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OVERVIEW

In the Metabolism & Cell Signalling Lab we study the links
between nutrients, cancer and ageing. All our cells integrate
signals emanating from the abundance of intracellular
nutrients and from the nutritional state of the entire organism.
Integration of these signals is key for adjusting metabolic
functions, as well as for energy storage and expenditure, and
importantly, the components of these signalling cascades are
generally corrupted in cancer and are drivers of the metabolic
complications of chronic nutrient overload. Conversely, dietary
restriction regimes are extremely efficacious interventions
against tumorigenesis and to delay the process of ageing, albeit
we still ignore the fundamental molecular underpinnings of
such protective effects. We combine mouse genetics and cell
biological tools to gain insight into the genetic and
environmental corruptions of nutrient signalling cascades,

ANNUAL REPORT 2022

aiming to conceive therapeutic interventions in the context
of cancer, obesity, and the process of ageing.
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RESEARCH HIGHLIGHTS

Cellular nutrients, such as amino acids and glucose, and systemic
metabolichormones such as insulin, are key mediators of cellular
metabolism by control of the mMTORCI1 kinase, a master switch
for most anabolic processes in the cell. We and others have
previously dissected the impact of deregulated nutrient signalling
(N-ON mice, mimicking a chronic increase in intracellular
nutrient levels) and deregulated hormonal signalling (H-ON
mice, mimicking chronically high levels of insulin signalling)
in the mouse liver. While genetic activation of either input
resulted important to unleash the metabolism of the fasted
state, chronic nutrient surplus in humans typically causes
synchronous, concomitant activation of nutrient and hormonal
signalling. Thus, we generated a mouse strain harbouring
deregulated nutrient and hormonal signalling to mTORC1 in
hepatocytes (N+H-ON). Genetic activation of either nutrient
or hormonal signalling on their own resulted in high mTORC1
activity, regardless of the fed /fasted state of the mice. To our
surprise, simultaneous activation of both nutrient and hormonal
signalling (N+H-ON) resulted in aminimal additional increase
in mTORC]1 signalling, as compared to either H-ON or N-ON
livers (FIGURE 1A). In contrast to this mild increase, the livers
of the N+H-ON mice showed multiple evidence of a synergic
interaction between nutrient and hormonal signalling. These
include a large increase in liver size, accumulation of several
markers of liver damage, and aberrant bile acid and bilirubin
metabolism (FIGURE 1B, C and D). In addition, N+H-ON mice
experience rapid development of liver carcinomas, starting at
15 weeks of age (FIGURE 1E). Pharmacological suppression of
mTORCI by rapamycin (FIGURE 1F) dramatically delays

tumorigenesis and corrects metabolic defects, while chronic
restriction in caloric intake (diminishing circulating nutrients
and circulating growth factors) fails to correct the phenotype
(FIGURE 1G). These findings support a critical role for nutrient
and hormonal signalling through mTORC]1 in the beneficial
effects of dietary restriction. W
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FIGURE1 (A) Increase in mTORCI (E) Premature death of N+H-ON mice
activity (seen by phospho-S6) in livers due to liver carcinomas. Rapamycin (F)
from fasted N+H-ON mice. (B) Enlarged corrects survival and readouts of liver
N+H-ON livers. (C & D) Readouts of liver damage in N+HON mice, but caloric
damage in livers from N+H-ON mice. restriction (G) does not.
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