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Introduction

Life expectancy of human populations is increasing worldwide 
as a result of medical and socio-economic advances, the years of 
life gained are often in poor health. Indeed, aging poses specific 
medical problems because it is the primary risk factor for developing 
a broad spectrum of chronic musculoskeletal diseases in the general 
population including osteoarthritis (OA) and osteoporosis [1]. Current 
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advances in the biology of aging will be at the origin of therapeutical 
improvement making it possible to increase life expectancy in good 
health and prevent OA.

Senescence and OA Physiopathology

Senescence is a complex pathophysiological phenomenon that 
can be observed in the context of tissue damage associated with aging 
in the context of cancer development. Cellular senescence is a cell 
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fate that entails essentially irreversible replicative arrest, sustained 
viability with resistance to apoptosis and increased metabolic and 
protein secretion activity [2].

Inducers of senescence can be DNA damage, telomere 
dysfunction, oncogene expression or replicative stress or even inducers 
of proliferation such as growth hormones. Extrinsic Inducers of 
senescence include the presence of circulating AGEs, saturated lipids 
and other bioactive lipids (prostaglandins), reactive metabolites (e.g. 
ROS, hypoxia), mechanical stress, inflammatory cytokines, damage-
associated molecular patterns and pathogen-associated molecular 
patterns (PAMPs, e.g. bacterial endotoxins).

Cellular senescence results in cell cycle arrest by the activation 
of cyclin kinase inhibitor (including p16INK4a and p21Cdkn1a), 
associated with an increase in beta galactosidase activity and increased 
cell metabolism. This leads to the secretion of many secreted proteins 
that are calls SASP including proteins responsible for inflammation, 
insulin resistance, proteins that promote apoptosis, chemokines and 
factors of the TGF Beta family. The SASP profile varies depending 
on the cell type and will commonly include cytokines IL1, IL6, 
IL8, metalloproteases MMP13 secreted in the immediate cellular 
environment. Senescent cells accumulate with ageing and at causal 
sites of multiple chronic disorders, including musculoskeletal 
diseases associated with ageing, including OA and osteoporosis. The 
most deleterious senescent cells are resistant to apoptosis and have 
up-regulation of anti-apoptotic pathways allowing them to survive, 
despite killing neighbouring cells [3-5].

Osteoarthritis (OA) is a common pathology of cartilage, leading 
to disability and chronic pain. This incidence of OA increases with 
the aging of the population. It results on a complex physiopathology 
combining synovial inflammation, subchondral bone oedema and 
osteoblast activation and chondrocytes hypertrophy associated with 
the secretion of metalloproteases collagenases, ADAMT’S which 
will remodel cartilage extracellular matrix. This is accompanied by 
an arrest of the cell cycle, alteration of the cell metabolism as well 
as a chronic inflammation of the synovium. These biological events 
are related to the senescence of synovial cells and chondrocytes. The 
role of senescent cell accumulation in OA has been demonstrated 
in mouse models. Using elegant genetic constructs where senescent 
cells positive P16 very be selectively removed from articular tissues. 
In these experiments the elimination of senescent cells, in particular 
in joint tissues, helps prevent experimental osteoarthritis [6-8]. This 
suggest that drugs able to deleted senescent cells in osteoarthritis 
disease could provide clinical benefit.

Senolytics in OA

The demonstration of molecules capable of preventing 
senescence opens an important pathway in the treatment of diseases 
associated with aging. Senolytics induce apoptosis of senescent cells 
accumulated in joint tissue with a tissue-destructive SASP. Senolytics 
are a class of drugs that selectively clear senescent cells (SC) [9]. 
Through this demonstration of causality between senescence and 
tissue degeneration, a new category of treatments aimed at targeting 
senescence has recently emerged in preclinical and clinical studies. 

They include three major classes of molecules. Senolytics which seek 
to kill/eliminate senescent cells by playing on increased cell survival 
pathways during the senescence process. Seno-morphics, which 
change the inherent properties of the senescent state, for example by 
reactivating autophagy while maintaining the stopping of the cycle. 
And finally, a third class of therapeutic agents, senosuppressants, 
will block the entry or the spread of senescence. Thus, drugs with 
senotherapy properties such as in particular metformin, rapamycin, 
fisetin, dasatinib/quercetin mixture, resveratrol, spermidine, 
curcumin and astaxanthin, have shown that the aging process and 
associated pathologies, can be partially prevented in mice. Moreover, 
4 of these molecules are currently in phase I clinical trials in several 
indications in the elderly. Therefore, geroprotective interventions 
(senostatic strategies) are now designed to slow ageing and maintain 
health for longer before end of life.

The first studied senolytic drugs including Dasatinib, Quercetin, 
Fisetin are proapoptotic molecules. These drugs are MDM2 antagonists 
with ubiquitin ligase activity leading to the down expression of P53. 
These molecules therefore make it possible to switch senescent cells 
back to apoptotic cells and therefore eliminate accumulative senescent 
cells. Therapeutic strategies combining dasatinib and quercitin have 
been proposed with encouraging results, in particular in diabetes or 
dysmetabolic diseases [10,11].

Other molecules have been identified as regulators of Bcl2 
apoptosis pathway through Bcl-xl inhibition. More recently, Nutlin3a 
(an MDM2 inhibitor) or navitoclax (a BCL-2 inhibitor), has been 
proposed as a alternative therapeutic strategy in osteoarthritis disease 
with encouraging preclinical results [12,13]. Navitoclax reduced the 
expression of inflammatory cytokines and promoted cartilage matrix 
aggregation in OA chondrocyte by inducing apoptosis. Moreover, OA 
pathological changes in the cartilage and subchondral bone in OA rat 
were alleviated by Navitoclax intra-articular injection. However phase 
2 clinical study in OA was stopped prematurely because of lack of 
results.

Among other senolytics, rapamycin regulates cell metabolism 
(through the inhibition of mTor pathway) and induces autophagy [14]. 
Mildly lowering the activity of the nutrient-sensing network, especially 
the activity of mechanistic target of rapamycin protein complex 1 
(mTORC1), using natural metabolites from the systemic environment 
that can rejuvenate stem cells, increasing autophagy/mitophagy, and 
reducing age-related inflammation are emerging as key mechanisms by 
which these interventions exert their effects. Rapamycin dramatically 
decelerated loss of proliferative potential caused by ectopic p21, 
p16 induction. During cell cycle arrest, rapamycin transformed the 
irreversible arrest into a reversible condition.

Other molecules, such as FOXO4-derived peptide designed to 
inhibit the interaction of this transcription factor with the tumour 
suppressor p53 reduced senescent cell viability through p53-mediated 
cell-intrinsic apoptosis [15]. In addition, FOXO4 inhibition in cells 
that were already senescent, but not their control counterparts, 
reduced viability and cell density. After acute damage FOXO4 favors 
senescence over apoptosis and maintains viability of senescent cells by 
repressing their apoptosis response.
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HSP90 inhibitors have been shown to be active in cancer through 
targeting of p53 and inducing apoptosis. Geldanamycin (GA), a 
benzoquinone ansamycin, depletes mutant p53 in breast cancer cell. 
GA restores ubiquitination and degradation of mutant p53 by the 
proteasome [16].

More recently, fibrates have shown senolytic activity. Fibrates 
impact on autophagy and lipid metabolism through PPAR ligands 
and constitution of retinoic acid heterodimer. Fibrate have a senolytic 
potential on OA senescent chondrocytes in-vitro. Peroxisome 
proliferator activated receptor alpha activation decreases synovial 
inflammation and cartilage lesions in osteoarthritis [17,18].

Finally, seno-suppressants which directly inhibit SASP via 
inflammatory cytokine secretion related to the SASP may be proposed 
in degenerative joint diseases. Janus Kinases (JAK) are cytosolic protein 
tyrosine kinases directly associated with receptors for cytokines, 
hormones and growth factors involved in SASP. Jak inhibitors, such 
as Bariticinib or Ruxolitinib® reduce the expression of CKIs p16INK4a 
and p21Cdkn1a, correlating with the reestablishment of the 
proliferative capacity of senescent cells. Janus Kinase inhibitors have 
shown the ability to reduce adipocyte SASP and restore function and 
mobility in aged mice [19]. JAK1/2 inhibitors reduced inflammation 
and alleviated frailty in aged mice. Recently, Jak inhibitors was shown 
to reduce senescent cells in ageing tendon.

Conclusion

OA is a large unmet medical need. Recent physiopathogical 
knowledge have identified the accumulation of senolytic cells in 
cartilage and the synovium as deleterious. This has prompted the 
development of senolytic drugs in OA. Thus, many therapeutic 
alternatives in the treatment of osteoarthritis are opening up, but 
clinical trials will have to be carried out to confirm their effectiveness 
on a structural impact and not just anti-inflammatory (Figure 1).
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