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ABSTRACT

Although senescence has been considered as an irreversible cell arrest state, accumulating evidence
challenge this view. Consequently, senescence appears as an imperfect barrier to impede cancer progres-
sion, constituting a step prior to disease relapse. Therefore, cancer treatment strategies may benefit if

revisited to include senolytic agents.

Cellular senescence (thereafter senescence) is a cell state trig-
gered in response to various stressors, including among others,
telomere attrition, oncogene activation, oxidative stress and
exposure to genotoxic agents.' Senescence is mainly character-
ized by an irreversible cell cycle arrest and a specific secretory
phenotype, known as senescence-associated secretory pheno-
type (SASP)." Interestingly, although senescent cells are con-
sidered to have lost their proliferation capacity, they still
remain metabolically active and communicate with their
microenvironment either indirectly through SASP or directly
by forming cytoplasmic bridges." Activated oncogenes can
elicit a distinct type of senescence, known as oncogene-
induced senescence (OIS), which constitutes a tumor-
suppressive reaction elucidated in our previously proposed
“Oncogene-induced DNA damage model for cancer
development”.” In this way, the organism attempts to counter-
act the malignant transformation of normal cells.

Nevertheless, OIS plays an ambiguous role in cancer devel-
opment. Accumulating data concur that OIS is a double-edged
sword as it can also promote cancer progression under certain
circumstances.' This can be mediated by pro-tumorigenic fac-
tors secreted from senescent cells in the context of SASP.
However, although senescence has been considered as an irre-
versible cell arrest state, our group recently challenged this
perception and set the basis for the escape from oncogene-
induced senescence concept (EOIS)."” To functionally study
this phenomenon, we developed cellular models in which
deregulated oncogenic and onco-suppressor networks resulted
in EOIS, appearance of proliferating cells with aggressive traits
and elevated genotoxic drug tolerance."” Considering these
findings, an emerging question was how EOIS could be
explained in the context of our model,” as the mechanistic
aspect remained unaddressed."
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For this purpose, we exploited our recently generated
Cell Division Cycle 6 (CDC6)-overexpressing normal cellu-
lar epithelial system, as the CDC6 replication licensing
factor possesses potent oncogenic properties® (and refer-
ences therein). Notably, CDC6 mediated genomic instabil-
ity, triggered genetic alterations, which were followed by
chromatin reshaping and remodeling during EOIS.* Among
the accumulated genetic rearrangements, we observed
a recurrent inversion on chromosome 3. This event, in
combination with the consequent reshuffling of the regional
chromatin, resulted in reactivation of a dormant replication
origin and upregulation of Basic Helix-Loop-Helix Family
Member E40 (BHLHE40), a transcription factor that is
involved in the regulation of circadian clock machinery.*
Given that increasing amount of data connectthe circadian
clock with the coordination of the cell cycle, deregulations
of circadian rhythm effectors might in turn disrupt the
physiological cell cycle process conferring a detrimental
impact at the organism level.” The latter is reflected in
various pathological processes, setting the grounds for
further investigation. Considering also that the link
between replication and transcription is an ancestral
process,® an additional emerging question is how chromatin
rearrangements can reactivate origins of replication affect-
ing gene transcription. Hence, defining the molecular net-
work that associates the circadian rhythm, cell cycle
regulation and gene expression and its impact on patho-
physiological processes, is a promising future endeavor that
deserves to be pursued. Interestingly, the International
Agency for Research on Cancer (IACR) recently classified
night shift work as “probably carcinogenic to humans”,” as
the nature of this work might deregulate the physiology of
the circadian clock machinery.
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Beyond these mechanistic aspects, cancer treatment proto-
cols have so far been developed with the scope of targeting
proliferating cells. Although current chemotherapeutics elim-
inate a subset of cancer cells, remaining cells can enter therapy-
induced senescences(Figure 1). However, such treatments are
not efficient against non-proliferating senescent cells and
hence those cells constitute a source of recurrence.
Unfortunately, in vitro data suggest that following treatment
with chemotherapeutic compounds, a subset of senescent cells
evades therapy-induced senescence"*(Figure 1). Interestingly,
the emerging clones are resistant to the agent that originally
triggered senescence, representing the in vivo analogue of
cancer relapse after an initial response to treatment
(Figure 1). In support of the above, in Hodgkin lymphoma
patients exhibiting a high frequency of senescent cells we
showed a correlation with adverse outcome conferred by resis-
tance to therapy.’

Overall, senescence seems to be an imperfect barrier to
impede cancer progression, constituting a step prior to disease
relapse. Thus, eliminating senescent cells can be of major
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clinical importance, as they can potentially be a source of
regression (Figure 1). Lately, there is an increasing interest in
agents capable of removing senescent cells from the organism,
known as senolytic drugs. Those drugs induce apoptosis selec-
tively in senescent cells. Therefore, implementation of
senotherapeutic agents against neoplasms, like in the case of
Hodgkin lymphomas,” where escape from senescence may
actively contribute to cancer progression is a treatment avenue
that needs to be deeply investigated. Additionally, little is
known about mechanisms that confer apoptosis resistance to
senescent cells. Elucidating factors, which are responsible for
cell death resistance, will unlock additional possibilities in the
field of senolysis and provide more powerful means to fight
cancer.

Last but not least, senolysis may also have implications in
diseases other than cancer. Particularly, SARS-CoV-2 induces
senescence in infected cells.'® These cells express SASP factors,
but also exhibit increased expression of the Apolipoprotein
B mRNA Editing Catalytic Polypeptide-like (APOBEC) RNA-
editing enzymes as a defense reaction.'” As senescent cells have
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Figure 1. Revisiting cancer treatment modalities. (a) Conventional therapeutic strategies can eliminate a subpopulation of proliferating cancer cell, but induce
senescence in other cells allowing them to evade eradication. Subsequently, these cells can lead to tumor relapse, upon escape from senescence. (b) Revisiting
conventional therapeutic strategies to include also senolytic agents may be beneficial, since cells undergoing therapy-induced senescence are also eradicated, thus
preventing tumor relapse. Alt-text: A schematic presentation showing that chemotherapeutic treatment triggers tumor cell death and senescence induction. If these
therapy-induced senescent cells are left untreated, then they constitute a source of recurrence. Thus, combinatorial treatment with senolytic drugs eliminates also the

remaining senescent cells, resulting in complete tumor eradication.



a prolonged lifespan, this contributes to an increased mutational
burden in the viral genome, thereby facilitating the generation of
new viral strains.'° Thus, the infected senescent cells constitute the
“factory” in which new viral strains may be produced. However,
other classes of viruses are not capable of inducing senescence.
This is a paradoxically beneficial effect, as the lower mutational
burden contributes to the genomic stability of these viruses, which
in turn facilitates the development of effective vaccines. On the
other hand, the treatment of senescence-inducing viruses might
benefit from the application of senolytic drugs as a means to
impede the emergence of new viral variants and thus increase
the effectiveness of the vaccination programs.
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