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Foreword by the Director
The LBI-CR operates since 12 years and it is one of the internationally visible Austrian science institutions for cancer research.
Many years of translational cancer research are completed and we can also look back on significant contributions which were
published in 2016. The institute has consolidated its scientific output on a high level with considerable support from third
party funds raised in increasingly competitive environment and relying on access to expensive infrastructure which is
achieved in collaboration. Groups from the LBI-CR pioneer new therapies and they are actively engaged in exploring and
testing lead structure development to find inhibitors to interfere with core cancer pathways, performed in research
programs with international networks.
The LBI-CR is currently integrating more and more into medical research performing universities in Vienna. Thus, the LBI-CR is
undergoing restructuring to support the integration scenario with the Medical University Vienna and the University of
Veterinary Medicine, Vienna. We continue international networking and collaborations with a main focus on comparative,
molecular and experimental pathology. Models that faithfully recapitulate the situation in cancer patients and that are
suitable to explore core cancer pathways known to drive disease processes and strategies to interfere with their function are
in focus. 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.”
We were able to keep the momentum despite that the institute is integrated into the universities and LBG funding is winding
down, which is compensated also by university commitment. In the future, excellent cancer research done in Austria from
LBI-CR researchers will be performed at the medical research performing universities. Group leaders from the LBI-CR
participate in teaching, perform regularly voluntary reviewer jobs and serve as critical evaluators for international cancer
research projects, which provides evidence for positive career development due to the institute. Several young PhD students
are currently finishing their PhDs, prepare for post-doctoral training. Most importantly they did achieve in many cancer
research topics significant first author publications in 2016 published in international research journals.
Cancer research is spearheaded by the technological advances of modern biosciences. The LBI-CR was successful in 2016 in
attraction of several network grants both sponsored from EU and FWF that allows both for infrastructure and technology
support. The success of the LBI-CR is further 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 institutions and the company TissueGnostics the LBI-CR successfully establishes novel insights how cancer is
initiated, progresses, can be recognized and how we can treat it.
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
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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: After an unusually successful year 2015, the LBI-CR reports on successful
consolidation of its scientific output on a high level. With 33 publications, 30% funding rate by third
party grants and 1.8 M€ external funds raised, the LBI-CR continues to meet very high standards in
important output measurements. This outstanding performance is due to the increasing recognition of
the key researchers in their fields, the excellent research environment the partners are providing for
more than 12 years and the long-term commitment of the LBG towards the key researchers.
Organizational Goals: The organizational goals are implemented by the director Richard Moriggl with
the support of the research manager Stefan Grünert and all key researchers. The institute’s
integration into medical university structures of Vienna is well under way. The budgetary outlook is
positive thanks to ongoing commitments by the two Partner universities, which have made
considerable contributions towards equipment and infrastructure. In 2016 the institute derived 30%
of its budget from external sources and key researchers acquired a record breaking amount of
external funds, increasingly through their university affiliations. This will ensure all key researchers will
have substantial resources available to continue their ambitious research programs also beyond the
existence of the institute.
Lukas Kenner and Richard Moriggl have initiated a histopathology platform at the VetMedUni, which is
supported by considerable equipment and personal investment by the university. In collaboration with
TissueGnostics this set-up provides access to extensive histological analysis, immuno-staining and
fluorescence through the LBI-CR as core of an inter-university platform to integrate the expertise of all
key researchers. To strengthen this platform also financially a COST-proposal was initiated to provide
funded access to this platform for an international target audience.
Maintaining critical mass in this phase has been a major concern, which is ensured by continued
investment into the research team of Florian Grebien. Based on his outstanding performance, Florian
Grebien applied at leading academic institutions, which has been fully supported by the institute’s
leadership.
Scientific Goals: Since its foundation the LBI-CR follows the ambitious long-term objective to
strengthen Austrian excellence in cancer research. The scientific output of 33 publications with 212
impact factor points was close to the historic high reached in 2015. Moreover, we are proud to report
that eleven of the piblications in 2016 were published with senior authors from the institute.
Therefore the scientific output has been consolidated at a very high level.
Besides publications the sustained success of the key researchers to attract third party funds is an
important scientific goal, which provides leverage for the institutes base funding. The institute has
now reached a contribution of 30% or 677.000 € by third party funding to its annual budget. This is an
all time high reflecting the increasing recognition of the key researchers in their respective fields,
which is also illustrated by the unprecedented 1.8 M€ funds raised in third party funds in 2016.
One of the foremost tasks of the institute is the training of new scientific personnel, who can excel in
academia or industry, which the institute continues to fulfill in ever closer interaction with the Partner
universities. With 18 PhD students who are performing their research in a stimulating and challenging
environment the institute continues to fulfill this task. But it also includes an increasing commitment
of the endowed professors to teaching and other duties at the Partner universities.
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Group leaders of the LBI-CR at the Annual Meeting 2015 in Seggau (image courtesy P. Look).

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, however 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
support clinical oncology to defeat the disease through an improved knowledge basis.

v

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

1 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 as pre-clinical test and model systems to improve our understanding of 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 and explores
molecular insights how an increasing incidence of cancer can be tackled. This provides a strong focus
on oncogenic or tumor suppressor gene signaling pathways of this Austrian center of excellence
dedicated to mechanistic cancer research. Thus the LBI-CR contributes in particular to clinically
relevant research supported by hard work of our employees in many national and international
network collaborations.
The LBI-CR establishes novel insights into the etiology of cancer using translational models, which are
a study subject for diagnostic and therapeutic approaches. Based on the outstanding scientific
performance of the institute, it has achieved the commitment to integrate its research program into
the Partner universities as a collaborative platform. “The institute’s integration into medical university
structures of Vienna is well under way,” reports 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.

1.1.2 Organizational Goals
The organizational goals are implemented by the director Richard Moriggl with the support of the
research manager Stefan Grünert and all key researchers.
The budgetary outlook is positive thanks to ongoing commitments by the two Partner universities,
which have made considerable contributions towards equipment and infrastructure. This negotiated
support provides the means to focus LBG funding on the minimal but highly effective administration
maintaining sufficient infrastructure for mice and to promote the junior group, without jeopardizing
other research activities. In 2016 the institute derived 30% of its budget from external sources and key
researchers acquired a record breaking amount of 1.6 M€ external funds, increasingly through their
university affiliations. This will ensure all key researchers will have substantial resources available to
continue their ambitious research programs also beyond the existence of the institute.
Lukas Kenner and Richard Moriggl have initiated a histopathology platform at the VetMedUni in 2015,
which is now fully operational and supported by considerable equipment as well as personnel
investment by the university. 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 set-up therefore provides access to
extensive histological analysis, immunostaining and fluorescence is now available through the LBI-CR
as core of an inter-university platform integration the expertise of all key researchers. The
commitment and full integration of Lukas Kenner and Richard Moriggl into the faculty at the
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VetMedUni is reflected by the launch of a new Master’s Program entitled “Comparative Biomedicine Key Pathways in Infection and Cancer”.
Maintaining critical mass in this phase has been a major concern, which is ensured by continued
investment into two PhD students and material costs to support the development of the ambitious
research program of Florian Grebien within a starting package. The research program of the LBI-CR
requires increasingly the generation of large data sets and also the comparative analysis with
extensive data collections available online. Therefore the institute has now invested into the
bioinformatics infrastructure and with Frank Ruge a researcher was employed serving Richard Moriggl
and Florian Grebien under supervision of Thomas Eder. Based on his outstanding performance Florian
Grebien submitted a competitive application for tenured positions, which has been fully supported by
the institute’s management.

1.1.3 Scientific Objectives
Since its foundation the LBI-CR follows the ambitious long-term objective to strengthen Austrian
excellence in cancer research. Amongst the 34 publications of the institute, which were published in
2016 we are proud to report that eleven were published with senior authors from the institute. The
high quality of our scientific staff and their training is illustrated by the numerous awards PhD students
regularly collect at national meetings, including the Health Sciences Meeting and the German Society
for Pathology. To pay tribute to the changing requirements in cancer research and exploiting the
expertise of his research team, Florian Grebien is expanding the bioinformatics with Thomas Eder and
Frank Ruge.
Since its foundation the LBI-CR follows the ambitious long-term objective to strengthen Austrian
excellence in cancer research. The scientific output of 34 publications with 222 impact factor points
was close to the historic high reached in 2015. Moreover, we are proud to report that eleven of the
publications in 2016 were published with senior authors from the institute. Therefore, the scientific
output has been consolidated at a very high level.
Besides publications the sustained success of the key researchers to attract third party funds is an
important scientific goal, which provides leverage for the institute’s base funding. The institute has
now reached a contribution of 30% or 677.000 € by third party funding to its annual budget. This is an
all time high reflecting the increasing recognition of the key researchers in their respective fields,
which is also illustrated by the unprecedented 1.8 M€ funds raised in third party funds in 2016.
One of the foremost tasks of the institute is the training of new scientific personnel, who can excel in
academia or industry, which the institute continues to fulfill in ever closer interaction with the Partner
universities. With more than 16 students who are performing their research in a stimulating and
challenging environment the institute continues to fulfill this task. But it also includes an increasing
commitment of the endowed professors to teaching at the Partner universities.

1.3 Output Measures
As quantitative parameters of scientific output which can be measured easily remain an unresolved
issue, scientific output has traditionally been assessed using peer review in the form of evaluations
from established experts. The LBI-CR is proud of the evaluation results external advisors and our
scientific advisory board has provided in the past. We have greatly benefitted from all the advice and
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help these experts imparted throughout the years. While expert opinions remain an important
approach to evaluating scientific output, peer review is limited by its extensive use of ressources and
its subjective nature. But In the absence of good quantitative measures of scientific output, many have
settled for poor ones. Using the number of publications as a metric emphasizes quantity rather than
quality, when it is the latter that is almost always the value which indicates good research. Many still
turn to journal impact factors, but the misuse of journal impact factors in evaluating scientific output
has been extensively discussed.
The management of the LBI-CR is aware of the limitations of the output measures presented below in
terms of absolute numbers, but stresses their historic development as a useful indicator of a positive
trajectory the institute has displayed. We strongly believe returns on investments into research are
very slow and delayed. Thus a historic view about the institute’s development integrates a complex set
of information to provide a glimpse of our impressive overall scientific performance, which is enabled
by an effective research management. The positive development of the institute for publications and
third party funding is presented in the following sections. A summary of these data and their positive
trajectory is shown in Fig. 1.3.1, which displays the main output measurements, number of
publications, their impact factors and the amount of third party funding acquired. The annual
performance is put in relation to the historical average and a value of zero would indicate a
performance on the same level as the long term average. The data show a positive value for all three
parameters, which indicates a positive development for the entire period of the institute. With 28 out
of 32 data points 87.5% of the measurements have a positive value indicative of a sustained positive
trajectory of the institute’s output continuously improving on its own previous performance.

Figure 1.3.1 – Relative institute performance: The main output parameters the institute uses show a positive
development throughout the 12 years since foundation of the institute (x-axis), when the annual output of the
relevant indicator is put in relation to the historical average. A value > 0 indicates outperformance of the current
year in comparison to the historical average.
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1.3.2 Publications

Figure 1.3.2 – Publications: The LBI-CR and others contributed to 34 publications in the last year, 31 of which had
an impact factor >3.

Key Researchers of the LBI-CR contributed to 34 publications in peer reviewed journals with a
cumulative impact factor of 230. Of these publications eleven were led by key researchers from the
LBI-CR and eight of these achieved an IF > 3. Of the total list of publications 24 reached an IF > 5 and
31 an IF > 3 with a combined IF of 222 (Fig. 1.3.2 and 3). The average impact factor of all publications
with an IF > 3 reached 7.1 per publication in 2016, below the long term average, which is 8.9 (Fig.
1.3.4). The graphs below display the historical development of the publication related output
measures, which provide evidence that in 2016 the institute consolidates its output on a high level
since achieving an all-time high with regards to several publication related output-parameters in 2015.
While the average impact of publications has decreased, breaking a positive trend in recent years, this
fact might reflect stabilization at an average level around 8 IF points for publications by the institute,
which could not be reached in 2016. Historically the institute has now contributed to 209 publications
with an IF > 3 accumulating 1,867 IF points. In summary we conclude that the scientific output of the
institute as measured by publications remains a significant Austrian contribution to the field.
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Figure 1.3.3 – Total Impact Factor: The 31 LBI-CR contributions with an IF > 3 obtained a total of 222 impact
factor points, which is an indicator for the continued high quality of research performed at the LBI-CR.

Figure 1.3.4 – Average Impact Factors: An average Impact Factor of 7.2 was obtained by the 30 LBI-CR
publications with an IF > 3. The long term average IF of all publications of the institute lies at 8.9. 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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Citation analysis is quantitative and verifiable information on scientific output of an author based on
the votes of many experts, such as authors of scientific papers. Citations are thus an important
measure of how much impact a particular article or author has had, by showing which other authors
cited the work within their own papers. The h-index is one specific method utilizing citation analysis
to determine an individual’s impact in his field. The process whereby the impact or "quality" of an
article is assessed by counting the number of times other authors mention it in their work. Citation
analysis involves counting the number of times an article is cited by other works to measure the
impact of a publicaton or author.
In Figure 1.3.5 we show the h-index for the key researchers as it was available on Google Scholar on
February 28, 2017. With Richard Moriggl and Lukas Kenner, who both have citations beyond 7,800
and 6,100, respectively, the two major researchers at the LBI-CR have a considerable score for their
career stage. Florian Grebien has more than 1,300 citations already, which is expected to build up as
soon as his first significant publications will be published from his independent research program he
conducts at the LBI-CR so successfully.

Figure 1.3.5 - h-index of key researchers: All key researchers show a positive development or consolidation on an
impressive level in recent years (as provided by Google Scholar on February 2017).
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1.3.3 Third Party Funding
Third party funding substantially supports core funding from the LBG GmbH and the Partners. It
provides leverage for this financial investment and supports the expansion of the existing research
portfolio and know-how. Overall staff of the LBI-CR raised funds of more than 1.8 M € in 2016, which
is an all time high (see Fig. 1.3.6). However, only 0.56 M€ were raised under the LBI-CR affiliation due
to impeding end of the institute. This brings the amount of external funds raised for the institute to
more than 7 M€. Throughout the funding phase approximately 4.8 M € have been spent from these by
the end of 2016, thus some 2.2 M€ of third party funds remain at the disposal of the key researchers
for the remainder of the institute’s operational time. Since 2005 the LBI-CR had an increasing amount
of external funds available for its operation, which has now reached 30% of the annual budget
amounting to 0.665 M€ spent in 2016.
In 2016 key researchers at the institute submitted 8 proposals under the partner affiliation, of which 2
remain under review. Of the evaluated 6 proposals 50% (3) were successful: two “Industrienahe
Dissertationen” of the FFG (100.000 € each) and a renewal of the “Melanoma” donation now in the
area of cancer metabolism (360.000 €). Furthermore, Lukas Kenner obtained an FWF stand alone
grant and Richard Moriggl participated in successful bids for a new FWF funded SFB as well as a
renewal of SFB-F47 under university affiliations. The two pending proposals are a resubmission for an
initial training network (ITN) by Florian Grebien and a submission to the COST-program by Richard
Moriggl. In addition applications for fellowships with Leukemia and Lymphoma Society, EMBO and
MCSA were submitted, but without success.
The funding rate of the institute budget through third party grants has increased consistently since the
foundation of the institute and provides the most impressive indication of its positive development
(see Fig. 1.3.7). In 2016 the annual budget was supplemented by more than 677.000 €, which
corresponds to 30%. This number constitutes an all time high in relative as well as in absolute
numbers for the third time in a row, the positive development only interrupted in 2013, reflecting the
impact of Robert Eferl’s transfer to the MUW.
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Figure 1.3.6 – Acquired third party funding: Grants acquired per year by key researchers of the institute has
reached an all-time high in 2016 with 1.8 M €, however due to the impeding termination of the institute only
0.56 M€ was raised under the LBG affiliation (white dotted line). Grants acquired through university affiliations
were ignored in previous years.

Figure 1.3.7 – Used third party funding: Financial resources from grants available to the institute have
continuously increased in absolute numbers throughout the existence of the LBI-CR (histogram, light green) and
the relative contribution to the overall budget has now reached 30% (solid line, dark green).

8

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

1.3.4 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.
The project was successfully concluded in February 2016 and a new consortium formed to analyse
genomic landscapes, in which Richard Moriggl participated under his VetMedUni affiliation. This
project was granted and will be initiated in 2017 as SFB-F61 entitled “Monarchies and Hierarchies in
Shaping Chromatin Landscapes”.

FWF SFB-F47 Myeloproliferative Neoplasias (Moriggl)
The consortium of the SFB F47 is comprised of research teams from six different research institutions.
This research program focuses on the pathogenesis and development of new therapeutic strategies
for myeloproliferative disease that constitute the research focus. After the initial phase will come to
an end in February 2017, a successful renewal will be initiated for Richard Moriggl under his
VetMedUni affiliation.
Richard 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.
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Figure 1.3.8 - SFB F47: This research consortium focusses on myeloid proliferative neoplasias (MPN) and follows
a strategy as outlined above.

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 until August 2017 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 and high levels of bile acids. 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. Further investigations demonstrated that hepatocytes lacking the GH
receptor are more susceptible to bile acid induced apoptosis, which may contribute to the observed
phenotype. Interestingly, the fibrosis observed in Ghr-/-;Mdr2-/- mice did not progress to
hepatocellular carcinoma. Indeed, we have found that mice lacking of GHR are protected from liver
tumors. Thus, GH signaling protects from the development of liver fibrosis, but it is essential for liver
tumorigenesis. We are currently investigating the molecular mechanisms underlying these
observations, aiming to understand this double role of GH signaling in liver diseases and to develop
new treatments for liver fibrosis and cancer based in the GH signaling pathway.
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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 and metastasis development. Tumor recurrence in metastatic diseases and therapy
resistance arises from metabolic reprogramming of cancer cell functionally driven by the activation of
oncogenes or the loss of tumor suppressor genes. Metformin is currently the most widely used
glucose-reducing drug prescribed to millions of people worldwide, and also frequently to diabetic
prostate cancer (PCa) patients. Metformin exerts antineoplastic effects, induces metabolic
reprogramming and leads to decreased tumor nicotinamide adenine dinucleotide (NAD+). We could
show that the administration of metformin in an androgen receptor (AR)-sensitive PCa suppressed
tumor progression and was clearly dependent on the signal transducer and activator of transcription 3
(STAT3) and on alternate reading frame protein (ARF) axes. However, AR-independent PCa acquired
metformin resistance, formed enlarged tumors and showed an increased proliferation accompanied
by high expression of MYC and loss of liver kinase B1 (LKB1). Genetic inactivation of the phosphatase
and tensin homolog (PTEN) in prostate epithelium triggers the induction of LKB1 in a STAT3dependent manner. In contrast, deletion of STAT3 promotes loss of LKB1, resulting in oncogenic MYC
overexpression and metastatic formation. These findings implicate an important role of LKB1 in
metabolic reprogramming of metastatic PCa and highlight STAT3 and LKB1 as key regulators of cancer
metabolism and potential prognostic markers of resistant PCa.

ERC Starting Grant: ONCOMECHAML (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.
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Figure 1.3.9 – The concept of ONCOMECHAML: The ERC starting grant aims to explore oncogenic mechanisms of
AML-fusionproteins in an innovative three step dicovery pipeline.

We hypothesize that common oncogenic mechanisms of fusion proteins are encoded in physical and
genetic cellular interaction networks that are specific to MPT families. In this proposal, we set out 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. We have started to characterize protein
interactomes and their effects on gene expression of MPT families by AP-MS. We have also developed
mouse models for constitutive and repressible fusion protein expression. We are using RNA-seq to
interrogate global effects of fusion protein expression on gene expression in these models. In parallel,
we have continued the validation of first high-confidence hits from initial loss-of-function screens in
mouse models and primary cells from AML patients. In summary, we are well on track to generate
large informative datasets and novel experimental systems that are of relevance for basic and clinical
cancer research. Thus, the project will further contribute to improved understanding of oncogenic
mechanisms, which may directly impact on diagnostic and therapeutic strategies in the management
of AML.

FFG “Industrienahe Dissertation 2015”: STAT3/5 inhibitors (Moriggl)
Accumulating evidence suggests that STATs are tumor promoters, but can also serve as potential
tumor suppressors in a tissue specific context. Therefore, renewed focus shifts towards the functional
details of transcriptional activation by STATs and the different complexes they can participate to
regulate gene activation. With the identification of selective and effective STAT3/5 inhibitors, we will
thus not only contribute to the development of a new generation of targeted drugs, but we will also
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support functional studies into the mechanistic details of STAT gene activation, which holds the
potential to develop even more specific and less toxic compounds for clinical application.
This specific project exploits the interface of the functional analysis of oncogenes in clinically relevant
model systems and medicinal chemistry of novel STAT inhibitors through a cooperation between the
LBI-CR and University Toronto. It exploits a library of lead STAT3/5 inhibitors, targeting the SH2
domain of the protein, which will extensively be validated in vitro and in vivo on PTCL and AML models
in regard to their mechanism of binding and action. Furthermore, combinatorial effects of selected
STAT3/5 inhibitor with FDA approved drugs, especially tyrosine kinase inhibitors (TKIs), will be
evaluated aiming to find a possible mechanism to overcome drug resistance and off target effects of
such drugs. Besides the SH2 domain of STAT5, also other domains, such as the N-terminus, represent
attractive targets. Thus we also aim to target the STAT5 N-terminus in a high throughput and high
content compound screen. This will lead to a better understanding of the function of the N-terminus
on STATs in tumor development and progression and displays a new approach of STAT transcription
factor targeting. It therefore may harbor a significant commercial potential.

H2020 Initial Training Network (ITN): Alkatras (Kenner)

Fiure 1.3.10 - The PhD-students of ALKATRAS: Group picture at the first workshop on “New Technologies in
Genome Analysis“ at CEITIC in Brno.

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
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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.
For the ALKATRAS ETN Ines Garces de los Fayos Alonso was recruited to investigate the impact of AP-1
on ALK dependent tumorigenesis in vivo. The AP-1 transcription factors cJun and JunB are
downstream effectors of ALK signalling and can directly target PDGRFB. We work on the assumption
that the ALK/AP-1/PDGFRB signalling axis plays an essential part in interactions between tumours,
inflammatory and stromal cells in ALK+ tumours. Using transgenic NPM-ALK lymphoma and EML4-ALK
NSCLC mouse models with conditionally deleted PDGFRB in stromal cells, in vitro 3D co-culture and
primary patient samples we aim to investigate the crosstalk between the tumour and
microenvironment of ALK+ tumours. This might identify transcriptional targets regulated by the
tumour-stroma interaction, which we will validate for their functional contribution to the oncogenic
phenotype and assess the clinical relevance of selected targets. We therefore hope to elucidate the
biological function of PDGFRB for the tumour-stroma crosstalk in ALK+ tumours and to develop novel
biomarkers for tumour dissemination with the potential to refine therapy regimes for ALK+ tumours
including PDGFRB inhibitors.

H2020 Research and Innovation Action (RIA): EAVI2020 (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 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

Figure 1.3.11 – EAVI2020 kick-off: Imperial College hosted EAVI2020‘s kick-off meeting in London on Thursday
26th November 2015.
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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.
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1.3.4 Scientific Events

Figure 1.3.12 – LBG-Weinherbst: Impressions of the annual gathering of the science community in the Raiffeisen
building, which LBI-CR members use effectively for networking.
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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 and 2015 the
meeting 2016 was held for the third time in Vienna. This meeting was held in conjunction with the
ALKATRAS ITN, which was formed from the core of the ERIA initiative and brought together the early
stage researchers as well as established researchers in the field. The meeting was opened by Rector
Markus Müller of the MUW and organized by Gerda Egger, Olaf Merkel and Lukas Kenner.

Figure 1.3.13 – ERIA-Meeting: Group Picture from the ERIA meeting 2016 in Vienna at “Billroth House”

Annual LBI-CR Meeting at VetMedUni
The annual meeting 2016 was organised in cooperation with the University of Veterniary Medicine to
mark the new Master Study Program on Comparative Biomedicine, which was launched in fall 2016
with a two-day meeting on “Key Pathways in Infection and Cancer”.
To raise synergies in education and research a new generation of MSc students will be trained under
the principle of “One Health – One Medicine”, which was initiated with significant contributions from
the endowed professors Kenner and Moriggl. To establish an attractive program for this multidisciplinary endeavour multiple institutes of the VetMedUni campus have joined forces with the
Ludwig Boltzmann Institute for Cancer Research. We see this approach in the tradition of the pioneer
of comparative pathology, Rudolf Virchow (1821-1902). His visionary comment "Between animal and
human medicine there is no dividing line – nor should there be. The object is different but the
experience obtained constitutes the basis of all medicine", serves as inspiration for us to contribute to
modern biomedicine. We look back on a successful meeting with outstanding international and
national proponents of the field and thank our external speakers, who made the meeting attractive.
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Figure 1.3.14 – Impressions from the Annual LBI-CR Meeting 2016: The scientific advisory board attended the
annual meeting, which was held in cooperation with the VetMedUni. The two day meeting had an extensive list
of national and international speakers (see program overleaf).
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Workshop on modeling and targeting cancer

Figure 1.3.15 – Scientific Highlights: Tom Look joined the meeting as special guest to make the gathering
attractive for a wider audience (top), Richard Moriggl and local organiser Marcin Majka (bottom, right) discuss
the COST action over dinner.

Richard Moriggl and Stefan Grünert together with local host Marcin Majka and others (see Fig. 1.3.15),
organized a workshop in Cracow on October 26 to bring together some of the leading researchers in
STAT signaling from Europe to explore synergies and funding opportunities. The fruitful discussions
quickly settled on modern targeting strategies and Stefan Grünert introduced at the end of the day
the concept to apply for a networking activity through the COST program. The benefits of developing
better collaborations based on the access of common tools and compounds but also the support for
young researchers to tackle ambitious research questions in targeting transcription factors were
identified as important areas of activity. Based on the workshop an extensive international network
was formed with the leadership of the LBI-CR and Richard Moriggl, resulting in a COST initiative which
was successfully submitted in December 2016.
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Figure 1.3.16 – Program booklet: Speakers at the WARSAW workshop included 10 researchers from 6 countries.
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Scientific Retreat of Team Grebien
Building on their previous expertise the members of the Grebien team explored new perspectives for
future work. Focus was placed on the potential of the team beyond logical continuations of present
work, prospects for complementary new experimental approaches addressing burning research
question with attractive state-of-the-art technologies. The entire retreat took part in a relaxed and
stimulating atmosphere, which favoured scientific discussions beyond the regular exchanges in the
lab. Moreover several suggestions for reorganizing the lab were discussed and several successfully
implemented for a more efficient work-flow, which also benefitted the other teams on site.

Figure 1.3.17: The team of Florian Grebien in Innsbruck on their retreat in September 19.- 21.09.2016

1.4 Scientific Highlights
As every year the researchers at the institute with their technical expertise contributed to numerous
collaborative projects, which is reflected by the large number of publications to which our junior
researchers are contributing. In addition, researchers follow their main projects, which usually require
several years of dedicated work. These usually result in publications with senior authorships from our
staff and are frequently the highlight of a young researcher’s career. Some of these outstanding
projects, which came to fruitition in 2016, are highlighted below:
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1.4.1 Successful quest for origin of Ewing Sarcoma

Figure 1.4.1 – Ewing Sarcoma: Section analysis with specific colorimetric staining or specific antibody immunehistochemical (IHC) staining of limb elements (consecutive sections) from wildtype and EFPrx1 embryos (E14.5)
is shown.

Researchers across the world have tried for many years but failed to develop a suitable model for
Ewing sarcoma. The PhD student Tahereh Javaheri in close cooperation with St. Anna
Kinderkrebsforschung has now achieved this task. Her results describe how the oncogene EWS/FLI1
has been successfully integrated into the correct precursor cells. Thus, aggressively metastasizing
tumors develop, which resemble the human disease. The clinically relevant animal model will be used
in the future to advance new therapies.
Ewing sarcoma is caused by two chromosomes breaks, which fuse to form a novel gene giving rise to
an oncogenic gene product. The Ewing Sarcoma and one particular fusion gene (EWS/FLI1) has been
intensively studied for several years at St. Anna Kinderkrebsforschung. Using modern genetic and
molecular biology methods, it is now possible to introduce any gene and switch them on or off at the
desired time in the cells of choice. But the original cell giving rise to Ewing has remained elusive, but
scientists had long suspected that a bone stem cell (a precursor cell for bone and cartilage formation
and other tissue) triggers this tumor. Javaheri introduced the EWS/FLI1 fusion gene into transgenic
mice under the control of a promotor specific for bone stem cells. These mice had severe defects after
birth, because bone and cartilage growth was blocked. A more accurate analysis revealed that the
stem cells with the fusion gene are blocked in their differentiation. The activation of EWS / FLI1 is toxic
to many cells, so the further direction was specified. "We initially assumed that the fusion gene in the
right cells should be sufficient to trigger cancer. We thus decided to protect the EWS / FLI1 stem cells
from programmed cell death," says Javaheri. The researchers thus combined the EWS / FLI1 fusion
gene with a gene that prevents from cellular suicide. By blocking apoptosis, the researchers were able
to protect the precursor cells of the Ewing sarcoma, which could develop with a high penetrance into
tumors resembling the human Ewing sarcoma. It was thus possible to prove that the bone stem cells
are indeed giving rise to Ewing sarcomas. The first promising steps to use this model to test novel
therapies are already reported in the recent publication.
Publication:
Javaheri T, Kazemi Z, Pencik J, Pham HT, Kauer M, Noorizadeh R, Sax B, Nivarthi H, Schlederer M,
Maurer B, Hofbauer M, Aryee DN, Wiedner M, Tomazou EM, Logan M, Hartmann C, Tuckermann JP,
Kenner L, Mikula M, Dolznig H, Üren A, Richter GH, Grebien F, Kovar H, Moriggl R. Increased survival
and cell cycle progression pathways are required for EWS/FLI1-induced malignant transformation. Cell
Death Dis. 2016 Oct 13;7(10):e2419.
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1.4.2

Stress hormones accelerate
overweight and diabetes

age-related

development

of

Figure 1.4.2 – Glucocorticoids impact on fat metabolism: The fat cells (left) are considerably bigger after a high-fat
diet in wild-type mice, than those of the mice with deactivated GR receptors (right), in which the cortisolinduced stress signal is blocked.

Glucocorticoids are also referred to as stress hormones and are important for the mobilization of
energy, which is crucial in case of dangerous situations such as infections or long periods of food
shortages. The hormones coordinate the complex interaction between the brain, glands, fat deposits,
the liver or even the muscle tissue. Hormones can cause major changes in metabolism, for example,
the typical increase in weight in old age, accompanied by liver fatigue or sugar, may be a result of
altered hormone levels.
Kristina Müller from the Richard Moiggl team and coworkers found that a reduced signal of stress
hormones in fat cells leads to slimmer old mice and prevents age diabetes. Their study used mice
whose fat cells lacked the glucocorticoid receptor. After a hunger period the attenuated stress
hormon response leads to the loss of energy reserves from fat cells, but since fat could not be
mobilized, fat cells became enlarged and a fundamental disturbance of the entire metabolism was
observed. A surprising consequence was that the mice were less overweight than similar animals after
a particularly fat-rich diet. Even in old age, the mice showed a markedly reduced body weight without
stess hormone response in fat cells.
Publication:
Mueller KM, Hartmann K, Kaltenecker D, Vettorazzi S, Bauer M, Mauser L, Amann S, Jall S, Fischer K,
Esterbauer H, Müller TD, Tschöp MH, Magnes C, Haybaeck J, Scherer T, Bordag N, Tuckermann JP,
Moriggl R. Adipocyte Glucocorticoid Receptor Deficiency Attenuates Aging- and Hfd-Induced Obesity,
and Impairs the Feeding-Fasting Transition. Diabetes. 2016 Sep 20. pii: db160381. DOI: 10.2337/db160381
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1.4.3 Reduced mobilization of fat contributes to metabolic health

Figure 1.4.3 – Metabolic health: Mice missing STAT5 are metabolically "healthier" and remain insulin sensitive.

Excess energy is stored in form of fat deposits all over the mammalian body, which are affecting
general health in many ways. Aberrant fat mobilization can contribute to the development of
metabolic diseases such as insulin resistance and type 2 diabetes. Fat is mobilized as soon as the body
needs energy in a process called lipolysis, the biochemical mining of this energy storage. The
transcription factor STAT5 plays an unexpectedly important role in adipose tissue function, which is
critical for the energy balance of the whole body.
Mice lacking STAT5 in fat cells have a markedly reduced ability to mobilize fat stores. As a result,
STAT5-deficient mice have a higher body fat content than normal mice. The researchers were able to
demonstrate that STAT5 is involved in the gene regulation of the lipid-cleaving enzyme ATGL. Thereby,
a new mechanism that contributes to the regulation of fat depot catabolism was discovered.
Despite the increased body fat content, both young and elderly mice with missing STAT5 are
metabolically "healthier" and remain insulin sensitive. This might be attributed to the reduced
products of lipolysis in the blood. When fats are mobilized the bloodstream is full of free fatty acids,
which are known to contribute to the development of insulin resistance in higher concentrations. The
study thus provides a basis for further research into the extent to which the inhibition of STAT5 in
adipose tissue might constitute a possible therapeutic intervention for diseases such as diabetes or
coronary heart and cardiovascular disease.
Publication:
D. Kaltenecker, K. M. Mueller, P. Benedikt, U. Feiler, M. Themanns, M. Schlederer, L. Kenner, M.
Schweiger, G. Haemmerle and R. Moriggl, Adipocyte STAT5 deficiency promotes adiposity and impairs
lipid mobilisation in mice, Diabetologia (2017) 60: 296. doi: 10.1007/s00125-016-4152-8
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1.4.4 ETV6/RUNX1 and BCL2 cooperate in glomerulonephritis

Figure 1.4.4 – Cooperation of ETV6/RUNX1 and BCL2: 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.

The translocation which generates the ETV6/RUNX1 fusion gene represents the most frequent
chromosomal rearrangement in childhood leukemia. But additional genetic alterations are required to
cause transformation as ETV6/RUNX1 alone is usually not sufficient for leukemia. In an ETV6/RUNX1
transgenic mouse model where the expression of the fusion gene is restricted to CD19-positive B cells,
we have now analysed BCL2 family members for their role in leukemogenesis. Strikingly, co-expression
of ETV6/RUNX1 and BCL2 resulted in significantly shorter disease latency in mice, indicating oncogene
cooperation. This was associated with accelereated follicular B cell lymphoma and exacerbated
immune complex glomerulonephritis. ETV6/RUNX1-BCL2 double transgenic animals displayed
increased B cell numbers and immunoglobulin titers compared to Vav-BCL2 transgenic mice. This led
to pronounced deposition of immune complexes in glomeruli followed by accelerated development of
immune complex glomerulonephritis.
Interestingly, renal infiltration resulting in kidney enlargement was reported for up to 47% of children
diagnosed with ALL. Similarly, renal involvement in lymphoma is frequently observed, lymphoma
infiltration into the kidney in rare cases even causes acute renal failure. However, although a possible
link between a genetic predisposition factor in the pathogenesis of autoimmunity and leukemogenesis
has been recently proposed, we are not aware of any case reports for ETV6/RUNX1+ leukemia patients
associated with autoimmune disease (and/or glomerulonephritis). Nevertheless, it is tempting to
speculate that in follicular lymphoma patients (which typically display BCL2 overexpression) with
strong kidney infiltration ETV6/RUNX1 target genes could be involved. In addition, as the ETV6/RUNX1
fusion is frequently observed in newborn children, individual autoimmune or immune complex
glomerulonephritis patients harboring the ETV6/RUNX1 fusion (in plasma B cells) could exist exhibiting
an aggravated glomerulonephritis phenotype.
Our study reveals a previously unrecognized synergism between ETV6/RUNX1 and BCL2. Patients with
autoimmune phenotype should thus be screened for the presence of the ETV6/RUNX1 fusion, as a comorbidity of malignant disease and autoimmunity is possible.
Publication:
Bauer E, Schlederer M, Scheicher R, Horvath J, Aigner P, Schiefer AI, Kain R, Regele H, Hoermann G,
Steiner G, Kenner L, Sexl V, Villunger A, Moriggl R, Stoiber D. Cooperation of ETV6/RUNX1 and BCL2
enhances immunoglobulin production and accelerates glomerulonephritis in transgenic mice.
Oncotarget. 2016 Mar 15;7(11):12191-205. doi: 10.18632/oncotarget.7687.
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1.5 Awards
Our students consistently compete successfully for national as well as international awards and we are
happy to report that in 2016 five such prizes were bestowed upon five different young researchers at
various occasions.

Figure 1.5.1 Awards: Luisa Schmidt received the “Best Abstract Award” in the category “Cancer Research” at the
third LBG Health Sciences Meeting. From left: Wolfgang Neurath (Bundesministerium für Wissenschaft,
Forschung und Wirtschaft), Luisa Schmidt (LBI-CR), Dejan Baltic (Merck), Emilie Brandl (LBG), Stuart Freeman
(FM4 Moderator) © LBG/Johannes Brunnbauer.
Name
Barbara Maurer

Award
Poster award in oncology by Austrian Society for Hematology and Medical
Oncology (OeGHO)

Prutsch Nicole

Young Investigator Award of the OeGHO, Vienna,

Luisa Schmidt

Best Abstract Award at LBG Health Sciences Meeting

Ha Pham

Best poster presentation at the 12th PhD-Symposium of the Young Scientists
Association of the Medical University Vienna
Novartis Award of the German Society for Pathology

Jan Pencik
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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 2016 five press releases were published in English and German about research from
the LBI-CR, which were taken up by print and online media. Some examples are shown in Fig. 1.6.1. To
support the uptake of research reports of the institute a twitter account was initiated, which is
maintained by S. Grünert. It currently has 72 followers and holds at more than 140 tweets (as of
February 27, 2017).

Figure 1.6.1 - Press reports: A small collection of press reports, which referred to the LBI-CR, which included
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Figure 1.6.2 – LBI-CR twitter account: The twitter account of the LBI-CR highlights each publication to increase
their visibility in the community and beyond. (The LBI-CR twitter account as of April 2016 had 76 followers and
published 156 tweets since its inception in 2016, mainly about scientific events and publications)
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1.7 Personnel
1.7.1 Personnel Status
In 2016 Emilio Casanova; Florian Grebien recruited; Lukas Kenner recruited; Richard Moriggl recruited;
Dagmar Stoiber-Sakaguchi recruited

Name

Entry Date

Comment

27.10.
2015

Program Line 1,
Dr. Stoiber-Sakaguchi
FWF P26011Project
Prof. Kenner

Aigner Petra, MSc.

PhD student

Aufinger Astrid, MSc

PhD student

01.07.201
6

Casanova Emilio,
Prof.Dr.

Key
Researcher

01.02.
2006

Program Line 2

Ebner Jessica, BSc

Diploma
student

17.11.
2015

Program Line 1,
Dr. Grebien

Bioinformati
cian

02.11.
2015

ERC Grant,
Dr. Grebien

Diploma
student

01.03.
2015

SFB F4707-B20,
Prof. Moriggl

03.01.201
3

SFB F4707-B20,

PhD student

12.09.201
3

Project Melanoma,

Biomedical
Scientist

10.01.201
4

Project Melanoma,

Garces Ines, MSc

PhD student

25.08.201
6

Alkatras-Project,
Prof. Kenner

Grebien Florian, Dr.

Key
Researcher

01.01.201
4

Program Line 1

Diploma
student

03.10.201
6

Origimm Projekt,
Dr. Stoiber-Sakaguchi

Eder Thomas, DI

Elabd Mohamed, BSc

Freund (Weiss)
Patricia, MSc

Greß Verena, BSc

PhD student

Change of
contract

since 02/2014
MUW Prof.

till February
2016

Prof. Moriggl

Prof. Moriggl

Prof. Moriggl
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Diploma
student

01.03.
2015

SFB F4707-B20,

PhD student

01.06.201
6

ERC Grant,
Dr. Grebien

Horvath Jaqueline

CTA

22.03.
2011

Program Line 1, Dr.
Stoiber-Sakaguchi;
MUW In-kind

Javaheri Tahereh,
MSc

PhD student

08.02.
2010

Kaltenecker Doris,
MSc

PhD student

Kenner Lukas, Prof.
Dr.

Key
Researcher,
Deputy
Director

01.09.
2005

since 02/2014
MUW Prof.

Komnenovic Sabine

Managemen
t Assistant

01.09.
2005

All three program lines

Till December
2016

Animal
technician

03.10.
2011

All three program lines

Till December
2016

Liberante Fabio, PhD

Post Doc

01.06.201
6

ERC Grant,
Dr. Grebien

Limberger Tanja, DI

PhD student

26.01.
2015

FWF P26011Project
Prof. Kenner

03.09.
2012

Program Line 1,

PhD student

01.03.
2014

SFB F2807-B20,

Diploma
student

09.11.201
6

Project Melanoma,

PhD student

02.11.
2015

Heyes Elizabeth, MSc

Kovacevic Adila

01.02.
2014

Till 31.05.2016
Prof. Moriggl

Program Line 1,
Prof. Richard Moriggl
SFB F2807 -B20,
Prof. Moriggl
Program Line 3

Prof. Moriggl

till February
2014

Maurer Barbara, MSc
PhD student

Matthias Medl

Mohrherr Julian, MSc

Prof. Moriggl

Prof. Moriggl
FWF-P25599-B19,
Prof. Casanova
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Director

Müller Lena, MSc

PhD student

22.08.201
6

Origimm Projekt,
Dr. Stoiber-Sakaguchi

Diploma
student

26.07.201
5

Project Melanoma,

Noorizadeh Rahil, BSc

PhD student

09.05.201
6

FFG 857935,
Prof. Moriggl

PhD student

01.12.201
2

Program Line 3, Prof.
Kenner

till October
2013

PhD student

01.11.201
3

FWF P26011Project
Prof. Kenner

till January
2016

Pham Thi Thanh Ha,
MSc

15.11.
2013

SFB F4707-B20,

PhD student

McMahon (Stiedl)
Patricia, MSc

PhD student

16.12.201
0

Program Line 2, Prof.
Casanova

till December
2016

Diploma
student

03.06.201
6

FWF-P25599-B19,

till September
2016

01.01.201
6

FWF-P25599-B19,

Orlova Anna, MSc

01.09.
2005

since 02/2014
MUW/VetMed
Uni Prof.

Moriggl. Richard
Dr.Univ. Doz, DI

Program Line 1

Prof. Moriggl

Pencik Jan, MSc

Post Mirte, MSc

Pranz Klemens, BSc

Diploma
student

Prof. Moriggl

Prof. Casanova

Prof. Casanova
Melanoma,

Ruge Frank, Dr.

Bioinformati 16.01.201
cian
7

Schmidt Luisa, Mag.

PhD student

Schmöllerl Johannes,
MSc

Spirk Katrin, BSc

PhD student

Diploma
student

Prof. Moriggl/Dr.
Grebien

01.04.201
4

Program Line 1,

01.04.201
4

Prorgram Line 1,

03.10.201
6

Melanoma,
Prof. Moriggl

Dr. Grebien

Dr. Grebien
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Stoiber-Sakaguchi
Dagmar, Dr.

Program Line 1

Key
Researcher

09.01.200
5

PhD student

27.08.201
2

Program Line 3,
Melanomproject

Postdoc

01.05.201
5

Program Line 3,
Melanomproject

PhD student

01.12.
2015

ERC Grant
Dr. Florian Grebien

Van der Veen Christa,
BSc

Diploma
student

18.03.201
6

ERC Grant
Dr. Florian Grebien

Wandruszka Laura,
MSc

Diploma
student

02.05.201
6

EAVI2020,

PhD student

01.01.
2014

Swoboda Alexander,
MSc

Terlecki-Zaniewicz
Stefan, MSc

Wingelhofer Bettina,
MSc

MUW in-kind

till December
2016

Prof. Casanova
SFB F4707-B20,
Prof. Moriggl
Florian Grebien,

Zboray Katalin, MSc

PhD student
PhD student

01.10.
2011
01.07.
2014

till June 2014
Prof. Casanova

FWF-P25599-B19
Prof. Casanova
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1.7.3 Personnel Development
Team Prof. Emilio Casanova
Supervision of the thesis of Mag. Dr. Beatrice Grabner, Dr. Katalin Zboray and Mag. Dr. Patricia Stiedl,
who completed their Dissertations. Current supervision of Julian Mohrherr (PhD) and Mr. Klemens
Pranz (Diploma), while Mag. Katalin Zboray has currently taken maternity leave.

Team Dr. Florian Grebien
Supervision of the PhD students Mag. Luisa Schmidt, Johannes Schmöllerl, MSc, Stefan TerleckiZaniewicz and Elzabeth Heyes and of MSc students Jessica Ebner and Christa van der Veen. In
addition, Dr. Grebien is co-supervising the PhD thesis of Anna Skucha together with Prof. Giulio
Superti-Furga at the CeMM, Vienna.

Team Prof. Dr. Lukas Kenner
Supervision of the PhD thesis of Astrid Aufinger, Ines Garces de los Fayos Alonso, Jack Liang, Tanja
Limberger and Nicole Prutsch as well as Master student Michael Kothmayer and Bachelor student
Carina Scherz.

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 Richard Moriggl group.

Team Dr. Dagmar Stoiber-Sakaguchi
Supervision of Master student Verena Greß, PhD students Petra Aigner, Msc. and Eva Bauer, who
completed her PhD in 2016.
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Figure 1.7.1- Institute Outing: Institute staff enjoyed a team building event organised by the PhD representatives
and went on 16.09.2016 for a day into the mountains with rafting at Palfau in the river Salza.
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1.7.4 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, 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, Molecular Therapy-Nucleic Acids, BMC cancer, Gut, Molecular cancer, Stem cell reports,
International journal of cancer, Oncotarget, Biotechnology and Genetic Engineering Reviews, Process
Biochemistry, National Research Development and Innovation Office (NKFIH). Lower Austria Research
and Education m.b.H.(NFB), ACS Synthetic Biology, Cancer Reseach, Research Grants Council (RGC) of
Hong Kong.PlosOne, Biotechniques, Frontiers in Biosciences, Hepatology, Journal of Hepatology.
Membership of the European Association for the Study of the Liver (EASL).
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Dr. Florian Grebien
Member of the Editorial Board of the Bosnian Journal of Basic Medical Sciences.
Reviewer for Science Signalling, Cell Death and Disease, Molecular immunology, Oncotarget, Journal of
Biotechnology, International Journal of Molecular Sciences. Grant reviewer for the „Fondation
Recherche Medicale“ (France). Abstract Reviewer for the 21st Congress of the European Hematology
Assocation (Acute Myeloid Leukemia – Biology)
Membership at the American Society for Hematology (ASH) and the European Hematology Assocation
(EHA).

Dr. Dagmar Stoiber-Sakaguchi
Expert opinion for Immunology Letters, Haematologica, Current Cancer Drug Targets, Oncotarget,
Frontiers in Immunology 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), the Austrian Association of Molecular Life
Sciences and Biotechnology (ÖGMBT) and the European Academy for Tumor Immunology (EATI).

1.8 Infrastructure
All Partners of the LBI-CR have their main facilities and work focus in Vienna. Main laboratory and
office space of the LBI-CR are located at a campus of the MUW in the 9th 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. Richard Moriggl has his entire research
group and Lukas Kenner part of his team at the campus of the Vetmeduni to reflect his increasing
commitment with this university.
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.

1.9 Financial Considerations
Maintaining the overall budget stable without jeopardizing the research program was the major goal
of the financial administration. This was achieved due to stringent restructuring in the past, successful
acquisition of third party funds and the considerable commitment of the Partner Universities Medical
University Vienna and University of Veterinary Medicine, Vienna. With the end of 2016 Adila Kovacevic
was transferred to the Medical University and restructuring of the finances was completed. The
financial outlook for the forthcoming period based on available funds is positive based on substantial
external funds, which key researchers have attracted at record levels in 2016 (see above). In 2016 this
enabled the institute to reach an outstanding quota of 30% of the annual budget financed by third
party funds. Thus, significant financial reserves are now available to support the transition of the five
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research teams into sustainable university positions without restrictions on the research program at
the currently reduced LBG contribution of 0.826 M€ annually.
As of the end of year 2016 for the remaining period until the closure of the LBI-CR in 2018, we have
available 2.8 M€ of cash contributions by LBG and Partner institutions. In addition, 2.2 M€ of financial
ressources derived from third party grants are accessible. This is calculated from 7.023 M€ third party
grants raised for the LBI-CR, of which we have used only 4.8 M€ by the end of 2016. Therefore, overall
we have 5.0 M€ available to fund research activities, which according to current planning require 4.5
M€ (See Fig. 1.10.1). The institute can thus look confidently towards the forthcoming period without
any financial uncertainty.
However, some of the third party grants finish beyond the lifetime of the institute and therefore not
all of these funds will be used up by the end of 2018. Moreover, we anticipate to transfer the grants
supported by the EU by mid-2018 to facilitate a seamless financial closure of the institute. While this
will have an impact on the projected numbers, this will however not affect research activities
negatively.
Transfer of research activities onto the Partner universities is gaining speed due to the increasing
number of third party grants raised under these affiliations. This will support the administrative
implementation of the institute’s closure by the end of 2018. Moreover, this will ensure reliable and
smooth transfer of the research programs onto the Partner universities without a gap in research
output. In summary, the LBI-CR can look forward to a stable transfer of research activities into the
universities at an unchanged level of research activity for the final two years due to a positive financial
outlook.

Figure 1.9.1 - Financial outlook: The total budget in recent years fluctuated between 2.0 and 2.4 M€ and is
expected to maintain this level for the remaining time, ensuring no restrictions of the research program during
the transition period. The personnel budget increased in 2014 due to the incorporation of the team of Florian
Grebien and the salaries of the endowed professorships and therefore resulted in a peak budget. The
proportional contribution of third party funds to the budget of the institute is continuously increasing in relative
terms.
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Figure 2.0 – LBG Research Program relies on extensive collaborations: The institute receives numerous visits
throughout the year from international collaborators, which is greatly aided by the financial flexibility the LBG
funding provides (next to Dagmar Stoiber-Sakaguchi is guest Pierre Sonveaux, UC Leuven).

2 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.
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Figure 2.0.1 – LBG Health Sicences Meeting: The biannual gathering of the health researchers of the LBG has
become not only a welcome opportunity to present recent progress and achievements, but also to expose
students to a stimulating scientific forum (Julian Mohrherr (EC), Thomas Eder (FG), Javaheri Tahereh (RM), Fabio
Liberante (FG), Luisa Schmidt(FG), Florian Grebien, from top left to bottom right).
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2.1 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

Casanova group members: Herwig Moll, Emilio Casanova, Julian Mohrherr and Laura Wandruszka (from left)

2.1.1 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).
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2.1.2 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. 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. 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, BCL2, 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; however, the role of STAT3 in
lung cancer in vivo has not yet been investigated. We have established a genetic mouse model that
allows induced 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).

Figure 2.1.1: IL8 inhibition reverts oncogenic effects of STAT3 ablation in KRAS tumors: (a) Mice were treated with
the CXCR2 antagonist SB225002 or vehicle control starting 1 week after tumor induction and euthanized after 5
weeks. Tumor area/lung area was quantified within each group and at least two sections of each lung were
stained with haematoxylin and eosin and analyzed in a blinded manner. Tumor grading is shown in the right
panel (n=4–7 mice per genotype). Data in both panels were analyzed by one-way ANOVA with Tukey’s multiple
comparison test and shown as mean ±s.e.m. Scale bar, 2 mm. (b) Tumor vascularization was quantified by CD31
counts per tumor area (mm2). At least 3 tumors per mouse were analyzed with n=4–7 mice per genotype and
treatment. Data were analyzed by one-way ANOVA with Tukey’s multiple comparison test and shown as mean
±s.e.m. Scale bar, 100 mm. (Kruskal–Wallis test with Dunn’s multiple comparison testing and shown as mean
±s.e.m. For all graphs: *P<0.05; **P<0.01; ***P<0.001)
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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. Indeed, treating mice harboring STAT3 deficient
tumors with an IL8 receptor inhibitor (SB 225002) abrogated tumor development in these mice. Our
results proposes a re-evaluation of STAT3 inhibitors as therapeutic strategies for KRAS-mutated NSCLC
and any inflammatory or fibrotic disease or cancer, as inhibition of STAT3 in vivo might bear the risk of
triggering malignant transformation of incipient pre-malignant cells harboring KRAS mutations within
the lung.

Bacterial Artificial Chromosomes

Figure 2.1.2: Bacterial artificial chromosomes improve recombinant protein production in mammalian cells.
Strategies for production of the anti-HIV-1 antibody PG9 as a complex protein model using BAC-based vectors.
(A) Schematic view of human IgG1PG9 antibody BACs constructs. In the case of BAC 10, BAC 20 and BAC 30
constructs, heavy chain (HC) and light chain (LC) expression units were inserted into the same BAC Rosa26 at
different locations 10, 20 and 30 kb apart from each other (example shows BAC 20). Lower panel, BAC LC and
BAC HC vectors: LC and HC expression cassettes were recombined into two independent BACRosa26 vectors.
Stable cell clones were generated by co-transfection of these two independent BACs (BAC HC/LC). BAC 2A and
BAC IRES: LC and HC expression cassette was inserted into a single BAC. LC and HC expression was linked by a
bicistronic mRNA using the FMDV 2A peptide or an IRES element. (D) Specific productivity in pcd of the 20 best
clones from 50 pre-screened clones derived from the BAC HC/LC, BAC 10, BAC 20 and plasmid HC/LC (p HC/LC)
stable cell pools. n = 2–4 independent transfections, error bars represent SEM.

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. Due to these
characteristics, BACs are largely used in the mouse transgenic field. Interestingly, these attributes
make the BACs very attractive expression vectors for recombinant protein production in mammalian
cells. 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. By using our BACexpression system, we could show a significant improvement in the production yields of single
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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 and in 2016 we obtained 650k from the Florian Grebien bridge program to produce
active glycosylated forms of IgA antibodies together with the “The Antibody Lab”. 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
BAC-expression system by performing an unbiased screening in CHO cells and identifying hot spots
which permit 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.

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. 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.
Unfortunately, mutated KRAS remains still an undruggable target (with the exception of some
promising small molecule irreversible blocker for the KRASG12C mutation), 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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2.1.3 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: BACbased 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.

2.1.4 Publications
1.

2.

Cuapio A, Post M, Cerny-Reiterer S, Gleixner KV, Stefanzl G, Basilio J, Herndlhofer S, Sperr WR,
Brons NH, Casanova E, Zimmer J, Valent P, Hofer E. Maintenance therapy with histamine plus IL-2
induces a striking expansion of two CD56(bright) NK cell subpopulations in patients with acute
myeloid leukemia and supports their activation. Oncotarget. 2016 Jun 21. doi:
10.18632/oncotarget.10191.
Svinka J, Pflügler S, Mair M, Marschall HU, Hengstler JG, Stiedl P, Poli V, Casanova E, Timelthaler
G, Sibilia M, Eferl R. Epidermal growth factor signaling protects from cholestatic liver injury and
fibrosis. J Mol Med (Berl). 2016 Aug 27. doi: 10.1007/s00109-016-1462-8.
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2.2 Florian Grebien
Integrating genomics, transcriptomics and proteomics to identify critical effectors
in leukemia
Name:
Title:
Date of Birth:
Nationality:
Institution:
Adress:
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
florian.grebien@lbicr.lbg.ac.at

Grebien group members: Thomas Eder (Bioinformatician), Fabio Liberante (Postdoc), Florian Grebien (Group
Leader), Christa van der Veen (Master Student), Elizabeth Heyes (PhD Student), Luisa Schmidt (PhD Student),
Stefan Terlecki-Zaniewicz (PhD Student), Anna Skucha* (PhD Student), Johannes Schmöllerl (PhD Student),
Jessica Ebner (Master Student) (from left), * jointly supervised with Prof. G. Superti-Furga, CeMM Vienna

2.2.1 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 large-scale 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.
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Florian Grebien’s group is employing novel transgene expression systems in combination with cuttingedge 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. 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.
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.
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 program (grant
agreement No. 636855). In addition, we obtain funding from the FFG (Austrian Research Promotion
Agency) and the Austrian Academy of Sciences (OEAW, DOC fellowship to Luisa Schmidt).

2.2.2 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 this C-terminus is lost, leading to loss of MLL’s H3K4specific 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 proteins within the MLLtranslocation family share common oncogenic mechanisms and that the identification of such
common critical effectors of MLL fusion proteins will inform novel diagnostic and therapeutic
strategies to improve the management of AML.
The disease module hypothesis postulates that cellular determinants of pathological states associate
with discrete neighborhoods in the human interactome. Therefore we reasoned that common critical
effectors of MLL-fusion proteins might be enriched among physical interaction partners of MLL fusion
proteins. We prepared stable cell lines allowing for inducible, single-copy expression of 7 molecularly
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distinct, affinity-tagged MLL-FPs (MLL-AF4, MLL-AF9, MLL-ENL, MLL-CBP, MLL-EEN, MLL-GAS7 and
MLL-AF1p). Protein complexes of MLL fusion proteins were purified from and subsequently
characterized by mass spectrometry. Data analysis identified a densely interconnected protein-protein
interaction network of 963 proteins, comprising previously known MLL-interacting protein complexes
(such as PRC2 or SWI/SNF), as well as a high number of new interaction partners of MLL. 128 proteins
were found to interact with ≥5 of all 7 MLL-fusions. This subset of conserved MLL-interaction partners
was highly enriched for proteins with function in chromatin metabolism and transcriptional control.
Systematic functional investigation of the conserved MLL-fusion interactome using subtractive shRNA
screens identified MLL-Interactor Candidate 1 (MIC1) as a critical effector of MLL fusion proteins.
RNAi-based suppression of MIC1 induced myeloid differentiation and apoptosis in human and mouse
MLL-rearranged cell lines, while having only modest effects on the proliferation of MLL-wild-type
leukemia cells (A). Depletion of Mic1 in MLL-fusion-transformed mouse fetal liver cells resulted in loss
of serial re-plating capacity in vitro and prolonged disease onset in vivo. Furthermore, knockdown of
MIC1 caused a proliferative disadvantage in primary cells from AML patients with different MLLrearrangements without affecting MLL-wild-type AML cells (B). Using CRISPR/Cas9-mediated

Figure 2.2.1 – MLL-Interactor Candidate 1 (MIC1) is a critical effector of MLL fusion-driven leukemia to safeguard
genomic integrity (A) Subtractive shRNA screening of conserved interactors of seven selected MLL fusion
proteins in MLL-rearragened vs. MLL-wild-type cells identifies MIC1 as a critical effector in MLL-rearranged
leukemia. (B) RNAi-mediated loss of MIC1 causes a growth inhibition of primary cells from AML patients with t
MLL-rearrangements. (C) CRISPR/Cas9-mediated mutagenesis of the enzymatic activity of MIC1 inhibits the
proliferation of human MLL-AF9-AML cells (D) Loss of MIC1 leads to accumulation of DNA damage in MLL-fusion
expressing cells.
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mutagenesis, we showed that the activity of MIC1 is required for the growth of MLL-leukemia cells, as
mutagenesis of the enzymatic domain of MIC1 caused a strong growth-inhibitory phenotype (C). We
found that MIC1 was essential for efficient repair of DNA breaks, as MIC1-deficient leukemia cells
showed increased levels of DNA damage and activation of p53, leading to the accumulation of
mutations (D). Thus, we postulate that MLL-fusion proteins critically depend on MIC1-mediated
recruitment of DNA-repair proteins to DNA lesions that continuously arise in cancer cells due to
oncogene-induced replicative stress.
In summary, our data highlight the functional relevance of combined proteomic-genomic cellular
screening to identify critical effectors of MLL-FPs. In addition, our study identifies a novel role for MIC1
in the maintenance of genomic integrity during initiation and progression of MLL-rearranged AML and
establishes SMIC1 as a therapeutic target in leukemia. We are currently continuing to investigate the
roles of MIC1 in AML using diverse approach, incuding ChIP-seq, Whole Exome Sequencing as well as
classical molecular biological approaches.

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, C/EBPα). The most prevalent type
of mutations represents frameshifts in the N-terminal part of the CEBPA gene, leading to production
of a shortened C/EBPα protein from an internal ATG codon downstream of the mutated region
(termed C/EBPα 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.
In previous work we showed that the C/EBPα p30 variant preferably interacts with components of
SET/MLL histone methyltransferase complexes responsible for catalysis of trimethlyation of Lysine 4
on histone H3 (H3K4me3). We also found, via ChIP, that C/EBPα and MLL co-localize on the promoters
of p30 target genes, indicating functional cooperativity in gene regulation. Thus, we hypothesized that
the interaction between the oncogenic C/EBPα p30 isoform and the MLL/SET histone
methyltransferase complex is required for p30-dependent epigenetic and transcriptomic changes that
contribute to leukemogenesis. Therefore, we aimed to investigate the sensitivity of CEBPA-mutant
AML to perturbation of MLL/SET function.
First, we used CRISPR/Cas9-mediated mutagenesis to interfere with the MLL/SET complex in myeloid
progenitor cells from a Cebpap30/p30 AML mouse model. We derived a single cell clone of Cebpap30/p30
cells that stably expresses the SpCas9 nuclease and transduced it with lentiviral constructs encoding
for different sgRNAs and GFP. Cellular competition assays were used to assess changes in proliferative
capacity of mutant cells, as a read-out of changes in the percentage of GFP-positive cells over time. To
investigate the importance of different, annotated functional domains within the MLL protein in the
context of C/EBPα p30 expression, we introduced targeted mutations across the Mll gene in
Cebpap30/p30 cells using the CRISPR/Cas9 system. This analysis revealed a strong dependence of
Cebpap30/p30 cells on the expression of an intact MLL protein. Surprisingly, loss of the enzymatic activity
of Mll by mutational targeting of the SET domain did not significantly affect cell survival. In contrast,
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Figure 2.2.2 - Cebpap30/p30 cells are sensitive to interference with the MLL/SET complex. (A) Top, schematic
representation of the domain structure of the MLL-1 gene. Arrows indicate regions targeted by individual
sgRNAs. Bottom, CRISPR-Cas9 mediated mutagenesis of the MLL1 gene in Cebpap30/p30 SpCas9 cells. CS,
cleavage site, MBM, menin binding motif. PHD, plant homeodomain finger, SET, SET domain, WIN, WDR5
interaction motif. Bottom, heatmap showing survival of GFP-positive (GFP+) cells transduced with lentiviral
vectors expressinf indicated sgRNAs and GFP over time. (B). Right, Heatmap of IC50 values for different mouse
and human cells towards Drug candidates 1 and 2 (DC1, DC2). (C) Gene Set Analysis of RNA-seq data from
Cebpap30/p30 cells treated with DMSO or inhibitors shows that inhibitor treatment induces terminal
differentiation (D) Time and dose-dependent effect of DC-1 treatment on myeloid differentiation of
hiGr hi
Cebpap30/p30 cells plotted as percentage of double-positive Mac-1 -1 cells over time.

cells were particularly sensitive to mutagenesis of the N-terminal region of MLL (A) Mll targeting
strongly induced myeloid differentiation in Cebpap30/p30 cells as measured by increased levels of
myeloid surface markers. To investigate functional consequences upon pharmacological perturbation
of the MLL/SET complex, we identified two potent small-molecule inhibitors from a drug screen that
strongly phenocopied genetic MLL inactivation (B). Inhibitor treatment led to a time- and dosedependent impairment of proliferation, induction of cell cycle arrest and increased apoptosis in
Cebpap30/p30 cells. Importantly, expression of C/EBPα p30 was associated with hypersensitivity to
treatment with drug candidates 1 and 2, as Cebpap30/p30 cells were 2-6 fold more sensitive than other
leukemia cell lines of mouse and human origin. RNA-seq analysis showed that inhibitor treatment
induced the expression of genes associated with myeloid differentiation (C), which could be confirmed
by flow cytometry (D).
In summary, our data indicate that CEBPA-mutated AML is highly sensitive to perturbation of the
MLL/SET complex, either via genetic ablation of MLL or through pharmacological targeting. Our data
indicate that leukemic mutations of C/EBPα selectively cooperate with the SET/MLL complex to
regulate gene expression. These findings expand our understanding of and may inform new
therapeutic strategies for N-terminal CEBPA mutated AML. Currently, we are investigating the effect
of MLL-targeting inhibition on primary human AML cells from patients with CEBPA mutations. In
parallel, we are trying to characterize functional consequences of targeting the C/EBPα p30-MLL
interaction using genetic and biochemical approaches.
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Aims and Milestones
In the past three years we successfully used the funding of the LBI-CR and the ERC to build a
sustainable research group, which can perform internationally visible research in the field of functional
analysis of novel oncoproteins in leukemia. In 2016, ERC-funds were used to complement the existing
small team with skilled co-workers to reach critical mass. In March 2016, we hired another Master
student to support and extend our research to identify novel molecular mechanisms of fusion-protein
dependent leukemogenesis. Then, in June 2016, Dr. Fabio Liberante joined the team as a postdoctoral
researcher. He is actively developing novel applications of the CRISPR/Cas9 technology to generate
novel cell line models to study leukemia, from which the entire group is expected to profit. In parallel,
another PhD student was hired in June 2016 to complement the research team focusing on molecular
aspects of C/EBPa N-terminal leukemia. Another important milestone was the successful publication
of a bioinformatic tool to compare and visualize effects of different normalization methods in RNA-seq
studies in the renowned journal Bioinformatics. 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 2016, the group further progressed in building up tools and expertise to implement the planned
research program. In addition, we have started novel investigations of molecular mechanisms of
leukemogenesis chemical biology. This is exemplified by the successful application for a PhD
studentship grant from the FFG (Austrian Research Promotion Agency) to generate and characterize
novel chemical tools for targeted degradation of WDR5 using phthalimide-conjugated small molecules
in 2016, which will become operational in early 2017.

New Perspectives
2017 will mark the first year in the existence of the Grebien group in which it has reached a final,
stable size of ten scientists at different career stages to constitute a complementary, multidisciplinary
research team that can be internationally competitive in modern leukemia research. We aim to
further invest in the field of bioinformatics, we plan to hire another co-worker to support the team
with bioinformatics data analysis and -intergration. 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. In the next year, we aim to
explore different scenarios to ensure the most efficient continuation of the research program of the
Grebien group beyond the expiration of the LBI-CR after 2018.
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2.2.3 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.
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/EBPalpha-dependent leukemia.
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1.

2.

3.

4.

5.

Eder T, Grebien F, Rattei T. NVT: a fast and simple tool for the assessment of RNA-seq
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Impact Factor: 4.98
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Impact Factor: 5.228
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JP, Kenner L, Mikula M, Dolznig H, Üren A, Richter GH, Grebien F, Kovar H, Moriggl R. Increased
survival and cell cycle progression pathways are required for EWS/FLI1-induced malignant
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F, Kenner L. JAK-STAT signaling in cancer: From cytokines to non-coding genome. Cytokine. 2016
Nov; 87:26-36. doi: 10.1016/j.cyto.2016.06.017.
Impact Factor: 2.664
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2.3 Lukas Kenner
News from PDGFR, TYK2 and BATF in ALCL and Stat3 and Jun in Prostate Cancer
Name:
Title:
Date of Birth:
Nationality:
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Phone:
Fax:
e-mail:

Lukas Kenner
Prof. Dr.
08.10.1965
Austrian
Ludwig Boltzmann Institute for Cancer Research (LBI-CR)
Währingerstr.13a, A-1090 Vienna, Austria
(+43-1) 4160 71210
(+43-1) 4160 931300
Lukas.Kenner@lbicr.lbg.ac.at

Kenner group members: Lukas Kenner (Group Leader), Jan Pencik (Postdoc), Astrid Aufinger (PhD student),
Sabine Lagger (Postdoc), Tanja Limberger (PhD student), Michaela Schlederer (Biomedical Scientist), Ines Garces
de los Fayos Alonso (PhD student), Olaf Merkel (Associate Professor), Michael Kothmayer (Master student),
Carina Scherz (Bachelor student), Jack Liang (PhD Student), Nicole Prutsch (PhD student), Elisabeth Gurnhofer
(Biomedical Scientist) (from left)
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2.3.1 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 characterised by poor
survival rates. In a Nucleophosmin-Anaplastic Lymphoma Kinase (NPM-ALK)-driven transgenic mouse
tumor model we were able to demonstrate that Jun and JunB proteins were essential for tumor
dissemination and metastasis. Furthermore, we identified platelet derived growth factor receptor B
(PDGFRB) to be transcriptionally regulated by AP-1 and highly expressed in lymphomas of NPM-ALKdriven transgenic mice. PDGFRB can be therapeutically targeted by the tyrosine kinase inhibitor
imatinib, and our data suggest that in NPM-ALK transgenic mice this would lead to significantly
prolonged survival. Furthermore, imatinib treatment has been found to rescue JunB and cJun double
knockout mice with absent PDGFRB expression in the tumor, leading to the hypothesis that its
expression in the microenvironment supports tumor growth. This has been tested by in vitro
experiments and is currently addressed in vivo with the FSP1-CRE mouse strain that allows for specific
PDGFRB deletion in stromal cells. Importantly, the targeting of PDGFRB in an ALCL patient using
imatinib has resulted in a long-lasting remission. A CD4-CRE mediated knockout of PDGFRB has been
created in the NPM-ALK-driven transgenic mouse model to further analyze the role of this growth
factor receptor in ALCL tumorigenesis. We recently 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, ALKand 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/p14ARF pathway,
which modulates senescence competence in PCa. Cre-mediated conditional loss of Pten in prostate
epithelial cells mimics key histopathological and molecular features and is a highly relevant model of
human PCa. In addition to loss of Pten, we delete IL-6 or Stat3 in this PCa mouse 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 derived from whole genome sequencing, single nucleotide polymorphism (SNP)
analysis and tissue microarrays (TMA) for protein analysis. SNP analysis of PCa metastases has
revealed high frequencies of STAT3, CDKN2A, PTEN and TP53 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. We will elucidate the role of
IL-6/STAT3 signaling in depth and identify novel drivers of tumor progression and the mechanisms
controlling metastasis in PCa.

2.3.2 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
aim to understand the contribution of PDGFRB driven tumor stroma interaction to tumor progression.
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Figure 2.3.1 - Expression of PDGFRB and correlation to survival data in mouse and human NPM-ALK positive
lymphomas. (A) Kaplan Meier survival curve of CD4-NPM-ALKCD4ΔPDGFRB mice (green, n=26) shows a highly
significant survival advantage (p≤0.0001; log-rank statistics) compared to CD4-NPM-ALK littermates (red, n=29).
All of the wild-type littermate control mice were alive at the end of the observation period (black, n=3). (B) CD4NPM-ALKCD4ΔPDGFRB tumor extracts show significant reduction of PDGFRB protein levels by Western blot. (C)
CD4-NPM-ALKCD4ΔPDGFRB mice show significantly reduced tumor/body weight ratio. (D) Diagram representing
the strategy employed to knockout or overexpress PDFlorian GrebienFRB in tumor and stromal cell lines
established from primary mouse tumors. (E) Western blot for PDGFRB, ALK and GAPDH to show successful
CRISPR mediated knockout, overexpression and controls in tumor cell lines. (F) Proliferation curves with cell lines
characterized in (E). (G) Tissue culture medium change observed in cell lines for proliferation curves. (H) Diagram
showing the strategy for breeding of FSP Cre and CD4 Cre mice in the NPM-ALK system with a double fluorescent
reporter mouse strain. This strategy enables us to efficiently separate tumor cells from stromal cells by a dual
color discrimination.
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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-ALKpositive 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 current work is to analyze PDGFRB
function in both the tumor cells and in the microenvironment of ALCL. For the purpose of dissecting
the role of PDGFRB signaling in NPM-ALK driven T cell lymphomas, we crossed mice carrying the CD4promotor 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 specific
deletion of PDGFRB in T cells (referred to as CD4-NPM-ALK-CD4ΔPDGFRB). We have found that
ablation of PDGFRB in CD4-NPM-ALK mice leads to significantly increased survival of CD4-NPM-ALKCD4Δ PDGFRB mice, which is highly significant according to log-rank statistics (p<0.001) (Fig 3.3.1 A).
The loss of PDGFRB expression in the lymphoma samples was validated by Western blot analysis (Fig.
2.3.1. B). We find significantly downregulated tumor to body weight ratios in CD4-NPM-ALK-CD4Δ
PDGFRB mice, indicating that loss of PDGFRB has an impact on tumor cell proliferation (Fig. 3.3.1. C).
Due to heterogeneity of NPM-ALK lymphomas, we have decided to manipulate PDGFRB protein levels
in primary tumor cell culture and human ALCL cell lines by a lentiviral CRISPR knockout or
overexpression approach (Fig. 2.3.1. D). To date, we have established several PDGFRB knockout and
overexpression cell lines (Fig. 2.3.1. E) that corroborate our in vivo findings, namely that PDGFRB
expression has an influence on cellular proliferation (Fig. 2.3.1. F, G). With the use of our novel tissue
culture system, we aim to clarify the molecular mechanism how PDGFRB acts as a tumor driver in
ALCL. To investigate the tumor/stroma interaction in ALCL, we are in the process of breeding our CD4
Cre and FSP Cre mice in a dual reporter mouse model that will allow for color discrimination of tumor
and stromal cells. With this approach, we will be able to perform RNAseq and Mass spectrometry
analyses to further dissect the impact of PDGFRB on microenvironment/tumor interactions (Fig. 2.3.1.
H).

The TYK2-STAT1/STAT3 Pathway in ALCL
Whole genome sequencing of T-cell lymphomas has revealed mutations in Janus kinase family genes
(JAK1, JAK2, JAK3, TYK2), known to have essential functions in cytokine signaling, motility and
proliferation. Targeting Janus kinases has opened new therapeutic intervention sites in cancer and
autoimmune diseases. Tyrosine kinase 2 (TYK2), the first JAK kinase to be identified, has important
roles in inflammation and anti tumor immunity. Here we report pathway dependence on TYK2 in
anaplastic large cell lymphoma (ALCL), a CD30 positive, aggressive Non-Hodgkin T-cell lymphoma
driven by NPM-ALK fusion in half of the patients. Ablating TYK2 specifically in T-cells of the CD4-NPMALK transgenic mouse model led to significantly prolong overall survival (Fig. 2.3.2 A). Immunoblotting
and immunohistochemical stainings of potential downstream targets of TYK2 revealed reduction of
STAT1 and STAT3 in CD4-NPM-ALK_TYK2Δ/Δ lymphomas (Fig. 2.3.2 B, C).
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Figure 2.3.2 - TYK2 is an ALCL oncogene and signals through STAT1 and STAT3. (A) CD4-NPM-ALK mice, were
crossed with mice bearing a T-cell specific TYK2 deletion. In CD4-NPM-ALK-Tyk2Δ/Δ mice we could observe an
significantly increased overall survival (P=0.006) as compared to CD4-NPM-ALK mice (B) Immoblotting of murine
CD4-NPM-ALK lymphoma cells with heterozygous and homozygous TYK2 deletion using antibodies against TYK2,
confirming the knockout. ALK, STAT1, pSTAT1, STAT3, pSTAT3 and β-Actin was also stained and revealed TYK2
dependent STAT3 expression. (C) Immunohistochemical stainings of CD4-NPM-ALK lymphomas using antibodies
against STAT3, pSTAT3, STAT1 and pSTAT1. (D) ALCL cell lines Mac2a and K299 were lentivirally transduced with
shRNAs targeting either TYK2, GFP or Luciferase. shRNAs targeted against TYK2 led to rapid induction of cell
death, whereas shRNA targeting GFP and luciferase had no effect. (E) Growth of K299 cells with and without
CRISPR/CAS9 mediated TYK2 ablation that were engrafted in immunodeficient NSG mice. (F) Immunoblotting of
CRISPR/TYK2 knockout clones of ALCL cell lines confirming effective TYK2 knock-out (G) Incubation of ALCL cell
lines with and without TYK2 inhibitors TYK2#1 (Genentech) and Bayer-18 (Symansis) resulted in effective viability
reduction in ALCL cells at concentrations of 1,0 µM and 3,7 µM, respectively. PBMCs and Jurkat cell line were not
affected.
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In order to corroborate the importance of TYK2 for ALCL cell survival, shRNA mediated gene knockdown was performed. This resulted in a strong induction of apoptotic cell death in ALCL cell lines
suggesting an essential function of TYK2 signaling for ALCL cell survival (Fig. 3.3.2 D). To model the
situation in ALCL, ALK negative patients, we used CRISPR/Cas9 technology to ablate TYK2 in human
ALCL cell lines and injected these into immune deficient NSG mice. This resulted in reduced tumor
growth compared to cells with intact TYK2 (Fig. 3.3.2 E, F). To test the therapeutic relevance of our
findings, ALCL cell lines and PBMCs were treated with small molecule inhibitors of TYK2
(TYK2#2,Bayer-18) leading to apoptosis induction preferentially in ALCL tumor cells (Fig. 2.3.2 G).

The AP-1 -BATF and -BATF3 module is essential for growth, survival in ALCL

Figure 2.3.3 - CRISPR/Cas9-mediated deletion of BATF and BATF3 in ALCL: CRISPR/Cas9-mediated deletion of BATF
and/or BATF3 in the ALK+ ALCL cell lines K299 and SUP-M2. Wild-type (WT), control-treated (CRISPR CTL), BATF
KO and BATF3 KO cells were analyzed by immunoblotting for BATF and BATF3 protein expression (left panel).
Note, that deletion of BATF resulted in a compensatory increase of BATF3 protein expression. Cell growth of
K299 CRISPR CTL, BATF KO and BATF3 KO (center) as well as SUP-M2 CRISPR CTL and BATF3 KO cells (right panel)
was determined by measuring cell numbers over time (indicated as cell numbers in 105 cells per ml). (B)
CRISPR/Cas9-mediated deletion of BATF and BATF3 in the ALK– ALCL cell line Mac-1. Cells were treated as
described in (A). Note the pronounced counterregulation of the BATFs in Mac-1 cells. (C) Xenotransplantation of
K299 WT, BATF KO and BATF3 KO cells on NSG mice. K299 WT, BATF KO and BATF3 cells were xenotransplanted
on NSG mice (5 mice each). Upper panel, tumor weight at day 14 is shown in gram (G). Representative examples
of xenotransplanted tumors at day 14 are shown on the right.

Several lines of evidence point towards a crucial role of AP-1 transcription factors in ALCL biology:
NPM-ALK induces JUNB and JUN, genomic gains of the JUNB and FRA2 loci are found in ALCL,
inhibition of AP-1 in ALK+ ALCL results in cell cycle arrest and cell death and deletion of JUNB and JUN
in mouse models severely impairs NPM-ALK-driven lymphomagenesis. Finally, expression of the AP-1
interacting TF BATF3 distinguishes ALCL from other PTCL. To define the role of BATF and BATF3 in
ALCL biology we performed gene-specific inactivation by CRISPR/Cas9-mediated knock-out (KO) in the
ALK+ cell lines K299 and SUP-M2 and in the ALK– cell line Mac-1 (Fig. 2.3.3. A and B). Interestingly,
deletion of BATF3 resulted in a pronounced upregulation of BATF expression. This phenomenon was
also observed in SUP-M2 cells, in which BATF expression in untreated cells was below the detection
limit. Deletion of either BATF or BATF3 in K299 cells (Fig. 2.3.3. A, center) or BATF3 in SUP-M2 cell lines
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(Fig. 2.3.3. A, right) resulted in sustained growth retardation in vitro in comparison to the wild-type
(WT) cells, but did not alter the growth kinetics of ALK– Mac-1 cells. However, in the latter cells we
observed the strongest reciprocal counterregulation of the BATF and BATF3 genes (Fig. 2.3.3. B). In a
xenotransplanted NOD scid gamma (NSG) mouse model, K299 BATF KO cells produced significantly
smaller tumors in comparison to WT cells (Fig. 2.3.3. C). A similar tendency was observed for BATF3 KO
cells but this was not significant. We were unable to generate BATF and BATF3 double KO cells in any
of the ALCL cell lines (data not shown), which suggested that complete loss of both BATFs is lethal to
ALCL cells.
BATFs have been shown to directly regulate Th17 cytokines including IL17a, IL17f, IL22, IL23 and IL26.
Therefore it will be of interest to study inhibitors of the central transcription factor in Th17 cells–
RORγ- also in combination with ALK inhibitors. Our data suggest that BATF and BATF3 have only partly
overlapping functions in ALCL and T-cell specific knock-out of either BATF or BATF3 in the CD4-NPMALK mice should make it possible to dissect the specific properties of individual BATFs and assess their
role in oncogenesis.

Functional Analysis of IL6/Stat3 Pathway in Prostate Cancer
Our goal is to understand the contribution of Il-6/STAT3 to tumor progression and metastasis. This
would 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 ARF-Mdm2-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 (Fig. 2.3.4 A). 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 (Fig. 2.3.4 B). 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. 2.3.4 C). For this
reason, STAT3 and p14ARF are ideally suited to act as biomarkers for the prognosis of this disease. If
these two factors are lacking 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 GSC.
Importantly, the NGS analysis of „liquid biopsies“ from PCa patients revealed also other promising
drivers of metastatic PCa including focal amplifications of CDK4 and CDK6. A specific inhibitor of
CDK4/6, PD0332991 (palbociclib) has been granted with accelerated approval for the treatment of
postmenopausal women with estrogen receptor (ER)-positive, HER2-negative advanced breast
cancers. Strikingly, in our study, the palbociclib treatment showed rapid inhibition of tumor size and
weight (Fig. 2.3.4 D). This was associated with eradication of invasive features of PC3 xenografts and
markedly reduced tumor volume of PC3 xenografts (Fig. 2.3.4 D), suggesting a potential role of CDK4/6
inhibitor in blocking PCa metastasis.
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Figure 2.3.4 - STAT3 and p14ARF deletions predict bad prognosis in PCa patients: (A) Kaplan–Meier analysis of
BCR-free survival ratio based on STAT3 and p14ARF protein expression in a panel of 204 PCa patients. (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 IL6, STAT3, CDKN2A
and RB1 (DNA deletions: light blue bars < 20 MB, dark blue bars > 20 MB) or focal amplifications of CDK4 and
CDK6 (red bars) can be detected in patients with bad prognosis. (D) The tumor size, weight and tumor volume in
PC3 xenografts treated with vehicle or Palbociclib, injected subcutaneously in nude mice (Palbociclib 150mg/kg
for 2 weeks).

60

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

Prostate Cancer Proteomics

Figure 2.3.5 – Proteomic analysis of murine preclinical prostate tumor samples: (A) Graphic representation of
clustering analysis of proteomic data from genetic deletion models of murine prostate cancer. Z-scored
unsupervised hierarchical clustering of significant hits. ANOVA test, S0=0, FDR=0.05 (B) Enlarged: data set of
significantly reduced STAT3 protein levels according to genetic knock-out. (C) Filtered set of 81 genes
significantly upregulated in Pten/Stat3 double knockout tumors.

As a complementary approach, we have established a proteomics Core Lab headed by the Biomarker
Company CBMed, Graz since September 2016. The aim of this new Core Lab (PI Brigitte Hantusch) is to
run a tissue proteomics program on formalin fixed paraffin embedded (FFPE) patient material in order
to identify new protein markers as players in tumorigenic processes. Proteomic analysis has been
greatly facilitated by a series of technological improvements that enables a reliable analysis to be
accomplished with a relatively high throughput. The LC-MS/MS mass spectrometry technology allows
for the simultaneous detection of thousands of proteins within one sample. This technology leads to
the identification of a large number of deregulated proteins at once, the expression of which is
deregulated in a pathological situation compared to the normal counterpart. Based on these tumor
profiles, the project is centered on the identification of specific tumorigenesis markers.
To this end, we bring together through the expertise of our research team a set of complementary
tumor tissues that are representative of normal tissue and/or all tumor stages / grades and
metastases thereof. This retrospective FFPE archive is used as a first source of material to be screened
for proteomic profiles, and secondly as experimental specimens to complement analyses of the
research team.
As starting point, we used prostate tumors from the above mentioned Pten-deficient mouse models
and also included tumors derived from Pten/Stat3 and Pten/IL-6 double knock-out mice. From these
data we expected to (1) establish the conditions for efficient and high-throughput proteomic screen of
tumor specimens and to (2) identify Stat3- and/or IL-6-dependent candidates that are involved in
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aggressive progression of prostate cancer. After laser capture microdissection (LCM) of specific tumor
areas and subsequent LC-MS/MS analysis, we retrieved significantly clustered proteome sets (Fig.
2.3.5 A). Notably, the “internal control” protein Stat3 showed appropriate downregulation, proving to
calibrate our method (Fig. 2.3.5 B). Moreover, more than 80 proteins were found upregulated in
Pten/Stat3 knockout-tumors (Fig. 2.3.5 C), probably including novel markers for early detection of
aggressive prostate cancer.
We actually use this technology to elucidate and quantify the whole proteome of human prostate
tumor samples and correlate the proteomic data retrospectively with tumor progression, treatment
and patient survival data to discover new biomarkers which are important for diagnosis, prognosis and
therapy.

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 (Fig. 2.3.6 A, B). In accordance, loss of c-Jun
expression analyzed in large cohorts of patient tumors correlated with an increased risk of disease
recurrence (Fig. 2.3.6 C). 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
(Fig. 2.3.6 C). 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.
Furthermore, the loss of c-Jun mRNA expression correlates with poor outcome in PCa patients. Low cJun expression levels could therefore be a novel marker to stratify high- and low-risk PCa patients,
which may be exploited therapeutically. Mechanistically, we could show that 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. We are currently focusing on identifying a potential epigenetic switch executed by JMJD3
and its counterpart EZH2 explaining regulation of the INK4A/ARF locus in a Jun dependent manner.
This project receives financial support through the stand-alone FWF-project "Genetic Analysis of IL-6
signal pathway in Prostate carcinogenesis" (P26011).
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Figure 2.3.6 - 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.

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 as well as BATF and 3. 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 currently underway to test its combination with
brentuximab vedotin, the CD30 armed antibody. A manuscript describing the first and encouraging
data from this study is under way. 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

63

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)
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 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 (PDX) as well as transgenic models of
ALCL.
In PCa research projects, we will continue to select targets that are derived from the proteomics
analysis, NGS analysis and genome sequencing efforts of the ICGC consortium. We are analyzing these
data in collaboration with the biomathematician Niko Beerenwinkel, ETH Zürich, and Marcel Schulz
from the Max Planck Institute for Informatics of the Saarland Informatics Campus 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 radioactively labeled tracers that allow for non-invasive prognosis determination.
In addition, we will pursue novel techniques including laser capture microdissection (LCM) of specific
tumor areas and subsequent LC-MS/MS to analyze FFPE patient material and define novel diagnostic
and therapeutic targets. These techniques will the basis to define novel biomarkers and design
diagnostic compounds such as affilines. Affiline molecules are small diagnostic or therapeutic proteins
based on dimeric “human” ubiquitin. They are 100% conserved between species which eases the
preclinical development between species. These compounds have also the advantage of dual use for
immunohistochemistry as well as for in vivo imaging such as PET/CT scanning. The establishment of
these affiline compounds will be done in collaboration with the company ITG Isotope Technologies,
Munich and Prof. Hacker, head of the Department for Nuclear Medicine/MUW. In combination, these
techniques will improve active surveillance procedures with less invasive prostate diagnostics 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” and affilines for ALCL, PCa but also for other
cancer patients. The first clinical study with the lead of Prof. Ulrich 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 has already generated positive results and a fist manuscript is being
written. Together with Prof. Hacker and his Department for Nuclear Medicine/MUW, we already
analyze Affiline markers that allow dual use in histopathology and in vivo imaging for propagation of
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 identified high number of CDK4 and CDK6
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amplifications in aggressive PCa and provide a framework for the pharmacological inhibition of
CDK4/CDK6 pathway for the treatment of molecularly stratified lethal PCa.

2.3.3 Scientific co-operations
The group of Lukas 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

International (in alphabetical order with brief topic link):
Dr. Sebastian Bauer; University Duisburg-Essen, Germany; GIST mutations of c-KIT in human GIST
tumour formation
Dr. Fabrice Gouilleux; University Picardie Jules Verne, INSERM, Amiens, France; GIST and activated
forms of Stat3
Dr. Greg Hannon; Cold Spring Harbor Laboratory (CSHL), USA; miRNA in cord blood stem cell
differentiation
Dr. Konrad Hochedlinger; Harvard Stem Cell Institute, Cambridge, MA, USA; Stem cell induction using
viral vectors
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. Matthias Mann, Director of the Max-Planck Institute, Martinsried, Germany, Comparative
proteomic analysis of human and murine prostate cancer samples
Dr. Colin McGuckin; CTI, Lyon, France; Jak/Stat pathway in stem cell differentiation and
tumourigenesis
Dr. Mark Parthun; Ohio State University, Columbus, USA; Characterisation of HAT-/- mouse models
Dr. Waldemar Priebe, MD Anderson Cancer Center, Houston Texas, Inhibitors of Transcription Factors
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; James Graham Brown Cancer Center, Louisville, Kentucky, USA, AF1q in breast cancer
Dr. Jan Tuckermann; University of Ulm, Germany; Transgenic Stat5 and GR mice in inflammatory
diseases
Dr. Suzanne Turner; University of Cambridge UK; Tumour–stroma interactions and stem cell pathology
in ALCL
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3.4.1 Group and Project Overview:
PhD students, postdocs and also technical or administrative personal performed very well to persuade
their careers. Together with the group leaders and Dr. Stefan Grünert Richard Moriggl has partnered
very effectively to address the needs of the faculty and trainees and to continue to improve the overall
productivity of the Institute. Publications are of high quality, collaborative and often in high impact
journals, where six publications from the Richard Moriggl group with first and last author
correspondence in 2016 proof that. Grant support has increased steadily at the Institute every year
and even more additional new grant support has been obtained during 2016 compared to 2015
reaching a record high. Richard Moriggl and his team were able to obtain several grants 2016.
Research and administrative endeavors appear to be in place headed by Richard Moriggl and
structures are highly productive at the LBI-CR with slim administrative support and efficient
infrastructure through a Partner network or collaborations.
Recombination technologies and also medicinal chemistry and drug screening programs are proof of
the transiency of science over the centuries and they are changing our societies in a globalized world.
Today we have a very complex cancer genetics and chromatin landscape and work in our team
addresses insights to gain understanding but also to generate new targeted cancer drugs. The group
of Richard Moriggl performs Functional Cancer Genomics as an interdisciplinary unit. 2016 did see the
planning and build-up spearheaded by the group of F. Grebien for cancer bioinformatics support.
Analysis of big data of complex cancer genomes requires more and more a systems medicine support
and own know how for cancer genome analysis. The Richard Moriggl group is located at the Institute
of Animal Breeding and Genetics. Richard Moriggl is full Prof. at the University of Veterinary Medicine
Vienna and Medical University Vienna.
The group had 2016 six different PhD and two postdoctoral research projects, assisted by three MSc
students and two BMA positions integrated in team efforts, three PhD students achieved publications
allowing for graduation in close future. Financing of seven research positions within the Richard
Moriggl group are through extramural funding sources, e.g. through two re-launched or newly funded
network grants of excellence funded by the FWF, “Sonderforschungsbereich”. SFB-047 and SFB-061
are network grants, where the Richard Moriggl group targets either STAT5 or obtains molecular
insights into cancer through analyzing chromatin remodeling of hyperactive or lost JAK-STAT pathway
activity. Moreover, a cancer metabolism research donation that is essential to co-finance the
colorectal cancer, a melanoma project and a project on post-translational modification of STAT5
through a private donation from Liechtenstein is continued. Here, we could lately publish a high
profile paper in the journal Leukemia. Furthermore, long term Partnership with the CCRI continues to
finance one PhD position on Ewing sarcoma research, where we still work on the complicated cancer
genome of an inducible metastasizing model. The LBI-CR institute is also supported by histo-pathology
technical support with one BMA position affiliated to the group of Richard Moriggl, essential for the
core unit on histo-pathology platform established at the Institute of Animal Breeding and Genetics.
Furthermore, one assistant postdoc position is attributed to the group Richard Moriggl, both the BMA
and postdoc position are financed by the Vetmeduni.
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Approach
The research within the group of Richard Moriggl is basic cancer research with translational direction.
The JAK-STAT pathway is a central core cancer pathway that can drive other essential core cancer
pathways such as survival, cell cycle progression, PI3K-AKT-mTOR signalling, attachment/invasion or
angiogenesis. Particularly STAT1/STAT3 and the two STAT5A/STAT5B transcription factors are involved
GI tract cancers, where chronic infectious or inflammatory disease processes are important. Here, we
do studies in collaboration with Prof. Han´s lab. A main focus in the Moriggl lab for future studies will
be hematopoietic cancer progression and chromatin landscape changes due to hyperactive or lost
JAK-STAT pathway activity, which we do in collaboration with Prof.´s Müller and Sexl labs. We explore
STAT5 inhibition in mice and patients together with Prof. P. Gunning´s lab. We moved into lead
structure development for STAT3/5 transcription factors. We perform pioneering work with STAT
inhibitor testing and exploring their mode of action. Overall, we have accumulated a comprehensive
set of test systems for hematopoietic or solid cancer models. We filed necessary ethical animal or
patient sample work approval licences with Austrian government authorities to exploit translational
cancer research and comparative medicine questions. Our long term mission is to molecularly explore
loss or hyperactive JAK-STAT action and to come up with new therapies through our work with
xenograft or transgenic mouse models, always spiked with patient findings to perform a reality check,
where we collaborate with Prof. Kenner´s pathology lab. Our models have human disease relevance.
We evaluate and design new targeted therapies to fight deadly cancers and we hope to convert them
into chronic disease or to eradicate them. 2016 did see six main original publications led and headed
largely from the Richard Moriggl group, which is a record high. Thus, we only highlight these major
projects in terms where they were published with abstract for each publication displaying successful
project completion, all articles are open access and can be viewed.

3.4.2 Results from the research work and future outlook
Cancer genome insights revealed major abnormalities and frequent hyperactivation/overexpression of
the JAK-STAT pathway or other aberrant transcription factor activations contributing to onset and
progression of cancers. Specifically, four research areas were in focus of the Richard Moriggl group,
namely 1) Cancer Metabolism, 2) Metastasizing Mesenchymal Tumors, 3) Carcinoma Research and 4)
Hematopoietic Cancer.

Projects on Cancer Metabolism
We investigated 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 and clarified their role in HCC development. We studied processes of HCC formation
associated with long-term liver injury or metabolic disease. 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 either JAK2 or STAT5 by crossing them
to GHtg mice. Similar to STAT5 loss, JAK2 deficiency resulted in severe steatosis, but in sharp contrast
to STAT5 deficiency liver cancer was milder upon loss of JAK2.
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We work closely with genetic/transgenetic clinical research (both human and animal) and with histopathology laboratories, both within Austria and international. Laboratory members or our translation
models are regularly sent to collaborators. Our comparative translational cancer research is best
illustrated by the joint publications with collaborators listed below. The principle investigators are
long-term collaborators.
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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, currently submitted for
publication.

Projects on Carcinoma Research
We study also chronic inflammatory or infectious disease processes with impact on cancer stem cell
renewal and cycling, relevant for the collaboration with the lab of Prof. X. Han, Institute Laboratory
Animal Sciences and Comparative Medicine Center, Chinese Academy of Medical Science (CAMS) &
Peking Union Medical College (PUMC), Beijing, P.R. China and Cincinnati Children's Hospital Medical
Center, Cincinnati, USA, where we intensified our collaboration with both continent lab sites. We
published one paper on the YIN/YANG role of STAT1/STAT3 in chronic infectious-driven or
inflammatory disease processes-driven colorectal cancer, that we were also invited to be featured in
an overview article. Current work with Prof. Han is also 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.
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Projects on Hematopoietic Cancer
We study normal and abnormal hematopoiesis and targeting STAT5 in leukemia/lymphoma or MPN.
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. It is currently believed
that the two distinct STAT5 paralogs have redundant functions, but we can see clear differences in
transgenic mice coming up for publication in 2017 with two major studies. We also work on JAK or
STAT5 inhibition as a specific anti-leukemia/lymphoma treatment, which will also come up for
publication in 2017. Here, we collaborate with a leading medicinal chemistry laboratory for STAT3/5
inhibitor lead structure development with Prof. Gunning´s lab. We identified N- and C-terminal action
of STAT5 modulated by post-translational modifications such as tyrosine phosphorylation and O-linked
β-N-acetyl glucosamine (O-GlcNAc) as well as oligomerization that was just published and that receive
broad media attention.

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 LBI-CR, 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 and to lead their
own research project to success. Collaborations are essential to facilitate progress in the projects.
Frequent and two-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. Most projects
in the group of Richard Moriggl are done within national and international collaborations to facilitate
and achieve ambitious goals, not possible to be performed in isolation. The group of Richard Moriggl
intensified interaction on cancer phenotypes within the LBI´s and LBI clusters. We used the software
packages of our Partner TissueGnostics in many publications. More work of Richard Moriggl is
dedicated to university duties including lecturing of cancer research topics within a new MSc and PhD
curriculum study plan.

3.4.3 Scientific Cooperations
We work closely with genetic/transgenetic clinical research (both human and animal) and with histopathology laboratories, both within Austria and international. Laboratory members or our translation
models are regularly sent to collaborators. Our comparative translational cancer research is best
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
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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, Institute Laboratory Animal Sciences and Comparative Medicine Center, Chinese
Academy of Medical Science (CAMS) & Peking Union Medical College (PUMC), Beijing, P.R. China and
Cincinnati Children's Hospital Medical Center, Cincinnati, USA, cytokine signaling in the GI tract for
inflammatory, infectious 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, JAK2STAT5 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
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2.5.1 Group and Project Overview
The Stoiber-Sakaguchi team consists of five members: one research assistant (Jaqueline Horvath), two
PhD students (Petra Aigner, Lena Müller), one master student (Verena Greß) and the key researcher
herself. Our group focusses 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. In addition, we study mouse
models for myeloproliferative disorders, leukemia occurring in adults and lymphoma. Moreover, type I
interferon signaling in leukemia development and tumor surveillance as well as inflammation is also
worked on.

2.5.2 Results from the Research Work and Future Outlook
ETV6/RUNX1 in Acute Lymphoblastic Leukemia
The t(12;21)(p13;q22) chromosomal translocation represents the most frequent rearrangement in
childhood B-ALL occurring in up to 25% of pediatric patients. This chromosomal translocation gives
rise to the ETV6/RUNX1 fusion gene, which is considered the “first hit” in ETV6/RUNX1 positive B-ALL.
In line, additional genetic alterations are required for the manifestation of this type of leukemia. We
aim to identify additional alterations by generating mouse models for ETV6/RUNX1 positive leukemia.

Figure 2.5.1 - ETV6/RUNX1–BCL2 double transgenic mice develop B cell lymphoma and autoimmune
glomerulonephritis. (A) Double transgenic (E/Rtg;BCL2tg) mice have higher B cell numbers than BCL2tg mice.
Flow cytometric analysis of CD19+ B cells (left panel), plasma cells and plasmablasts (middle and right panels) is
shown. n = 4-8 mice per group; Data are visualized as box plots, whiskers indicating min and max. Statistical
analysis was performed using one-way ANOVA with Tukey’s multiple comparison post-test, p values are
considered as follows: *p < 0.05, **p < 0.01, and ***p < 0.001 and indicated only for the diseased groups
(BCL2tg vs. E/Rtg;BCL2tg). (B) Double transgenic and BCL2tg animals harbor elevated levels of autoantibodies in
serum in contrast to wild-type (wt) and ETV6/RUNX1 single transgenic (E/Rtg) animals. Immunofluorescence
pictures of anti-nuclear antibodies (ANA) in BCL2tg and E/Rtg;BCL2tg mice, scale bar, 50 μm. ANA were detected
using VIRGO® ANA/HEp-2 IgG cells as a substrate coated on microscope slides. Mouse serum was added to the
cells and ANA were visualized by addition of a FITC-labeled polyclonal rabbit anti-mouse immunoglobulin
antibody (Collaboration with G. Steiner, Ludwig Boltzmann Cluster Athritis and Rehabilitation).
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Our group generated a B cell specific transgenic mouse for ETV6/RUNX1. Using this mouse line we
identified a potential new mechanism how additional mutations could be acquired in an ETV6/RUNX1
positive pre-leukemic clone: The expression of ETV6/RUNX1 leads to increased reactive oxygen species
and the subsequent accumulation of DNA double strand breaks, a prerequisite for mutagenesis. This
strongly suggests that the expression of ETV6/RUNX1 triggers mutagenesis through enhanced
production of reactive oxygen species (Kantner, H.P. et al., Neoplasia, 2013).
Secondary genetic alterations in ETV6/RUNX1 positive leukemia are of utmost interest. To study
candidate genes for such secondary alterations that cooperate with ETV6/RUNX1 during 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 thus bred our B cell specific ETV6/RUNX1 transgenic (E/Rtg) with Vav-BCL2
transgenic (BCL2tg) mice. With this approach we observed that double transgenic mice developed
glomerulonephritis and B cell lymphoma, with severely aggravated phenotypes, resulting in
significantly shorter survival as compared to single transgenic controls or wild type mice. Double
transgenic animals displayed higher B cell numbers and immunoglobulin titers as well as enhanced
deposition of immunoglobulins in the kidney, resulting in glomerulonephritis in the mice. Detection of
high levels of anti-nuclear antibodies further specified the disease as autoimmune glomerulonephritis
(Fig. 2.5.1; modified from Bauer, E. et al., Oncotarget, 2016). Within this study we could identify a
previously unrecognized synergism between ETV6/RUNX1 and BCL2 impacting on the development of
a malignant disease and autoimmunity.
Furthermore, we are investigating other candidate second hit genes for ETV6/RUNX1+ leukemia
development using transgenic mice as well as various transplantation approaches.

Stat3 Isoforms in Hematopoietic Neoplasms
One of the key pathways in cancer development is the Janus kinase (JAK) – signal transducer and
activator of transcription (STAT) signaling pathway. One component of this pathway, STAT3 has been
proposed as an oncogene, but recently it was also demonstrated as a tumor suppressor in different
tumor models. In hematologic malignancies persistent STAT3 activation has frequently been detected
suggesting an important role therein. Stat3 produces two isoforms (STAT3α and β) by alternative
splicing that exhibit overlapping but distinct transcriptional activity. Interestingly, differential
expression of STAT3 isoforms was detected in the bone marrow of patients with acute myeloid
leukemia (AML) and in AML cell lines. Thus it is likely that the balance of the two isoforms may impact
on leukemia development. To investigate the potential contribution of the shorter isoform STAT3β to
AML development we generated Stat3β transgenic mice (in collaboration with Emilio Casanova). After
intercrossing these Stat3β transgenic with Mx-Cre transgenic animals and inducing transgene
expression via polyI/C treatment, we could confirm transgene expression in vivo. To study whether
STAT3β has an impact on leukemia development we further bred the Stat3 tg/Mx-Cretg mice with
PTEN deficient mice, which are prone to develop leukemia, and monitored them for disease
development. Already early on (one month after transgene induction) Pten deficient mice
(Ptenfl/fl/Mx-Cretg) showed higher infiltration of hematopoietic cells into liver and spleen than Pten
deficient mice overexpressing Stat3β (Ptenfl/fl/Stat3βtg/Mx-Cretg). We are further analyzing this
interesting phenotype and expanding our understanding with the help of an additional leukemia
mouse model. Also here we observe a delay in leukemia formation in the presence of the Stat3β
transgene, as exemplified by reduced numbers of leukemic cells in the peripheral blood of mice
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overexpressing STAT3β in hematopoietic cells (Fig. 2.5.2). We are now focusing on unravelling the
underlying molecular mechanism for this effect.

Figure 2.5.2 – Decreased leukemic cells in peripheral blood in the presence of the Stat3β transgene.
Representative Pappenheim stainings of blood smears derived from leukemic mice with (Stat3βTG) or without
(wt) expression of the Stat3β transgene and healthy mice (ctr).

Tumor Immunology and Infection Models
During tumor development there is constant crosstalk between transformed cells and cells of the
immune system. This process is commonly referred to as tumor immune surveillance. We concentrate
here on the JAK/STAT pathway, in particular interferon (IFN) signaling, and its role in tumor
development and immune surveillance. We have previously demonstrated 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. There we excluded a tumor cell intrinsic
role of type I IFN and stressed the role of type I IFN signaling in the immune compartment. Overall, we
have shown 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). We 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).
Currently we are further studying the specific steps of tumor immune surveillance where type I IFN
plays a role and we plan to extend our understanding of type I IFN signaling to other tumor but also
inflammatory mouse models.
As a new cooperative project with the Austrian biotech company Origimm
(http://www.origimm.com/) we are also working on models for acne vulgaris. Severe acne cases have
been increasing in the recent decades and new and optimized treatment options are needed. Within
this collaborative approach we want to address this issue and focus on Propionibacterium acnes as an
essential factor for the development of acne in our models.

Outlook Stoiber-Sakaguchi
With our Partner from the CCRI, St. Anna Kinderkrebsforschung, Renate Panzer-Gruemayer, we aim to
further investigate additional genetic alterations during leukemia development. In addition, several
(xeno)transplantation protocols are being established.
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Furthermore, the analysis of Stat3β transgenic mice in different leukemia models is another focus of
our group to unravel the role of STAT3β in hematopoietic malignancies.
Moreover, 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 also part of
our research.
In addition, with the biotech company Origimm (http://www.origimm.com/) we aim to establish in
vivo models for acne vulgaris.

2.5.3 Scientific Cooperations
National
T. Decker, Institute of Microbiology and Genetics, Vienna: Jak-Stat signaling
A. Dohnal, Children´s Cancer Research Institute, St. Anna Kinderkrebsforschung, Vienna: immune
surveillance
W. Ellmeier, Institute of Immunology, Medical University of Vienna: lymphocyte function
P. Kovarik, Institute of Microbiology and Genetics, Vienna: Jak-Stat signaling
M. Müller, Institute of Animal Breeding and Genetics, University of Veterinary Medicine, Vienna: JakStat signaling
R. Panzer, Children´s Cancer Research Institute, St. Anna Kinderkrebsforschung, Vienna: ETV6-RUNX1+
leukemia
N. Rohr-Udilova, Division of Gastroenterology and Hepatology, Internal Medicine III, Medical
University of Vienna, Vienna: xenotransplant studies
G. Schabbauer, Institute of Physiology, Medical University of Vienna, Vienna: signaling and
inflammation
S. Selak and A. Pilz, Origimm Biotechnology GmbH, Vienna: acne vulgaris
V. Sexl, Institute of Pharmacology and Toxicology, University of Veterinary Medicine, Vienna: tumor
immunosurveillance
H. Sill, Medical University Graz, Graz: acute myeloid leukemia
G. Steiner, Ludwig Boltzmann Cluster Arthritis and Rehabilitation, Vienna: autoimmunity
B. Strobl, Institute of Animal Breeding and Genetics, University of Veterinary Medicine, Vienna: JakStat signaling

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

2.5.4 Publications
1. Bauer E, Schlederer M, Scheicher R, Horvath J, Aigner P, Schiefer AI, Kain R, Regele H, Hoermann
G, Steiner G, Kenner L, Sexl V, Villunger A, Moriggl R, Stoiber D. Cooperation of ETV6/RUNX1 and
BCL2 enhances immunoglobulin production and accelerates glomerulonephritis in transgenic
mice. Oncotarget. 2016 Mar 15;7(11):12191-205. doi: 10.18632/oncotarget.7687.
2. Castiglia V, Piersigilli A, Ebner F, Janos M, Goldmann O, Damböck U, Kröger A, Weiss S, Knapp S,
Jamieson AM, Kirschning C, Kalinke U, Strobl B, Müller M, Stoiber D, Lienenklaus S, Kovarik P. Type
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I Interferon Signaling Prevents IL-1β-Driven Lethal Systemic Hyperinflammation during Invasive
Bacterial Infection of Soft Tissue. Cell Host Microbe. 2016 Mar 9;19(3):375-87. doi:
10.1016/j.chom.2016.02.003.
3. Grausenburger R, Bastelberger S, Eckert C, Kauer M, Stanulla M, Frech C, Bauer E, Stoiber D, von
Stackelberg A, Attarbaschi A, Haas OA, Panzer-Grümayer R. Genetic alterations in glucocorticoid
signaling pathway components are associated with adverse prognosis in children with relapsed
ETV6/RUNX1-positive acute lymphoblastic leukemia. Leuk Lymphoma. 2016 May;57(5):1163-73.
doi: 10.3109/10428194.2015.1088650.
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3 Scientific Program
3.1 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.

3.2 Administrative Meetings 2016
Regular management 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, P.
Petzelbauer, M. Trauner, U. Jäger, and M. Susani from the Partner institutions were arranged.
MUW Staffmeetings were held on 29.01, 26.02., 11.04, 29.05, 06.06., 29.08., 03.10., 02.11., and
02.12.2016 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 March 22
and November 2, 2016, which were both attended by LBI management, LBG GmbH and Partner Board.
LBG Führungskräfte-Workshop in Grand Hotel Panhans, Semmering on June 13. – 15. 2016 was
attended by Prof. Lukas Kenner
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3.3 Scientific Presentations 2016

Figure 3.1: Stephan Herzig (Helmholtz Center Munich) visited the institute for discussions about metabolic
programming during oncogenesis (from left: Doris Kaltenegger, Stephan Herzig, Kristina Müller, Richard Moriggl)

Scientific Training of Employees Abroad, Conference Participations
January:
08. - 15.01.2016 Keystone Symposia on Molecular and Cellular Biology in Colarado, USA
Jan Pencik: “Loss of IL-6/Stat3 Signaling Drives Metastatic Prostate Cancer in Mice and Men”
19.01.2016 University of Birmingham, United Kingdom
Florian Grebien: "Identification of Critical Effectors of C/EBPa mutant AML: Novel Molecular Insights
and Targeting Strategies"
20.01.2016 Weatherall Institute for Molecular Medicine, Oxford, United Kingdom
Florian Grebien: "Identification of molecular mechanisms of C/EBPa mutant AML: Novel Molecular
Insights and Targeting Strategies"
21.01.2016 Nuffield Department of Medicine, Oxford, United Kingdom
Florian Grebien: "Identification of Critical Modulators of C/EBPa mutant AML: Novel Molecular Insights
and Targeting Strategies"

February:
08.02.2016 Erasmus University Rotterdam, The Netherlands
Florian Grebien: "Identification of Critical Effectors of C/EBPa mutant AML: Novel Molecular Insights
and Targeting Strategies"
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April:
13. - 17.04.2016 EASL Conference in Barcelona
Attended by Emilio Casanova
16.04 – 20.04.2016 AACR Meeting in New Orleans, USA
Attended by Richard Moriggl and Lukas Kenner
25. - 27.04 2016 Institute of Research in Biomedicine, Barcelona, Spain
Emilio Casanova: “Disruption of STAT3 signaling promotes KRAS induced lung tumorigenesis"
25. - 26.04 2016 EC Initial Training Network FP7-PEOPLE- 2012-ITN-317013 VU Medisch Centrum
Cancer Center Amsterdam, Amsterdam, The Netherlands
Dagmar Stoiber-Sakaguchi

Figure 3.2: William Tse, Richard Moriggl, Lukas Kenner and Jino Park met in New Orleans to discuss their
respective collaborations.

May:
05. - 07.05.2016 Invited Speaker in Budapest
Emilio Casanova: “Genetically engineered mouse models”
02.05.2016 Paris-Lodron University Salzburg
Florian Grebien: "Identification of Critical Effectors of Leukemia Oncoproteins using integrated
approaches"

June:
09.06.2016 YSA-PhD Symposium at the MUW, Vienna
Luisa Schmidt, Johannes Schmöllerl, Stefan Terlecki-Zaniewicz from the FG lab and Ha Pham, RM lab
receiving best abstract award for “STAT5BN642H is a driver mutation for leukaemia"
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09. – 12.06.2016 EHA Meeting in Copenhagen
Barbara Maurer, Bettina Wingelhofer, Fabio Liberante, Florian Grebien
23. – 24.06.2016 Retreat of the Center for Physiology and Pharmacology (MUW)
Emilio Casanova: “BAC-based vectors for recombinant protein production: The bigger, the better”
Dagmar Stoiber-Sakaguchi, Florian Grebien

July
07.07.2015 Mathematical Models in Cancer Therapy Workshop, Vienna
Thomas Eder: How to choose an adequate normalization strategy for RNA-seq experiments.

September:
07. – 10.09.2016 ISREC – SCCL Horizons of Cancer Biology and Therapy
Johannes Schmöllerl
11. – 14.09.2016 Emilio Casanova chaired a session at the ÖGMBT meeting in Graz
11. – 14.09.2016 Invited Speaker/Keynote Lecture in Tel Aviv
Richard Moriggl: JAK-STAT5 hyperactivation and consequences for leukemia and
lymphoma formation
19. – 21.09.2016 Team Retreat - Florian Grebien Team in Innsbruck
21.9.2016 CeMM Research Center for Molecular Medicine, Vienna
Florian Grebien: "Novel Targeting Strategies for C/EBPa mutant AML”
23. – 24.09.2019 LBG summerschool „Wissenschaft Kommunizieren“ in Salzburg
Participants: Richard Moriggl and Stefan Grünert

Figure 3.3: Christian Müller of APA at the “LBG Summerschool” in Salzburg
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27. – 28.09.2016 ERIA Meeting organized by Lukas Kenner and colleagues of ALKATRAS
Richard Moriggl “Consequences on gene regulation upon low or high tyrosine phosphorylation of
STAT5A or STAT5B with T cell neoplasia insight”
Florian Grebien: "Functional Investigation of Multi-Partner Translocation Families in Leukemia“

October:
17. - 21.10.2016 Keynote Lecture at University of Ulm
Emilio Casanova Title: "Unexpected oncosuppressive role for STAT3 in KRAS-induced lung
tumorigenesis” and “Modelling cancer using transgenic mice and beyond”
23. - 25.10.2016 Review of Flagship Project Proposals BioTechMed Graz
Participation as panel member: Richard Moriggl
27. – 31.10.2016 Workshop in Krakow co-organised by LBI-CR and Jagiellonian University
Attended by Thomas Eder and
Richard Moriggl: “pYSTAT5 activation and consequences for leukemia and lymphoma formation”
Florian Grebien: “Identification of critical effectors of AML Oncoproteins using integrated approaches”
Stefan Grünert: “Opportunities at European level: from COST to ITN”

November:
02.11.2016 LBI-CR Annual Meeting, SAB review and Posterpresentations
03. - 4.11.2016 Annual Meeting of LBI-CR in cooperation with VetMedUni: Key Pathways in Infection
and Cancer, Vetmeduni Vienna
Florian Grebien: “Functional studies of leukemia oncoproteins using integrated approaches”
09. – 10.11.2016 Annual meeting of the EAVI2020 consortium, Barcelona, Spain
Emilio Casanova: “Recombinant HIV envelope proteins”
28. – 29.11.2016 LBG Health Science Meeting
Abstract Prize for Luisa Schmidt: CEBPA-mutant Acute Myeloid Leukemia is sensitive to smallmolecule-mediated inhibition of the Menin-MLL interaction

December:
04. - 09.12.2016 EMBL-EBI/Wellcome genome Campus Workshop: Proteomics Bioinformatics
Attended by Thomas Eder
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Invited Speaker, Visiting Scientist, Joint Seminar

Figure 3.4: Kurt Zatloukal (Meduni Graz) discussed potential collaborations using patient samples.

February:
03.02.2016 Invited Speaker Seminar – Dr. Sergei Grivennikov, Philadelphia, USA
Title: "Cytokines and IL-17 producing cells conspire to promo tumor elicited inflammation"
10.2.2016 Invited Speaker Seminar – Dr. Denes Hnisz, MIT, Boston, USA
Title: Regulatory landscapes of pluripotent and cancer cells
25.02.2016 Invited Speaker Seminar - Prof. Akinori Takaoka, Hokkaido University, Japan
Title: "Innate sensor-mediated IFN antiviral response and its regulatory mechanism"

March:
09.03.2016 Invited Speaker Seminar – Dr. Manfred Kögl in Vienna
Title: „Working Life in Pharma and Biotech“
11.03.2016 Invited Speaker Seminar - Prof. Manuel Serrano, Madrid
Title: “An integrated view of senescence and reprogramming”
31.03.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Ha Pham (Moriggl group) External speaker: Matthias Farlik

April:
28.04.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Ana Puga (Müller/Strobl group), PhD committee, Eva Grundschober (Sexl group), PhD committee

89

Ludwig Boltzmann Institute for Cancer Research (LBI-CR)

Figure 3.5: Cheryl Arrowsmith (University of Toronto) visited the LBI-CR to dicuss the collaboration with Florian
Grebien supported by the Florian Grebien funded project “Pharmacological WDR5 Degradation” and other
opportunities to raise synergies. (From left: Luisa Schmidt, Florian Grebien, Georg Winter, Cheryl Arrowsmith,
Richard Moriggl, Bettina Wingelhofer, Anna Orlova)

June:
20.06.2016 Invited Speaker Seminar – Dr. Stuart Spencer, United Kingdom
Title:” „Loves and hates of editors”
23.06.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Michi Prchal-Muprhy (Sexl goup)

October:
12.10.2016 Invited Speaker Seminar at CEMM – Dr. Cheryl Arrowsmith
Title: "Probing the Epigenome for Therapeutic Opportunities"
20.10.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Zrinka Didara (Sexl group) Alexander Swoboda (Moriggl group)
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November:
10.11.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Riem Gawish (Müller group), Florian Belutti (Sexl group)
14.11.2016 Invited Speaker Seminar – Dr. Aykut Üren, Washington USA
Title: “Targeting ETS transcription factors with small molecules in prostate cancer"
25.11.2016 Invited Speaker Seminar – Prof. Dirk Strunk, Austria
Title: “Therapeutic applicability of non-hematopoietic bone marrow stromal cells: Lost in Translation?”

December:
01.12.2016 Internal SFB - Seminar: VetMed, Institute of Animal Breeding and Genetics
Harini Nirvathi (Kralovic group)
7.12.2016 Invited Speaker Seminar – Prof. Stefan Rose-John
Title: “IL-6 and ADAM17 in the control of Inflammation and Cancer"

Figure 3.6: Stefan Rose-John joined the LBI-CR Christmas party, which is a fixture in the institutes calendar for
staff to get together in a relaxed atmosphere, but still supports intense scientific disucssions.
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4 Publications
Authors from the institute are shown in bold, publications with senior authors from the institute are
identified by red type face.
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Figure 4.1: Commentary in Diabetologia on Kaltenecker et.al
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10. CCL-2 is a KIT D816V-dependent Modulator of the Bone Marrow Microenvironment in Systemic

Figure 4.2: All publications by institute staff are referred to within the news section of the institute web site
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