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WELCOME

Welcome to the XX. Wilsede Meeting on

“Modern Trends in Human Leukemia and Cancer”

As in previous years, the main purpose of the XX. Wilsede meeting is to evaluate recent
developments in the field of leukemia and cancer biology. The heterogeneity of malignant
cells is a central theme in this year's meeting. Also, the concepts of normal and malignant
stem cells, the importance of epigenetic events and the opportunities to translated basic
findings into targeted therapies will be discussed. The new advent of immunotherapeu-
tic approaches and the great potential of tumorlytic viruses are another topic of the XX
Wilsede meeting. The impressive progress that has been made in these fields will be pre-
sented by experts in their respective fields, but also junior scientists that are embracing
new technologies to bring new light into the open questions and problems. We thank all
speakers and chairs for donating time and sharing results that allows this unique platform
of scientific exchange.

Meetings do not happen without financing. Thus, we would like to gratefully acknowledge
the continued support of Mildred Scheel Foundation of the Deutsche Krebshilfe e.V. (Ger-
man Cancer Aid). The decision of the Deutsche Krebshilfe to be our main sponsor and to
finance stipends for young scientists has been vital to keep up the tradition of providing in
Wilsede a platform for both “young” and “experienced” scientists to interact. We are also
grateful to the Deutsche Forschungsgemeinschaft, another traditional supporter of the
Wilsede meeting.

The "Magic” of Wilsede lies just not in the outstanding science and the tranquil location,
but also in the people that have spent much time and energy in keeping the spirit of the
1973 meeting alive. In particular the never-ending energy of Prof. Emer. Rolf Neth, who
was the initiator and driving force of the Wilsede meetings, as well as Prof. Emer. Axel
Zander, who carried the baton from 1994 to the present, deserve special thanks. In the last
more than 10 years, Dr. Carol Stocking was one, if not the main person to keep this tradition
alive.

For those of you who do not know Wilsede, we are sure that you will also come to appre-
ciate this tiny village in the LUneburg Heath, which provides the ideal setting for scientific
exchange and stimulating discussions, for which the Wilsede meetings are known. Please
push aside your other responsibilities for a few days, and join us during the lectures, poster
sessions, walks in the heath, and evenings with food, drink and music to discuss scientific
concepts and new ideas.

Welcome to Wilsede!

Boris Fehse Nicolaus Kroger

The Local Organizing Committee



FACTS

Wilsede

.. is located in the heart of the Luneburger Heide (Heath), one of the most magnificent and
oldest national parks in Europe. The conservation society “Naturschutzpark Verein® (NVP)
was founded in 1909 to preserve this unique moorland between Harnburg and Hanover, in-
cluding the small village of Wilsede, whose existence can be traced back to 1287. Located
within the nature reserve, where neither cars nor motorized vehicles are allowed, Wilsede
can only be reached by foot, horse carriages, or bicycle. It has been the site of the "Wilsede
Meetings: Modem Trends in Human Leukemia® since 1973, gathering Hematologists and
Oncologists from around the word.

A history lesson: “De Emhoff*

.. was built in 1609 by family Emmann, who lived there for more than 300 years. In 1960
the meanwhile dilapidated building wastobe pulled down, but the NVP, together with the
Lower Saxony Authority for Preservation of Historical Monuments, succeeded to place the
building under the Preservation Act. About one third of the building was reconstructed un-
der the direction of the architect Prof. Maetzig using the original techniques, e.g. grooved
planks instead of nails. The former hallway, cowsheds and stables were rebuilt into a large
meeting room and the “Dénz", the former living room, is today the kitchen. The shape of the
lamps is to remind the visitor of the old pitch torches. The architectural style of the Ernhoff
is said to be the oldest of the moorland region and it is especially typical for the southem
part of this region. Nowadays buildings of this kind have almost completely disappeared
due to disrepair and deterioration, making Ernhoff doubly precious.
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ORGANIZATION AND SUPPORT

Scientific and Organizing Committee

Prof. Dr. Konstanze Dohner, Ulm (DE)

Prof. Dr. med. Boris Fehse, Hamburg (DE)
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Prof. Dr. Jurgen Ruland, Munchen (DE)
Dr. Carol Stocking-Harbers, Hamburg (DE)
Prof. Dr. med. Martin Trepel, Hamburg (DE)

Main-Sponsor
Deutsche Krebshilfe eV.

Co-Sponsors

Deutsche Forschungsgemeinschaft (DFG)
Leukemia & Lymphoma Research
Heinrich Pette Institute, Leibnitz Institute
for Experimental Virology (HPI)

University Medical Center
Hamburg-Eppendorf (UKE)

Meeting Office/Contact

CSi Hamburg GmbH

Conferences | Symposia | Incentives
Falkenried 88

20251 Hamburg, Germany

Phone: +49 40 30770300

Registration Hamburg

June 21, 2014 - 08.30 t0 14.00
Campus Lehre, Building N55
University Medical Center
Hamburg-Eppendorf (UKE)

On-site Registration - Emhoff/Wilsede

Contact;
Alexandra Werner (+49 157 35730004),
Antje Bldmeke (+49 157 357300006)

June 21, 2014
June 22-23, 2014
June 24, 2014

14.00 to 17.00
08.00 to0 18.00
08.00 to 12.00



GENERAL INFORMATION

Arrival (June 21, 2014)

Meeting point:  University Medical Center Hamburg-Eppendorf (UKE), Campus Lehre,
Building N55
Martinistrasse 52, 20251 Hamburg
(via main entrance or back entrance at Studerfeldstrasse)

From 08.30: Registration and pick up of your meeting documents

Bus transfer at: 10.00, 12.00, and 14.00 to the National Park (entrance Undeloh)

For transport from Undeloh to Wilsede, horse carriages will be departing, or please
feel free to get a bike or enjoy a nice walk.

Horse Carriage (Timetable)

June 21, 2014 (Arrival)

11.30 from Undeloh to Wilsede
13.30 from Undeloh to Wilsede
15.30 from Undeloh to Wilsede

22.30 from Wilsede to Undeloh

June 22 & 23, 2014
08.00 from Undeloh to Wilsede

22.30 from Wilsede to Undeloh

June 24, 2014 (Departure)

08.00 from Undeloh to Wilsede
12.00 from Wilsede to Undeloh
13.00 from Wilsede to Undeloh
14.00 from Wilsede to Undeloh

Undeloh: parking lot near “Undeloher Hof"

Bicycles (“rent-a-bike")

A deposit of € 10,- is required and will be refunded after return of the bike.
Undeloh: “Hotel Heiderose”
Wilsede: "Wilseder Hof"

Departure (June 24, 2014)
Bus transfer from parking lot in Undeloh to Hamburg airport and/or central station:

Departures 12.30, 13.30 and 14.30

Attire of the meeting: Casual



GENERAL INFORMATION

Wilsede

Zum Heidemuseum ' 29646 Bispingen/Wilsede
Phone: +49 4175-217, Telefax: +49 4175-8318
Contact: Klaus Parpart

- Conventz-Haus (Guesthouse)

- Domitzlaff-Haus (Guesthouse)

- Maetzig-Haus/Nebenhaus (Guesthouse)

Wilseder Hof - 29646 Bispingen/Wilsede
Phone: +49 4175-311, Telefax: +49 4175-80 00 Q92
Contact: Stefan Wischhof

Witthofts Gastehaus - 29646 Bispingen/Wilsede
Phone: +49 4175-545, Telefax: +49 4175-82 11
Contact: Dr. Uta Buttinghaus

Undeloh

Witte's Hotel - 21274 Undeloh
Phone: +49 4189-81 33 60, Telefax: +49 4189-629
Contact: Wolf-Dieter Hennig

Undeloher Hof - 21274 Undeloh
Phone: +49 4189-81 89 10, Telefax: +49 4189-468
Contact: Inge Brunkhorst

- Landhaus Undeloher Hof

- Haus Uhlchen

Hotel Heiderose - 21274 Undeloh
Contact: Ullrich Wischhof
Phone: +49 4189-311, Telefax: +49 4189-314



GENERAL INFORMATION

Breakfast
June 22-24, 2014

Guests accommodated in

Wilsede: Guests staying at Conventz-Maetzig-Domitzlaff-House and Witthéfts Gastehaus:
at Gasthof ,Zum Heidemuseum® (starting at 7.00)
For guests staying at Hotel Wilseder-Hof: at their hotel

Undeloh: at their hotel or guesthouse

Welcome Reception and Dinner

June 21, 2014 19.30
Hotel Wilseder Hof

Lunch

June 22, 2014 12.30-14.00
June 23, 2014 12.15-14.00
Gasthof “Zum Heidemuseum”

June 24, 2014 packed Lunch

Barbecue/Farewell Dinner

June 22 and 23, 2014 19.00
Emhoff



GENERAL INFORMATION

Poster Session (with presenting authors)

The opportunity to present research or clinical results will be provided in two poster sessions
(please see schedule). Posters will be grouped by sections. All poster presenters are called to
present their contribution in a 1-minute poster fast-forward presentation. Please arrive punctually
to your session.

Your Poster-Number was announced by E-Mail and the poster wallis marked with your number.

Poster Session | = Sunday, June 22, 2014 - 16:00-18:00

Heterogeneity (1), Targeted therapies (lll), Others (VII)

#

S-1-01: S-1-02+ S-1-03 * S-1-04 - S-1-05 + S-1-06 + S-1-08 - S-1-09

S-llI-01 - S-1lI-02 - S-111-03 - S-1lI-04 - S-1II-05 - S-111-06 - S-l1I-07

S-11-08 - S-lll-09 + S-1lI-10 + S-1lI-11 - S-lI-12 - S-111-13

S-VII-01 - S-VII-02 - S-VII-03 + S-VII-04 + S-VII-05 - S-VII-06 - S-VII-07 - S-VII-08

Poster Session Il = Monday, June 23, 2014 - 16:30-18:30

Stem cells (), Gene Therapy (IV), Leukemogenesis (V), Epigenetics (VI)

#

S-1-07

M-ll-01 M-IlI-02 - M-ll-03 - M-II-04 : M-II-05 : M-lI-06 : M-II-07 : M-ll-08 : M-II-09 - M-II-10 - M-lI-11
M-lI-12 - M-IV-01 - M-IV-02 - M-IV-03

M-V-01:M-V-02 - M-V-03 - M-V-04 - M-V-05 : M-V-06 : M-V-07 - M-V-08 : M-V-09Q - M-V-10
M-VI-01- M-VI-02 - M-VI-03 : M-VI-04 - M-VI-05 - M-VI-06

M = Monday S = Sunday Roman numerals = Topic

Location

Conventz-Haus, Maetzig-Haus

Poster Size

Portrait formatted posters in DIN A0 size (118.9 cm x 84.1 cm) are recommended.
The size of your printed poster should not exceed 145 cm in height and 95 cm in width.

Poster Hanging

On the evening or morning before the session, but no later than 1 hour before the start
of the session.



PROGRAMME

Saturday ‘- June 21, 2014

0830 -14.30 Registration at UKE N55 (Hamburg) and in Wilsede

Welcome Address
Boris Fehse & Nicolaus Kréger, Hamburg (DE)

16.30 - 1645

Session I: Heterogeneity of malignancies & metastasis

Chairs: Ralf Kuppers, Essen (DE); Carol Stocking, Hamburg (DE)

16.45-17.10

1710-17.35

17.35-18.00

18.00-18.15

18.15-19.00

1915

Molecular and genetic profiling of B-cell lymphomas - from
basic research to new diagnostic tools
Wolfram Klapper, Kiel (DE)

Novel molecular concepts of leukemic transformation in
chromosome 3q21;3926 rearranged AML
Ruud Delwel, Rotterdam (DE)

Clinical implications of clonal heterogeneity
in multiple myeloma
Marc S. Raab, Heidelberg (DE)

Characterization of oncogenes on chromosome 21
identified by shRNA-based viability screening (short talk)
Jan-Henning Klusmann, Hannover (DE)

Special Lecture
Myeloproliferative Neoplasms - New Tails and a Point of Order
Tony Green, Cambridge (UK)

Welcome Reception and Dinner
Wilseder Hof

Speaker 01

Speaker 02

Speaker 03

Speaker 04

Speaker 05



PROGRAMME

Sunday - June 22, 2014

Session lI: Stem cells in homeostasis and disease
Chairs: Walter Fiedler; Axel Zander, Hamburg (DE)

09.00-09.25

09.25-09.50

09.50-10.05

10.05-10.20

10.20-10.50

10.50-1115

1115-11.30

11.30-1145

10

Consequence of WT1 Expression and Mutation
in Acute Myeloid Leukemia
Carol Stocking, Hamburg (DE)

Activating FLT3-ITD receptor mutations in AML are associated
with a specific epigenetic signature composed of a discrete
subset RUNX1-bound DNasel hypersensitive sites enriched for
AP-1 and C/EBP motifs

Peter Cockerill, Birmingham (GB)

Using genome-wide binding profiles of transcription factors to
reconstruct transcriptional networks in normal hematopoietic
stem/progenitor and leukaemic cells (short talk)

Dominik Beck, Sydney (AU)

The transcriptional regulator Fuse Binding Protein 1 (FUBP1) is
essential for fetal and adult hematopoietic stem cell self -
renewal (short talk)

Martin Zérnig, Frankfurt (DE)

Coffee break

Two consecutive developmental stages of long-term
hematopoietic stem cells
Claudia Waskow, Dresden (DE)

Induced pluripotent stem cell model of severe congenital
neutropenia with gene deficiency (short talk)
Tatsuya Morishima, Hannover (DE) + Kyoto (JP)

Novel all-in-one LeGO-SWITCH vectors: a versatile tool for the
analysis of oncogene function and tet-controlled expression
from lentiviral vectors (short talk)

Stefan Horn, Hamburg (DE)

Speaker 06

Speaker 07

Speaker 08

Speaker 09

Speaker 10

Speaker 11

Speaker 12



Sunday ' June 22, 2014

PROGRAMME

Session lll: Targeted therapies - what is the right cell, what is the best molecule?
Chairs: Holger Kalthoff, Kiel (DE); Martin Trepel, Hamburg (DE)

11.45-12.10

1210-12.25

12.30-14.00

14.00-14.25

14.25-1450

14.50-1515

15.15-16.00

16.00-18.00

19.00

Targeting signal transduction in AML
Hubert Serve, Frankfurt (DE)

Opposing regulation of BIM and BCL2 gene expression
controls glucocorticoid induced apoptosis of paediatric
acute lymphoblastic leukaemia cells (short talk)
Duohui Jing, Sydney (AU)

Lunch (Heidemuseum) & Poster viewing

Oncogenes and feedback in acute lymphoblastic leukemia
Markus Mdschen, San Francisco (US)

Aberrant chromatin in programming in core-binding factor
acute myeloid leukemia
Constanze Bonifer, Birmingham (GB)

Mutated IDH1 as a therapeutic target
Michael Heuser, Hannover (DE)

Coffee break

POSTER SESSION |

(Heterogeneity, Targeted therapies, Others)

Chairs: Holger Kalthoff, Kiel (DE); Ralf Kuppers, Essen (DE);
Nicolaus Kréger, Hamburg (DE)

Barbecue and Live Music
Emhoff

Speaker 13

Speaker 14

Speaker 15

Speaker 16

Speaker 17

11



PROGRAMME

Monday - June 23, 2014

Session IV: Adoptive Immunotherapy

Chairs: Christine S. Falk, Hannover (DE); Nicolaus Kroger, Hamburg (DE)

09.00-09.25

09.25-09.50

09.50-10.15

10.20-10.45

10.45-11.10

1110-11.35

11.35-12.00

12.00-12.15

12.15-14.00

14.00-14.20

12

Of Cars and Trucks: T cells with extraordinary Performance
Hinrich Abken, Cologne (DE)

Engineering of chimeric antigen receptor (CAR)-modified
T cells for adoptive immunotherapy of cancer - emerging
opportunities and challenges

Michael Hudecek, Wrzburg (DE)

Cancer therapy using tumor-infiltrating lymphocytes (TIL)
for adoptive transfer; can it get any better?

Per Thor Straten, Herlev (DK)

Coffee break

Cell therapy for leukemia crosses the activity threshold
Stephan Grupp, Phildelphia (US)

Targeting tumors by alloreactive T-cells
Fred Falkenburg, Leiden (NL)

T Cell Engineering for Immunotherapy of Cancer
Hans Stauss, London (UK)

TALEN-mediated TCR knockout (short talk)
Belinda Berdien, Hamburg (DE)

Lunch (Heidemuseum) & Poster viewing
Funding Opportunities for Young Scientists and Clinicians -

German Cancer Aid
Thomas Brabletz - German Cancer Aid, Erlangen (DE)

Speaker 18

Speaker 19

Speaker 20

Speaker 21

Speaker 22

Speaker 23

Speaker 24



PROGRAMME

Monday - June 23, 2014

Session V: Gene Therapy: Oncolytic viruses on their way to the clinics

Chairs: Boris Fehse, Hamburg (DE); Dorothee von Laer, Innsbruck (AT)

14.20-14.45

14.45-1510

1510-1535

15.35-16.00

16.00-16.30

16.30-18.30

19:00

Tumor and tumor stem cell targeted oncolytic viruses Speaker 25
Christian Buchholz, Langen (DE)

An oncolytic Rhabdovirus for the treatment of brain cancer, Speaker 26
melanoma and prostate cancer
Dorothee von Laer, Innsbruck (AT)

Pexa-Vec (JX-594), an Oncolytic and Immunotherapeutic Speaker 27
Vaccinia Virus, for the Treatment of Patients

with Advanced Tumors

Caroline Breitbach, San Francisco (US)

Engineering Measles Virus for Cancer Therapy Speaker 28
Guy Ungerechts, Heidelberg (DE)

Coffee break

POSTER SESSION Il

(Stem cells, Epigenetics, Leukemogenesis, Gene Therapy)
Chairs: Thomas Brabletz, Erlangen (DE);

Christine S. Falk, Hannover (DE); Boris Fehse, Hamburg (DE)

Farewell Dinner
Emhoff

13



PROGRAMME

Tuesday - June 24, 2014

Session VI: Epigenetics and cell ageing
Chairs: Thomas Brabletz, Erlangen (DE); Daniel G. Tenen, Singapore (SG)

09.00-09.25 Epigenetic Changes in Myelodysplastic Syndrome (MDS)
Focus on BCOR
Phil Koeffler, Los Angeles (US)

09.25-09.50 Micro RNAs, EMT and Cancer Stem Cells
Thomas Brabletz, Erlangen (DE)

00.50-10.15 Stem cell aging and rejuvenation
Hartmut Geiger, Ulm (DE)

10.15-10.45 Coffee break

10.45-11.10 B-Cell Differentation and neoplastic transformation under the
perspective of the epignome
José | Martin-Sobero, Barcelona (ES)

1110-11.35 Leukemia initiating cell formation requires myeloid
differentiation
Daniel G. Tenen, Singapore (SG)

11.35-11.50 A transgenic mouse model demonstrating the oncogenic role
of mutations in the polycomb-group gene EZH2
in lymphomagenesis (short talk)
Tobias Berg, Frankfurt (DE)

1150-12.00 Concluding remarks

12.00 Departure (packed Lunch)

Speaker 29

Speaker 30

Speaker 31

Speaker 32

Speaker 33

Speaker 34

We thank you for your active participation and wish you a pleasant and safe trip home.

Hope to see you again for the Wilsede Meeting in June 2016!

14
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SPEAKER ABSTRACTS
Heterogeneity of malignancies & metastasis

HETEROGENEITY OF MALIGNANCIES & METASTASIS

Speaker 1

Molecular and genetic profiling of B-cell lymphomas-from basic research
to new diagnostic tools

Wolfram Klapper *, Reiner Siebert? on behalf of the Deutsche Krebshilfe Netzwerk MMML, the BMBF fun-
ded International Cancer Genome Consortium Project MMML-Seq (ICGC MMML-Seq), the BMBF joint pro-
jects MMML-MYC-SYS and MMML-Demonstrators

1 Department of Pathology, Hematopathology Section and Lymph Node Registry,
University of Kiel, Germany
2 |nstitute of Human Genetics, University of Kiel, Germany

The majority of lymphatic neoplasms including Burkitt Lymphoma, Follicular Lymphoma
and Diffuse large B-cell Lymphoma are supposed to derive from germinal center B-cells.
Germinal centers represent a unique scenario in which physiologically mutations are
introduced into the genome of B-cells and, thus, are an Achilles’ heel of neoplastic trans-
formation. Due to their common cellular origin germinal center lymphomas share
morphological and immunophenotypical features and to some extent have the capability
to transform from one to the other entity. However, these lymphomas differ strikingly in
their clinical presentation (like patient age and aggressiveness) and consequently their
therapy.

Within joint projects summerized in this presentation, germinal center derived
lymphomas are being comprehensively analyzed e.g. by gene expression and genome
sequencing.

The clinical translation is performed in close collaboration with the German collaborative
clinical study groups and help to identify new diagnostic and prognostic subgroups of
lymphomas as well as potential new therapeutic approaches.

17



SPEAKER ABSTRACTS
Heterogeneity of malignancies & metastasis

Speaker 2

Novel molecular concepts of leukemic transformation in chromosome 3921026
rearranged AML

Ruud Delwel
Dept. of Hematology, ErasmusMC, Rotterdam, The Netherlands

Chromosomal rearrangements without gene fusions have been implicated in leukemo-
genesis by causing deregulation of proto-oncogenes via relocation of cryptic regulatory
DNA elements. ML with inv(3)/t(3;3) is associated with aberrant expression of the stem-cell
regulator EVI1. Applying functional genomics and genome-engineering, we demonstrate
that both 3q rearrangements reposition a distal GATA2 enhancer to ectopically activate
EVI1 and simultaneously confer GATA2 functional haploinsufficiency, previously identified
as the cause of sporadic familial AML/MDS and MonoMac/Emberger syndromes.
Genomic excision of the ectopic enhancer restored EVI1 silencing and led to growth inhi-
bition and differentiation of AML cells, which could be replicated by pharmacologic BET
inhibition. Our data show that structural rearrangements involving single chromosomal re-
positioning of enhancers can cause deregulation of two unrelated distal genes, with can-
cer as the outcome.

18



SPEAKER ABSTRACTS
Heterogeneity of malignancies & metastasis

Speaker 3

Clinical and Therapeutic Implications of Clonal Heterogeneity in Multiple Myeloma
Marc S. Raab

Max Eder Group Experimental Therapies for Hematologic Malignancies, German Cancer Research Center
(DKF2) and University of Heidelberg, Heidelberg, Germany

Virtually all cancer entities comprise a mixture of clones, a feature termed intra-clonal
heterogeneity, that compete for spatial and nutritional resources in a fashion that leads to
disease progression and therapy resistance. This process of competition resembles the
schema proposed by Darwin to explain the origin of the species, and applying these evo-
lutionary biology concepts to cancer has the potential to improve our treatment strategies.
Multiple myeloma (MM) has a unique set of characteristics that makes it a perfect modelin
which to study the presence of intra-clonal heterogeneity and its impact on therapy. Novel
therapies have improved the outcome of MM patients, increasing both progression-free
and overall survival. Current therapy comprises an induction, consolidation and mainte-
nance phases and it is important to consider how these components of MM therapy are
affected by the presence of intra-clonal heterogeneity. In this evolutionary context therapy
can be considered as a selective pressure differentially acting on the myeloma clones and
impacting on their chances of survival. Current knowledge of intra-clonal heterogeneity,
as well as its impact on the different components of MM treatment and strategies to over-
come drug resistance caused by clonal evolution are discussed.

19



SPEAKER ABSTRACTS
Heterogeneity of malignancies & metastasis

Speaker 4

Characterization of oncogenes on chromosome 21 identified by shRNA-based
viability screening

Lena Stachorski, Aliaksandra Maroz, Veera Raghavan Thangapandi, Dirk Reinhardt, Jan-Henning Klusmann

Hannover Medical School Pediatric Hematology and Oncology, Carl-Neuberg-Str. 1, Hannover 30625,
Germany

Children with trisomy 21 (Down syndrome, DS) are predisposed to develop acute meg-
akaryoblastic leukemia (DS-AMKL) as well as the antecedent transient leukemia (DS-TL).
Mutations in the transcription factor GATA1 have been found in nearly all children with DS-
AMKL and DS-TL, but not in other malignancies. Recent whole genome sequencing efforts
suggested that the interplay of trisomy 21 and GATA1s-mutation is sufficient to cause
DS-TL.

To elucidate the pathogenesis of trisomy 21-associated leukemia, we integrated an RNAI
viability screening and a proteomics approach to create an oncogenic gene network on
hsa21 around GATA1s. shRNA-mediated knock-down of 42 genes conferred a profound se-
lective growth disadvantage in DS-AMKL cell lines (CMK and CMY). 31 candidate genes are
located in chromosomal region 21g22.1-21g22.3. 11 (out of 14 tested) were overexpressed
in DS-AMKL compared to non-DS-AMKL. A secondary functional validation screening
showed that the potential oncogenes participate in different cellular processes affecting
proliferation, cell viability, apoptosis or differentiation. Gain- and loss-of-function studies
of 11 selected candidates in CD34+ hematopoietic stem and progenitor cells (HSPCs) un-
covered their regulatory function in megakaryopoiesis erythropoiesis and myelopoiesis.
Knockdown of four genes (USP25, BACH1, U2AF1 and C210rf33) inhibited megakaryocytic
and erythroid in vitro differentiation, while enhancing myeloid differentiation. Inversely, ec-
topic expression of six genes (U2AF1, C210rf33, IFNGR2, WDR4 or GABPA) resulted in a
switch from erythroid to megakaryocytic differentiation.

Using an in vivo biotinylation approach to study the protein-protein interaction in DS-AMKL
cells, we could show that GATA1 forms protein-complexes with hsa21-oncogenes. Several
interactions are perturbed in N-terminal truncated GATA1s.

Thus, we propose a complex interactive network located on hsa21 around GATA1 positively
regulating megakaryopoiesis. Deregulation of this network might result in synergistic ef-
fects on hematopoietic differentiation, which promotes transformation of GATA1s-mutated
fetal hematopoietic progenitor cells.
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Myeloproliferative Neoplasms - New Tails and a Point of Order

Tony Green

Department of Haematology, Cambridge Institute of Medical Research
and Wellcome Trust/MRC Stem Cell Institute, University of Cambridge, UK

The human myeloproliferative neoplasms (MPNs) are a spectrum of clonal haematological
malignancies which arise in the haematopoietic stem cell compartment. These disorders
are experimentally tractable, permit clonal analysis and provide a window on the earliest
stages of tumorigenesis. A single somatic gain-of-function mutation in JAK2 is present in
most MPN patients. This observation emphasised the significance of the JAK signalling
pathway which plays a key role in stem cell biology and has now been implicated in many
human malignancies. The Green lab is focussing on the pathogenesis of the MPNs and
particularly on the molecular and cellular consequences of JAK2 mutations. These studies
have had rapid clinical impact with new approaches to both diagnosis and therapy. Addi-
tional highlights of general relevance for stem cell and cancer biology include unexpected
insights into chromatin biology, clonal evolution and haematopoietic stem cell function.
Most recently, our discovery of CALR mutations in the majority of JAK2 unmutated MPN
patients has identified a new cancer gene and revealed an unexpected link with endoplasmic
reticulum biology.
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Consequence of WTi1 Expression and Mutation in Acute Myeloid Leukemia
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The Wilms' tumor (W T1) zinc-finger transcription factor was first identified as a tumor-sup-
pressor in spontaneous Wilms' tumor of the kidney, in which both WT1 alleles are mutated.
In contrast, high levels of WT1 gene expression in up to 75% of acute myeloid leukemia
(AML) have led to the hypothesis that WT1 is an oncoprotein in the hematopoietic compart-
ment. Recent analysis has demonstrated that the WT1 gene is one of the most common
targets of mutations in AML, with circa 12% of all AML samples containing WT1 mutations,
of which 80% are heterozygous inactivating or null mutations, predictive of a haploinsufficient
tumor suppressor. To resolve this conundrum of WTi function in leukemogenesis, we have
utilized three independent mouse models to determine 1) the normal function of Wt1 in
hematopoiesis, 2) the pattern of Wt1 gene expression during proliferation and differentiati-
on, and 3) the oncogenic potential of W11 in collaboration with a weak oncoprotein such as
RUNX1/ETO. In addition, we have used these different systems to identify direct target ge-
nes of W11 in the early myeloid compartment and AML. Taken together our results demons-
trate an important function of Wt1 in maintenance of the hematopoietic stem cell function
during stress, in promoting proliferation at the expense of differentiation, and in synergizing
with RUNX1/ETO to induce AML. Potential target genes of Wt1 that mediate these different
functions have been identified and include regulators of apoptosis, adhesion and chemo-
kine production. Our results clearly demonstrate the oncogenic function of WT1 in AML,
which is consistent with the high expression levels of either wildtype or mutated oncogenic
isoforms of WT1. In contrast, the majority of WT1 mutations in AML leads to reduced ab-
solute WT1 protein levels, a characteristic that must also carry a selective advantage in the
evolving leukemia. In view of the highly antigenic properties of Wt1, we postulate that this
advantage is conferred by the ability of these cells to escape immune surveillance. Thus a
fine balance of WT1 expression levels and isoform production, which is regulated by diver-
se mechanismes, is critical for leukemia progression.

"Equal contribution
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Activating FLT3-ITD receptor mutations in AML are associated with a specific epigene-
tic signature composed of a discrete subset RUNX1-bound DNasel hypersensitive sites
enriched for AP-1 and C/EBP moatifs.

Pierre Cauchy?, Sally James?, Jason Piper3, Anetta Ptasinska1, Joaquin Zacarias-Cabeza?,
Maria-Rosaria Imperato!, Martina Canestraro!, Salam Assi?z, Maarten Hoogenkamp?, David Westhead?,
Sascha Ott3, Constanze Bonifer'; Peter Cockerill*
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Acute myeloid leukemia (AML) with a FLT3 internal tandem duplication (FLT3/ITD) muta-
tion is an aggressive hematologic malignancy with a high rate of relapse. This mutation
converts a normally inducible cytokine receptor to a constitutively active receptor that ac-
tivates MAPK and JAK/STAT pathways. To obtain mechanistic insights into how the epige-
nome is reprogrammed in this type of AML, we have employed genome-wide mapping of
DNasel Hypersensitive Sites (DHSs). This approach identifies active regions of the genome
where potential enhancer and promoter elements exist as open regions of chromatin that
are occupied by transcription factors. We have also developed genome-wide footprinting
methods to predict occupancy of transcription factor binding sites.

We compared karyotypically hormal (KN) AML bearing FLT3-ITD mutations to KN AMLs
lacking this mutation, and to normal CD34+ peripheral blood stem cells (PBSCs). A detailed
analysis of chromatin accessibility and transcription factor occupancy in FLT3-ITD AML re-
vealed the existence of about 1,000 specific DHSs that were consistently enriched in the
FLT3-ITD AML samples compared to normal CD34+ cells and other KN AMLs. These sites
were enriched for DNA motifs for several transcription factors including RUNX1, AP-1, and
C/EBP, that were predicted to be preferentially occupied by DNasel footprinting. A RUNX1
ChlIP analysis further confirmed that these specific DHSs bound RUNX1. This is partly mediated
by an increase in RUNX1 levels because we saw a parallel 2 fold increase in the average
level of RUNX1 mRNA expression in FLT3-ITD AML. However, the principle actions of FLT3-ITD
at the level of the genome are likely to be via the MAPK dependent activation of factors
such as AP-1. Many of the AP-1 motifs we identified were found by DNasel footprinting to
be occupied in FLT3-ITD+ AML but not in normal PBSCs. This activation of inducible factors
and DHSs in AML is also probably the main mechanism leading to the AML-specific bin-
ding of RUNX1 to many additional sites that are not occupied in normal cells. In contrast,
we found no enrichment for motifs for STAT or IRF family proteins that may also respond to
FLT3 signalling. In summary, our data suggests that RUNX1 together with inducible factors
plays a major role in reprogramming gene expression in FLT3-ITD AML.

23



SPEAKER ABSTRACTS
Stem cells in homeostasis and disease

Speaker 8

Using genome-wide binding profiles of transcription factors to reconstruct transcriptio-
nal networks in normal hematopoietic stem/progenitor and leukaemic cells.

Dominik Beck, Diego Chacon, Julie Thoms, Dilmi Perera, Ashwin Unnikrishnan, Jason Wong, John Pimanda
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Genome-wide combinatorial binding patterns for key transcription factors (TFs) have not
been reported for primary human hematopoietic stem and progenitor cells (HSPCs), and
have constrained analysis of the global architecture of molecular circuits controlling these
cells. Here we provide high-resolution genome-wide binding maps for a heptad of key TFs
(FLI1, ERG, GATA2, RUNX1, SCL, LYL1, and LMO2) in human CD34+ HSPCs, together with
quantitative RNA and microRNA expression profiles.

First, we catalog binding of TFs at coding genes and microRNA promoters, and report
that combinatorial binding of all 7 TFs is favored and associated with differential expressi-
on of genes and microRNA in HSPCs. We uncover a previously unrecognized association
between FLI1 and RUNX1 pairing, establish a correlation between the density of histone
modifications that mark active enhancers and the number of overlapping TFs at a peak,
demonstrate bivalent histone marks at promoters of heptad target genes that are poised
for later expression, and identify complex relationships between specific microRNAs and co-
ding genes regulated by the heptad. These data reveal the power of integrating multifactor
sequencing of chromatin immunoprecipitates with coding and honcoding gene expression
to identify regulatory circuits controlling cell identity.

Second, for the power of these integrated data sets to be fully harnessed by experimental
scientists we have built the user-friendly database BloodChiP (http:/www.med.unsw.edu.
au/CRCWeb.nsfpage/BloodChlP). The database has at its core the genome-wide binding
profiles of the heptad TFs in human HSPCs and we have further integrated publicly availa-
ble binding profiles in normal differentiated and leukaemic cells. These ChiIP-seq profiles
were complemented with data sets of chromatin marks and gene expression in the same
cells. BloodChlIP supports exploration and visualization of combinatorial TF binding at a
particular locus in human CD34+ HSPCs and other normal and leukaemic cells or retrieval
of target gene sets for user-defined combinations of TFs across one or more cell types.
All queries can be exported into external sites to construct TF-gene and protein-protein
networks and to evaluate the association of genes with cellular processes and tissue ex-
pression. In conclusion, we provide insights into the combinatorial regulation of seven key
hematopoietic TFs in human CD34+ HSPCs and provide important resource investigate
these profiles in normal differentiated and leukaemic cells.

24



SPEAKER ABSTRACTS
Stem cells in homeostasis and disease

Speaker 9

The transcriptional regulator Fuse Binding Protein 1 (FUBP1) is essential for fetal and
adult hematopoietic stem cell self renewal
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Hematopoietic stem cells (HSCs) are defined by their ability to replenish all blood cell types
and to self-renew, thereby enabling sustained hematopoiesis throughout life. Although our
insights how self-renewal and multilineage differentiation are controlled at the molecular
level has increased during the last decade, more research is heeded to fully understand
the complex interplay between the molecules required for HSC function.

We identified the transcriptional regulator FUBP1 as an essential factor necessary for hema-
topoietic stem cell (HSC) self-renewal. Homozygous Fubp1 gene trap embryos (Fubpinull/
null) lacking FUBP1 activity, die in utero at day E15.5 and exhibit an anemic phenotype. The
total fetal liver cell count and the number of long-term repopulating HSCs (LT-HSCs) are
severely reduced in the homozygous embryos. Competitive transplantation experiments
with E15.5-derived fetal liver cells (Fubpinull/null vs. Fubp1+/+) and with lentivirally transdu-
ced adult LT-HSCs (Fubp1 vs. scrambled shRNA) revealed a significantly lower engraftment
of FUBP1-deficient cells in primary transplants and no engraftment in secondary trans-
plants. These data confirm that FUBP1 is a central player in the regulation of fetal as well
as adult HSC self-renewal.

Single cell tracking of adult Fubp1 knockdown LT-HSCs demonstrated significantly prolon-
ged generation times and increased apoptosis rates. Ex vivo culturing of these cells confir-
med a drastic expansion defect as a consequence of FUBP1 inactivation.

To elucidate the mechanisms by which FUBP1 controls the self-renewal capacity of LT-
HSCs, we investigated the transcriptional network regulated by FUBP1 with Afimetrix gene
profiling arrays and via quantitative real-time PCR. Our results indicate that FUBP1, amongst
others, inhibits the expression of the cell cycle inhibitor p21 and the pro-apoptotic Noxa
gene in adult LT-HSCs. We are also interested in the upstream regulation of FUBP1 in LT-
HSCs and try to identify HSC-relevant transcription factors (TFs) contoling Fubp1 gene ex-
pression. ChIP experiments using murine bone marrow mononuclear cells demonstrated
binding of TAL1/SCL within the Fubp1 promoter region. The ongoing studies will further
our understanding of how FUBP1 is implicated in the regulatory network that controls the
development and maintenance of the hematopoietic system.
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Two consecutive developmental stages of long-term hematopoietic stem cells
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Long-term hematopoietic stem cells (LT-HSCs) are well known to differ in their clonal ex-
pansion capacities after transplantation. By analysing the cellular output after transplan-
tation of stem cells differing in surface expression levels of the Kit receptor, we show that
LT-HSCs can be systematically subdivided into two subtypes with distinct reconstitution
behaviour. LT-HSCs expressing intermediate levels of Kit receptor (Kitint) are quiescent in
situ but proliferate extensively after transplantation and therefore repopulate large parts
of the recipient’'s hematopoietic system. In contrast, metabolically active LT-HSCs expres-
sing high levels of Kit receptor (Kithi) display more limited expansion capacities and show
reduced but robust levels of repopulation after transfer. Transplantation into secondary
and tertiary recipient mice show maintenance of efficient repopulation capacities of Kitint
but not of Kithi LT-HSCs, meaning that these stem cell subtypes are consecutive deve-
lopmental stages at the top of the hematopoietic hierarchy and Kitint LT-HSCs contain the
most potent clonal expansion capacity. Initiation of differentiation is marked by the transit
from Kitint to Kithi HSCs, both of which precede any other known stem cell population.
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Induced pluripotent stem cell model of severe congenital neutropenia
with gene deficiency
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Congenital neutropenia (CN) is a rare inherited disorder of hematopoiesis with a 20% risk to
develop acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS). Recently, we
reported the data from next-generation DNA deep sequencing of leukemia-causing candi-
date genes in CN patients who developed AML or MDS. This report shows that 64.5% of the
patients demonstrated mutations within the RUNX1 gene and the vast majority of patients
with RUNX1 mutations (75%) also revealed earlier acquired CSF3R mutations. The high fre-
quency of RUNX1 mutations in CN patients who developed leukemia and the high incidence
of associated RUNX1 and CSF3R mutations unveil a unique molecular pathway of leukemia
development.

Induced pluripotent stem (iPS) cells are reprogrammed somatic cells with embryonic stem
(ES) cell-like characteristics produced by the introduction of specific transcription factors. It is
believed that iPS cell technology, which generates disease-specific pluripotent stem cells in
combination with directed cell differentiation, will contribute enormously to patient-oriented
research, including disease pathophysiology. To investigate the mechanisms of leukemia de-
velopment from CN patients, we first worked on generating CN patient-derived iPS cells
which can replicate the disease presentation.

We generated iPS cell lines using skin fibroblasts obtained from an SCN patient with HAX1
gene deficiency by retroviral transduction of OCT3/4, SOX2, KLF4 and cMYC genes. Next, we
differentiate them into neutrophils in vitro using a serum- and feeder-free monolayer culture
system. These HAX1 deficiency patient-derived iPS cell lines replicated the hematological
phenotype in the patient such as maturation arrest, defective granulopoiesis and apoptotic
predisposition due to low mitochondrial membrane potential in vitro. Furthermore, we correc-
ted for the HAX1 gene deficiency in patient-derived iPS cells by lentiviral transduction with
HAX1 cDNA and successfully reserved the disease presentation in gene-corrected cells.
These results shows our culture system combined with lentiviral gene transduction will serve
as a useful tool to facilitate disease modeling for CN. We are now investigating the mecha-
nisms of leukemia development from CN patients harboring different CN-specific mutations
(ELANE, HAX1, G6PC3) using this system.
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Novel all-in-one LeGO-SWITCH vectors: a versatile tool for the analysis of oncogene
function and tet-controlled expression from lentiviral vectors
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Lentiviral vectors (LVV) have been widely used in basic research and gene therapy for the
efficient delivery of genetic material and stable integration into the host genome. While
most LVV available confer constitutive transgene expression, a time- and dose-dependent
regulation of expression has proven highly beneficial for numerous research applications.

Recently, we have developed novel all-in-one lentiviral vectors (LeGO-SWITCH) by intro-
ducing the tet-inducible KRAB-domain containing tTR fusion repressor into the LeGO vec-
tor platform. The new vectors mediated controlled expression of genes and shRNAs with
high-level induction and low background even in bulk cultures of various cell lines and
primary mesenchymal stromal cells (MSCs).

To further evaluate the functionality of the LeGO-SWITCH vectors, we analysed the con-
ditional expression of a human oncogene (PIK3CA) that encodes the catalytic subunit of
class IA PI3-kinases (PI3K). We demonstrate tet-controlled expression of the wild-type PI3K
and a kinase domain mutant (H1047R) in haematopoietic cells (Ba/F3). Induced expression
of the mutant, but not the wild-type PI3K resulted in a strictly tet-dependent activation of
the PI3K/AKT signalling cascade. In addition, LeGO-SWITCH vectors allowed for time- and
dose-dependent oncogene expression and subsequent pathway activation. We further
demonstrate tet-controlled regulation of relevant cellular processes, including proliferation
and survival, and conditional cell transformation by tet-regulated induction of factor-inde-
pendent growth. The highly selective cell transformation initiated by mutant PI3K enabled
us to screen for non-controllable cells that were able to grow factor-independently even in
the absence of induction. Importantly, non-regulable cells were only found after seeding
extraordinary high numbers of cells, and were detected with a more than 10.000-fold lower
frequency as compared to inducible control cells. By sequencing regulation-relevant parts
of the proviral genomes in selected cell clones we were able to identify rare, but defined
point mutations within the tet-dependent regulator fusion protein as well as uncommon re-
combination events within the tetracycline-response element (TRE) as possible molecular
escape mechanisms.

In conclusion, the novel LeGO-SWITCH vectors allow for controlled and titratable produc-
tion of an oncoprotein of interest and thus offer new possibilities to investigate oncogene
functions by conditional expression.
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Targeting Signal Transduction in AML
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Next generation sequencing revealed that AML is the result of a dynamic process, where
multiple driver mutations coincide in branching hematopoietic subclones. One important
class of mutations alters the function of proteins that are in involved in signal transduction.
These mutations are thought to help the AML bone marrow to highjack the physiological
communication of hematopoietic progenitor cells with their microenvironment. Most fre-
quent in this class are mutations in the receptor tyrosine kinase FLT3 that confer an adverse
prognosis to the afflicted patients. Several FLT3-specific kinase inhibitors are being clinically
evaluated, with mixed success. While there is no doubt FLT3 inhibitors induce biological ef-
fects and clinically meaningful responses, so far no data have been presented that prove
that FLT3 inhibition can provide long term benefits for AML patients. This may be due to se-
veral mechanisms: (1) under the treatment with FLT3 inhibitors, gatekeeper mutations that
hinder binding of the inhibitor to the kinase rapidly occur; (2) we and others have shown that
in AML blasts, extracellular stimuli activate intracellular kinases that confer resistance to
FLT3 inhibition. Namely, the kinases Btk and Syk are activated by TLR9 and integrin recep-
tors, respectively and potentiate the activation of STAT3/5, NFkappaB and Myc pathways.
The discovery of targetable FLT3 cooperation partners that mitigate the effects of FLT3 in-
hibition in AML is one promising result of signal transduction analyses by quantitative mass
spectrometry in AML model cell lines and in primary AML samples. Also, this methodology
may be developed into a tool to monitor protein expression and phosphorylation events
in primary patient samples before, during and after kinase inhibitor treatment, to use this
information to newly interpret drug responsiveness and therapy resistance and to react ac-
cordingly by combining drugs for treatment. Taken together, targeting signal transduction
in AML holds promise, if rational combination of signal inhibition and molecular monitoring
of phosphorylation events before and during therapy are used to outwit the event of alter-
native and redundant pathways.
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Opposing regulation of BIM and BCL2 gene expression controls glucocorticoid-
induced apoptosis of paediatric acute lymphoblastic leukaemia cells
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Glucocorticoids are critical components of combination chemotherapy regimens used to
treat paediatric acute lymphoblastic leukaemia (ALL), although resistance is frequently en-
countered at relapse. The pro-apoptotic BIM protein is an important mediator of glucocor-
ticoid-induced apoptosis of normal and malignant lymphoid cells, while the anti-apoptotic
BCL-2 confers resistance. The purpose of this study was to gain a greater understanding
of the role of BIM and BCL2 in dexamethasone-induced apoptosis of paediatric ALL pati-
ent-derived xenografts (PDXs) that were inherently sensitive or resistant to glucocorticoids.
NOD/SCID mice engrafted with PDXs were treated with dexamethasone (15 mg/kg IP)
or vehicle control, and spleen-derived human leukaemia cells harvested 8 hours there-
after. Downstream effectors of the glucocorticoid receptor (GR) were analysed, by gene
expression profiling, and transcriptional regulators were studied by chromatin immuno-
precipitation (ChIP) and ChIP-seq analyses. Microarray analysis of gene expression showed
that KLF13 and MYB gene expression changes were significantly greater in a group of 5
dexamethasone-sensitive PDXs compared with 5 resistant PDXs (FDR<0.05). ChlIP revealed
that, following dexamethasone treatment, the GR bound to the KLF13 promoter resulting in
increased KLF13 expression in sensitive, but not resistant, PDXs. Next, we demonstrated by
ChlIP that KLF13 bound to the MYB promoter in competition with SP1 resulting in inhibition
of MYB expression only in sensitive xenografts. Since MYB is a known activator of the BCL2
gene, impaired KLF13 induction in dexamethasone-resistant PDXs resulted in maintained
BCL2 expression and inhibition of dexamethasone-induced apoptosis. This was in direct
contrast to dexamethasone-sensitive xenografts, in which BCL2 expression was switched
off. ChlP-seq analysis revealed a novel GR binding site in a BIM intragenic region (IGR) in
dexamethasone-sensitive, but not resistant, PDXs. Upon GR binding, acetylated histone
(H3K9Ac) and RNA Pol Il bound to the BIM promoter, resulting in BIM promoter activation.
This appears to be the first evidence that the GR may directly activate BIM via distal regu-
lation, and that the absence of GR binding at the BIM IGR is responsible for glucocorticoid
resistance. In summary, we have identified novel mechanisms of opposing BIM and BCL2
gene regulation that control glucocorticoid-induced apoptosis in paediatric ALL.
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Permissive feedback enables oncogenic signaling in pre-B cells and represents

a therapeutic target in acute lymphoblastic leukemia
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Targeted therapy of cancer typically focuses on the development of agents that will in-
activate a transforming oncogene. In this study, we tested the concept that besides the
oncogene itself, factors that enable permissiveness of a normal cell to oncogenic signaling
represent a novel class of therapeutic targets. This hypothesis was based on our finding
that acute activation of oncogenes in pre-B cells typically results in immediate cell death
in the vast majority of cells. Only a small minority of cells is capable of adapting quickly
enough to evade cell death and to subsequently undergo oncogenic transformation. Per-
missiveness to oncogenic signaling was correlated with strong upregulation of negative
feedback regulators of MAPK (DUSP6, SPRY2, ETV5) and STAT5 (CISH, SOCS2, SOCS3) si-
gnaling. Genetic deletion of the sprouty family Ras inhibitor Spry2, the MAPK phosphatase
Dusp6 or Etvs, a transcriptional activator of SPRY2/DUSPG6, decreased robustness of nega-
tive feedback control and compromised oncogenic transformation of pre-B cells. Likewise,
ablation of the suppressors of cytokine signaling (SOCS) family molecules Cish, Socs2 and
Socs3 reversed permissiveness of pre-B cells to oncogenic signaling. Interestingly, IKZF1, a
critical tumor suppressor in pre-B ALL, binds directly to transcriptionally represses DUSPG,
SPRY2, ETV5, CISH, SOCS2, and SOCS3 promoters, hence lowering the threshold of ma-
ximum allowable oncogene signaling strength. Interstingly, a small molecule inhibitor of
DUSPG6 acutely subverted negative feedback regulation and selectively induced cell death
in pre-B ALL cells. In addition, small molecule inhibition of DUSP6 was sufficient to over-
come conventional mechanisms of drug-resistance in pre-B ALL and had strong selective
activity on drug-resistant patient-derived pre-B ALL cells that were injected into NOD/
SCID transplant recipient mice. These findings identify permissive negative feedback con-
trol of oncogenic signaling as a previously unrecognized vulnerability of pre-B ALL cells
and a new class of potential therapeutic targets.
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Aberrant chromatin programming in core-binding-factor acute myeloid leukemia
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Our lab studies core-binding-factor acute myeloid leukemia (AML) to address the question
of how leukaemic transcription factors reprogram the epigenome of normal myeloid pro-
genitor cells. The t(8;21) translocation fuses the DNA binding domain of the hematopoietic
master regulator RUNX1 to the ETO protein. The resultant RUNX1/ETO fusion protein is a
leukaemia-initiating transcription factor that interferes with RUNX1 function. The result of
this interference is a block in differentiation and, after the acquisition of additional muta-
tions, the development of acute myeloid leukemia (AML).

In our previous work we determined genome-wide binding sites of RUNX1/ETO and
RUNX1. We also measured open chromatin regions, histone acetylation and RNA-Poly-
merase Il binding as well as global gene expression. Our work demonstrates that selecti-
ve removal of RUNX1/ETO leads to a widespread reversal of aberrant epigenetic repro-
gramming, including alterations in histone modification patterns and RNA-Polymerase I
occupancy as well as inhibition of self-renewal and the induction of myeloid differentiation
(Ptasinska et al., 2012, Leukemia). Here we use a novel digital footprinting methodology and
ChlIP-sequencing to identify the core RUNX1/ETO responsive transcriptional network of
t(8;21) cells. We show that the transcriptional programme underlying leukemic propagation
is regulated by a dynamic equilibrium between RUNX1/ETO and RUNX1 complexes, which
bind in a mutually exclusive fashion to identical genomic sites and have distinct preferen-
ces for co-activator and co-repressor binding. Perturbation of this equilibrium by RUNX1/
ETO depletion results in a global reassembly of transcription factor complexes within pre-
existing open chromatin and the formation of a new C/EBP-dominated transcriptional net-
work driving myeloid differentiation. Our work demonstrates on a system-wide level that
the block in myeloid differentiation in t(8;21) is caused by the dynamic balance between
RUNX1/ETO and RUNXz1 activities and the repression of C/EBP and highlights the core
targets of transcriptional reprogramming in t(8;21) AML.
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Mutated IDH1 as a therapeutic target
Michael Heuser

Hannover Medical School Hematology, Hemostasis, Oncology and Stem Cell Transplantation,
Carl-Neuberg-Str. 1, 30625 Hannover, Germany

Mutations in the metabolic enzymes isocitrate dehydrogenase 1 (IDH1) and 2 (IDH2) are
frequently found in glioma, acute myeloid leukemia (AML), melanoma, thyroid cancer and
chondrosarcoma patients. Mutant IDH produces 2-hydroxyglutarate (2HG), which induces
histone- and DNA-hypermethylation through inhibition of epigenetic regulators. We inves-
tigated the role of mutant IDH1 using the mouse transplantation assay. Mutant IDH1 alone
did not transform hematopoietic cells during 5 months of observation. However, mutant
IDH1 greatly accelerated onset of myeloproliferative disease (MPD)-like myeloid leuke-
mia in mice in cooperation with HoxAQ with a mean latency of 83 days compared to cells
expressing HoxAg and wildtype IDH1 or a control vector (167 and 210 days, respectively,
P=.001). Mutant IDH1 accelerated cell cycle transition through repression of cyclin-depen-
dent-kinase inhibitors Cdkn2a and Cdkn2b, and activated MAP-kinase signaling. By com-
putational screening, we identified an inhibitor of mutant IDH1, which inhibited mutant IDH1
cells and lowered 2HG levels in vitro, and efficiently blocked colony formation of AML cells
from IDH1 mutated patients but not of normal CD34+ bone marrow cells. These data de-
monstrate that mutant IDH1 has oncogenic activity in vivo and suggest that it is a promising
therapeutic target in human AML cells.
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Of CARs and TRUCKSs: engineered T cells to target cancer
Hinrich Abken

Center for Molecular Medicine Cologne (CMMC), University of Cologne, and Clinic | for Internal Medicine,
University Hospital Cologne, Cologne, Germany

Adoptive therapy with antigen-specific T cells is achieving impressive efficacy in early pha-
se trials, in particular in hematologic malignancies, strongly supporting the notion that the
immune system can control cancer. A current strategy of favor is based on ex vivo engi-
neered T cells which are redirected by a chimeric antigen receptor (CAR) and recognize
target cells in a pre-defined fashion by an antibody-derived binding domain. Such CAR T
cells can substantially reduce the tumor burden as long as the targeted antigen is present
on the cancer cells. However, loss of MHC or immunogenic antigens make cancer cells
invisible to cytotoxic T cells and may contribute to deadly tumor relapses. We present an
effective cell-based strategy to attack antigen-loss cancer cell variants by combining anti-
gen-directed T cell therapy with the inducible release of a cytokine. Cytotoxic T cells were
engineered to release inducible IL-12 upon CAR engagement in the targeted tumor lesion,
which in turn attracts an innate immune cell response towards those cancer cells that are
invisible to CAR T cells. Such TRUCKs, T cells redirected for universal cytokine-mediated
killing, exhibited remarkable efficacy against solid tumors with diverse cancer cell pheno-
types. CAR IL-12 T cells produced accumulation of activated macrophages in the targeted
lesion that was crucial to the anti-tumor response. Inducible cytokine supplementation by
CAR redirected T cells allows to target otherwise inaccessible tumor lesions, in a manner
associated with reduced systemic cytokine toxicity, by recruiting and activating innate im-
mune cells for a pro-inflammatory response.
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Engineering of chimeric antigen receptor (CAR)-modified T cells for
adoptive immunotherapy of cancer - emerging opportunities and challenges

Michael Hudecek?, Stanley R. Riddell?3, Hermann Einsele*

! Medizinische Klinik und Poliklinik Il, Universitatsklinikum Warzburg, Germany
2 |nstitute for Advanced Study, Technical University of Munich, Germany
3 Program in Immunology. Clinical Research Division, Fred Hutchinson Cancer Research Center, Seattle, USA

Adoptive immunotherapy with T cells that were modified by gene-transfer to express a
tumor-targeting chimeric antigen receptor (CAR) is being investigated as a novel and trans-
formative way for treating cancer. CARs are synthetic receptors with an extracellular anti-
gen-binding domain derived from the VH/VL chains of an antibody, an intracellular signa-
ling domain — most commonly CD3zeta in cis with a co-stimulatory domain such as CD28
or 4-1BB, and recognize surface molecules independent from HLA. The CAR-transgene
can be inserted into autologous T cells to provide a personalized tumor-reactive T-cell
product for an individual patient. Pilot clinical trials at centers in the US have demonstra-
ted the curative potential of this approach with dramatic and durable complete anti-tumor
responses in a subset of patients with chemo-radiotherapy refractory CD19+ B-cell acute
and chronic leukemia (ALL/CLL) that received T cells modified with a CAR specific for the
B-lineage marker CD19. Importantly, clinical responses correlated with engraftment and
persistence of CAR T cells following adoptive transfer. An ongoing effort in the field is to
identify and validate alternative tumor antigens to extend applications of CAR T-cell the-
rapy. Our group has developed a CAR specific for the ROR1 molecule that is expressed on
several hematologic malignancies and epithelial cancers, including triple-negative breast
cancer and demonstrated the ability of ROR1-specific CAR T cells to confer anti-tumor
reactivity in pre-clinical models. We are in the process of establishing the GMP manufac-
turing process for CAR T cells and preparing clinical trials to implement this powerful new
therapeutic modality at our institution.

Supported by: Deutsche Krebshilfe e V., Max Eder Program
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Cancer therapy using tumor infiltrating lymphocytes (TIL) for adoptive transfer;
can it get any better?

Per thor Straten

Center for Cancer Immune Therapy, Department of Haematology,
Copenhagen University Hospital Herlev, Denmark

Adoptive cell transfer (ACT) using tumor infiltrating lymphocytes (TIL) has achieved impres-
sive clinical results in several single institution phase I/1l clinical trials performed outside
Europe, and holds promise to enter the mainstream of standard melanoma care in the near
future. At our Institution we have an ongoing phase I/11 study, and a European phase Ill stu-
dy is being planned together with collaborators in Amsterdam and Manchester. However,
despite unprecedented response rates in TIL based ACT, some patients do not respond or
response is temporary. Moreover, for some patients, TILs cannot be grown; a feature that
may be even more relevant if TIL based ACT is considered for other solid cancers. Thus,
there is a need to improve this therapy both in terms of the cellular source, characterization
of markers for response, as well as modifying the therapy for higher response rates and
more complete and lasting responses. We have conducted a comprehensive monitoring of
the patients included in the trial at our institution to achieve more insight into the biology of
TIL therapy. Moreover, we are studying if T cells for TIL therapy could be improved in their
capacity to home to tumor sites and retain functional capacity in a hostile tumor microen-
vironment.
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Cell therapy for leukemia crosses the activity threshold

Stephan Grupp

Division of Oncology, Departments of Pediatrics and Pathology, Children’'s Hospital of Philadelphia and
Perelman Scholl of Medicine and the University of Pennsylvania

Chimeric antigen receptors (CARs) combine antigen recognition and intracellular signaling
domains into a single chimeric protein. We previously reported on CTL019 anti CD19 CAR
cells with up to 100,000x in vivo proliferation, durable anti-tumor activity, and prolonged
persistence, including a sustained CR in 1 of 2 pts with ALL (Grupp. et al. NEJM 2013). More
recently, we have reported on 30 pts (25 children and 5 adults) with relapsed, refractory
ALL treated with CTL019.

T cells were lentivirally transduced with a CAR composed of an anti-CD19 scFv plus 4-1BB/
CD3 signaling domains. The pediatric CTL0O19 dose range was 107 to 108 cells/kg with
a transduction efficiency (TE) of 11-45%. Two thirds of pts had relapsed ALL after a prior
allogeneic SCT. T cells were collected from the patient regardless of prior SCT status. 22
children 5 adults with CD19+ ALL were treated. One child had T cell ALL aberrantly expres-
sing CD19. All but 3 pts had active disease immediately prior to CTLO19 infusion. A median
of 3.7x106 CTLO19 cells/kg (0.7-18x106/kg) were infused. 27/30 pts (90%) achieved a CR,
including the pt with CD19+ T cell ALL. 6 month OS is 78% and EFS 67% in the cohort. Re-
currences have included 3 pts who developed CD19(-) ALL. All pts developed some de-
gree of delayed cytokine release syndrome (CRS), some severe. Cytokine analysis showed
marked increases of IL-6 and IFN. Treatment for CRS that included significant hypotension
or respiratory instability was required in ~30% of pts with the IL-6 receptor antagonist tocili-
zumab, with rapid resolution of CRS. No GVHD has been seen in pts who were s/p allo SCT,
although the cells collected from pts s/p allo SCT were median 100% donor origin. B cell
aplasia was seen up to 24mo.

Summary: CTL019 cells are T cells genetically engineered to express an anti-CD19 scFv
coupled to CD3 signaling and 4-1BB costimulatory domains. These cells can undergo ro-
bust in-vivo expansion and can persist for >18mo in pts with relapsed ALL. CTLO19 therapy
is associated with a significant CRS that responds rapidly to IL-6-targeted anti-cytokine
treatment. This approach has promise as a salvage therapy for patients who relapse after
allo SCT, and collection of tolerized cells from the recipient appears to have a low risk of
GVHD. CTL019 cells can induce potent and durable responses for patients with relapsed/
refractory ALL.
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Targeting Tumors by Alloreactive T cells

J. H. Frederik Falkenburg
Hematology, Leiden University Medical Center, The Netherlands

Adoptive T cell therapy in the context of allogeneic stem cell transplantation (SCT) allows
the exploration of cellular immunotherapy strategies to control hematological cancers. Af-
ter engraftment of donor hematopoiesis in the patient, T cells derived from the same donor
are capable of recognizing polymorphic antigens disparate between donor and recipient,
and can elicit both graft versus host disease (GVHD) and graft versus tumor (GVT) reactivity.
T cell responses against polymorphic antigens expressed on normal non-hematopoietic
tissues of the recipient are responsible for GVHD. In contrast, donor derived T cells directed
against polymorphic antigens preferentially expressed on cells of hematopoietic origin can
attack normal and malignant hematopoietic cells of recipient origin while preserving donor
hematopoiesis and sparing of patient derived non-hematopoietic tissues. Donor derived
CD8 T cells directed against antigens recognized in the context of HLA class-I molecules
are known to exhibit cytotoxicity against target tissues. Since HLA class-I molecules are
broadly expressed on all nucleated cells, CD8 T cells recognizing HLA class-I bound pep-
tides derived from hematopoiesis specific proteins are preferential candidates for specific
anti tumor reactivity after transplantation. However, not all T cell reactivity against antigens
expressed on non hematopoietic tissues will lead to severe GVHD. The cellular activation
state influenced by inflammatory circumstances in the non hematopoietic tissues plays a
role in the ability of T cells to damage these tissues. Since HLA class-Il molecules show
a restricted tissue distribution, CD4 T cells reacting with antigens presented in HLA class-
Il may also lead to relatively specific GVT responses. T cells recognizing antigens in the
context of HLA-DQ and HLA-DP have been found in patients associated with anti tumor
effects with limited GVHD. However, under inflammatory circumstances upregulation of
HLA class-Il molecules on non-hematopoietic tissues can result in GVHD. These results il-
lustrate that both the specificity of the T cell responses, and the inflammatory environment
will determine the balance between GVHD and GVT reactivity after stem cell transplan-
tation. Skewing the T cell response towards hematopoiesis restricted antigens by in vitro
selection of T cells with defined specificity and controlling the inflammatory conditions in
the patients may allow the separation of GVT from GVHD.
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T Cell Engineering for Immunotherapy of Cancer
Hans J. Stauss

Institute of Immunity and Transplantation, University College London, United Kingdom

Adoptive T cell transfer has been used to control cancer growth and prevent disease from
viral reactivation in immunosuppressed patients. The selection of antigen-specific T cell
populations with appropriate effector function remains a major bottleneck for T cell the-
rapy. The transfer of genes encoding TCR chains and regulatory molecules provides an
opportunity to reliably produce therapeutic T cells of desired specificity and function.

We have isolated HLA-A2-restricted T cell receptor (TCR) specific for Epstein-Barr Virus
(EBV) and cytomegalovirus (CMV) to test their function in CD8+ T cells and also in CD4+
helper T cells. Retroviral transfer of the TCR genes generated CD4+ T cells that bound
HLA-A2/peptide multimers and produced cytokines when stimulated with MHC class II-
deficient cells presenting the relevant viral peptides in the context of HLA-A2. Peptide tit-
ration revealed that CD4+ T cells had a 10-fold lower avidity than CD8+ T cells expressing
the same TCR. The impaired avidity of CD4+ T cells was corrected by transferring simul-
taneously TCR and CD8 genes. The CD8 co-receptor did not alter the cytokine signature
of CD4+ T cells, which remained distinct from that of CD8+ T cells. Using the xenogeneic
NOD/SCID in vivo model, we show that human CD4+ T cells expressing TCR and CD8 pro-
tected efficiently against the growth of tumours expressing the TCR-recognised EBV or
CMV antigens. Together, we describe a robust approach for generating therapeutic CD4+ T
cells capable of providing MHC class I-restricted immunity against MHC class lI-negative
tumours in vivo.
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TALEN-mediated editing of endogenous T-cell receptors to improve efficiency
and safety of T-lymphocyte reprogramming

Belinda Berdien*, Ulrike Mock?, Djordje Atanackovic?, Boris Fehse?

1 Dept. of Stem Cell Transplantation, UCCH, University Medical Centre (UMC) Hamburg-Eppendorf
Research Dept. Cell and Gene Therapy, MartinistraBe 52, 20246 Hamburg, Germany
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The use of reprogrammed T lymphocytes for adoptive immunotherapy has shown great
promise in various malignant diseases. To redirect T cells, transgenic T-cell receptors
(TCRs) or chimaeric antigen receptors (CARs) are introduced, in most cases using integra-
ting (retro-)viral vectors. The presence of an endogenous TCR conferring a T cell’s reacti-
vity against a defined antigen may impair eficacy of TCR transgenesis, but also cause sa-
fety problems owing potential mispairings and/or expansion of auto-/alloreactive clones.
Genome editing mediating complete shut-off of the endogenous TCR chains has been
proposed to solve these problems. To this end, we designed novel TCR- and TCR--specific
pairs of TAL-effector nucleases (TALENS). We also developed an optimised mRNA-electro-
poration protocol for effective TALEN-delivery into T lymphocytes. Based thereon we were
able to knockout both TCR chains with so far unmatched efficiencies in Jurkat (TCR-: 59.7
+ 4.0%, TCR-: 37.4 + 7.3%) as well as primary T cells (TCR-: 58.0 + 15.0%, TCR-: 41.0 * 17.6%).

We finally applied a successive knockout strategy for the endogenous TCR chains followed
by subsequent lentiviral transduction of the respective chains of an Influenza-virus (Flu-)
specific model TCR. We show that this approach led to complete editing of Jurkat as well
as primary T cells with strongly improved expression and functionality of transgenic TCRs.
In conclusion, we suppose that our new technique for efficient editing of endogenous TCRs
may be very useful in the context of T-cell reprogramming for adoptive immunotherapy.
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Tumor and tumor stem cell targeted oncolytic viruses
Christian J. Buchholz

Paul-Ehrlich-Institut, Molecular Biotechnology and Gene Therapy, 63225 Langen, Germany

Restricting delivery of oncolytic viruses and their infection and propagation to the relevant
cell type is a key issue in virotherapy. Virus tropism is determined at different stages during
the viral life cycle. Of these, attachment to the cell surface receptor is the primary step not
only for virus infection but also for vector mediated gene delivery. Vectors with a restricted
tropism, ideally highly specific just for the cell type of interest for the given therapeutic
application, are expected to improve safety and efficacy. Altering receptor usage of a viral
vector is a complex protein engineering task, which was first accomplished for oncolytic
measles viruses (MVs).

We described a CD133-targeted oncolytic measles virus (MV) as a promising approach to
specifically eliminate CD133+ cancer initiating cells (CICs). Selective entry was mediated
by an engineered MV hemagglutinin (H). The H protein was blinded for its native receptors
and displayed a CD133-specific single-chain antibody fragment (scFv) as targeting domain.
De novo generated CD133-targeted MV (MV-1417), was absolutely specific for CD133+ cells
and showed potent oncolytic activity against glioma, hepatocellular carcinoma and colon
cancer. Most interestingly, the oncolytic activity of CD133-specific viruses was substantially
enhanced compared with the unmodified MV-NSe. So far differences in the density of MV
receptor and CD133 as well as differences in spreading kinetics have been excluded to be
causative. Ongoing efforts aim at exploring the underlying mechanism.

Recently, we have transferred the entry targeting strategy to AAV vectors by mutating the
heparan-sulfate proteoglycan (HPSG) binding site in the capsid proteins and simultane-
ously fusing a designed ankyrin repeat proteins (DARPins) with high affinity for the tumor
antigens Her2/neu or EpCAM to the VP2 capsid protein. Remarkably, a single iv. injection
of such tumor targeted AAV vectors is sufficient to track 80% of all tumor sites in a metas-
tatic mouse model and to extend survival considerably longer than upon state-of-the art
anti-cancer medication. Moreover, ongoing studies suggest that this approach enables the
detection of few tumor cells in human blood.
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An oncolytic Rhabdovirus for the treatment of brain cancer, melanoma
and prostate cancer
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Background:

Oncolytic viruses destroy cancer cells specifically without harming normal tissues and are
a highly promising new class of anti-cancer therapeutics. The Vesicular Stomatitis Virus
(VSV) is an extremely potent oncolytic agent; however, clinical application has been limited
by its devastating neurotoxicity and the rapid induction of a neutralizing antibody response.
Here, we sought to exploit the many virtues of replication competent VSV as an anticancer
therapeutic, while at the same time mitigating its propensity to infect and destroy normal
brain cells.

Material and methods:

We removed the VSV glycoprotein G as key neurovirulence deteminant and replaced it
with the arenavirus glycoprotein LCMV-GP thereby generating a replicating therapeutic,
rVSV(GP). Here, we analyzed safety and efficacy of this novel virus in vitro and in vivo.

Results:

While there are no doses at which wildtype VSV (wtVSV) can be safely introduced into
rodent brains, we found that our chimeric strain rVSV(GP) caused no significant neurotoxi-
city even at doses of 108 plaque forming units injected directly into the brains of rodents.
In addition, rVSV(GP) was a much safer virus when delivered systemically compared to its
parental rVSV strain. rVSV(GP), however, was significantly more potent against a spectrum
of human cancer cell lines than current oncolytic virus candidates. Furthermore, it retained
rVSVs potent oncolytic activity in both syngeneic and xenogeneic orthotopic human glio-
blastoma models as well as in a syngeneic CT26 colon carcinoma brain metastasis model.
Most importantly, in contrast to wtVSV, rVSV(GP) was not inactivated by human serum com-
plement and did not induce a neutralizing antibody response in mice. The lack of neutra-
lizing antibody induction allowed rVSV(GP) to access and replicate within tumour tissue of
pre-immunized animals. Thus, rVSV(GP) is the first oncolytic virus that has the potential to
fully retain therapeutic eficacy upon repeated therapeutic application.

Conclusions:
Taken together, rVSV(GP) is an extremely promising new oncolytic virus platform, which
does not show any of the major drawbacks that have limited clinical eficacy of oncolytic
viruses so far.
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Pexa-Vec (JX-594), an Oncolytic and Immunotherapeutic Vaccinia Virus,
for the Treatment of Patients with Advanced Tumors

Caroline J. Breitbach*, James Burke1, Anne Moon?, Tae-Ho Hwang?, John C. Bell*3, David H. Kirn*

! Jennerex Inc., San Francisco, CA, USA
2 Pusan National University, Busan, South Korea
3 Ottawa Hospital Research Institute & University of Ottawa, Ottawa, ON, CA

Pexa-Vec (pexastimogene devacirepvec; JX-594) is a cancer-targeted oncolytic and immu-
notherapeutic vaccinia virus engineered to selectively replicate in and destroy cancer cells
with cell cycle abnormalities and epidermal growth factor receptor (EGFR)/ras pathway
activation. Direct oncolysis plus granulocyte macrophage - colony stimulating factor (GM-
CSF) expression also stimulates tumor vascular shutdown and anti-tumoral immunity. Over
300 patients with advanced cancers, including hepatocellular carcinoma and colorectal
cancer, have been treated by intravenous (IV) and/or intratumoral (IT) injections to date.
Treatment with Pexa-Vec has been generally well-tolerated to date, with acute, transient
flu-like symptoms being the most common treatment-emergent adverse events. Anti-tu-
moral activity has been observed on multiple Phase 1 and 2 trials in patients with hepato-
cellular carcinoma, renal cell carcinoma and colorectal cancer.
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Oncolytic Measles Virus in Combination withimmune Checkpoint Blockade
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2 German Cancer Research Center, Clincal Cooperation Unit Dermato-Oncology

3 Department of Medical Oncology, National Center for Tumor Diseases and University Hospital, Ruprecht-
Karls-University, Im Neuenheimer Feld 460, Heidelberg, Germany

Phase | trials with oncolytic measles viruses (MV) based upon the live attenuated vaccine
strain have been initiated with first signs of clinical eficacy and no dose-limiting toxicities.
The blockade of the CTLA-4 and PD-1/PD-L1 checkpoints is a novel paradigm in immu-
notherapy of cancer. The recent success of these antibodies against malignant melanoma
and a number of other tumor entities has been celebrated as a breakthrough in oncology.
However, not all patients experience tumor remission. The combination of oncolytic viro-
therapy with these immunotherapeutics promises benefits, allowing for tumor reduction
by direct cell lysis, tumor vaccination effects and enhanced tumor-specific T cell respon-
ses. Combination therapies including immune checkpoint modulators are leading-edge
in cancer therapy. With the recent advances in the development of oncolytic viruses, the
combination of virotherapy with immune checkpoint blockade is highly warranted. In a pre-
clinical study, we have combined oncolytic virotherapy with immune checkpoint blockade.
Combination treatment of oncolytic MV with antibodies against CTLA-4 and PD-L1 was
studied in murine tumor models. Oncolytic eficacy was addressed in a xenograft model of
human melanoma. The combination treatment was equally efficient in this model, with high
rates of complete tumor remission (> 80%). Immunotherapeutic effects were assessed in a
fully immunocompetent murine model of malignant melanoma. Here, therapeutic benefits
in terms of tumor growth and median overall survival were observed for animals treated
with MV in combination with anti-CTLA-4 and anti-PD-L1, respectively, compared to cont-
rols receiving an antibody isotype control. Functional aspects of immunomodulation were
assessed by analyses of tumor-infiltrating lymphocytes. Tumors treated with MV and anti-
CTLA-4 or PD-L1 showed increased levels of tumor-infiltrating CD3+ T cells and decreased
levels of intratumoral FoxP3+ regulatory T cells. In tumors treated with MV and anti-PD-L1,
the frequency of activated CD8+ cytotoxic T cells expressing IFN-g was also markedly in-
creased. Furthermore we could demonstrate highly effective MV-mediated lysis of tumor
cells in primary tissue from melanoma patients.

Based on the current results, we are developing a Phase | study of anti-PD-L1 antibody in

combination with MV in patients with PD-L1 positive locally advanced or metastatic solid
tumors.
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Epigenetic Changes in Myelodysplastic Syndrome (MDS) Focus on BCOR
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Myelodysplastic syndromes (MDS) are a clonal hematopoietic disorder with limited thera-
peutic options. Our whole exome and candidate gene sequencing of 1,400 MDS samples
(spearheaded by laboratories of Torsten Hafferlach and Seishi Ogawa) identified frequent
driver mutations including BCOR. The gene is located on the X chromosome and 5-10%
of MDS patients have nonsense mutations of the gene. BCOR is an epigenetic repressor
which has not been studied in detail in MDS.

BCOR is expressed in early hematopoietic stem cells (HSC); levels decrease with progres-
sive myeloid differentiation. Preliminary experiments using a BCOR conditional knockout
(KO) cellular model suggested that the high levels of BCOR in hematopoietic stem cell is
associated with their quiescence. We used the conditional BCOR KO murine model to stu-
dy its role in hematopoiesis including proliferation and differentiation, as well as identifying
target genes of BCOR. Studies were also done with both MDS samples having nonsense
BCOR mutations, as well as silencing (shRNA) BCOR in human acute myeloid leukemia cell
lines. Further studies showed that loss of BCOR had a profound effect on the polycomb
complex.
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MicroRNAs, EMT AND CANCER STEM CELLS

Thomas Brabletz
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We have shown, that in particular tumor cells at the invasive front of common adenocarci-
nomas undergo an epithelial-mesenchymal transition (EMT) and aberrantly express EMT-
associated transcriptional repressors, like ZEB1. The amount of such cells strongly correla-
tes with metastasis formation and poor clinical outcome. Strikingly, metastases show again
a re-differentiated phenotype, indicating a mesenchymal-epithelial re-transition (MET) and
a support a regulatory role of the tumor environment for malignant tumor progression.

We described that the EMT-activator ZEB1 is a crucial promoter of metastasis and demons-
trated that ZEB1 inhibits expression of cell polarity factors and the microRNA-200 family,
whose members are strong inducers of epithelial differentiation. These results indicate that
ZEBA1 triggers a microRNA-mediated feedback-loop, which stabilizes EMT and promotes
dissemination of cancer cells. Moreover we detected that in addition ZEB1 is necessary for
the tumor initiating capacity of pancreatic, breast and colorectal cancer cells. ZEB1 inhibits
expression of miR-200c, miR-203 and miR-183, which cooperate to suppress expression of
stem cell factors, as demonstrated for the polycomb repressor Bmii.

We propose that ZEB1 links EMT-activation and stemness-maintenance by suppressing
stemness-inhibiting microRNAs and thereby is a promoter of mobile, migrating cancer
stem cells. Notably, these cells also acquired a drug-resistance phenotype. Thus, targeting
the ZEB1 - miR-200 feedback loop might be a promising treatment option for fatal tumors,
such as pancreatic cancer.
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Stem Cell Aging and Rejuvenation
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Hematopoietic stem cell (HSC) function declines upon aging and it is associated with im-
paired hematopoiesis in the elderly. The cellular molecular mechanisms of stem cell aging
are still poorly understood, precluding rational approaches to ameliorate stem cell aging
and thus tissue attrition with age. Stem cell aging is not fixed as we demonstrate a critical
mechanistic role of the activity of the small RhoGTPase Cdc42 in HSC aging and identify
it as a target to pharmacologically rejuvenate stem cell intrinsic age-associated phenoty-
pes of LT-HSCs via inhibition of Cdc42 activity. Cytoplasmatic as well as nuclear polarity in
young and aged LT-HSCs with respect to the proteins Cdc42, tubulin and AcH4K16 is regu-
lated by Cdc42 activity (aged LT-HSCs are apolar). These data support a novel concept in
which aging-associated changes in LT-HSC self-renewal and differentiation are regulated
by changes in stem cell polarity. We also demonstrate an unexpected shift from canonical
to non-canonical Wnt signalling due to elevated expression of Wntsa in aged HSCs that
causes activation of Cdc42 upon aging. Aged HSCs present with a strongly reduced level
and primarily cytoplasmatic localization of -catenin in the majority of the cells. A stem cell
intrinsic reduction of the aging associated elevated WWntsa expression via a knock-down ap-
proach functionally rejuvenated aged HSCs, as the frequency of polarized chronologically
aged HSCs with respect to distribution of both Cdc42 and tubulin is increased (younger),
while they also show a high expression level and nuclear localization of -catenin, indicative
of a reversion to active canonical Wnt signalling and an overall phenotype more similar to
young HSCs. Additional novel data indicate that apolarity correlates with the mode of stem
cell division, so that upon aging HSCs generate more frequently daughter cells similar to
each other through a symmetric mode of division.
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B-cell differentiation and neoplastic transformation under the perspective
of the epigenome

José . Martin-Subero

Department of anatomic Pathology, Pharmacology and Microbiology, University of Barcelona, Spain
Institut d'investigacions Biomediques August Pi i Sunyer (IDIBAPS), Barcelona, Spain

DNA methylation is an epigenetic mark playing an important role in regulatory and de-
velopmental processes, both in the context of physiological and pathological conditions.
During the last decades, this epigenetic mark has been the subject of multiple studies
in the field of hematological neoplasms, being tumor suppressor gene silencing through
promoter hypermethylation the most widely reported finding. The recent development
of unbiased tools allowing us to quantify methylation levels throughout the genome are
now modifying our perception on the role(s) of DNA methylation during cell differentiation
and neoplastic transformation. In the context of the BLUEPRINT Project and the chronic
lymphocytic leukemia (CLL) Genome Project, we have performed a detailed analysis of
the DNA methylome during the complete B-cell differentiation process (including 10 cell
subpopulations) and in a large series of CLLs. Both normal B-cell differentiation and CLL
leukemogenesis involve a massive reconfiguration of the DNA methylome, affecting both
functional domains such as enhancers, and apparently non-functional regions like hetero-
chromatin and polycomb-repressed regions. The results derived from these analysis indi-
cate that the role of DNA methylation is more nuanced than previously accepted, being its
functions dependent on both genomic and chromatin context.
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Leukemia initiating cell formation requires myeloid differentiation

Daniel G. Tenen*?, Min Ye?

1 Cancer Science Institute, National University of Singapore
2 Harvard Stem Cell Institute, Boston, MA USA

Leukemia initiating cells (LICs) are thought to be responsible for leukemia initiation, main-
tenance and recurrence. Elimination of the LIC compartment is an essential and potentially
sufficient therapy for leukemia. Recent evidence in solid tumors reinforce the functional role
for cancer initiating cells in endogenous tumor development. In leukemia, LICs can arise
from self-renewing hematopoietic stem cells (HSCs) and also from committed progenitors.
However, it remains unclear how leukemia-associated oncogenes instruct LIC formation
from these different cells. Using an acute myelogenous leukemia (AML) mouse model in-
duced by the fusion oncoprotein MLL-AFQ, we examined the formation of LICs derived from
either hematopoietic stem cells (HSC) or more differentiated common myeloid progenitors.
We demonstrated that regardless of the initiating cell type, myelomonocytic differentiation
through the granulocyte macrophage progenitor (GMP) stage is critical for LIC generation,
and the formation of LIC undergoes processes that recapitulate the hierarchies of normal
hematopoiesis. Blocking myeloid differentiation through disrupting a lineage-restricted
transcription factor eliminates both normal granulocyte formation and AML development,
and restoring myeloid differentiation “rescues” AML formation. Our findings define the pro-
cess of cancer cell differentiation and identify myelomonocytic specification through the
GMP stage as a critical step in LIC formation. Narrowing down the specific stage through
which malignant transformation occurs provides entry points for therapeutic intervention.
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A transgenic mouse model demonstrating the oncogenic role of mutations
in the polycomb-group gene EZH2 in lymphomagenesis

Tobias Berg', Silvia Thoene?, Damian Yap3, Tracee Wee?, Nathalie Schoeler?, Patty Rosten?, Emilia Lim?,
Misha Bilenky*, Andrew J. Mungall®, Thomas Oellerich’, Sherry Lee3, Courteney K Laf?, Patricia Umlandt?,
Anisa Salmi?, Harry Chang?, Lisa Yue?, David Lai, Grace Cheng?, Ryan D. Morin4, Martin Hirst, Hubert Serve?,
Marco A. Marra*, Gregg B. Morin?, Randy D. Gascoyne®, Samuel A. Aparicic®, R. Keith Humphries?

t University of Frankfurt Department of Medicine - Hematology/Oncology, Theodor-Stern-Kai 7, 60590
Frankfurt, Germany

2 BC Cancer Agency Terry-Fox-Laboratory, 675 10th Ave W, Vancouver V5Z 113, Canada

3 BC Cancer Agency Molecular Oncology, 675 10th Ave W, Vancouver V5Z 1L.3, Canada

4 BC Cancer Agency Canada’s Michael Smith Genome Sciences Centre, 675 10th Ave W, Vancouver
60590, Canada

5 BC Cancer Agency Centre for Lymphoid Cancer, 675 10th Ave W, Vancouver V5Z 113, Canada

The histone methyltransferase EZH2 is frequently mutated in germinal center-derived dif-
fuse large B cell lymphoma (DLBCL) and follicular lymphoma (FL). To further characterize
these EZH2 mutations in lymphomagenesis, we generated a mouse line where EZH2Y641F
is expressed from a lymphocyte-specific promoter. Spleen cells isolated from the trans-
genic mice displayed a global increase in tri-methylated H3K27 and showed a small, but
significant increase in the fraction of germinal-center (GC) B cells (GL7+FAS+) in aged EZ-
H2YB41F transgenic mice. There was an increase from a mean of 0.792 % in WT mice to a
mean of 1.412% GL7+FAS+ cells in EZH2YB41F mice (p=0.003, n=5, age 60-62 weeks). The
mice did not show an increased tendency to develop lymphoma. As EZH2 mutations often
coincide with other mutations in lymphoma we combined the expression of EZH2Y641F
by crossing EZH2Y641F transgenic mice with Ep-Myc transgenic mice. In this combination
we observed a dramatic acceleration of lymphoma development. The lymphomas show
histological features of high-grade disease with a shift towards a more mature B cell phe-
notype. In-depth immunophenotyping showed that the accumulating cell type is IgDlo,
CD21-, CD23- and partially expresses AA4.1. This marker combination is consistent with the
transitional stage (T1) of B cell development. As demonstrated by combining RNAseq and
ChlPseq, EZH2Y641F also led to gene expression and epigenetic changes involving impor-
tant pathways in B cell regulation and function. e also observed an increase in the pro-
liferation rate of splenic B cells in Eu-Myc/EZH2YB41Fmice. While cell-cycle genes were
not specifically enriched in the global analysis, there were several of these genes that were
found deregulated (including e. g. CyclinD2).

In summary, EZH2Y641F can enhance the fraction of GC B cells in the spleen and collabo-
rates with Myc to accelerate lymphomagenesis demonstrating a cooperative role of EZH2
mutations in oncogenesis. We were able to identify several key pathways that may be
contributing to the acceleration of lymphoma development observed with EZH2Y641F and
may also be important for the understanding of pathogenesis of EZH2 mutated lymphoma.
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