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Osteoarthritis (OA) is a whole-joint disease and one of
the leading causes of chronic pain and physical disability
through the world (1,2). Its prevalence is increasing
drastically with the aging population (3). Causes of OA
are multifactorial: genetic predisposition, alteration of
joint component, aging, and mechanical factors (obesity,
joint misalignment and joint trauma). OA is characterized
by progressive deterioration and loss of joint cartilage
combined with anatomical and molecular alterations of
other joint structures. In particular, OA leads to a loss
of chondrocyte function that is overcome during the
repair process of cartilage damage. There is an abnormal
differentiation of normal chondrocytes into hypertrophic
chondrocytes. The latter contribute to the breakdown
mechanisms through the production of pro-inflammatory
mediators and accelerated aging.

Cellular senescence is a state in which cell proliferation
is blunt through the expression of cell cycle inhibitors
concomitantly to the establishment of one tissue remodeling
secretome called Senescent Associated Secretory Phenotype
(SASP) proficient to propagate senescence. Extrinsic
cues for instance, DNA damaging agents or chronic
inflammation but also intrinsic signals such as telomere
shortening can induce such senescent phenotypes (4).
Cellular senescence has thus many beneficial effects as
tumour suppressive mechanisms as well as during embryonic
development and wound healing. However, the persistence
and the accumulation of such cells in various tissues during
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lifespan lead to chronic tissue degeneration and onset of
many age-related diseases (5). Recent studies demonstrated
that articular chondrocytes isolated from OA patients have
senescent phenotypes by harboring shorten telomeres, by
accumulating cycle-dependent kinases inhibitors driving
, pZICdan/\ and p57KIP2
by producing deleterious catabolic and inflammatory

Ink4:
senescence such as p16 ™"

, and finally
mediators (6). Remarkably, the use of senolytic drug namely
UBXO0101 that specifically eliminates senescent cells in
experimentally-induced OA murine models, delay cartilage
degradation. For the first time, it was hence demonstrated
that cellular senescence in joint tissues play a pivotal causal
role in OA pathogenesis (7).

Current therapy of OA, without exception, are palliative.
Clearly, there is an obvious medical need that would be best
met by an effective, safe, well tolerated, local treatment with
disease-modifying properties. As alternative, regenerative
stem cell therapies based on Mesenchymal Stromal Cells
(MSC) infusion in OA patient joints have been proposed (8).
Indeed, MSC possess immunomodulatory and anti-fibrotic
properties, can protect targeted cells from oxidative stress,
senescence and even apoptotic onset. Meanwhile MSC,
through paracrine properties, are believed to stimulate
proliferation and differentiation of tissue resident stem
cells (8). In OA patients, the safety of MSC local injection
has been proven in many trials, but evidence of efficacy
compared to currently proposed palliative treatments
remains to be demonstrated (9). Thus, the low efficient
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regenerative potentials of injected MSC observed so
far can possibly be related to the joint pro-senescent
environment induced by OA disease. In line with this
hypothesis, in the recent study, Cao and colleagues reveal
the deleterious paracrine dialogues taking place between
senescent chondrocytes and bone marrow derived MSC
using rat model (10). In trans-well setting, irradiation-
induced senescent chondrocytes modify the behaviour
of co-cultivated MSCs by showing a dual-opposite
effect depending on the timing. After 7 days, senescent
chondrocytes prevent MSCs proliferation but increase the
expression of chondrogenic markers such Sox 9, Col II.
In contrast, at 21 days, senescent chondrocytes stimulate
both senescence and apoptosis on MSC while decreasing
their chondrogenic potentials. Surprisingly, MSCs induce,
in turn, apoptosis on senescent chondrocytes confirming
their paracrine seno-suppressive potentials. To confirm
the causal effects of articular senescence on MSC altered
functions, the authors pre-treated senescent chondrocytes
with navitoclax, a BCL2/BCLXL inhibitory drug having
senolytic properties on other senescent cell types (11).
Although, in this study, no real demonstration has been
done on the clearance efficacy of senescent chondrocytes by
such concentration of navitoclax, Cao et 4/. data suggest that
treated senescent chondrocytes restore MSC stemness and
differentiation potentials compared to untreated senescent
chondrocytes. Finally, through experimental-induced OA
on rat models, they could confirm the in vivo benefit of
such senolytic agent as a synergistic treatment, prior MSCs
delivery, for the repair of focal cartilage lesions.

The study by Cao et al. also has many limitations. First,
they used primary rat chondrocytes but at late passages (p3)
which may induce a risk of chondrocyte de-differentiation.
Second, they used irradiation to trigger senescence on
chondrocytes, far from the normal pathophysiological
process. Third, the biological effects of co-cultivated
MSCs with senescent chondrocytes was often compared
to MSCs alone and not to healthy chondrocytes. It would
have been more appropriate, in the context of in vivo cell
therapy using MSCs to compare them in the presence
of healthy chondrocytes. Actually, the results seem quite
similar on proliferation, apoptosis, or expression of MSC
differentiation markers. However, a different in vitro
biological effect with chondrogenesis at 21 days was
observed since the expression of Col II and Aggrecan was
not modified when MSC was co-cultivated in the presence
or without senescent chondrocytes. Finally, if we consider
that MSCs injected into the joint survive only a few hours
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in vivo (12), the dual-opposite effect according to the co-
culture time of senescent chondrocytes with MSCs reported
by the authors does not seem critical to optimize the
therapeutic effect of MSC in OA disease.

Altogether, this study supports the involvement of
senescence in the pathophysiology of OA. The therapeutic
use of senolytic drugs is currently under development in OA
with promising results reported at the recent US Congress
of Rheumatology (13). A further perspective would be to
combine the two therapeutic options (senolytic and cellular
therapy by MSC) in the treatment of OA but, nowadays,
the biological relevance of this approach remains to be
determined.
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