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Pathophysiological implications of cellular senescence and prospects for novel
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Abstract: Chronological aging is the leading risk factor for human diseases, while aging at the cellular level, namely cellular senes-
cence, is the fundamental driving force of organismal aging. The impact of cellular senescence on various life processes, including
normal physiology, organismal aging and the progress of various age-related pathologies, has been largely ignored for a long time.
However, with recent advancement in relevant fields, cellular senescence has become the core of aging biology and geriatric medicine.
Although senescent cells play important roles in physiological processes including tissue repair, wound healing, and embryonic devel-
opment, they can also contribute to tissue dysfunction, organ degeneration and various pathological conditions during adulthood.
Senescent cells exert paracrine effects on neighboring cells in tissue microenvironments by developing a senescence-associated secretory
phenotype, thus maintaining long-term and active intercellular communications that ultimately results in multiple pathophysiological
effects. This is regarded as one of the most important discoveries in life science of this century. Notably, selective elimination of
senescent cells through inducing their apoptosis or specifically inhibiting the senescence-associated secretory phenotype has shown
remarkable potential in preclinical and clinical interventions of aging and age-related diseases. This reinforces the belief that senescent
cells are the key drug target to alleviate various aging syndromes. However, senescent cells exhibit heterogeneity in terms of form,
function and tissue distribution, and even differ among species, which presents a challenge for the translation of significant research
achievements to clinical practice in future. This article reviews and discusses the characteristics of senescent cells, current targeting strat-
egies and future trends, providing useful and valuable references for the rapidly blooming aging biology and geriatric medicine.
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Table 1. A number of typical features of senescent cells

Phenotypic characterizations

Detailed description of relevant changes

References

Morphologic alterations
Nuclear changes
enlarged nucleoli
Cell cycle alterations
Mitochondrial changes
Lysosomal changes
Cytoplasmic changes
Epigenetic modifications

Overall expansion, enlarged size, increased granularity throughout cells
Telomere shortening, lamin B1 loss, y-H2AX positivity, SAHF formation,

Cycle arrest, upregulation of CDKIs including p53, p21 and p16

Increased size and number, elevated ROS production, decreased membrane integrity
Increased size, enhanced SA-B-Gal activity, lipofuscin accumulation

Increased CCF number, cGAS-STING pathway activation

LINE-1 retrotransposon derepression and activation of targets, remodeling of SASP-

[1-3]

[4-9]

[5,10]
[11,12]
[13-15]
[16,17)

[18-20]

associated super-enhancers, demethylation of histone sites including H3K9 and H3K36

SAHEF, senescence-associated heterochromatin foci; CDKIs, cyclin-dependent kinase inhibitors; ROS, reactive oxygen species; SA-B-Gal,

senescence-associated f-galactosidase; CCF, cytoplasmic chromatin fragments; cGAS, cyclic GMP-AMP synthase; STING, stimulator of

interferon genes; SASP, senescence-associated secretory phenotype.
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Fig. 1. Cellular senescence and the major features. A: Representative phase-contrast bright-field images of human cells in culture.
Left, proliferating cells. Right, senescent cells after replicative exhaustion. Human mammary epithelial cells were chosen as an
experimental model. Scale bars, 10 um. B: Different stimuli induce cellular senescence. The phenotypes of senescent cells are cell
type- and context-dependent, but there are a number of common features shared between these conditions. Typically, senescent cells
can develop an essentially pro-inflammatory senescence-associated secretory phenotype (SASP), which functionally potentiates them
to promote organismal aging and various age-related diseases in the lifespan. ATM, ataxia telangiectasia-mutated; TRAF6,
tumor necrosis factor receptor-associated factor 6; mTOR, mammalian target of rapamycin; NF-«kB, nuclear factor kappa-B; C/EBPf,
CCAAT/enhancer binding protein-p; AP-1, activator protein-1; cGAS, cyclic GMP-AMP synthase; STING, stimulator of interferon
genes; IL-6, interleukin-6; GM-CSF, granulocyte-macrophage colony-stimulating factor; Groa, chemokine (C-X-C motif) ligand 1;
CCL2, CC chemokine ligand 2; CXCL3, C-X-C motif chemokine ligand 3; HGF, hepatocyte growth factor; TNF-o, tumor necrosis
factor o.
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