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MOLECULAR ONCOLOGY PROGRAMME

OVERVIEW

Our research focuses on a protein complex named cohesin that
embraces DNA to mediate sister chromatid cohesion, a process
essential for chromosome segregation and faithful DNA repair by
homologous recombination. Cohesin also plays amajor role in the
spatial organisation of the genome by promoting long-range DNA
looping, which in turn contributes to transcriptional regulation,
DNA replication, and recombination. Two variant cohesin complexes
carrying either the STAG1 or the STAG2 subunit associated to
SMC1, SMC3, and Rad21 are present in all somatic vertebrate
cells. While cells require a single complex for viability, both are
necessary to fulfil embryonic development. Mutations in cohesin
genes, most prominently STAG2, have been found in several tumour
types, including bladder cancer, Ewing sarcoma, and acute myeloid
leukaemia. Germline mutations in cohesin and its regulatory factors
are also at the origin of developmental syndromes collectively
known as cohesinopathies. We investigate how cohesin works,
how it is regulated, and how its dysfunction contributes to cancer
and other human diseases.

“We have identified the
replicative kinase CDC7 as
a vulnerability of Ewing
sarcoma cells mutant for
cohesin STAG2.”
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RESEARCH HIGHLIGHTS

Contributions of cohesin-STAGI and cohesin-STAG2 to
cell differentiation

Cohesin mediates 3D genome organisation by binding to chromatin
and extruding DNA loops that become stabilised at several locations
along the genome, most notably at sites bound by CTCF. In this
way, the complex facilitates contacts between promoters and distal
enhancers while restricting such interactions within topological
associated domains (TADs). We have previously reported that
cohesin-STAGI and cohesin-STAG2 present different chromatin
association dynamics that dictate their specific contributions
to genome folding. STAGI1 is more important for global genome
organisation in TADs, whereas STAG2 promotes local interactions
that affect tissue-specific transcription.

We have now explored the specific roles of the two cohesin complexes
in stem cell differentiation, a process that involves transcriptional
reprogramming and changes in genome architecture. For that,
we have generated STAGI and STAGZ2 knockout (KO) mouse
Embryonic Stem Cell (mESC) clones as well as clones expressing
versions of these proteins fused to a degron tag (FKBP), which
permits their acute and sustained depletion. We have confirmed
that cohesin-STAG?2 is important for maintaining pluripotency
of mESC, while both cohesin variants are required to repress
totipotency genes. We have also found that the absence of either
variant impairs spontaneous differentiation of the pluripotent
cells to Embryoid bodies (EB), three-dimensional cell aggregates
that can stochastically give rise to the three primary germ layers:
ectoderm, mesoderm, and endoderm (Figure 1). Moreover, these
STAGI- and STAG2-deficient EBs are unable to differentiate into

beating cardiomyocytes, consistent with the presence of cardiac
malformations in cohesinopathy patients and with our previously
reported heart development defects in Stag2-null embryos. In
contrast, directed differentiation towards primitive endoderm is
achieved with similar efficiency by mESCs with and without STAG1
or STAG2, which indicates that the requirement for each variant
is context dependent. Since intellectual disability is frequently
observed in cohesinopathy patients, differentiation protocols of
mESCs towards the neural lineage are currently under evaluation.

Identification of vulnerabilities in STAG2-deficient Ewing
sarcoma

Ewing sarcoma (EWS) is a paediatric bone cancer driven by a fusion
protein, most often EWS::FLI1, which behaves as a neomorphic
transcription factor. It is a highly aggressive cancer with a 5-year
survival below 30% in patients that present with metastasis. The
prognosis is generally better for patients with localised tumours
at diagnosis, but around 25% of these patients do not respond
well to therapy and show poor survival. Among the few recurrent
mutations identified in EWS, in addition to the oncogenic fusion,
are those that inactivate STAG2. These mutations are often present
in the most aggressive EWS tumours.

Standard clinical protocols for EWS involve surgical resection,
cytotoxic chemotherapy, and radiotherapy. We have asked whether
patients carrying STAG2 mutations can benefit from more
personalised treatments. Both in cell assays and mouse xenografts,
STAGI appears as the best therapeutic target in STAG2 mutant

FIGURE1 Impaired cell differentiation in
the absence of cohesin. (A) mESC clones
carrying degron tags on STAG1 (FKBP-
STAGT1) and STAG2 (STAG2-FKBP), or
the parental cell line as a control (WT),
were treated with dTAG. (B) Spontaneous
differentiation of these clones into EBs in
the presence or absence of dTAG.

cancers. However, development of STAG1 inhibitors is difficult
due to the high homology between the two paralogs and the lack
of structural information for the regions in which they differ most.
As an alternative strategy, we set out to identify vulnerabilities
generated by STAG2 loss in EWS cells using a small library of
FDA-approved drugs for cancer treatment (in collaboration with
Carmen Blanco, Biology Section, Experimental Therapeutics
Programme). An inhibitor of CDC?7, akinase involved in initiation
of DNA replication, was among the compounds that preferentially
killed STAG2-deficient EWS cells. These cells display increased DNA
damage and mitotic catastrophe when they are grown in the presence
ofthe CDC7 inhibitor (Figure 2A-B). However, prolonged exposure
to the inhibitor results in rapid development of resistance, which
is accompanied by an expansion of STAG2-negative cells (Figure
2C). We are currently addressing the underlying mechanisms. ®

FIGURE 2 Ewing sarcoma cells lacking
STAG2 are sensitive to CDC7 inhibitor
but develop resistance rapidly. (A) Dose-
response curves for the CDC7 inhibitor
(CDC7i). (B) Increased DNA damage in
mitotic cells after treatment with CDC7i.
(C) Parental A673 cells and a population
that developed resistance to the CDC7i
after several cycles of treatment (RES),
immunostained for STAG2 and SMC1
cohesin subunits and counterstained
with DAPI.
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