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OVERVIEW

The research interests of our Group have evolved over the
years, while always centred on trying to decipher the molecular
mechanisms that drive cancer and other age-related diseases. We
initially focused on studying replication stress (RS), aform of DNA
damage sensed and controlled by the ATR kinase, which we revealed
plays acentral role in cancer and ageing. Amongst other things, we
developed novel ATR inhibitors and contributed to elucidating
their mechanism of action and the molecular determinants of
resistance to these drugs. From this early work, we developed a
growing interest in the molecular mechanisms that drive resistance
to cancer therapies, a major challenge in oncology. Beyond basic
science, we use this knowledge to develop novel treatments that
can target therapy-resistant cancer cells.

“ln 2025, our laboratory
identified drugs that target
senescent cells and set up
the principles for a novel
type of cancer
chemotherapy based on
the chemical activation of
stress kinases.”
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RESEARCH HIGHLIGHTS

GNF7, a second punch for cancer therapy

Conventional cancer chemotherapies often fail to eradicate all
malignant cells, as some of these enter growth-arrested states such as
senescence or drug-tolerant persistence (DTP), which enables them
to survive treatment. Despite halted proliferation, these resistant
cells remain metabolically active and foster a pro-inflammatory
and immunosuppressive microenvironment that can drive tumour
relapse months or years later, ultimatelyleading to secondary disease
with limited therapeutic options. In this context, the ‘one-two
punch’ strategy has emerged as a promising approach to overcome
resistance: it involves sequential treatment, firstinducing senescence
in cancer cells, followed by a senolytic drug that selectively eliminates
these therapy-induced senescent (TIS) cells.

FIGURE 1 Efficacy of GNF-7 as a
‘second punch’ in vitro and in vivo. (A)
Normalised viability, as evaluated by
CellTiter-Glo, in proliferating or senescent
HT-1080 cells upon treatment with 200
nM GNF-7 or 5 uM navitoclax for 72 h.
Senescence was induced by palbociclib
(5 uM) for 7 days. (B) Representative
immunohistochemical images of cleaved

caspase-3 expression (indicating
apoptotic cells) in organoids treated
with fulvestrant alone or fulvestrant
followed by 500 nM GNF-7 for 20 days.
(C) Representative images of mice and
isolated tumours at the endpoint of a
xenograft experiment where mice were
treated sequentially: first with palbociclib
to induce senescence, followed by GNF-7

Our Group has now contributed to this field by revealing that
GNF-7—a small molecule initially developed as a tyrosine kinase
inhibitor (TKi)—has potent senolytic activity. GNF-7 was identified
in a chemical screen to identify compounds selectively toxic to
cells with an activated DNA damage response (DDR), a hallmark
of cancer cells exposed to genotoxic chemotherapies. Its senolytic
properties were validated across multiple models in vitro and in
vivo, including in allografts and patient-derived tumour organoids
(Figure 1).

Beyond the characterisation of GNF-7 as a senolytic drug, our
work has been devoted to elucidating its mechanism of action.
Surprisingly, this was unrelated to the inhibition of any tyrosine
kinase; instead, it operates by activating GCN2, akinase that is part
of the so-called integrated stress response (ISR). Consistently, GCN2

to eliminate TIS cells. Mice were sacrificed
on day 28. (D) Immunohistochemical
analysis of SA-B-gal, p21 (senescence
markers), Ki-67 (proliferation marker),
and cleaved caspase-3 (apoptotic
marker) expression in xenografts isolated
from the experiment mentioned above.

FIGURE 2 Molecular mechanism
of GNF-7’s activation of GCN2. (A)
Pull-down of the amine derivative of
GNF-7 (GNF-7NH) in GCN2-deficient
HEK293T cells transfected with the
indicated GCN2 expression plasmids,
as schematised at the bottom of the
figure. The Western blot (WB) shows

the expression levels of the indicated
constructs (based on Flag), showing both
the control condition and the competition
with an excess of unmodified GNF-7.
(B) Predicted model of the binding of
the GCN2 kinase domain to TKiIs that
activate GCN2 (GNF-7, ponatinib, and
pluripotin) or fail to activate it (erlotinib,

deficiency rescued the apoptosis triggered by GNF-7 in senescent
cells. Chemical affinity proteomics, together with Rose TTAFold
All-Atom (RFAA) docking analyses, revealed that GNF-7 directly
binds to the kinase domain of GCN2, occupying not only its ATP-
binding pocket, but also an adjacent hydrophobic region, which
proved to be critical for GCN2 activation (Figure 2). Additional
experiments revealed that this paradoxical effect of GNF-2 is due
to the displacement of 1869, which limits the enzyme’s catalytic
cycle. Noteworthy, numerous groups are now reporting that certain
TKis activate GCNZ2, but this observation lacked a mechanism.
Hence, our work provides not only a novel senolytic drug that can
improve the efficacy of existing cancer therapies, but also provides
the foundation for the rational development of kinase activators
as anovel class of chemotherapy. B

imatinib, and dasatinib). Highlighted
areas illustrate the regions corresponding
to ATP binding (black dashed line) or the
adjacent allosteric pocket (red dashed
line). Docking analyses were performed
using RoseTTAFold All-Atom (RFAA).
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