
Cellular senescence in age-related musculoskeletal diseases:
intercellular communication as a driver of disease
pathogenesis

Ilya Klabukov (✉)1, Elizabeth Skornyakova2, Daria Eygel1, Denis Baranovskii1, Peter Shegay1, Andrey Kaprin1

1National Medical Research Radiological Center, Obninsk 249036, Russia; 2Russian University of Transport, Moscow 127055, Russia

© Higher Education Press 2025

 
We  read  with  the  great  interest  the  brilliant  review  by
Xiong et  al.  (2025),  which  explored  cellular  senescence
investigations  and  the  future  clinical  applications  of
senolytic therapies to address musculoskeletal disease [1].
Among  the  perspectives  of  senolytic  and  immune
therapies  in  the  context  of  senescence  heterogeneity,  the
advanced  breakthrough  into  age-related  musculoskeletal
disease  interventions  requires  insights  from  another  side
of senescent interactions, as cell–cell communications.

Cellular  senescence  is  currently  recognized  as  a
significant phenomenon involving cellular alterations that
lead to the loss of normal regulation, initiation of cellular
stasis, aging, and ultimately cell death [2]. Specific terms
such  as  senescence,  senolytics,  senescence-associated
secretory phenotype (SASP),  inflammaging, and reversal
of  senescence  have  recently  been  added  by  the
phenomenon  of  senescent  drift  induction  in  surrounding
tissues, where senescent cells influence neighboring cells
to become senescent as well [3,4].

Interestingly,  the  term “senescent  drift” was  first  used
in  the  context  of  fruit  production  and  storage,  which
could  provide  us  with  some  important  insights.  In  fruit
production, senescent drift refers to the gradual decline in
quality  and  physiologic  function  of  fruits  as  they  age
post-harvest.  This  process  involves  a  series  of
biochemical  and  physical  changes  that  degrade  the
texture,  flavor,  nutritional  value,  and  overall  appearance
of  the  fruit.  Initially,  the  term “senescent  drift” for  the
apples  storing  was  introduced  in  Imperial  Botanical
Conference  1924  in  London  by  a  British  plant
physiologist,  Dr.  Frederick  Blackman [5].  As  the  animal
cells  in  solid  tissues,  the  apples  produced  metabolites,
which  is  able  to  accelerate  the  fruit  ripening  and  lead  to
their rotting [6]. The apple ripening model illustrates that

not  only  does  the  rotting  matter  (analogous  to “SASP”),
but  the  entire  storage  process  (analogous  to “senescent
drift”) is important.

In  the  context  of  cellular  senescence,  the  SASP
phenotype  is  typically  characterized  by  changes  in
cellular regulation, and could be played as a target for the
senolytic  therapy.  However,  senescence  drift  can  be
explained  in  terms  of  tissue-specific  responses  to  the
SASP  of  senescent  cells.  The  proposed  mechanism  of
senescent  drift  differs  from  the  well-known  SASP
because  senescent  cells  secrete  a  wide  variety  of  pro-
inflammatory  signals  that  do  not  cause  widespread
senescence  in  tissues.  The  SASP  cells  produce  a
“shotgun” effect  in  all  tissues,  but  spontaneous
senescence  induction  in  tissues  could  not  appear.
Therefore,  the  promotion  of  senescence  in  surrounding
tissues  cannot  be  explained  by  a  wide  secretory  activity
alone,  but  rather  by  secretion  affinity,  i.e.,  the  special
exosome phenotype or RNA-protein complexes that drive
them  to  merge  with  target  cells  [4].  The  secretion  of  an
affinity-targeted  secretome  could  be  the  underlying
mechanism of senescent drift in tissues (Fig. 1).

Cellular  senescence  can  drive  fibrotic  processes  in
various  musculoskeletal  tissues  by  secreting  factors  that
promote fibroblast activation and ECM deposition [7]. In
cartilaginous  tissues  senescent  cells  in  joints  can
influence  surrounding  cells  by  SASP.  In  bone  tissue,
SASP  factors  can  promote  osteoclastogenesis,  which
leads  to  increased  bone  resorption  and  decreased  bone
density, characteristics of osteoporosis. Senescent cells in
muscle tissue secrete factors that  inhibit  the proliferation
and  differentiation  of  satellite  cells,  contributing  to  the
muscle wasting and weakness observed in sarcopenia. In
intervertebral  discs,  senescent  cells  can  stimulate  the
secretion  of  pro-inflammatory  mediators  and  matrix
metalloproteinases,  leading  to  ECM  degradation  and
promoting  disc  degeneration  [7,8].  Therefore,  one  of  the
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key targets of anti-senescent therapy could be to enhance
the maintenance of cells against cellular senescence. This
idea  was  only  once  mentioned  in  the  review,  but  the
epigenetic  modifications  are  not  disclosed  in  detail.
Indeed,  DNA  demethylation  or  inhibition  of  histone
deacetylases  could  potentially  rejuvenate  senescent  cells
or  prevent  their  detrimental  effects  on  surrounding
tissues.  The  use  of  epigenetic  drugs  that  modify  DNA
methylation or histone acetylation could be an innovative
approach to modulate the SASP and potentially reverse or
delay the onset of cellular senescence.

These  effects  are  associated  with  epigenetic
reprogramming  without  loss  of  cell  identity,  suggesting
that  controlled  demethylation  can  reverse  signs  of  aging
[9].  Lu et  al. showed  that  targeted  demethylation  can
restore  youthful  function,  even  in  aged  neurons  [10];  it
was also shown that HDAC inhibition has conserved anti-
aging  effects  across  species  [11].  Therefore,  both  DNA
demethylation and HDAC inhibition have been shown to
rejuvenate cells and tissues, restore function, and, in some
cases,  extend  lifespan  in  experimental  models.  These
findings  provide  solid  scientific  justification  for
proposing epigenetic modulation as a therapeutic target in
aging.

We believe this nuanced point could be instrumental in
advancing the understanding of not only cellular changes,
but also changes in cell-to-cell communication. This tiny
point could advance the future of senescence research and
age-related disease treatments.
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Fig. 1    Effects of SASP and the senescent drift induction for surrounding cells. Created with Biorender.com.
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