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Abstract: Cellular senescence refers to a permanent state of cell cycle arrest manifested primarily by the senescence-
associated secretory phenotype (SASP), acting as a key driver of organismal aging and age-related diseases. It can be
categorized into active senescence (or programmed senescence) and passive senescence that is induced by senescent
stressors, including replication, oncogene, tissue damage, quiescence, and many others. SASP is a complex secretory
mixture containing proinflammatory cytokines, chemokines, growth factors, extracellular matrix remodelers, damage-
associated molecular patterns, and extracellular vesicles. Via autocrine and paracrine signaling, SASP exerts dual
functions, that is, acute transient SASP mediates tumor suppression, wound healing, and development, whereas
chronic persistent SASP promotes sustained inflammation, fibrosis, and disease progression. SASP is dynamic and
regulated by multiple signaling pathways including ATM, p38 MAPK, cGAS-STING, which sense senescence stimuli
such as DNA damage and oncogenic activation, and subsequently activate NF-kB and C/EBPf to drive SASP
expression. SASP is highly heterogeneous, varying with senescence types, duration, and cell lineages. Senomorphic
therapy targeting SASP mitigates tissue damage without eliminating senescent cells, offering advantages over
senolytic approaches. Representative agents include rapamycin, metformin, resveratrol, and spermidine. Clinical
translation faces challenges including inaccurate quantitative measurement of aging, SASP heterogeneity, undefined
intervention windows, off-target effects, and potential loss of beneficial SASP functions. Future strategies demand
selective SASP inhibition to preserve beneficial signaling while suppressing detrimental components, with long-term
efficacy validated by physiological functional assessments.

Senescence Stimuli DNA damage, oncogene activation
Cytoplasmic DNA/mtDNA, mtRNA
Telomere dysfunction, replication stress
Other stimuli (e.g., bleomycin)

Upstream Signaling Pathways ATM Pathway
cGAS-STING Pathway
p38 MAPK Pathway
mTORC1 Pathway
Epigenetic and Other Pathways

Feedback Loops

IL-1a

IL-6-JAK/STAT3

- - SASP Components Pro-inflammatory cytokines and chemokines

Matrix metalloproteinases
Growth factors
Plasminogen activator inhibitor-1 and others
Exosomes and other extracellular vesicles

%

Beneficial Effects:

1. Tumor Suppression Detrimental Effects:

2. Wound Healing and Tissue Repair 1. Chronic Inflammation

3. Embryonic Development and 2. Tissue Dysfunction and Fibrosis
Morphogenesis 3. Induction of Senescence

4. Promotion of Cancer
5. Age-Related Diseases

Senescent stimuli promote cellular senescence and SAPS via relevant mechanism and signaling cascades
from sensing to initiation of transcription of SASP. The SASP has beneficial and detrimental effects
dependent of its components. The “X” on arrow lines indicates possible targets for senomorphics.

Key words: cellular senescence; senescence-associated secretory phenotype; programmed senescence; induced senescence;
senomorphics
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