K perplexity

senescent cells, how are they created

Senescent cells are created when dividing-competent cells experience sufficient stress or
damage (replicative, genotoxic, oncogenic, metabolic, etc.) to trigger a persistent DNA damage
and stress response, leading to permanent cell-cycle arrest with an active SASP rather than
apoptosis or normal quiescence. L 21 3l

Core idea

Cellular senescence is a programmed response to stress in which the cell exits the cell cycle
irreversibly but remains metabolically active and typically pro-inflammatory (SASP), acting as

a tumor-suppressive but ultimately pro-aging phenotype when not cleared. ! [4 3]

Main pathways that create senescent cells

At a high level, almost all “creation” routes converge on persistent activation of DNA damage
and stress signaling (ATM/ATR->CHK1/2; p53->p21; p16->RB) and downstream chromatin
remodeling:

e Telomere attrition (replicative senescence)

o With each division, telomeres shorten; when critically short, uncapped telomeres are
sensed as DNA breaks, activating DDR and stable arrest (classic Hayflick-type
senescence). 1 31 5]

o This is the canonical route in fibroblast serial passage and contributes to gradual
senescent burden with age in vivo. & I

* DNA damage-induced senescence (stress-induced premature senescence)

o Ionizing radiation, chemotherapeutics, UV, ROS, and other genotoxins create
persistent DNA lesions that chronically activate DDR, driving p53/p21 and
p16/RB-mediated arrest even without critically short telomeres. 3 (€ 1]

o Anti-cancer regimens that strongly damage DNA markedly increase senescent cell
burden, which is linked to therapy-induced accelerated aging phenotypes. &

® Oncogene-induced senescence (OIS)

© Hyperactivation of oncogenes (e.g., RAS, BRAF, E2F3) or loss of certain tumor
suppressors (RB, PTEN, NF1, VHL) produces excessive mitogenic signaling and
replication stress. [ W B

o Cells respond by entering senescence as a fail-safe “brake” to suppress malignant
transformation, with robust p16/p21 induction and a strong SASP. [ B



e Other stress-induced routes

o Metabolic and oxidative stress (e.g., mitochondrial dysfunction, chronic ROS),
epigenetic and nucleolar stress, spindle/mitotic errors, chronic interferon or other
cytokine exposure can all push cells into a senescent program. [& [11 3]

o Chronic infections and certain paracrine factors from neighboring senescent cells can
also induce a “bystander” senescence phenotype in otherwise undamaged cells. ! €

* Developmentally programmed senescence

© During embryogenesis and certain adult tissue remodeling processes, cells can
transiently enter a senescent-like state as a programmed morphogenetic mechanism,
independent of overt damage, often later cleared by the immune system. 3 2

What actually changes inside the cell?

Once triggered, the senescence program enforces and stabilizes the arrested state through
multiple layers:
® Cell-cycle arrest machinery

© Persistent DDR and stress signaling activate p53->p21 and p16INK4a->RB, inhibiting
CDK activity and locking cells in G1/S arrest. 2l 21 5]

o Unlike quiescence, this arrest is considered irreversible under physiological
conditions because of deep chromatin reorganization around cell-cycle genes. 4! 1l

® Chromatin and transcriptional remodeling

o Senescent cells form SAHF (senescence-associated heterochromatic foci) and show
widespread epigenetic changes that silence proliferation-promoting genes and alter
global transcription. 3 111 [41

o This includes upregulation of CDK inhibitors and inflammatory/secretory genes, and
downregulation of DNA replication machinery. Ll

* Metabolic and organelle changes

o Senescent cells accumulate enlarged, often dysfunctional mitochondria and exhibit a
deregulated metabolic profile with increased ROS production. &

o They tend to enlarge in size, increase lysosomal content and show high SA-3-gal
activity due to lysosomal B-galactosidase upregulation. !

® SASP (senescence-associated secretory phenotype)

o Senescent cells secrete cytokines (e.g., IL-6, IL-8), chemokines, growth factors, and
proteases that alter the local tissue microenvironment, recruit immune cells, and can
promote bystander senescence or tumor progression depending on context, &l 41 11l

© The SASP is dynamic over time and is a major reason why senescent cells, once

created, can drive chronic inflammation and age-related pathology if not efficiently
cleared. 2! 611l



How they accumulate with aging

Creation is continuous throughout life; accumulation is a balance between production and
clearance:

* Senescent cells are generated in response to ongoing micro-damage, oncogenic hits, and
replicative turnover in most tissues. 2!

® In youth, the immune system (NK cells, macrophages, T cells) usually recognizes and
removes senescent cells within days to weeks. & 2!

e With aging or chronic stress, production rises (more damage, more oncogenic and
metabolic stress) while immune surveillance declines; once senescent cell burden crosses
a threshold, the SASP itself further impairs immunity and promotes additional senescence,
creating a positive feedback loop. & 5!

From your vantage point, you can think of senescent cells as the stable attractor state that
stressed, division-competent cells fall into when DDR/oncogenic/metabolic signals remain
above a threshold long enough, and apoptosis pathways are either insufficiently activated or
suppressed.

Is it most useful for you next if we go deeper into specific upstream triggers (e.g., mitochondrial
ROS vs oncogenic drivers) or into downstream markers you can practically use to phenotype
and target senescent cells in vivo and ex vivo?
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