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Mouse models of MDS
Myelodysplastic syndromes are a heterogeneous group of stem cell-driven disorders which are thought to arise from the
progressive accumulation of mutations in
long–lived stem cells, ultimately leading
to the impairment of normal hematopoiesis and acquisition of other MDSassociated phenotypes. In addition to the
biological impact of these intrinsic somatically acquired mutations, there is a growing body of evidence, including from our
group, indicating that components of the
bone marrow microenvironment, the socalled bone marrow “niche”, may well be
involved in MDS pathogenesis. In this
short overview, we will briefly highlight
the most recent developments in mouse
modeling strategies for human MDS and
their increasing contribution to our understanding of MDS biology and pathogenesis.
First steps in MDS mouse models
Over the past decade, generating animal
models to study MDS mostly consisted
on manipulating mouse hematopoietic
cells to either overexpress or knock out a
single gene thought to be involved in
MDS pathogenesis. These approaches
have allowed the development of a number of important models, some of which
are highlighted in table 1. Although most
of these models only partially recapitulated the clinical features associated with
MDS, they provided valuable platforms
for the study of MDS biology. Probably
the most widely used model is the
Nup98-HoxD13
(NHD13)
transgenic
model, in which the fusion gene was specifically expressed in the hematopoietic
system under the control of the hemato-

poietic specific Vav1 promoter (Lin et al.,
2005)
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Table 1: Non-exhaustive list of previously described
mouse models of MDS. Models discussed in the short
overview are not included in this table.

Although this fusion oncoprotein was initially identified in a young patient with
therapy-related AML, its expression in
mouse bone marrow cells recapitulated
most of the clinical features associated
with human MDS, including bone marrow
dysplasia and cytopenias (anemia, neutropenia) in the context of normo- or hyper-cellular marrows. Similar to the situation in MDS patients, about half of the
NHD13 mice progressed to acute leukemia, a phenotype that could be further
accelerated experimentally by the loss of
P53 (Xu et al., 2012).
More recently, analysis of large numbers
of MDS samples using high throughput
next generation sequencing has led to
the discovery of a plethora of recurrent
somatic mutations that display
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specific patterns of co-occurrence and
mutual exclusivity (Haferlach et al., 2014;
Papaemmanuil et al., 2013). In particular,
somatically mutated genes were found to
be involved in the regulation of important
cellular processes such as chromatin
modification (e.g. TET2, EZH2, IDH1/2,
ASXL1, DNMT3A), RNA splicing (e.g.
SF3B1, SRSFR2, ZRSR2, U2AF1) and
others. These findings have since led to a
revived interest in modeling MDS and a
staggering increase in the number of new
models aiming to assess the biological
consequences of these recurrent lesions,
as well as the specific impact of cooccurring events in MDS pathogenesis.
Newly developed mouse models of
MDS based on recurrently mutated
genes
Mutations affecting genes encoding
spliceosomal proteins (e.g. SF3B1,
SRSF2 or U2AF1) and epigenetic modifiers (e.g. TET2, EZH2, IDH1/2, ASXL1,
DNMT3A), are among the most common
somatic lesions associated with MDS.
These occur almost exclusively as heterozygous mutations and are thought to be
early founder events in MDS pathogenesis.
SF3B1 has been reported to be mutated
in the majority of patients (>70%) with refractory anemia with ringed sideroblasts
(RARS) and is strongly correlated with
the presence of RS. Intriguingly, initial reports showed that heterozygous Sf3b1
mice exhibit no signs of malignancies or
dysplasia (Matsunawa et al., 2014; Wang
et al., 2014a) but showed a significant
disadvantage in a competitive transplant
setting (Matsunawa et al., 2014; Wang et
al., 2014a). However, long term follow-up
of these mice (12 month) revealed the
development of macrocytic anemia and
thrombocytosis
with
signs
of
dyserythropoiesis in the bone marrow and
occasional RS accompanied by evidence
of extra-medullary hematopoiesis, all of
which are features reminiscent of RARST MDS subset (Visconte et al., 2014).
More recently, Kim and colleagues compared the phenotypes imposed by either
a conditional deletion of Srsf2 or the conditional expression of a commonly occurring SRSF2 mutation (SRSF2 P95H), using a knock-in approach that allows for
the inducible expression of the mutated
protein under the control of the endogenous promoter. While the expression of
the Srsf2 P95H mutant faithfully recapitulated human MDS (HSC expansion, pe-

ripheral cytopenias, dysplasia), the homozygous deletion of Srsf2 rather led to
bone marrow aplasia, thus demonstrating
that Srsf2 is required for hematopoiesis,
while mutant Srsf2 (Srsf2 P95H) provides
a competitive advantage to expressing
HSCs that may very well contribute to the
progressive clonal dominance observed
in MDS pathogenesis (Kim E, ASH Abstract #824, 2014).
The divergence in phenotypic outcome
observed by Kim and colleagues clearly
highlights a possible limitation associated
with gene knock-out approaches, and reemphasizes the need to study specific
mutants in order to accurately evaluate
their contribution to the MDS phenotype
and experimentally establish whether
they confer a haplo-insufficient loss-offunction phenotype, a gain-of-function or
possibly even exhibit a dominantnegative effect.
Along these lines, over-expression of the
U2AF1 S34F mutant (a highly recurrent
serine to alanine mutation at position 34
in U2AF1) using either a doxacyclin inducible transgenic mouse model or retroviral bone marrow transplant model, led
to increased apoptosis in the marrow and
decreased contribution of transduced
cells to the peripheral blood of the recipients. This indicates that this U2AF1 mutation contributes to abnormal hematopoiesis, but its ability to trigger MDS-like
disease in mice remains to be determined in long-term follow-up experiments
(Lunn CL, ASH abstract #553, 2012).
Taken together, these models provide
strong experimental evidence that deregulation of pre-mRNA splicing can lead to
MDS development in vivo, further reinforcing the hypothesis that these lesions
are likely to be founder events in MDS
pathogenesis. Likewise, genes involved
in epigenetic regulation are also thought
to be founder events in MDS, because of
their observed high variant allele frequencies. This hypothesis is supported
by recent data from our group, who precisely interrogated and deciphered the
history of stepwise acquisition of mutations on a patient-specific level in a significant number of MDS cases (Jann JC,
ASH Abstract #4604, Manuscript in preparation).
These molecular findings are in line with
experimental models in which epigenetic
modifiers have been specifically inactivated in hematopoietic cells. While initial
studies have reported that murine
>>>
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Dnmt3a-knock out mice showed no sign
of leukemia development (Challen et al.,
2012), a follow-up study from the same
group has evaluated the long-term consequences of Dnmt3a loss in the absence
of serial bone marrow transplantation and
reported the development of a spectrum
of hematologic malignancies, including
MDS (Mayle et al., 2014). Similarly, complete loss of the TET2 protein, which converts 5-methycytosine (5mC) to 5hydroxymethylcytosine (5hmC), leads to
expansion of the stem and progenitor
pool in vivo accompanied by extra medullary hematopoiesis, all of which are reminiscent of human CMML (Moran-Crusio
et al.,2011). Likewise, mice hypomorphic
or heterozygous for Tet2 show comparable but more heterogeneous phenotypes
with ¼ of the mice displaying clear pancytopenia, dysplasia and enhanced apoptosis of erythroblasts, indicative of MDSlike disease (Muto et al., 2015). Similarly,
Asxl1 hematopoietic specific deletion is
also associated with long latency progressive multi-lineage dysplasia with increased numbers of progenitor cells,
which are common features of MDS (Abdel-Wahab et al., 2013).

Lastly, in an attempt to model the frequent co-occurrence of mutations in
MDS, several groups have now generated compound mice that recapitulate lesions that are frequently observed in the
same patient. For instance, Muto and colleagues modeled the combined loss of
Ezh2 and Tet2. These mice had a shorter
latency to MDS development with an
even more advanced myelodysplastic
phenotype than the deletion of the Ezh2
or Tet 2 gene alone (Muto et al., 2013).
Likewise, mice with compound loss of
Tet2 and Asxl1, exhibit shortened latencies of MDS-related death compared to
single gene knock out mice (AbdelWahab et al., 2013).

The fact that mice heterozygous for Tet2
(Muto et al., 2015), Asxl1 (Wang et al.,
2014b) or SF3b1 (Visconte et al., 2014)
were also found to develop MDS-like
phenotypes, suggests that these genes
exhibit a haplo-insufficient effect in the
pathologenesis of these syndromes.
Moreover, since the above-described
phenotypes (CMML-like or MDS-like)
were observed after long latency post
transplantation or after long-term followup, they are likely to reflect the contribution of additional events, the nature of
which may very well define the phenotypic outcome observed in each individual
mouse/model. This notion is further reinforced by the fact that some of these lesions have been reported in various malignancies as well as in a significant fraction of hematologically healthy elderly
(Busque et al., 2012; Genovese et al.,
2014; Jaiswal et al., 2014), where they
likely represent early events that “prime”
long-lived hematopoietic stem cells that
could give rise to hematopoietic malignancies upon acquisition of secondary
events. The nature and order of acquisition of those secondary events might well
contribute to determine the clinical phenotype seen in patients, as recently suggested in the context of MPNs (Ortmann
et al., 2015).

In contrast to AML, modeling of human
MDS has however proven to be far more
challenging than anticipated. Xenograft
studies with MDS bone marrow samples,
using sublethaly irradiated “nonobese diabetic
severe
combined
immunodeficient” (NOD-SCID) mice,
showed poor engraftment of MDS cells
isolated from del(5q) and trisomy 8 bearing patients (Nilsson et al., 2002; Nilsson
et al., 2000), as well as long term in vivo
propagation of normal rather than MDS
precursors in another study (Benito et al.,
2003). Further attempts to engraft MDS
stem/progenitor cells using the improved
NOD-Scid B2mnull strain engineered to
express human cytokines only gave rise
to very low level of engraftments, which
were often transient, demonstrating the
lack of engraftment of a long term bona
fide MDS stem cell (Thanopoulou et al.,
2004).

Patient-derived xenograft models and
niche requirements of MDS
Because animal models that faithfully recapitulate the complex clinical heterogeneity seen in MDS patients have been
difficult to establish, several groups have
tackled the challenge of developing patient
derived
xenografts
using
immunocompromised recipient mice and
human primary samples.

In adults, hematopoietic stem cells reside
in a very dynamic and highly complex
microenvironment that was first referred
to as “niche” in 1978 by Schofield
(Schofield, 1978). This niche environment provides key regulatory signals that
maintain the ability of stem cells to regenerate the blood throughout life. In line
with this, perturbations in niche cells, especially osteoprogenitors, have been >>>
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shown to trigger myeloid neoplasms in
mice (Kode et al., 2014; Raaijmakers et
al., 2010; Walkley et al., 2007). In particular, Raaijmakers and colleagues demonstrated that conditional deletion of the
small RNA processing enzyme, Dicer, in
mouse osteolineages induced a stromal
niche that was necessary and sufficient
for the development and maintenance of
myelodysplasia in mice (Raaijmakers et
al., 2010).
Therefore, we hypothesized that our inability to propagate human MDS in vivo,
might be due to the lack of a supportive
environment in mice. This led us to recently reveal the crucial role of the microenvironment in human MDS by demonstrating that mesenchymal niche cells
(MSCs) specifically derived from MDS patients, are essential for the ability of diseased stem cells to propagate MDS in vivo (Medyouf et al., 2014). This robust patient-derived xenograft (PDX) model
strategy relies on the co-infusion of the
MDS stem cell containing CD34+ fraction
with disease-associated mesenchymal
stromal cells, into NSG recipient mice that
were preconditioned by sublethal irradiation. Remarkably, this strategy allowed for
the successful engraftment of over 60%
of early stage lower risk MDS cases
(Medyouf et al., 2014). In stark contrast,
xenotransplantation of MDS derived bone
marrow mononuclear cells or CD34+
stem-progenitor cells in combination with

human MSCs cell lines (Kerbauy et al.,
2004) or MSCs derived from young
healthy donors (Muguruma et al., 2011)
have only achieved significant engraftment for a few patients mostly falling into
high risk categories.
Further improvements in MDS xenograft
modeling strategies, might come from the
use of newly generated mouse strains
that carry specific mutations in the Kit receptor. These mice have been shown to
be more permissive for human stem and
progenitor cells engraftment without the
need for prior irradiation (Cosgun et al.,
2014; McIntosh et al., 2015).
Finally, similar to the recent sequencing
efforts that revealed the identity of the
genes recurrently mutated in MDS hematopoietic cells, the merging role of the microenvironment in MDS argues for a
similar need to characterize the molecular changes that occur in niche cells during disease development and progression. Characterizing the biological impact of such changes on normal and
MDS hematopoiesis will likely improve
our understanding of the biology of these
complex syndromes, and possibly allow
us to come up with compound models in
which both hematopoietic and niche
changes are at play.
Author: Dr. Hind Medyouf
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Progress of the DACOTA trial
A Randomized Phase III study of Decitabine (DAC) with or without Hydroxyurea (HY)
versus HY in patients with advanced proliferative Chronic Myelomonocytic Leukemia
(CMML)
The DACOTA trial is a real premiere: not
only does it represent the first phase III
trial prospectively evaluating decitabine in
comparison to the current standard
treatment with hydroxyurea in a significant CMML patient population – it is also
the first joint effort of the European MDS
study groups to design a common trial
under the umbrella of the EMSCO platform. Initially, the trial was launched by
the French and German MDS study
groups and was joined in the course of its
development by the Italian colleagues.
The project is led by Prof. Pierre Fenaux
(Paris) as lead PI and both Prof. Uwe
Platzbecker (Dresden) and Prof. Valeria
Santini (Florence) as local PIs in Germany and Italy, respectively. As a consequence, this trial can take advantage of

the combined efforts of the three participating countries to focus on a potentially
new treatment strategy for advanced proliferative CMML by evaluating the event
free survival (EFS) between the two
treatment arms.
Background and rationale for the trial
Chronic
myelomonocytic
leukemia
(CMML) is a rare chronic leukemia usually observed in the elderly with an average age of approximately 70 years in the
affected population. It is the most common myelodysplastic/myeloproliferative
syndrome according to the WHO classification and affects 2 to 3-fold more men
than women. Today, the standard therapy for CMML patients unable to >>>
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undergo allogeneic stem cell transplantation
consists
of
treatment
with
hydroxyurea, which is usually initiated
when the disease becomes proliferative.
In addition, in the last years the
hypomethylating agent decitabine has attracted growing interest and was tested in
smaller phase II trials for CMML.
Decitabine has already been extensively
studied in MDS and is also safe, well tolerated and effective in CMML patients hence urging for further investigation in

this patient cohort. Therefore, the hypothesis underlying the DACOTA trial is
to show that patients receiving decitabine
will have significantly longer times to an
event (transformation to AML, disease
progression or death) than those receiv
ing the standard therapy with hydroxylurea.
Illustration 1 depicts the trial flow chart
and summarises the key inclusion and
exclusion criteria of the DACOTA trial.

Figure 1: DACOTA flow chart and inclusion/exclusion criteria

Progress in patient recruitment
The first site having been initiated in October 2014, 13 sites are open in France,
7 in Germany and 1 in Italy by now and a
total of 8 patients have been included in
the trial (as of March 2015). In terms of
recruitment, 5 of the currently 8 patients
have been included in France, 2 in Germany and 1 in Italy. In total, 168 patients
are expected to be enrolled in this trial
during the 24 months lasting recruitment
phase. Out of these 168 patients, 60 are
planned to be recruited in France, 60 in
Germany and 48 in Italy.
Illustration 2 provides a short overview on
the current and planned recruitment in
each of the participating countries and
table 2 summarises the key characteristics of the DACOTA trial.

Figure 2: Current recruitment status of the
DACOTA trial (as of the 9th March 2015)
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Sponsor

Groupe Francophone des Myélodysplasies (GFM)

Participating countries

France (GFM), Germany (GMIHO), Italy (FISM)

Trial coordination

EMSCO

Financier

Johnson & Johnson

Lead investigator

Pierre Fenaux

Indication

Advanced proliferative Chronic Myelomonocytic Leukemia (CMML)
Randomized phase III multicenter study – 1:1 randomization between

Study design

Decitabine 20 mg/m² i.v. daily for 5 days every 28 days
Treatment will be continued until death, AML transformation or
myeloproliferation progression. Hydroxyurea will be allowed during first
three cycles in case of high WBC counts (>30 Giga/L) and mandatory if WBC >
50 G/L.
Hydroxyurea 1g/d, with dose adjustments (up to 4g/d) to maintain WBC
count between 5 and 10G/L. Treatment will be continued until death, AML
transformation or myeloproliferation progression.

Primary objective

Comparison of event free survival (EFS) in both arms
Definition of events:
Death
Transformation to AML
Progression of myeloproliferation

Timings

24 months recruitment, 48 months total trial duration

Table 2: Summary of the DACOTA trial characteristics

EMSCO is very excited about the first promising steps in this trial and is looking forward
to further successful recruitment in all countries and interesting outcomes from this study.
Authors: Annegret Böttner and Silke Gloaguen

3rd MDS and MPN patient day for central Germany
Myelodysplastic syndromes (MDS) and
myeloproliferative neoplasms (MPN)
were in the focus of the 3rd MDS and
MPN patient day for central Germany,
which took place at the University Hospital of Dresden on the 13th of December
2014.
The aim of this meeting was to give patients and their families the opportunity to
get more in depth information about their
disease. Lectures held by MDS and MPN
specialists allowed the participants to get
a comprehensive overview on the symptoms and underlying causes of their condition and to gain insights into the latest
diagnostic and therapeutic options. Furthermore this meeting was a great opportunity for the attendees to exchange their
experiences – several patients actually
reported to the audience, partly in a very

personal way, how they manage their
disease and the associated difficulties in
everyday life. During the common lunch
the participants took the opportunity to
lively exchange on the delivered information.
“We are very happy about the positive
feedback on this meeting counting more
than 120 participants who were all greatly pleased and thankful for this opportunity to meet up with other patients and
specialists”, Prof. Uwe Platzbecker - one
of the scientific EMSCO coordinators and
initiator of the patient day in Dresden commented after the event. “It shows
that there is a need for such meetings,
which is why we will most certainly repeat this experience.”
Authors: Annegret Böttner and Silke Gloaguen
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MDS experts presented: Dr. Hind Medyouf - Institute of Tumor Biology and Experimental Therapy Frankfurt
Hind Medyouf is heading a research group in hematooncology at the Institute of Tumor Biology and Experimental
Therapy, Georg-Speyer-Haus, in Frankfurt (Germany). After
obtaining her Ph.D. from the University of Paris VII in 2007,
she moved to Canada in 2008, to work as a post-doctoral
fellow at the Terry Fox Laboratory (Vancouver, BC, Canada), an internationally renowned center for stem cell research. In 2010, she joined the team of Prof. Andreas
Trumpp at the German Cancer Research Centre in Heidelberg (Germany) to study the role of the microenvironment in
the control of normal and malignant hematopoiesis, in particular myelodysplastic syndromes (Cell Stem Cell, 2014).
Since October 2014, Hind leads a research group working on human myelodysplastic
syndromes (MDS) and aiming to decipher the molecular mechanisms controlling the stem
cells responsible for disease propagation and the complex role the tumor microenvironment plays in this group of syndromes. During her many scientific experiences, Hind has
acquired an extensive expertise in stem cell biology and mouse modeling of human lymphoid and myeloid malignancies. Her recently established patient-derived xenograft model of MDS (Cell Stem Cell, 2014) serves as a unique tool for testing new hypotheses and
is an invaluable platform for pre-clinical testing of new compounds and combination
treatments in MDS.
Hind’s research has been supported by competitive research programs (EMBO, HFSP)
and published in high-ranking peer-reviewed international journals. Her work reflects a
strong commitment to translational research in hemato-oncology with projects that aim at
bridging the gap between the bench and the bedside supported by active interactions with
clinical partners at the national and international level. Her devotion to leukemia research
has recently been acknowledged by a Career Award from the Deutsche José Carreras
Leukemia Fund and an ERC Starting Grant.

Overview of event recommendations
13th International Symposium on Myelodysplastic syndromes
29 April – 2 May 2015 – Washington, D.C., USA
More information: http://mds.kenes.com/
20th Congress of European Hematology Association (EHA)11-16 June 2015 – Vienna, Austria
More information: http://eventegg.com/eha-2015/
4th French-German MDS Workshop
17-18 September 2015 – Marseille, France
More information: http://www.emsco.eu/workshop/
8th MDS Colloquium
06-07 November 2015 – Berlin, Germany
More information: http://www.mds-colloquium.de/

Sponsors of the 3rd French-German MDS Workshop / 2nd EMSCO Annual Meeting:
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