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OVERVIEW

We focus on the molecular pathophysiology of pancreatic ductal
adenocarcinoma (PDAC) and bladder carcinoma, taking a disease-
oriented approach. These tumours present very distinct challenges.
We learn from patient samples, cultured cells/organoids, and
genetically modified mice. To translate the findings, we bring this
knowledge to a ‘population’ level — leveraging on information
and samples from large patient cohorts — together with N. Malats
(CNIO).

PDAC has a dismal prognosis even when diagnosed early. We aim
at dissecting the molecular mechanisms involved in the very early
steps of tumour development. We harness the power of genetic
mouse models to answer questions that cannot be tackled in humans.
We hypothesise that cell differentiation is an early, potent, tumour
suppressor mechanism. Identifying early molecular events is crucial
to design better strategies for prevention and early tumour detection.
Bladder canceris avery heterogeneous tumour presenting a wide
range of clinical problems. We aim at acquiring knowledge of

the underlying biology and genetics that might impact tumour
subclassification, outcome prediction, and therapy selection.

“We have generated
several novel genetic
mouse models aiming at
deciphering how genetic
variation in the CTRBI1/2
locus contributes to PDAC
and type 1 and type 2
diabetes.”
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RESEARCH HIGHLIGHTS

Pancreas cancer molecular pathophysiology

GWAShave identified common genetic variants associated with PDAC
risk. Several of them are associated with genes involved in acinar cell
biology, including cell differentiation (e.g., the transcription factors
NR5A2 and HNF1, and chymotrypsinogen B2, a major pancreatic
protease), ER stress response (e.g., XBPI), and inflammation. These
observations have strengthened the notion, pioneered by our lab,
that understanding tissue homeostasis is critical to better capture
the earliest steps in cancer development. Nr5a2” mice display a
pre-inflammatory phenotype that predisposes to pancreatitis and
cancer. This phenotype can be rescued by antibiotic treatment
in a gut microbiota-dependent manner. The effects of antibiotics
are more prominent in Nr5a2”" than in wild-type mice. We have
identified changes in microbial species and metabolites associated
with both genetic variation and antibiotic administration. Analysis
of mice carrying a CtrbI exon 6 deletion (CtrbI1***°"®) mimicking the
human PDAC-causing variant has disclosed a dramatic activation
of the ER stress response with modest inflammatory changes, to
which mice develop adaptive tolerance and a modest increase in
PDAC susceptibility. This is unlike other ER stress-causing variants
in humans and mice. We now aim at disclosing which ER stress and
unfolded protein response pathways are most critical in driving
PDAC development in order to develop preventive strategies.

FIGURE1 STAGZ2 loss primes urothelial
cells for oncogenic sensitivity through
DREAM-dependent mechanisms. (a, b)
Conditional Stag2 inactivation in the
adult urothelium induces a transient
increase in cell proliferation. (¢) STAG2-

null urothelial cells exhibit enhanced
proliferation upon damage. (d) Combined
Stag2 inactivation and FGFR3-S249C
expression promote urothelial tumour
formation. (e) Model illustrating the
cooperation of STAG2 with the DREAM

To assess the existence of epistatic factors contributing to PDAC
risk, we have analysed the impact of compound heterozygosity
for Nr5a2 and the Ctrb1**°"° allele. A cooperative effect on the
time course of response to damage has been demonstrated, which
may also accelerate mutant Kras-induced PDAC development.
Experiments are ongoing. In addition, we are testing this epistatic
interaction in humans, in collaboration with N. Malats.

Urothelial bladder carcinoma genetics, biology,
and clinical translation

A decade ago, we identified STAGZ2 as a novel bladder cancer tumour
suppressor gene. STAG2belongs to a novel class of genes mutated
earlyin bladder carcinogenesis through yet unknown mechanisms.
Using conditional Stag2 knockout mice generated with A. Losada
(CNIO), we have shown that Stag2 inactivation in the urothelium
promotes a modest, transient increase in cell proliferation that
primes cells for additional pro-oncogenic events, including damage
(with cyclophosphamide) and FGFR3 mutations. These effects are
mediated, in part, through cooperation with the DREAM-MMB
complex, a master regulator of quiescence. STAG2 loss alters
DREAM target expression, complex composition, and chromatin
distribution, leading to rewiring of chromatin interactions involving

complex to maintain quiescence through
transcriptional repression and chromatin
organisation, and the disruption of these
processes upon STAG2 loss.

FIGURE 2 A bladder cancer
retrospective autopsy series to
understand metastatic spread. (a)
Pattern of metastatic dissemination in six
exemplary cases included in this series.
(b) Genome-wide absolute copy number

changes in samples from an exemplary
case; black dots represent normalised
read-depth ratios across genomic bins.
(c) Phylogenetic trees were constructed
using distances derived from absolute
copy number profiles obtained by

shallow whole-genome sequencing.
Terminal nodes represent individual
tumour samples and are coloured by
anatomical site. Branch lengths reflect
relative CN divergence between samples.

DREAM binding motifs in genes critical for cell cycle entry. Our
findings provide compelling evidence that STAG2 loss disrupts
3D genome organisation through a novel mechanism involving
DREAM, thereby impairing homeostatic quiescence and increasing
oncogenic sensitivity (Figure 1).

Tobetter understand bladder cancer progression, we have collected
a series of retrospective autopsies from bladder cancer patients
(n=62; 2-7 samples/case) and have shown that this material is
suitable for shallow whole-genome sequencing, RNA-Seq, and
protein analyses using a large panel of antibodies detecting bladder

cancer markers. The genomic profile of samples from 4 cases
reveals a conserved backbone of shared copy number alterations
across all lesions, consistent with acommon clonal origin, the early
acquisition of large-scale genomic changes prior to dissemination,
early clonal seeding, and parallel metastatic spread. Importantly,
transcriptomic distances broadly mirrored CN-based phylogenetic
relationships (Figure 2). We expect that the study will provide
clues for improved patient stratification and therapy selection.
This work is a collaboration with the teams of I. Duran, A. Azueta,
and G. Macintyre (CNIO). H
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- President, Spanish Alliance for Pancreatic
Cancer Research (ALIPANC).
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