is essential for gene regulation by growth hormone (GH) action. We followed with several
manuscripts on our original discovery of an essential hepatic GR-STAT5 interaction. Both JAK2 and pYSTAT5 are
hematopoietic cancer drivers, but their role in HCC development remained unclear and controversial. We
studied processes of HCC formation associated with long-term liver injury or metabolic disease. In liver, GH
activates the JAK2-STAT5 pathway affecting sex specific gene regulation in a unique and pleiotropic manner.
tg
Mice expressing a GH transgene (GH ) develop chronic hepatitis and finally succumb to HCC. We aimed to
identify whether JAK2, STAT5 and/or GR proteins act as oncogenes or tumor suppressors in HCC. We explored
therapeutic interference strategies and specific use of JAK-STAT inhibitors. Upstream of hepatic STAT5
activation is JAK2 kinase activity, however, also many other growth factors or cytokines can use STAT5
activation independent of JAK2. Disruption of the GR-JAK2-STAT5 signaling axis caused metabolic syndrome
with aggressive liver cancer development in the case of GR/STAT5 loss. Thereby, we attributed for the first time
a tumor suppressor function to the STAT5-GR pathway downstream of GH and GC action for HCC development
and progression. To study the contribution of hepatic JAK2 and STAT5 to oxidative stress/disrupted antioxidant
defense system and HCC development, we challenged mice harboring the hepatocyte-specific deletion of
tg
either JAK2 or STAT5 by crossing them to GH mice. Similar to STAT5 loss, JAK2 deficiency resulted in severe
steatosis. However, in sharp contrast to STAT5 deficiency liver cancer was not prominent upon loss of JAK2
(data not shown and manuscript submitted). What caught our attention in these studies was the fact that
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peripheral lipolysis and ectopic lipid deposition was implied to be controlled by STAT5 and GR action. So far, no
genetic studies challenged this concept and we reasoned that evolution uses the same building blocks to wire
them differently in a cell type specific context. Neuro-endocrine control through GH-GC action could regulate
whole body physiology and metabolism. Thus, we questioned how lipolysis is regulated by GR-STAT5 action.
Therefore, we conditionally deleted either the GR (Fig. 3.4.3) or STAT5 in adipocytes and characterized the
lipolytic capacity and underlying molecular mechanisms in adipose tissue (data not shown, both studies
manuscript either submitted or under preparation). Many cancer patients suffer from a progressive weight
loss, called “cachexia”. Cancer cachexia is characterized by atrophy of adipose tissues and skeletal muscle,
resulting in reduced quality of life, and a shortened survival time. Mobilization of adipose tissue in cancer
patients is due to an increased lipolysis induced by tumor or host signaling molecules. GC and also GH have
been hypothesized as potential mediators of cancer cachexia, but solid evidence lacks behind. It is our long
term mission in these two projects to question adipose tissue STAT5 or GR proteins in a situation of cancer
cachexia. Currently, we are establishing suitable compound mouse models for initial challenge experiments
with tumor cell lines.

Figure 3.4.3: Glucocorticoid Receptor Signaling Drives Lipolysis: A H&E staining of epididymal white adipose
tissue (EWAT) and plasma non-esterified fatty acids (NEFA) of fasted mice reveals reduced lipid mobilization in
GR-deficient animals. B Western blot displaying decreased fasting-induced protein kinase A (PKA) activity in
EWAT from fasted GR-deficient mice. Western blot against phosphorylated PKA substrates containing a
RRX(S*/T*) epitope motif. C Ex vivo analysis of lipolysis and cAMP production in EWAT explants displaying that
lipolysis is impaired in GR-deficient EWAT upon β-adrenergic receptor (βAR) activation but not in response to
direct adenylate cyclase agonism. Explants were treated with isoproterenol (Iso, non-selective β-adrenergic
agonist), CL-316,243 (CL, selective β3-adrenergic agonist) or forskolin (Forsk, adenylate cyclase agonist) to
engage signaling steps distal to βAR activation. For A and C: Data are shown as the mean ±SEM; *P < 0.05; ** P
< 0.01; *** P < 0.001. D Proposed model for GR-dependent regulation of the lipolytic cascade. Stimulation of
βARs (innervation and catecholamines) results in activation of heterotrimeric G proteins and adenylate cyclase.
These signaling events stimulate the production of cAMP, subsequent activation of PKA and the induction of
lipolysis. PKA phosphorylates and activates HSL in addition to perilipin 1 (PLIN1), which associates with the
cytoplasmic side of the lipid vacuoles. Under basal conditions, perilipin 1 sequesters the ATGL co-activator
CGI58. PKA-mediated phosphorylation of perilipin 1 results in the release of CGI58, its subsequent association
with and activation of ATGL. The GR is required for full lipolytic capacity under fasting conditions by by
enhancing the signal transduction from βARs to adenylate cylases.
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Project 3: Metastasizing Mesenchymal Tumors
Metastasis is recognized as the clinical manifestation of cancer progression, making therapies difficult to
achieve efficient killing of tumor cells. Lately immunotherapy were shown to be efficient in lung cancer or also
malignant melanoma in a fraction of patients. Responsive melanoma patients have intact PTEN expression and
deletion of it was lately associated with failure of immunotherapy. We have developed two research projects in
the last years where we model metastasis and explore molecular mechanism and targeting metastasis. The first
project is focused on Ewing sarcoma (ES), a cancer of bone and soft tissue that is mainly found in pediatric
patients. Effective therapy has not been developed due to the lack of relevant test models that faithfully
recapitulates ES tumor development. ES is driven by the EWS/FLI1 (EF) translocation product, an aberrant ETS
transcription factor. However, it has been challenging to generate a suitable model that harbors the EF
translocation. This could suggest that EF is toxic in many cell types and having solely EF translocation
expression is insufficient to promote tumor formation. Recent studies have provided evidences that
mesenchymal stem cells (MSC) from both mice and humans tolerated EF expression. We introduced a novel ES
Prx1
Prx1
model that restricts EF expression to early mesenchyme using Prx1Cre (EF ) mice. EF
newborns display
arrested chondrocyte and osteoblast differentiation, causing bone formation defects and polydactyly.
However, despite multiple trials transgenic approaches tolerating EF expression lack behind. To generate a
functional mouse model which can mimic human ES, we switched to a Cre inducible system. With inducible EF
T2
expression in juvenile mice using Prx1CreER , we obtained Ewing-like sarcomas that matched human ES gene
expression profiles in a significant proportion of induced tumors that were only driven by EF, but loss of Ink4a,
a frequent genetic deletion in human ES, accelerated tumor formation (Fig. 3.4.4).

Figure 3.4.4: A New Mouse Model of Metastasizing Ewing Sarcoma: A Representative µCT image of an EF/EF,
T2
Prx1CreER mouse showing tumor formation at the bone of the left foreleg. B Percentage of survival of Ewing
sarcoma (ES)-bearing mice based on genetic compound mouse models. C Western blot analysis of five
representative tumors detects HA tag in murine tumors harboring HA-EWS/FLI1. D RNA-seq data reveals
similarities of murine tumors with the human ES signature. 550 genes of five ES cell lines and 59 primary ES
versus human mesenchymal stem cells were compared. E H&E staining of a xenografted Ewing sarcoma cell
line (SK-N-MC) and three representative murine tumors. PAS and NSE stainings, as known and established
stainings for Ewing sarcoma tumors, show the same pattern in both human and mouse. F Metastasis and
invasion of Ewing sarcoma-like tumor cells into the lung, liver, bone, muscle and tissues surrounding the bone.
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This is the first functional mouse model to investigate ES for new targeted therapy approaches. The RM lab
runs the ES project in collaborative research effort mainly funded by and undertaken together with the LBI-CR
Partner Prof. Heinrich Kovar from the CCRI, Vienna. Particularly, we succeeded in significant expression of the
T2
EF translocation with mesenchyme specific and/or inducible Cre (Prx1 and Prx1CreER ). Moreover, we
undertook in collaboration with Prof. Aykut Üren, Georgetown University Medical Center, Washington, USA,
several attempts for mouse modeling and targeting the EF translocation in ES, which led to several publications
and reports. As a consortium agreement we decided to first fully characterize the tumors and to repeat tumor
onset in different compound genetic models with defined induction protocols. We increased the numbers of
tumors and we performed in depth genetic profiling by RNA-seq and also whole exome sequencing comparing
them to the human ES gene signature and genetic aberrations. Multiple tumors isolated from the compound
transgenics display a close ES gene expression signature (Fig. 3.4.4). We obtained also tumors that display a
different phenotype, most likely resembling myosarcomas, liposarcomas or fibrosarcomas (data not shown).

Figure 3.4.5: STAT3 Deletion Up-regulates the Activity of Important
Melanocyte Development and Melanoma Progression Pathway
Components and Profoundly Changes Receptor Tyrosine Kinase
Expression. STAT3 floxed mice were crossed to a melanoma mouse
model harboring a Ink4a deletion, a constitutively active NRas transgene
and CRE recombinase expressed under the melanocyte specific
tyrosinase promoter. A STAT3 protein expression analysis reveals ~80%
deletion efficiency in primary melanomas, as quantified by tissue microarray staining for total STAT3 protein. B
Surprisingly, STAT3 deletion did not prolong tumor free survival, but rather accelerated tumor onset. C KaplanMeier analysis comparing survival of STAT3 floxed and STAT3 knockout mice did not show survival difference. D
We generated four different cell lines, two of each genetic group, derived from lymph node metastases of the
transgenic mouse model. The cells were allografted into NOD/SCID mice, but no growth difference could be
detected. E Using these four cell lines in technical and genetic duplicates, a whole transcript expression array
analysis was performed. Analysis revealed down-regulated expression of 1147 genes and up-regulation of
expression in 729 genes upon loss of STAT3. F As a proof of principle, we screened a set of 87 STAT3 target
genes. The set showed significant enrichment in the STAT3 floxed group in a gene set enrichment analysis
(GSEA), using an unsupervised hierarchical clustering analysis of selected target genes between the two groups.
*P < 0.05; ** P < 0.01; *** P < 0.001. Genes are ranked by score and plotted on the x-axis; hits are indicated by
vertical black bars (left panel). The top 10 down-regulated targets in the STAT3 knockout group are displayed in
the right panel. G Testing a set of 37 genes involved in the regulation of an important melanocyte development
and melanoma progression pathway by GSEA revealed a significant regulation. H Interestingly, a set of receptor
tyrosine kinases (RTK) related to survival and proliferation was significantly deregulated upon STAT3 presence
or loss.
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The second metastasis project is focused on malignant melanoma that has either RAS or RAF driver mutations
with loss of key tumor suppressor proteins like INK4A or PTEN. The incidence of metastatic melanoma has
quadrupled the last decade due to increased UV light damage. This is associated with high mortality due to
metastasis, but early screening recognition and surgical removal kept mortality at bay. Activating mutations in
the Ras or Raf proto-oncogenes are characteristics for cutaneous melanoma. The most frequent mutation
found in N-Ras, is a lysine substitution of glutamine at codon 61 (Q61K) constitutively activating the protein.
Together with other mutations, especially inactivation of the CDKN2A locus, it is sufficient for spontaneous
melanoma formation and metastasis in mice, which we used here. STAT3 proteins are highly tyrosine
phosphorylated in melanoma. We verified strong STAT3 expression and activation in 70% of patients with brain
metastases due to malignant melanoma. We focused on primary tumor development, metastasis and survival
using histo-pathology examination between groups of STAT3 positive and negative mice. Moreover, we
established melanoma cell lines with or without STAT3 isolated from the primary mouse tumors or from distant
metastasis as tools to study tumor formation in transplants or to profile them. Surprisingly, genetic STAT3
deletion in malignant melanoma changed growth factor receptor signaling and an essential pathway controlling
melanocyte development that is also involved in melanoma progression. Currently, we think that STAT3
signaling could influence migration or surface receptor expression eventually changing immunogenicity. We
were surprised by the number of genes being actively transcribed by STAT3 in malignant melanoma, probably a
direct consequence of oncogenic RAS-RAF action, which we test at the moment. We also investigate human
relevance and validate findings by patient sample analysis, and in human RAS or RAF-driven melanoma cell
lines. In vitro experiments, facilitating different melanoma models showed enhanced apoptosis and decreased
proliferation. Here, we failed to recapitulate these findings and our data suggest that STAT3 controls melanoma
progression in different ways than expected.

Outlook Moriggl
Our research group directions are towards translational targeting efforts of JAK kinases, STAT5 and EF
transcription factors, or the role of post-translational modifications and chromatin integrator functions of
STAT5 with insights into stem cell and differentiated cell type functions. All PhD students are encouraged to
achieve best science in a cost and work efficient way, balanced and controlled through group efforts at the LBICR, where also intense efforts with the grant manager are fruitful. The aim is to train PhD students in the first
year, to advise them further on, but also to allow them to gain independence quickly where they can show that
they have learned to design their own research project. The importance of mouse colony management and
logistics needs further improvement, which is planned in one continuous mouse house space for the RM group,
a matter of constant time delay. Collaborations are essential to facilitate progress in the projects. Frequent and
weekly discussions with each group member or also with other LBI groups were performed in teams or
individually to guarantee communication and to shape success, despite different locations and priorities. Most
projects in the group of RM are done within national and international collaborations to facilitate and achieve
ambitious goals, not possible to be performed in isolation. The group of RM intensified interaction on cancer
phenotypes within the LBI´s and LBI clusters. We used the software packages of our Partner TissueGnostics in
many publications. Future work of RM will also be more dedicated to university duties including lecturing of
cancer research topics within a new MSc and PhD curriculum study plan.

3.4.3Scientific Cooperations
Chronic Intestinal Epithelial Cell Injury and Colorectal Cancer
Apart from significant collaborative solid tumor studies published in the last years. Current work in
collaboration with international research groups is addressing regulation of the tight junction and intestinal
epithelial stem cell action through cytokine-STAT5 signaling. Cytokine-induced STAT5 can protect from GI tract
injury affecting epithelial cell differentiation and renewal upon chronic inflammatory and radiation injury
conditions. In addition, the RM lab is involved in therapeutic intervention studies for chronic inflammatory
processes and colorectal cancer prevention, where we collaborate in depth with a world leading expert for GI
tract disease, namely Prof. Xiaonan Han, Cincinnati Children's Hospital Medical Center, Cincinnati, USA. We are
active in NIH or DOD grant applications to attract further funding and to implement personal on these
collaborative work. We work closely with genetic/transgenetic clinical research (both human and animal) and
with histo-pathology laboratories, both within Austria and international. Laboratory members or our
translation models are regularly sent to collaborators. Our comparative translational cancer research is best
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illustrated by the joint publications with collaborators listed below. The principle investigators are long-term
collaborators.

National
Prof. F. Aberger, University Salzburg, skin cancer and hedgehog signalling
Prof. H. Kovar, CCRI Vienna, Ewing sarcoma
Dr R. Kralovics, CeMM, MPN mouse models
Prof. W. Mikulits, Medical University Vienna, liver cancer
Prof. M. Müller, University of Veterinary Medicine, Vienna, Tyk2 and transgenesis
Prof. T. Rülicke, University of Veterinary Medicine, Vienna, Transgenic Models
Prof. V. Sexl, University of Veterinary Medicine, Vienna, JAK-STAT in cancer, CML resistance mechanisms and
CDK6
Prof. B. Strobl, University of Veterinary Medicine, Vienna, STAT1 signaling
Prof. M. Trauner, Medical University Vienna, metabolism and liver cancer
Prof. P. Valent, Medical University Vienna, MPN and leukemia

International
Prof. K.D. Bunting, Emory University, Atlanta, USA, hematopoietic cancer
Prof. S. Constantinescu, Ludwig Cancer Institute, Bruessels, Belgium, p53 mutations and MPN
Prof. M. Deininger, Utah Huntsman CI, Salt Lake City, USA, STAT3/5 in the evolution and progression of CML
and targeting
Prof. K. Friedrich, Institute for Biochemistry, Friedrich Schiller University Jena, Jena, Germany, colorectal cancer
Prof. B. Groner, Georg-Speyer-Haus, Frankfurt, Germany, oncogenic STAT3/5
Prof. P. Gunning, University Toronto, STAT3/5 SH2 domain inhibitors
Prof. X. Han, Cincinnati Children's Hospital Medical Center, Cincinnati, USA, cytokine signaling in the GI tract for
inflammatory and neoplastic disease
Prof. M. Heim and Prof. L. Terracciano, University Hospital Basel, Basel, Switzerland, liver cancer and
metabolism
Prof. L. Hennighausen and Prof. J. O´Shea, NIH, Washington, USA, immunity, mouse models of STAT function
Prof. F. Gouilleux, Université Rabelais, Tours, France, STAT5 in leukemogenesis and PI3K-AKT-mTOR signaling
Prof. A.T. Look, Dana Farber, Boston, USA, T-cell leukemia and mutated JAK kinases
Prof. G. Müller-Newen, RWTH Aachen, Germany, STAT5 shuttling in CML and AML
Prof. W. Tse, James Graham Brown Cancer Center, Louisville, Kentucky, USA, AF1q in Metastasis
Prof. J. Tuckermann, University Ulm, Ulm, Germany, GR signalling in metabolic control
Prof. K.U. Wagner, Eppley Institute for Research in Cancer and Allied Diseases, Omaha, USA, JAK2-STAT5
signaling and cancer
Prof.´s Aykut Üren and Jeff Toretsky, Department of Oncology and Pediatrics, Georgetown University Medical
Center, Washington DC, USA, Ewing sarcoma mouse modeling and targeting

3.4.4 References
1.

2.

Gotthardt D., Putz, E. M., Grundschober, E., Prchal-Murphy, M., Straka, E., Kudweis, P., Heller, G., BagoHorvath, Z., Witalisz-Siepracka, A., Cumawasramy, A.A., Gunning, P.T., Strobl, B., Muller, M., Moriggl, R.,
Stockmann, C. and Sexl, V. (2016) STAT5 is a key regulator of NK cells and acts as molecular switch from
tumor surveillance to tumor promotion. Cancer Discov, in press
Kovar, H., Amatruda, J., Brunet, E., Burdach, S., Cidre-Aranaz, F., de Alava, E., Dirksen, U., van der Ent,
W., Grohar, P., Grünewald, T. G., Helman, L., Houghton, P., Iljin, K., Korsching, E., Ladanyi, M., Lawlor, E.,
Lessnick, S., Ludwig, J., Meltzer, P., Metzler, M., Mora, J., Moriggl, R., Nakamura, T., Papamarkou, T.,
Sarikas, B. R., Rédini, F., Richter, G. H., Rossig, C., Schadler, K., Schäfer, B. W., Scotlandi, K., Sheffield, N.
C., Shelat, A., Snaar-Jagalska, E., Sorensen, P., Stegmaier, K., Stewart, E., Sweet-Cordero, A., Szuhai, K.,
Tirado, O. M., Tirode, F., Toretsky, J., Tsafou, K., Üren, A., Zinovyev, A., Delattre, O. (2016) The second
European interdisciplinary Ewing sarcoma research summit – A joint effort to deconstructing the
multiple layers of a complex disease. Oncotarget, in press, doi: 10.18632/oncotarget.6937

79 - Research Program

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Birner, P., Heider, S., Petzelbauer, P., Wolf, P., Kornauth, C., Kuroll, M., Merkel, O., Steiner, G.,
Kishimoto, T., Rose-John, S., Soleiman, A., Moriggl, R. and Kenner, L. (2016) Interleukin-6 receptor alpha
blockade improves skin lesions in a murine model of systemic lupus erythematosus. Exp Pathol, in press,
doi: 10.1111/exd.12934
Lin, Q., Chauvistré, H., Costa, I. G., Gusamo, E. G., Mitzka, S., Hänzelmann, S., Baying, B., Klisch, T.,
Moriggl, R., Hennuy, B., Smeets, H., Hoffmann, K., Benes, V., Seré, K. and Zenke, M. (2016) Epigenetic
program and transcription factor circuitry of dendritic cell development. Nucleic Acid Research 43,
9680-93. doi: 10.1093/nar.gkv1056
Minas, T. Z., Han, J., Javaheri, T., Hong, S. H., Schlederer, M., Saygideger-Kont, Y., Celik, H., Mueller, K.
M., Temel, I., Özdemirli, M., Kovar, H., Erkizan, H. V., Toretsky, J., Kenner, L., Moriggl, R. and Üren, A.
(2015) YK-4-279 effectively antagonizes EWS-FLI1 induced leukemia in a transgenic mouse model.
Oncotarget, 6, 37678-94. doi: 10.18632/oncotarget.5520
Eiring, A. M., Page, B. D., Kraft, I. L., Mason, C. C., Vellore, N. A., Resetca, D., Zabriskie, M. S., Zhang, T. Y.,
Khorashad, J. S., Engar, A. J., Reynolds, K. R., Anderson, D. J., Senina, A., Pomicter, A. D., Arpin, C. C.,
Ahmad, S., Heaton, W. L., Tantravahi, S. K., Todic, A., Colaguori, R., Moriggl, R., Wilson, D. J., Baron, R.,
O'Hare, T., Gunning, P. T., and Deininger, M. W. (2015). Combined STAT3 and BCR-ABL1 inhibition
induces synthetic lethality in therapy-resistant chronic myeloid leukemia. Leukemia, 29, 586-597. doi:
10.1038/leu.2014.245
Gilbert, S., Nivarthi, H., Mayhew, C. N., Lo, Y. H., Noah, T. K., Vallance, J., Rulicke, T., Muller, M., Jegga, A.
G., Tang, W., Zhang, D., Helmrath, M., Shroyer, N., Moriggl, R., and Han, X. (2015). Activated STAT5
confers resistance to intestinal injury by increasing intestinal stem cell proliferation and regeneration.
Stem Cell Reports, 4, 209-225. doi: 10.1016/j.stemcr.2014.12.004
Girardot, M., Pecquet, C., Chachoua, I., Van Hees, J., Guibert, S., Ferrant, A., Knoops, L., Baxter, E. J.,
Beer, P. A., Giraudier, S., Moriggl, R., Vainchenker, W., Green, A. R., and Constantinescu, S. N. (2015).
Persistent STAT5 activation in myeloid neoplasms recruits p53 into gene regulation. Oncogene, 34,
1323-1332. doi: 10.1038/onc.2014.60
Grabner, B., Schramek, D., Mueller, K. M., Moll, H. P., Svinka, J., Hoffmann, T., Bauer, E., Blaas, L.,
Hruschka, N., Zboray, K., Stiedl, P., Nivarthi, H., Bogner, E., Gruber, W., Mohr, T., Zwick, R. H., Kenner, L.,
Poli, V., Aberger, F., Stoiber, D., Egger, G., Esterbauer, H., Zuber, J., Moriggl, R., Eferl, R., Gyorffy, B.,
Penninger, J. M., Popper, H., and Casanova, E. (2015). Disruption of STAT3 signalling promotes KRASinduced lung tumorigenesis. Nat Commun, 6, 6285. doi: 10.1038/ncomms7285
Jayavelu, A. K., Muller, J. P., Bauer, R., Bohmer, S. A., Lassig, J., Cerny-Reiterer, S., Sperr, W. R., Valent, P.,
Maurer, B., Moriggl, R., Schroder, K., Shah, A. M., Fischer, M., Scholl, S., Barth, J., Oellerich, T., Berg, T.,
Serve, H., Frey, S., Fischer, T., Heidel, F. H., and Bohmer, F. D. (2015). NOX4-driven ROS formation
mediates PTP inactivation and cell transformation in FLT3ITD positive AML cells. Leukemia. doi:
10.1038/leu.2015.234
Merkel, O., Hamacher, F., Griessl, R., Grabner, L., Schiefer, A. I., Prutsch, N., Baer, C., Egger, G.,
Schlederer, M., Krenn, P. W., Hartmann, T. N., Simonitsch-Klupp, I., Plass, C., Staber, P. B., Moriggl, R.,
Turner, S. D., Greil, R., and Kenner, L. (2015). Oncogenic role of miR-155 in anaplastic large cell
lymphoma lacking the t(2;5) translocation. J Pathol, 236, 445-456. doi: 10.1002/path.4539
Nivarthi, H., Prchal-Murphy, M., Swoboda, A., Hager, M., Schlederer, M., Kenner, L., Tuckermann, J.,
Sexl, V., Moriggl, R., and Ermakova, O. (2015). Stat5 gene dosage in T cells modulates CD8+ T-cell
homeostasis and attenuates contact hypersensitivity response in mice. Allergy, 70, 67-79. doi:
10.1111/all.12535
Park, J., Schlederer, M., Schreiber, M., Ice, R., Merkel, O., Bilban, M., Hofbauer, S., Kim, S., Addison, J.,
Zou, J., Ji, C., Bunting, S. T., Wang, Z., Shoham, M., Huang, G., Bago-Horvath, Z., Gibson, L. F.,
Rojanasakul, Y., Remick, S., Ivanov, A., Pugacheva, E., Bunting, K. D., Moriggl, R., Kenner, L., and Tse, W.
(2015). AF1q is a novel TCF7 co-factor which activates CD44 and promotes breast cancer metastasis.
Oncotarget, 6, 20697-20710. doi: 10.18632/oncotarget.4136
Pencik, J., Schlederer, M., Gruber, W., Unger, C., Walker, S. M., Chalaris, A., Marie, I. J., Hassler, M. R.,
Javaheri, T., Aksoy, O., Blayney, J. K., Prutsch, N., Skucha, A., Herac, M., Kramer, O. H., Mazal, P.,
Grebien, F., Egger, G., Poli, V., Mikulits, W., Eferl, R., Esterbauer, H., Kennedy, R., Fend, F., Scharpf, M.,
Braun, M., Perner, S., Levy, D. E., Malcolm, T., Turner, S. D., Haitel, A., Susani, M., Moazzami, A., RoseJohn, S., Aberger, F., Merkel, O., Moriggl, R., Culig, Z., Dolznig, H., and Kenner, L. (2015). STAT3 regulated
ARF expression suppresses prostate cancer metastasis. Nat Commun, 6, 7736. doi:
10.1038/ncomms8736

80 - Moriggl

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

15.

16.

17.

18.

Rupp, C., Scherzer, M., Rudisch, A., Unger, C., Haslinger, C., Schweifer, N., Artaker, M., Nivarthi, H.,
Moriggl, R., Hengstschlager, M., Kerjaschki, D., Sommergruber, W., Dolznig, H., and Garin-Chesa, P.
(2015). IGFBP7, a novel tumor stroma marker, with growth-promoting effects in colon cancer through a
paracrine tumor-stroma interaction. Oncogene, 34, 815-825. doi: 10.1038/onc.2014.18
Schutz, A., Roser, K., Klitzsch, J., Lieder, F., Aberger, F., Gruber, W., Mueller, K. M., Pupyshev, A., Moriggl,
R., and Friedrich, K. (2015). Lung Adenocarcinomas and Lung Cancer Cell Lines Show Association of
MMP-1 Expression With STAT3 Activation. Transl Oncol, 8, 97-105. doi: 10.1016/j.tranon.2015.02.002
Weber, A., Borghouts, C., Brendel, C., Moriggl, R., Delis, N., Brill, B., Vafaizadeh, V., and Groner, B.
(2015). Stat5 Exerts Distinct, Vital Functions in the Cytoplasm and Nucleus of Bcr-Abl+ K562 and
Jak2(V617F)+ HEL Leukemia Cells. Cancers (Basel), 7, 503-537. doi: 10.3390/cancers7010503
Zhang, R., Gilbert, S., Yao, X., Vallance, J., Steinbrecher, K., Moriggl, R., Zhang, D., Eluri, M., Chen, H.,
Cao, H., Shroyer, N., Denson, L., and Han, X. (2015). Natural compound methyl protodioscin protects
against intestinal inflammation through modulation of intestinal immune responses. Pharmacol Res
Perspect, 3, e00118. doi: 10.1002/prp2.118

81 - Research Program

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

82 - Moriggl

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

3.5. Dagmar Stoiber-Sakaguchi

Childhood Leukemia and Lymphoma Mouse Models
Name:
Title:
Date of Birth:
Nationality:
Institution:
Address:
Phone:
Fax:
e-mail:

Dagmar Stoiber-Sakaguchi
Priv.Doz. Dr.
27.01.1973
Austrian
Ludwig Boltzmann Institute for Cancer Research (LBI-CR)
Währingerstr.13a, A-1090 Vienna, Austria
(+43-1) 40160 71240
(+43-1) 40160 931300
dagmar.stoiber@lbicr.lbg.ac.at

Group Members (from left): Dagmar Stoiber-Sakaguchi, Jaqueline Horvath (Research assistant), Petra Aigner
(PhD student)

3.5.1 Group and Project Overview
The Stoiber-Sakaguchi team consists of three members: one research assistant (Jaqueline Horvath), one PhD
student (Petra Aigner) and the key researcher herself. The group is focussing on the study of leukemia
development. A collaborative effort with R. Panzer-Gruemayer from the CCRI is undertaken to investigate
ETV6/RUNX1 (also known as TEL/AML1) positive leukemia, the most common form of childhood B
lymphoblastic leukemia (B-ALL), which is a heterogeneous disease with a variety of distinct genetic
abnormalities. Furthermore, the laboratory is working on mouse models for lymphoma, myeloproliferative
disorders and leukemia occurring in adults. In addition, type I interferon signaling in leukemia development and
tumor surveillance as well as inflammation is worked on.

3.5.2 Results from the Research Work and Future Outlook
ETV6/RUNX1 in Acute Lymphoblastic Leukemia
In childhood B-ALL the t(12;21)(p13;q22) chromosomal translocation represents the most frequent
rearrangement with an incidence of up to 25% in pediatric patients. The chromosomal translocation results in
the ETV6/RUNX1 fusion gene, which is assumed as the “first hit” in ETV6/RUNX1 positive B-ALL, but additional
genetic alterations are required for the manifestation of the leukemia. Our goal is to identify secondary hits by
developing mouse models for this fatal disease. We generated B cell specific transgenic mice for ETV6/RUNX1
and by using those we found a potential new mechanism how additional mutations could be acquired in an
ETV6/RUNX1 positive pre-leukemic clone: Expression of ETV6/RUNX1 leads to increased reactive oxygen
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species and the subsequent accumulation of DNA double strand breaks, a prerequisite for mutagenesis,
suggesting that the expression of ETV6/RUNX1 triggers mutagenesis through enhanced reactive oxygen species
production (Kantner, H.P. et al., Neoplasia, 2013).
+
To investigate candidate second hit genes for ETV6/RUNX1 leukemia development we have combined
ETV6/RUNX1 with exogenous expression of the antiapoptotic protein BCL2, as deregulated expression of BCL2
family members plays a critical role in leukemia development. We therefore intercrossed our B cell specific
ETV6/RUNX1 transgenic animals with Vav-BCL2 transgenic mice. We found that double transgenic mice
developed glomerulonephritis and B cell lymphoma, with severely aggravated phenotypes, resulting in a
significantly shorter life span as compared to single transgenic controls or wild type mice. ETV6/RUNX1-BCL2
double transgenic animals displayed higher immunoglobulin titers and enhanced deposition of
immunoglobulins in the kidney, resulting in autoimmune glomerulonephritis. Thus, we could demonstrate a
previously unrecognized synergism between ETV6/RUNX1 and BCL2 impacting on the development of
malignant disease and autoimmunity (Fig. 3.5.1; modified from Bauer, E. et al., Oncotarget, 2016).
+
Currently we are investigating also other candidate second hit genes for ETV6/RUNX1 leukemia development
using transgenic mice as well as various transplant models.

Figure 3.5.1 - ETV6/RUNX1–BCL2 double transgenic mice display shortened disease latency due to lymphoma
and glomerulonephritis formation. (A) Kaplan-Meier plot showing disease-free survival of the four mouse
tg
tg
tg
groups: mice carrying two transgenes (E/R ;BCL2 ), mice harboring the Vav-BCL2 (BCL2 ) or the ETV6/RUNX1
tg
transgene (E/R ) or none (wt). Double transgenic mice succumbed to their disease significantly earlier as
calculated by Log-rank (Mantel-Cox) test for all four groups and Chi square test for the two groups that develop
disease. (B) Infiltration of lymphoma cells is shown by Hematoxylin&Eosin (HE) stained sections of lungs and (C,
tg
tg
left) kidneys from E/R ;BCL2 mice and single transgenic controls. Infiltration is more pronounced in double
transgenic compared to single BCL2 transgenic animals. (C) Periodic acid Schiff (PAS) staining indicates enlarged
tg
glomeruli and crescents in double transgenic and BCL2 mice suggestive for glomerulonephritis. (D)
Fluorescence immunohistochemistry showing representative IgG deposits (green) in glomeruli, nuclei are
counterstained with DAPI (blue). Glomeruli are indicated by arrows, scale bars, 50 μm. IgG deposition is
strongest in the double transgenic mice.
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Stat3 Isoforms in Hematopoietic Neoplasms
Dysregulation of the Janus kinase (JAK) – signal transducer and activator of transcription (STAT) signaling
pathway is often associated with cancer. Accordingly, persistent STAT3 activation has been detected in many
hematological malignancies. Stat3 produces two isoforms (STAT3α and β) by alternative splicing that exhibit
overlapping but distinct transcriptional activity. Interestingly, STAT3 isoforms have been found to be
differentially expressed in the bone marrow of patients with acute myeloid leukemia (AML) and in several AML
cell lines. Therefore, the balance of the two isoforms may contribute to leukemia development. Our aim is to
analyze the contribution of the shorter isoform STAT3β to leukemogenesis and to elucidate the underlying
molecular mechanism.
We generated transgenic mice overexpressing STAT3β (in collaboration with Emilio Casanova). These mice
were intercrossed with Mx-Cre transgenic animals enabling expression of the transgene upon polyI/C
tg
tg
treatment. To test for the impact on leukemia formation we further bred the Stat3 /Mx-Cre mice with PTEN
fl/fl
tg
deficient mice which are prone to develop leukemia. Pten deficient mice (Pten /Mx-Cre ) displayed higher
infiltration of hematopoietic cells into the liver than Pten deficient mice overexpressing Stat3β
fl/fl
tg
tg
(Pten /Stat3β /Mx-Cre ) (Fig. 3.5.2) one month after transgene induction. We are currently further analyzing
this very interesting phenotype.

Figure 3.5.2 – Increased hematopoietic cell infiltration into the liver of Pten deficient animals compared to
fl/fl
Pten deficient mice expressing the Stat3β transgene. Hematoxylin-eosin stained liver sections of Pten /Mxfl/fl
tg
fl/+
Cre, Pten /S3β /Mx-Cre and control mice (Pten /Mx-Cre) one month post induction.

Tumor Immunology
When a tumor evolves there is constant crosstalk between the transformed cells and cells of the immune
system. This process is referred to as tumor immune surveillance. Our focus is on the JAK/STAT pathway, in
particular interferon (IFN) signaling, and its role in tumor development and immune surveillance. We could
show that mice deficient for type I interferon signaling (IFNAR1 or IFNβ knockout mice) are more susceptible to
Abelsonvirus induced leukemia/lymphoma compared to their littermate controls. We could exclude a tumor
cell intrinsic role of type I IFN and highlighted an essential role for type I IFN signaling in the immune
compartment. Overall, we have demonstrated an important role for type I IFN in the surveillance of
leukemia/lymphoma in mice and also in natural killer cell maturation (Mizutani et al., OncoImmunology, 2012).
In addition to the role of type I IFN in tumor models we have also contributed to the understanding of the
function of type I IFN signaling in inflammation models such as colitis (Rauch et al., Eur.J.Immunol., 2014) and
in hyperinflammation during invasive bacterial infection of soft tissue (Castiglia et al., Cell Host & Microbe,
2016).
At the moment we are further investigating the specific steps of tumor immune surveillance where type I IFN is
essential and we aim at extending our understanding of type I IFN signaling to other tumor but also
inflammatory models.

Outlook Stoiber-Sakaguchi
In the collaborative project with our Partner from the CCRI, St. Anna Kinderkrebsforschung, Renate PanzerGruemayer, we plan to further investigate additional genetic alterations during leukemia development. In
addition, several (xeno)transplant protocols are being established.
Besides the analysis of Stat3β transgenic mice we will employ these animals in different tumor models to
elucidate the role of STAT3β in hematopoietic malignancies.
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In addition, we propose to investigate the role of type I IFN signaling not only in hematopoietic but also in solid
tumors. The investigation of type I IFN signaling during inflammatory processes is a further part of our
research.

3.5.3 Scientific Cooperations
National
T. Decker, Institute of Microbiology and Genetics, Vienna, Austria: Jak-Stat signaling
A. Dohnal, Children´s Cancer Research Institute, St. Anna Kinderkrebsforschung, Vienna, Austria: immune
surveillance
W. Ellmeier, Institute of Immunology, Medical University of Vienna, Austria: lymphocyte function
P. Kovarik, Institute of Microbiology and Genetics, Vienna, Austria: Jak-Stat signaling
M. Müller, Institute of Animal Breeding and Genetics, University of Veterinary Medicine, Vienna, Austria: JakStat signaling
R. Panzer, Children´s Cancer Research Institute, St. Anna Kinderkrebsforschung, Vienna, Austria: ETV6-RUNX1+
leukemia
N. Rohr-Udilova, Division of Gastroenterology and Hepatology, Internal Medicine III, Medical University of
Vienna, Vienna, Austria: xenotransplant studies
G. Schabbauer, Institute of Physiology, Medical University of Vienna, Vienna, Austria: signaling and
inflammation
V. Sexl, Institute of Pharmacology and Toxicology, University of Veterinary Medicine, Vienna, Austria: tumor
immunosurveillance
B. Strobl, Institute of Animal Breeding and Genetics, University of Veterinary Medicine, Vienna, Austria: Jak-Stat
signaling
T. Stulnig, Christian Doppler Laboratory for Cardio-Metabolic Immunotherapy and Clinical Division of
Endocrinology and Metabolism, Department of Medicine III, Medical University of Vienna, Vienna, Austria:
xenotransplant studies

International
C. Baum, Hannover Medical School, Hannover, Germany: retroviral/stem cell experiments
U. Kalinke, Institute for Experimental Infection Research, TWINCORE, Centre for Experimental and Clinical
Infection Research, Hannover, Germany: interferon signaling
V. Poli, Department of Genetics, Biology and Biochemistry, Molecular Biotechnology Center, University of
Turin, Italy: Stat3 signaling
A. Takaoka, Division of Signaling in Cancer and Immunology, Institute for Genetic Medicine, Hokkaido
University, Sapporo, Japan: interferon signaling
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4. Scientific Program
4.1. Weekly Seminars
Modern research is a multi-faceted discipline that cannot be restricted to a single location. Hence it is
important to communicate with other scientists in order to evaluate the quality of the own research, to get
new ideas and information about recent methodological improvements.
The scientists at the LBI-CR report weekly about their scientific progress in a mandatory laboratory seminar.
These seminars provide feedback about the corresponding projects and trouble shooting in case of technical
problems. Moreover, the seminars are implemented into the PhD program of the MUW and accessible to
outside PhD students after a confidentiality agreement.
In addition to the laboratory seminars, the LBI-CR has arranged a weekly Journal Club seminar, where scientists
present a recent peer-reviewed publication on a cancer-related topic. This Journal Club seminar is also
implemented into the PhD Program of the MUW and joined by outside PhD students.
The LBI-CR Key Researchers meet weekly to discuss scientific issues, budget situation and possible
improvements of infrastructure. The decisions in these meetings are recorded and made accessible to the Key
Researchers in a written form.

4.2. Administrative Meetings 2015
Regular meetings of LBI-CR Key Researchers are held with Partners and LBG personnel to discuss about
scientific and administrative issues. This includes regular meetings of Richard Moriggl and Heinrich Kovar (CCRI)
about the joint Ewing´s Sarcoma mouse projects. Regular meetings of Dagmar Stoiber-Sakaguchi and Renate
Panzer (CCRI) on the ETV6-RUNX1 projects. Regular meetings of LBI-CR groups with groups of M. Müller, M.
Busslinger, T. Rülicke, R. Erben, H. Kovar, R. Panzer, T. Lion, T. Decker, M. Baccarini, E. Ogris, C. Seiser, P. Valent,
V. Sexl, M. Freissmuth, H. Sitte, H. Stockinger, D. Kerjaschki, P. Petzelbauer, H. Esterbauer, M. Trauner, U. Jäger,
and M. Susani from the Partner institutions were arranged.
MUW Staffmeetings were held on 09.01.2015, 13.02.2015, 13.03.2015, 17.04.2015, 15.05.2015, 26.06.2015,
02.10.2015, 06.11.2015, 11.12.2015 and regularly attended by:
Emilio Casanova, Florian Grebien, Dagmar Stoiber-Sakaguchi
The LBI-CR held two official board meetings and a management meeting for the pending administrative issues
and team management building. The board meetings took place on 22.05.2015 and 9.11.2015 LBI-CR, which
were both attended by LBI management, LBG GmbH and Partner Board. In addition an external evaluation was
held on November 10-11, 2015.
LBG Führungskräfte-Workshop in Dürnstein on 28.09. – 30.09.2015 was attended by Prof. Richard Moriggl and
Prof. Lukas Kenner

4.3 Scientific Presentations 2015
Invited Speaker / Keynote Lecture, Visiting Guest Scientist, Joint Seminar, Scientific Training of Employees
Abroad, Workshop and Conference Participation
Monthly SFB-F28 meetings took place at the LBI-CR/MUW campus that were organized by the LBI-CR (for
information see: www.jak-stat.at).
Invited Speaker / Keynote Lecture, Visiting Guest Scientist, Joint Seminar, Scientific Training of Employees
Abroad, Workshop and Conference Participation
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January:
16.01.2015 Joint Seminar: Klinik für Innere Medizin I, MUW and Ludwig Boltzmann Cluster Oncology,
Thomas Grunt and Peter Valent
Guestspeaker: Prof. Markus Manz, Title: "Hematopoietic Stem and Progenitor Cell Response to Bacterial
Stimuli"
17.01. – 21.01.2015 Midwinter Conference in Seefeld
Poster-Presentation: Barbara Maurer, Title: “High STAT5 Activity Levels Can Drive T Cell Leukaemia and
Lymphoma Development”
Poster-Presentation: Ha Pham, Title: ”Characterization of Somatic Gain- or Loss-of-Function Mutations of STAT5
in Cancer”
22.01.2015 Internal SFB - Seminar: VetMedUni, Institute of Animal Breeding and Genetics
Madeleine Themanns (Moriggl group), Mario Biaggio (Müller/Strobl group)
28.1. – 30.1.2015 12th Charles Rodolphe Brupbacher Symposium Breakthroughs in Cancer Research and
Therapy, University Hospital, Zurich, Switzerland
Jan Pencik, Poster-Presentation Title: “Aberrant STAT3-ARF signaling targets distinct subgroups of lethal
prostate cancer”
February:
04.02.2015 Invited Speaker/Keynote Lecture in Hokkaido, Japan
Institute for Genetic Medicine (IGM), Hokkaido University, Sapporo, Japan
Dagmar Stoiber-Sakaguchi
Title: “Type I interferon signaling in tumor surveillance”
26.02.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Matthias Parrini, Alexander Swoboda
27.02.2015 Invited Speaker Seminar - Dr. Mauro Delorenzi
Bioinformatics group leader Group BCF, Bioinformatics Core Facility Ludwig Center at University Lausanne, and
SIB Swiss Institute of Bioinformatics, CH-1015 Lausanne, Switzerland
Title: “Genomic characterization of colon cancer, achievements and challenges”
March:
02.03. – 04.03.2015 Invited Speaker/Keynote Lecture in Bergisch-Gladbach, Cologne
NATURIMMUN network
Emilio Casanova, Title: “Disruption of STAT3 promotes KRAS induced lung tumorigenesis”
Dagmar Stoiber-Sakaguchi, Title: “Type I interferon signaling and NK-mediated tumor control”
09.03.2015 Invited Speaker Seminar - Dr. Niko Beerenwinkel
ETH Zürich, D-BSSE, Computational Biology Group (CBG)
CH-4058 Basel, SWITZERLAND, Title: „Modeling cancer evolution from genomic data”
26.03.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Madeleine Themanns (Moriggl group), Leo Edlinger (Sexl group)
30.03.2015 Invited Speaker Seminar
Prof. Jürgen Scheller, Institut für Biochemie und Molekularbiologie II Heinrich-Heine Universität
Düsseldorf, Germany, Title: “Control and consequences of Interleukin 6 receptor shedding by ADAM proteases”
April:
09.04.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Roland Tschismarov (Decker group), Eszter Doma (Sexl group)
12.04 – 17.04.2015 Gordon Research Conference in Lucca, Italy
From Cells to Clinics: Megakaryocytes and Platelets in Health and Disease
Participation: Florian Grebien
20.04. – 22.04.2015 Epigenetic control of hematopoiesis and leukemogenesis Symposium in Strasbourg,
Participation: Florian Grebien
23.04. – 24.04.2015 Uppsala metabolomics 2015, Swedish University of Agricultural Sciences, Ultuna campus,
Uppsala,
Participation: Jan Pencik
23.04.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Matthias Parrini (Müller/Strobl group), NN (Kralovics group)
27.04.2015 Invited Speaker Seminar
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Dr. Botond Cseh, Baccarini Group, Max F. Perutz Laboratories, Vienna, Austria, Title: “The Role of Rafs in
Vascular Permeability”
May:
11.05.2015 Invited Speaker Seminar
Dr. Johanna Trupke, IMBA - Institute of Molecular Biotechnology, Vienna
Title: "The quest for mammalian Polycomb response elements: from in silico prediction towards highthroughput in vivo validation“
13.05.2015 Invited Speaker Seminar
Dr. Fabian Junker Ecole Polytechnique Fédérale de Lausanne (EPFL), Institut Suisse de Recherche Expérimentale
sur le Cancer (ISREC), Lausanne, Switzerland, Title: “MicroRNA-21 is a novel oncogene in Notch1-driven T-ALL“
18.05.2015 Invited Speaker Seminar
Dr. Roland Piekorz, Universitätsklinikum Düsseldorf, Institut für Biochemie und Molekularbiologie II
Düsseldorf, Germany, Title: “The different faces of cellular senescence in cancer and aging"
21.05 – 22.05 2015 MUW Retreat (Centre for Physiology and Pharmacology) in Schloss Haindorf, Langenlois
Emilio Casanova, Title: “Disruption of STAT3 signaling promotes KRAS induced lung tumorigenesis”
Dagmar Stoiber-Sakaguchi, Title: “Gene cooperativity in a mouse model of childhood precursor B cell
malignancy”
23.05. – 29.05.2015 International Conference on Cytokine Signaling in Cancer, Chania, Kreta, Greece
Dagmar Stoiber-Sakaguchi, Title: “Gene cooperativity in a mouse model of childhood precursor B cell
malignancy”
Richard Moriggl, Title: “Illuminating STAT5 Biology in Cancers Through Gain or Loss of Function”
June:
01.06.2015 Invited Speaker Seminar
Dr. Thomas Weichhart, Institute of Medical Genetics, Medical University of Vienna
Title: "Regulation of macrophage tissue homeostasis by the mTOR pathway”
08.06.2015 Invited Speaker Seminar
Dr. Bianca Habermann, Group Leader Computational Biology, Max Planck Institute of Biochemistry
Martinsried, Germany, Title: “Working with protein networks in data analysis”
10.06. – 11.06.2015 YSA PhD-Symposium, Medical University of Vienna
Poster-Presentation: Ha Pham, Title: “Characterization of Somatic Gain-or Loss-of-Function Mutations of Stat5
in Cancer”
Poster-Presentation: Bettina Wingelhofer, Title: “Targeting Stat5 in Myeloproliferative Neoplasm”
Poster-Presentation: Eva Bauer, Title: “Cooperation of ETV6/RUNX1 and BCL2 leads to accelerated disease
progression in a transgenic mouse model”
11.06.2015 MMSC Symposium in Vienna
Jan Pencik Title: “STAT3 regulated ARF expression suppresses prostate cancer metastasis”
Participation: Johannes Schmöllerl, Luisa Schmidt
11.06. – 14.06.2015 EHA 2015, 20th Congress of European Hematology Association
Participation: Dagmar Stoiber-Sakaguchi, Eva Bauer, Johannes Schmöllerl, Luisa Schmidt
14.6 – 17.6.2015 Invited Speaker/Keynote Lecture in Paris, (Ewing Meeting)
Richard Moriggl and Javaheri Tahereh, Title: “Ewing sarcoma mouse development manifests in juveniles and
requires apoptosis escape and cell cycle progression”
22.06.2015 Invited Speaker Seminar
Dr. Andrey V. Kozlov, L. Boltzmann Institute für experimentelle und klinische Traumatologie, Vienna
Title: “The impact of mitochondrial dysfunction in systemic inflammatory response”
24.6 – 26.6.2015 Panel Meeting in Lisbon, Evaluation
Richard Moriggl
25.06.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Doris Kaltenecker (Moriggl group), Agnieszka Witalisz-Sieprazka (Müller/Strobl group)
25.06. – 26.06.2015 6th Meeting of the European Research Initiative on ALK-related Malignancies, in Vienna
Organizing committee: Olaf Merkel, Suzanne Turner, Lukas Kenner
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July:
01.07.15 – 4.7.2015 EMBO 8th Young Investigator Meeting in Warsaw
Richard Moriggl, Title: “Aberrant STAT5 gene dosage and hyperactivation status by cytokine or mutated
tyrosine kinase signalling drives disease”
06.07.2015 Invited Speaker Seminar
Malgorzata Kurkowiak, International Institute of Molecular and Cell Biology, Warsaw, Poland
Title: "Identification of new genes involved in primary ciliary dyskinesia“
07.07.2015 Invited Speaker Seminar
Dr. Eric Schiffer, Head of Clinical Research Unit, Numares AG, D-93053 Regensburg, Title: “Clinical
Metabolomics – Ready for Primetime?”
07.07.2015 Invited Speaker Seminar
Prof. Johannes Haybäck, Med. University of Graz, Institute of Pathology in Graz, Title: “Hepatocellular
carcinoma: Novel model and potential novel biomarker”
08.07.15 – 11.07.15 Invited Speaker Seminar/Keynote Lecture in Cincinnati, Xiaonan Han
Richard Moriggl
09.07.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Andrea Majoros (Decker group), Silvia Stockinger (Müller group)
11.07.15 – 19.07.2015 Invited Speaker Seminar/Keynote Lecture in Colarado,
FASEB Meeting, Steamboat Springs, "The Growth Hormone/Prolactin Family in Biology and Disease",
Richard Moriggl, Title: "GH-induced Jak2-Stat5 signalling and the influence by the glucocorticoid receptor
pathway in liver cancer or metabolic diseases"
15.07.2015 Invited Speaker Seminar
DI Thomas Eder, University Vienna, Division of Computational Systems Biology and Institute of Science and
Technology Austria, Title: “Pathogens, hosts, and their interactions in context of Next Generation Sequencing
technologies”
19.07 – 22.07.2015 ICSA 2015 - Cell Senescence: From Physiology to Pathology in Santiago de Compostela,
Spain
Jan Pencik, Title:”STAT3 regulated ARF expression suppresses prostate cancer metastasis”
August:
16.08 – 24.08.2015 FEBS Advanced Lecture Course, Molecular Mechanisms in Signal Transduction and Cancer
in Greece
Participation: Johannes Schmöllerl
26.08.2015 Invited Speaker Seminar
Dr. Heidi Neubauer, Molecular Signalling Laboratory, Centre for Cancer Biology, SA Pathology, Frome Road,
Adelaide, Title: “Understanding Sphingosine Kinase 2 function in cancer”
September:
22.09.2015 MUW-Antrittsvorlesung
Richard Moriggl, Title:” Einblicke in einen zentralen Krebsweg: Der häufig mutierte JAK-STAT Signalweg
Lukas Kenner, Title: “Translational Pathology: Humanized Mouse Models Give Rise To Novel Therapeutic
Cancer Strategies”
Emilio Casanova, Title: “Genetically Engineered Animal Models in Cancer Research”
25.09.2015 Invited Speaker Seminar
Prof. Balazs Gyorffy, Semmelweis University, 2nd Department of Pediatrics, Hungary, Title: “Utilization of
genome-level data to predict survival in solid tumors”
25.09.2015 SFB Lipotox Symposium in Graz
Doris Kaltenecker, Title: “The role of STAT5 in adipose tissue homeostasis and lipid mobilization”
October:
05.10.2015 Invited Speaker Seminar
Prof. Elaine Fuchs, Rebecca C. Lancefield Professor, Investigator, Howard Hughes Medical Institute
The Rockefeller University, New York, Title: “Stem Cells in Silence, Action and Cancer”
11.10 – 14.10.15 Third Annual Meeting of the International Cytokine & Interferon Society (ICIS) October 11 –
14, 2015, Bamberg, Germany,
Jan Pencik, Title: “Loss of IL-6/Stat3 signalling drives metastatic prostate cancer in mice and men"
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Poster-Presentation: Barbara Maurer, Title: “An activating STAT5 mutation is sufficient for Peripheral T Cell
Lymphoma formation”
Poster-Presentation: Bettina Wingelhofer, Title: “Targeting STAT5 in Hematopoietic Malignancies”
19.10 - 20.10.2015 in Munich, Helmholtz Center Munich GmbH, Germany
Richard Moriggl and Javaheri Tahereh
21.10.2015 Invited Speaker Seminar
Petra van der Lelij, Ph.D, Institute of Molecular Pathology (IMP) Vienna, Title: “Cohesin in disease,
carcinogenesis and splicing”
22.10.- 24.10.2015 Invited Speaker/Keynote Lecture, Institut de Recherche en Cancérologie de Montpellier
Emilio Casanova, Title: “Disruption of Stat3 promotes lung tumorigenesis”
22.-24.10.2015 Invited Speaker/Keynote Lecture in Cambridge -Fifth International Symposium on Childhood,
Adolescent and Young Adult Non-Hodgkin's Lymphoma
Lukas Kenner, Title: “PGDFR blockade for NPM-ALK anaplastic large cell lymphoma (ALCL)
23.10. – 24.10.2015 Jahrestagung der österreichischen Adipositas Gesellschaft in Vienna
Kristina Müller, Title: “Targeted disruption of the glucocorticoid receptor in adipose tissue impairs lipolysis but
protects from obesity”
November:
08.11 – 11.11.2015 LBI Annual Meeting and Evaluation – “From Translational Models to Targeted Therapy”
Richard Moriggl, Title: “Translational JAK-Stat phenotypes with implications for solid or hematopoietic cancer
development”
Dagmar Stoiber-Sakaguchi, Title: “Cooperativity of ETV6/RUNX1 and BCL2 enhances B cell malignancy in
transgenic mice”
Emilio Casanova, Title: “Disruption of STAT3 signaling promotes KRAS induced lung tumorigenesis”
Florian Grebien, Title: “Functional studies of leukemia oncoproteins using integrated approaches
Lukas Kenner, Title: “IL-6/Stat3 signaling for prostate cancer progression in mice and men”
26.11 – 28.11.2015 C.E. Alken-Stiftung, 26.-28.11.2015 in Rottach-Egern, Germany
Jan Pencik, Title: STAT3 regulated ARF expression suppresses prostate cancer metastasis.
26.11.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Harini Nirvathi (Kralovic group), Natalija Bozovic (Müller/Strobl group)
26.11.2015 EAVI2020 Kick off Meeting in London
Participation: Emilio Casanova
December:
02.12.2015 Invited Speaker Seminar
Prof. Jan Tuckermann, Director of the Institute for Comparative Molecular Endocrinology
(CME) University of Ulm, Germany, Title: “Glucocorticoid Receptor action in inflammation and osteoporosis:
Novel Concepts"
17.12.2015 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Barbara Maurer (Moriggl group), Eszter Doma (Sexl group)
External speaker: Georg Gasteiger (University of Mainz Medical Center)
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5. Publications & Patents
5.1 Publication Politics
Publications by the LBI-CR with relevance to patenting are submitted to the Partners as claimed in the
contracts. The Partners have 30 days to notify the content and to object to the publication in case of patenting
issues. Authors on publications originating from the LBI-CR should have contributed in a significant way to the
manuscript. Moreover, each author on LBI-CR publications takes responsibility for the validity of the described
results. The vast majority of LBI-CR publications is in the area of basic and translational cancer research and
within the field of comparative medicine.

5.2 Status of the Partner in Usage of the Results
The Partners are invited during evaluation processes and the projects are discussed together at progress report
meetings or on an individual basis. Collaborations in between the LBI-CR Partners are also facilitated via the
groups of the LBI-CR. Collaboration and scientific training of researchers is often done together with the
Partners.

Figure 5.1 – Partner TissueGnostics: Michaela Schlederer supports Georg Steiner presenting the innovative
histopathological analysis performed with TissueGnostics technology.
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transgenic mice. Oncotarget 2016 Feb 23. doi: 10.18632/oncotarget.7687. Impact Factor: 6.359

3.

Berry D, Kuzyk O, Rauch I, Heider S, Schwab C, Hainzl E, Decker T, Müller M, Strobl B, Schleper C, Urich T,
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Final Remark
Over the last decade the LBI-CR has become a visible part of the Austrian research community. We have been
lucky to perform our research in a time, which is already referred to as the wake of the postgenomic era. After
completion of the human genome project many new research tools have become available. These Omics
technologies have not only transformed biomedical research, but also challenged scientists to maintain pace
with these highly dynamic developments. We are proud that we were able to make our own contribution to
the field in such an exciting time.
Researchers from the Institute and throughout the world have pieced together many minute details about
cancer cells and their progression towards malignant disease. On their own these individual findings frequently
do not constitute significant progress. However, stepping back from the daily work and viewing the field of
cancer research puts many of these results into perspective and new patterns are emerging. With experimental
and clinical research moving closer together, these patterns increasingly inform clinical management of cancer
with significant benefits for patients.

Hartmut Beug (Ϯ 2011) and Gabi Litos joined for dinner after an invited talk by Marike von Lindern in 2010.
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