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Mammalian cells experiencing potentially oncogenic con-
ditions can undergo regulated cell death (RCD) [1] as well
as an irreversible proliferative arrest known as cellular
senescence [2]. Senescent cells are unable to proliferate
owing to the permanent upregulation of cell cycle inhibitors
[2], and are preferential targets for elimination by the
immune system [3]. Thus, the net effect of senescence at the
cell-intrinsic level is robust oncosuppression. However,
senescent cells also release multiple cytokines that may
support the proliferation of non-senescent neighbouring
cells via paracrine mechanisms, de facto fostering tumour
progression [4]. It is paramount to keep the cell-intrinsic
and cell-extrinsic effects of cellular senescence well dif-
ferentiated, especially in the context of complex systems in
which cellular responses to damage can exhibit considerable
degree of heterogeneity.
Sulli et al. [5] report that targeting two distinct nuclear
hormone receptors that regulate circadian rhythmicity,
namely, REV–ERBα (also known as NR1D1) and
REV–ERBβ (also known as NR1D2), with pharmacological
agonists is specifically lethal to malignant cells and cells
that underwent oncogene-induced senescence (OIS). In
particular, the authors of ref. [5] provide robust data linking
the selectivity of REV–ERB agonists with the inhibition of

autophagy, an evolutionarily old mechanism of adaptation
that is particularly important for the metabolic reprogram-
ming and survival of senescent cells [6], in a model of
HRASG12V-driven OIS. In the experimental setting
employed by Sulli and colleagues [5], however, HRASG12V

overexpression results in approximately 60% of cells
staining positively for senescence-associated β galactosi-
dase (as they report in Extended Data Fig. 9), implying that
approximately 40% cells retained proliferative potential.
Such β galactosidase-negative cells (rather than their
senescent, β galactosidase-positive counterparts) are most
likely responsible for the proliferation the authors observe
over a period of 6 days (as they report in Fig. 3a, f), which
can be robustly inhibited by pharmacological REV–ERB
agonists. There is an abundant literature demonstrating that
OIS is associated with an irreversible proliferative arrest and
hence prevents, from a merely cell-intrinsic perspective,
oncogenesis and tumour progression [7–11]. Sulli and col-
laborators [5] themselves lend additional support to their
conclusions in an experimental model in which malignant
progression is blocked by OIS, namely NRAS-driven naevi
[12]. Nonetheless, in Fig. 4k, the authors of ref. [5] provide
a visual summary of their findings that misleadingly depicts
OIS as an intermediate step between normal cells and their
fully malignant counterparts.

Our observations do not intend to detract from the
findings of Sulli et al. [5]. On the contrary, we are fully
convinced that their work may foster the development of
new senolytic agents (i.e., molecules that are selectively
cytotoxic for senescent cells) based on REV–ERB agonism,
which is particularly relevant given the major role played by
senescent cells in a variety of pathologies linked to orga-
nismal aging [13, 14]. Rather, the considerations above
intend to raise awareness on two points with profound
pathophysiological and therapeutic implications (Fig. 1).
First, complex systems including cancer cell lines growing
in vitro respond to all stimuli with a degree of heterogeneity
that is often underestimated. The percentage of cells
undergoing OIS upon HRASG12V overexpression in the
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experimental setting employed by Sulli and collaborators
[5] provides a nice example of such a functional hetero-
geneity. Second, multiple biological processes operate both
at intracellular (cell-intrinsic) and microenvironmental or
systemic (cell-extrinsic) levels, and the net outcome of these
pathways does not always match. For instance, while OIS
mediates purely oncosuppressive effects at the cell-intrinsic
level as it prevents the proliferation of potentially malignant
cells [2] and promotes their elimination by the immune

system [3], multiple biological mediators secreted by
senescent cells, including components of the so-called
senescence-associated secretory phenotype may promote
tumour progression at the cell-extrinsic level [4]. We are
convinced that keeping these two points under attentive
consideration may help researchers from a variety of bio-
logical disciplines with interpreting their findings in the best
possible way, de facto fostering the progress of science.
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Fig. 1 Oncogene-induced senescence and tumour control in complex
biological systems. Heterogeneous biological systems including cell
lines growing in vitro as well as cells constituting animal tissues can
respond to potentially tumorigenic stimuli, such as the activation of
one oncogene, by undergoing regulated cell death (RCD) or oncogene-
induced senescence (OIS). At the cell-intrinsic level, these mechan-
isms mediate robust oncosuppressive effects as they eliminate neo-
plastic cell precursors (RCD), or permanently abrogate their
proliferative potential (OIS). Moreover, cells undergoing OIS are
preferentially recognised and eliminated by the immune system.
However, senescent cells that survive such an immune control secrete
a variety of biological factors that stimulate the proliferation of
neighbouring, non-senescent cells, de facto fostering tumour pro-
gression by cell-extrinsic mechanisms. This scenario provides a good
example of the heterogeneity of responses in complex biological
systems as well as of the co-existence of cell-intrinsic and –extrinsic
mechanisms emanating from the same cue but not necessarily culmi-
nating in the same outcome
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