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MOLECULAR ONCOLOGY PROGRAMME

OVERVIEW

By using genetically engineered mouse models together with
advanced experimental technologies, ourlaboratory aims to uncover
the mechanisms underlying disease development. Our research
focuses on obesity-associated disorders, particularly those affecting
the digestive system—such as liver and intestinal diseases—and
their progression toward malignancy. Another central aspect of our
work is investigating the complex crosstalk between the nervous
and immune systems in cancer development, within the emerging
field of cancer neuroscience. A distinctive feature of our approach
is the integration of developmental biology into disease studies,
providing mechanistic insights into the origins of disease and the
processes driving progression, thereby bridging early developmental
programmes with adult pathophysiology.

Our research is anchored by the pioneering discovery made in our
laboratory of URI as a principal oncogene regulated by environmental
factors. Leveraging genetically engineered mouse models, we have
devoted significant effort to the following research themes: cancer
biology, tissue regeneration and repair; inflammatory processes and
immune modulation; early embryonic development; and metabolic
dysregulation and obesity-related mechanisms.

Together, these interconnected research themes position
our laboratory to uncover fundamental mechanisms linking
development, metabolism, regeneration, and cancer, with
translational potential for the development of novel therapies.

“We pioneered research on
the URI prefoldin complex,
generated the first
genetically engineered
mouse models to
investigate its biological
functions, and are now
elucidating its molecular
structure. These
achievements place our
laboratory at the forefront
of global research on the
URI prefoldin complex.”
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RESEARCH HIGHLIGHTS

Building on our previous discoveries—including work published
in Science elucidating the mechanisms of intestinal regeneration—
we have extended our research to investigate the mechanisms
underlying colorectal cancer and liver regeneration. To address
these complex biological questions, we employ a multidisciplinary
approach that combines genetically engineered mouse models with
complementary model systems, state-of-the-art technologies, and
bioinformatics for the analysis of human clinical data. In parallel,
we have advanced our longstanding URI prefoldin-like complex
research, a hallmark of our laboratory. Not only have we previously
generated mouse models to study URI function in vivo, but we
have now also elucidated its structural organisation, placing our
group at the forefront of URI prefoldin research worldwide. Over
the past year, our work has thus focused on several key discoveries,
including:

Mechanisms of colorectal cancer

Colorectal cancer (CRC) is a multistep neoplastic process
typically initiated by APC mutations, which drive the formation
of adenomatous polyps. Our research aims to understand the
mechanisms underlying CRC initiation, the mutational events
that drive the transformation of polyps into malignant carcinomas,
and the subsequent progression to metastatic disease. We have
demonstrated that the early loss of p53 in polyps promotes DNA
damage and the accumulation of additional genetic mutations,
facilitating progression towards malignancy. This work, published
in Nature Communications, challenges previous models proposed
by Vogelstein and colleagues by identifying a novel early player
in CRC: following APC loss, c-MYC-driven upregulation of
the oncogene URI promotes p53 protein degradation, thereby
facilitating tumourigenesis. Building on these findings, we are now
investigating the mechanisms of immune evasion in CRC, with a
particular focus on understanding why these cancers are often
resistant to immune checkpoint inhibitors, which currently show
limited clinical efficacy.

Mechanisms of liver regeneration

Our successful research on intestinal regeneration, published
in Science in 2019, has inspired us to investigate the complex
mechanisms underlying liver regeneration following both acute and
chronicinjury. By dissecting the molecular pathways involved, we
have identified novel therapeutic targets to enhance liver recovery
after injury. Specifically, we discovered that hepatocytes in zone
3 release glutamate, a process regulated by glutamate synthase,
whose activity is uniquely controlled by URI expression in this
zone. This glutamate release reprogrammes bone marrow-derived
macrophages, directing them back to the liver to promote tissue
regeneration after injury. This groundbreaking work, published
in Nature, has the potential to expand transplantation options for
patients with liver diseases and opens new avenues for regenerative
therapies.

Structure of the URI prefoldin-like complex

A major achievement of our laboratory has been elucidating
the functions of the URI prefoldin-like complex by resolving its
structural organisation using advanced techniques, including
electron microscopy and complementary biophysical analyses.
These findings, which provide critical insights into URI’s molecular
mechanisms, have been submitted for publication in a top-tier
journal.

Current and future research directions of the laboratory

Future research builds on these findings to enhance immunotherapy
in colorectal and liver cancer. In CRC, inhibiting URI may increase
responsiveness to immune checkpoint therapy. In liver cancer,
modulating glutamate levels, through supplementation or reduced
URI expression, may promote regeneration and sensitise tumours
to immunotherapy. Together, these strategies offer promising
avenues to improve treatment outcomes, particularly for patients
who are currently non-responsive. W

FIGURE 1 Schematic representation
summarising the laboratory’s integrated
research programme. Our current work
focuses on four key areas: (1) colorectal
cancer (CRC) progression, including APC
and p53 mutations, early activation of
the oncogene URI, and mechanisms of
immune evasion; (2) liver regeneration

and injury, highlighting the role of
zone 3 hepatocytes, URI-regulated
glutamate signalling, and macrophage
reprogramming; (3) developmental
biology, including embryogenesis and
organ development; and (4) the structure
and function of the URI prefoldin-like
complex using genetically engineered

mouse models. Future research aims to
improve immunotherapy in colorectal
and liver cancer by targeting URI and
glutamate pathways, offering new
strategies for patients resistant to current
therapies. (Schematic generated with the
assistance of ChatGPT).
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