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Introduction 

• In 1961, Leonard Hayflick and Paul Moorhead published their findings 
that normal human cells in culture have a limited number of divisions 
before they stop proliferating, a phenomenon now known as the 
Hayflick limit or cellular senescence. 

• This discovery disproved the idea of normal cell immortality and 
provided a model for studying cellular aging at the level of individual 
cells

• The Hayflick limit is considered a natural mechanism that acts as a 
defense against cancer by preventing cells from dividing 
uncontrollably. 

https://www.sciencedirect.com/science/article/abs/pii/0014482761901926?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/0014482761901926?via%3Dihub


Definition 

• Cellular senescence is a stress response aimed to eliminate unwanted, 
damaged, or aberrant cells

• This response consists of a stable proliferative arrest together with the 
development of a vigorous proinflammatory secretome known as 
senescence-associated secretory phenotype, or SASP

• Senescence defined by an irreversible cell-cycle arrest (unlike to apoptosis) 
enforced by upregulation of cyclin-dependent kinase inhibitors CDK OR 
include persistent DNA damage signaling, chromatin remodeling, altered 
metabolism, resistance to apoptosis, and the SASP, among others

• Through the SASP, senescent cells recruit immune cells to promote their 
own immune clearance, thereby restoring tissue homeostasis



`

phenotypic alterations 



• Cellular senescence has been shown to promote or exacerbate age-
associated diseases in humans through the induction of chronic 
inflammation and tissue dysfunction by the senescence-associated 
secretory phenotype (SASP). 

• SASP proteins mediate an array of effects including mononuclear cell 
recruitment, fibroblast activation, and degradation of the extracellular 
matrix. 

• Senescent cells, such as endothelial cells, astrocytes, and myocardiocytes, 
contribute to the progression of age-related diseases including 
atherosclerosis, neurodegeneration, and myocardial fibrosis, respectively. 

• In addition, although cellular senescence inhibits tumor initiation by 
preventing the proliferation of damaged cells, persistence of senescent 
cells within the tumor microenvironment promotes tumor recurrence. 

• Thus, cellular senescence and SASP are potential therapeutic targets in the 
treatment of disease in aged individuals.



• Unlike apoptotic cells, which undergo a tightly regulated process 
leading to irreversible cell elimination, senescent cells (SnCs) are 
unable to divide or undergo cell death, yet are still metabolically 
active and thus impact their microenvironment

• Throughout organismal lifespan, these cells accumulate in different 
tissues and contribute to both beneficial and detrimental effects on 
the body and contribute to diverse pathological conditions

• In cancer, senescence works as a tumor-suppressive barrier by halting 
the proliferation of damaged cells, preventing the onset of tumors, 
yet can also promote tumor progression

• This duality arises from complex interactions among SnCs, their 
senescence-associated secretory phenotype (SASP), and the tumor 
microenvironment (TME). 



Cell undergoing senescence. 

Cell showing characteristics of cellular senescence: 

binucleated and flat and enlarged morphology



• Cancer cells are usually exposed to a multitude of stressors known to 
trigger senescence, including oncogenic signaling, replicative stress, 
hypoxia, reactive oxygen species, nutrient deprivation, and exposure to 
cytokines present in the tumor microenvironment

• Senescent tumor cells SnCs are also characterized by an increased 
resistance to cell death. This resistance is mediated by the upregulation 
of pro-survival pathways, allowing SnCs to persist in a viable but non-
dividing state. 

• Senescent tumor cells often evade apoptosis by expressing anti-
apoptotic proteins

• a variety of anticancer therapies can also induce senescence in cancer 
cells e.g., senolytics or senostatic compounds

• Consequently, tumors, both before and after therapy, generally contain 
a variable fraction of senescent cells



Different types of senescent cells, as 
diverse as their primary morphology. 
(a) Neuronal-like morphology with 

cytoplasmic projections in senescent 
fibroblastoid cells at the 17th passage. 

(b) AF-type cells at the beginning of 
senescence.

(c) Flat, circular E-type cells at the 5th 
passage when they start being 
multinuclear (black arrows), granular, 
and vacuolar (white arrows).





Mechanisms of tumor suppression and promotion

(a) Induction of cellular senescence is an important mechanism of tumor 
suppression which prevents tumor initiation by inhibiting proliferation of 
damaged cells. 

(b) Senescent cells undergo a permanent cell cycle arrest and adopt the 
senescence-associated secretory phenotype (SASP), which recruits leukocytes 
to remove senescent cells. 

(c) There are several potential fates for cells undergoing senescence. Normal 
tissue function can be restored if macrophages remove senescent cells; 
however, this process is not always efficient, leading to the persistence of 
senescent cells that can promote tumor recurrence and the side effects of 
cancer therapy through SASP. 

Some reports also suggest that tumor cells can either escape or inhibit the 
induction of cellular senescence allowing them to reenter the cell cycle leading to 
tumor initiation further underscoring the contrasting functions of cellular 
senescence in tumor suppression and promotion.



• Senescent cancer cells SCC, due to their low or null proliferative 
capacity, do not contribute to tumor growth; however, they 
contribute to modify the tumor microenvironment through their SASP

• SASPome includes extracellular vesicles, non-coding RNA, bioactive 
lipids, and other mediators that collectively shape the TME, 
propagate senescence signals, modulate inflammation, and remodel 
extracellular architecture

• The SASP produced by intratumoral senescent cells has complex and 
often opposite effects on tumor behavior depending on multiple 
factors that partly reflect the intrinsic heterogeneity of cancer and the 
response to cancer therapies















Machine learning and AI in senescence research

Novel computational approaches compatible with both bulk RNA 
sequencing and single-cell RNA sequencing (scRNA-seq) have been 
developed to facilitate the identification and characterization of SnCs in 
tumor tissues:

- The senescence identification tool (SIT)

- SENCAN—a machine learning-based gene expression classifier

- Cancer SENESCopedia

- SenMayo gene set

- scRNA-seq

- the cellular senescence network (SenNet) program





Application 

https://diposit.ub.edu/dspace/bitstream/2445/192884/1/Marin_Cancer%20Discovery_2023.pdf

https://diposit.ub.edu/dspace/bitstream/2445/192884/1/Marin_Cancer Discovery_2023.pdf


Conclusion 

• Senescent tumor cells STCs include nuclear enlargement, the release of cytoplasmic chromatin 
fragments (CCFs), and persistent DNA damage signaling, often driven by oncogenic or oxidative 
stress. STCs display mitochondrial dysfunction, resulting in metabolic reprogramming

• Cellular stress responses, such as autophagy, are upregulated in parallel with senescence

• Potential to enhance therapeutic efficacy and patient outcomes.

• Elucidate the mechanisms, markers, and functional consequences of immune cell senescence in 
cancer

• Clarifying how immune cells acquire the senescent phenotype within the TME and how they impact 
tumor progression could offer insights for the development of immune-senolytics for cancer 
therapy

• Translational implementation of the preclinical research to clinical evaluation of patient senescence 
status, use of AI-based diagnostic tools, and senolytic and senomorphic therapeutics should also be 
considered.

• Advance therapies for age-related diseases, neurodegeneration, fibrosis, and regenerative 
medicine




