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Abstract. Stressors, has attracted attention in the biological and medical sciences. Epigenetic modifications, 

which impact gene expression patterns and ultimately dictate the fate of cells, play a crucial role in managing 

cellular senescence. DNA methylation is a crucial epigenetic process implicated in cellular senescence. 

Research has demonstrated that changes in gene expression profiles result from global hypomethylation and 

localized hypermethylation of genes during senescence. Cellular senescence is also significantly influenced by 

histone alterations. Histone acetylation or methylation can change the chromatin structure, which can impact 

transcription factors' ability to bind to gene promoters. Consequently, this may have an impact on the expression 

of genes linked to senescence processes. Furthermore, due to their capacity to post-transcriptionally control 

gene expression, non-coding RNAs like microRNAs have become significant regulators of cellular senescence. 

Dysregulation of microRNAs has been linked to the induction or inhibition of senescence in different cell types. 

In this comprehensive review, we discuss the epigenetic modifications that occur during cellular senescence 

and explore their potential as therapeutic targets to regulate the senescent phenotype, a crucial step in addressing 

age-related diseases. 
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1. Introduction 

Senescence is a cellular mechanism which causes a long-term growth halt along with certain 

phenotypic changes, such as enhanced autophagy, chromatin remodeling, metabolic 

reprogramming, and the release of a wide range of proinflammatory secretomes [1]. Hayflick 

and his colleague initially reported this phenomenon after observing the proliferation of cells 

in culture medium, in which human diploid fibroblasts undergo repeated passage in vitro and 

then permanently leave the cell cycle [2]. 

Two forms of senescence processes exist: one is replicative senescence, which usually 

occurs after multiple divisions of the cell due to the loss of proliferation capability as part of 

the normal aging process. The other type is stress-induced senescence, which results from the 

response of the cell to different triggers such as damage of the DNA, reactive oxygen species, 

in addition to oncogenic activation [3]. 

The biological processes of cellular senescence have several advantages in the control of 

embryonic growth, wound recovery, and tumor suppression. Prolonged senescence, on the other 

hand, might have negative consequences such as tumor formation, ongoing inflammation, 

immunological deficiency, and stem cell fatigue [4, 5]. 

 Developing the arrest of the cell cycle in mammalian cells is primarily dependent on p53 

and the retinoblastoma (RB) family proteins (Fig. 1). Certain cyclin-dependent kinases such as 

(CDK4, CDK6, CDK2) phosphorylate RB1 and its family members, which promote p16 
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(CDKN2A) and p21 to accumulate in the senescent cells. When this buildup occurs, RB family 

proteins become persistently activated, E2F transactivation is inhibited, and senescence 

develops [6]. 

 

Fig. 1. Senescence is activated by stressors such DNA damaging, reactive oxygen species (ROS), and telomere 

shortening, resulting in activation of the DNA damage response (DDR) pathway and subsequent cell cycle arrest 

via (CDKIs) and retinoblastoma protein (RB) hyperphosphorylation. 

Variety of factors can participate in the induction of the cellular senescence (Fig. 2), 

including reactive oxygen species, damaging of the telomere, damaging of the DNA, 

inflammatory secretions, malfunctioning of the mitochondria and disturbance in epigenetic 

markers [7]. 

Senescent cells exhibit specific characteristics such as big nucleus, double nucleus which 

created when cell division is halted, and varying degrees of cellular invagination [8], in addition 

to chromatin remodeling including chromosomal condensation, redistribution, and the creation 

of heterochromatic foci. These changes may be brought on by the missing of LMNB1 from the 

nuclear membrane inner surface [9]. Others recognized biomarkers of cellular senescence 

include p16, p21, and SA-βgal [10]. Senescent cells also exhibit dysregulation of autophagy, 

nuclear lamina, as well as disturbances in the homeostasis of organelles, such as lysosomal and 

mitochondrial malfunction. Moreover, these disturbances may cause an arrest in cell cycle and 

production of components of SASP [11]. 

The term "epigenetic modifications" refers to heritable changes that impact gene 

transcriptional activity through DNA methylation, histone modification, chromosomal 

remodeling, and non-coding RNA and alter gene expression independently of changes in DNA 

sequence [12, 13]. Epigenetic alterations, such as methylation of the DNA, modification of 

histones, and chromatin modifications, have been identified as an additional marker of aging 

and are essential for the induction and Preservation of cellular senescence [14]. Importantly, these 

alterations are reversible following cessation of stimulation and might be either reasonably 

stable and persistent over time or reversible upon pharmaceutical intervention. This presents 

the intriguing prospect of pharmacologically eradicating detrimental epigenetic modifications 

to prevent diseases, an area that is receiving a lot of attention [15]. Epigenetic markers (Table 1) 

contribute to aging and aging-related disorders by controlling the aging process. Consequently, 

comprehending the epigenetic processes involved in aging will open novel opportunities for 

creating anti-aging treatments. In fact, aging therapies based on modifying epigenetic pathways 

have prevented or prolonged aging in animal models [16].  
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A popular indicator to estimate life expectancy and age-related disorders is DNA 

methylation. Specifically, since 2013, numerous aging biomarkers also referred to as clocks 

have been developed. Among these, the first-generation clocks, including the Horvath and 

Hannum clocks, estimate a person's biological age by using CpG sites, which are strongly 

correlated with chronological age [17, 18]. DNA methylation causal analysis identifies important 

regulators of aging and senescence finds that 4.1% of methylated sites are associated with aging 

outcomes, suggesting that DNA methylation has a major impact in aging. Important genes, 

including ETFB, MARS2, and CISD2, were identified as mediating these effects. The induction 

of cellular senescence is caused by silencing of these genes through methylation [19]. 

A crucial epigenetic modification that controls gene expression by compressing or 

decondensing the chromatin is histone acetylation/deacetylation. Global histone 

hyperacetylation has been linked to cellular senescence, even though these modifications only 

affect the local regulation of specific genes [20]. Global histone expression has been found to be 

significantly lower in human retinal pigment epithelium (HRPE) cells under replicative and 

chronological aging models. Aged RPE showed significantly higher levels of senescence-

associated secretory phenotype (SASP) components and senescence-associated β-galactosidase 

(SA-β-Gal) staining. These results clearly show that histone loss is a distinct characteristic of 

RPE aging and offer important novel perspectives on the possible pathways that connect aging, 

cellular senescence, and histone instability [21]. 

It was formerly believed that non-coding RNAs were restricted to regulating post-

transcriptional gene expression. However, recent studies have demonstrated that non-coding 

RNAs are the most common type of regulatory RNAs; additionally, an increasing body of 

evidence suggests that regulatory non-coding RNAs play a critical role in epigenetic control. 

Thus, these non-coding RNAs highlight the important role RNA plays in regulating gene 

expression [22]. Different sized and types of non-coding RNAs have been found to affect cellular 

senescence. The primary senescence-regulatory processes, the p53/p21 route, the pRB/p16 

pathway, SASP, and protein patterns governing these, and other aspects of senescence are all 

known to be robustly modulated by an increasing number of microRNAs and lncRNAs [23].  

 

Fig. 2. Illustration of the major causes of cellular senescence which include DNA damage, Mitochondrial dysfunction, 

Telomere shortening, Chromatin disruption, Oxidative stress and Epigenetic alterations. All these factors 

initiate a complicated network of signaling pathways that stop cell division and cause alterations in cell shape, 

gene expression, and secretory profile, which are hallmarks of the senescent phenotype. 
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This review discusses the epigenetic alterations that implicated in the initiation and 

preservation of senescence phenomenon in the following points: 

2. DNA Methylation in Cellular Senescence 

Methylation of the DNA is one of epigenetic markers that is linked with gene silencing 

when the methylation occurs in CpG islands of promoter sequences. Through chemical 

alterations of DNA bases, epigenetic mechanisms can control gene expression without directly 

changing the DNA sequence [24].  

Methylation processes of DNA are executed by specific enzymes named DNA 

methyltransferases (DNMTs). As of right now, three DNMTs, DNA methyltransferases1, DNA 

methyltransferases 3a, and DNA methyltransferases 3b have been found in mammals. By 

imitating the parent DNA strand's methylation pattern on the freshly synthesized strand, 

DNMT1 preserves DNA methylation throughout replication. De novo DNA methylation is 

carried out by DNMT3b and DNMT3a, which also collaborate with DNMT1 to guarantee the 

spread of methylation arrangements during DNA replication and target unmethylated CpG 

dinucleotides. If methylated CpGs are unable to proliferate after DNA replication, then 

comparatively slow "passive" DNA demethylation may take place [25]. Removal of methylation 

is carried out via the procedure of demethylation, that might happen with 5-

hydroxymethylcytosine [26]. 

When Ramini and his colleagues examined whole genome DNA methylation of young 

senescent endothelial cells, they discovered substantial hypomethylation of Long-Interspersed 

Element sequences and elevated quantities of demethylated regions in senescent cells [27]. In the 

examination of 2 subclasses of HNSC by Lee et al. they found subclass1 exhibited notably 

lower levels of hypomethylation at many CpG sites compared to those in subclass2, and the 

methylation of silencing genes in subclass1 were more abundant in transcription factor targets, 

particularly ZNF528 target genes. According to this research, ZNF528's epigenetic silencing 

may play a significant role in determining the tumor microenvironment subtype associated with 

senescence in HNSC [28]. 

2.1 Role of DNA Methyltransferases in Senescence 

A decline in DNMT1 expression causes hypomethylated areas of cellular DNA to 

accumulate, leading to progressive gene reprogramming, which results in stimulation of some 

genes that regulate senescence [29]. DNMT1 expression was found to be higher in early-passage 

MSCs than in mesenchymal stem cells at later passages, but not in DNA methyltransferase 3A 

or DNA methyltransferase 3B. Moreover, DNMT1 overexpression in mesenchymal stem cells 

at later passages has the opposite effect from DNMT1 knockdown, which causes senescence 
[30]. In human dermal fibroblasts (HDFs), ultraviolet A (UVA)-induced senescence is associated 

with DNA methyltransferase 1. It has been shown that the expression of DNMT1 was 

dramatically downregulated during the senescence caused by UVA, and that DNMT1 up- or 

down-regulation might therefore either mitigate or exacerbate this senescence [31]. 

Reports state that the senescence phenotype was dramatically promoted by DNMT1 

knockdown in younger human skin fibroblasts (HSFs), and DNMT1 expression was shown to 

be much higher in HSFs than in aged HSFs. The upstream miRNA (miR-377) would control 

DNMT1 expression through acceleration or inhibition of its expression [32].    

Transient DNMT3L expression was found to enforce global and regional chromatin 

monitoring, hence halting senescence in aging and pre-senescent mouse embryonic fibroblasts. 
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By upregulating histone H3 and the outer nuclear envelope protein, DNMT3L therapy of aged 

MEFs brought their nuclear structure closer to that of young cells [33]. 

According to Jung et al., increased activity of DNA methyl transferase 3 (DNMT3A) is 

brought about by a decrease in certain microRNA, which has a detrimental effect on the 

production of mitochondrial superoxide dismutase, which in turn causes senescence through an 

increase in reactive oxygen species [34].  

3. Histone Modifications in Senescence 

Histone proteins assist in the packaging of DNA inside nuclei to create chromatin, a 

combination of DNA and proteins. The nucleosome, the fundamental building block of 

chromatin, is made up of DNA and the core histones (Histone 2A, Histone 2B, Histone 3, and 

Histone 4) [35]. Numerous post-translational modifications (PTM) can affect the overall 

chromatin conformation, which in turn impacts replication, genomic stability, and gene 

expression. PTMs on histones can take many different forms. This variety of histone changes 

works in harmony to control several biological processes, including cellular senescence [36]. 

Histone modifications are frequently caused by ubiquitination, phosphorylation, acetylation, 

and methylation. In contrast to methylation, this kind of chemical alteration that occurs in 

histones can affect how genes are expressed. Histone methyltransferase, histone 

acetyltransferase, and histone deacetylase are the enzymes that control histone modifications 

[37]. 

Histone quantities are altered in harmony with senescence; nevertheless, not much is 

understood regarding the functions and processes of histone decrease in cellular senescence [38]. 

In replicative senescence, there are global declines in Histone H4 Lysine 16 Acetylation, 

Histone H3 Lysine 4 Trimethylation, Histone H3 Lysine 9 Trimethylation, and Histone H3 

Lysine 27 Trimethylation. Increasing levels of Histone H3 Lysine 9 Acetylation and Histone 

H4 Lysine 20 Trimethylation were also reported. Such histone alterations have additionally 

been discovered in stress-triggered cells that undergo earlier senescence [39]. 

3.1 Role of Histone Methyltransferases in Senescence   

Active promoters and gene transcription are correlated with lysine 4 methylation (H3K4) 

in histone H3. KMT2 methyltransferases are responsible for catalyzing this change; however, 

to be active, they must connect with four key subunits: WDR5, RBBP5, ASH2L, and DPY30. 

Both tissue homeostasis and organismal development require Ash2L. Ash2l deletion causes 

gene repression in mouse embryo fibroblasts (MEFs), which leads to a senescence phenotype 
[40]. 

Histone-lysine N-methyltransferase (SUV39H1) overexpression reduced SASP by 

H3K9me3 enrichment on gene promoters; downregulation of the protein was linked to the 

upregulation of genes associated with SASP. According to these findings, SUV39H1 is 

essential for managing inflammation during the process of cellular senescence. The discovery 

that SUV39H1 is an SASP controller advances our knowledge of the molecular processes that 

underlie cellular aging. By clarifying how SUV39H1 affects the expression of SASP [41]. 

Through H3K4me1, Protein 2 Smyd2 and histone methyltransferase SET both include 

MYND domains and create a hyper-methylated chromatin state, which activates enhancing 

components next to important senescence genes like Cdkn1a and Cdkn2a and further induces 

symptoms associated with senescence. Smyd2 was shown to be substantially increased in 

angiotensin II-triggered vascular endothelial cells, and Smyd2 depletion reduced senescence-

associated phenotypes in vivo and in vitro [42]. 
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3.2 Role of Histone Acetyltransferases in Senescence   

Histones get acetyl groups added to them by important enzymes known as histone 

acetyltransferases (HATs). Enzymes called histone acetyltransferases (HATs) add acetyl 

groups to histones, controlling chromosomal architecture and gene expression in the process. 

Previous research has demonstrated that histone deacetylases, called sirtuins, can be activated 

to lengthen life. This implies that blocking HATs might provide a comparable advantageous 

outcome. HAT inhibitors and targeted RNA interference, induced Ngg1 or Gcn5 knockdown 

and decreased age marker levels, thus stimulating senescent cell growth in human cell lines [43]. 

Histone acetyltransferase, PCAF, or P300/CBP-Associated Factor, is a N-

acetyltransferase linked to GCN5 that facilitates transcriptional activity. It interacts with 

numerous nonhistone proteins in addition to acetylating core histones (H3 and H4). Evidence 

has shown that PCAF contributes to the regulation of differentiation, carcinogenesis, 

gluconeogenesis, and cell cycle progression. Interestingly, multiple investigations show that 

PCAF is actively engaged in p53-dependent transcription of p21 and p16, cyclin-dependent 

kinase inhibitors that are strongly linked to the formation of senescence. Thus, endothelial cell 

PCAF inhibition may mitigate cellular senescence [44]. 

A histone acetyltransferase called KAT7 was found to be one of the genes whose deficit 

prevented cellular senescence; this gene was the greatest hit for the two progeroid human 

mesenchymal precursor cells (hMPC) models. KAT7 inactivation relieved hMPC senescence, 

suppressed p15INK4b transcription, and reduced histone H3 lysine acetylation [45]. 

3.3 Role of Histone Deacetylases in Senescence   

Enzymes in the class of histone deacetylases (HDACs) alter the structure of chromatin by 

eliminating acetyl groups from histone tail lysine residues. HDAC1/2 has been found to have a 

significant role in the response to DNA damage and that they were quickly attracted to DNA-

damage sites to encourage hypoacetylation of H3K56 [46]. Ultrastructural analysis of Hdac1 and 

2 deletion podocytes revealed that lipofuscin droplet buildup inside the podocyte cell body and 

foot process effacement, both of which are indicative of cellular senescence, were further 

conformed by the SA-β-gal level, which is commonly used as an indicator for senescence [47]. 

HDAC4, or histone deacetylase 4, belongs to the class IIa group of histone deacetylases 

(HDACs), which is made up of proteins that are crucial for regulating gene expression that 

regulates a variety of cellular processes. After examining HDAC4's function in controlling 

cellular senescence, it was found that silencing HDAC4 causes premature senescence in human 

fibroblasts, whereas overexpressing HDAC4 inhibits cellular senescence [48]. 

Class IIb of the HDAC family includes histone deacetylase 6 (HDAC6), which is 

controlled by several protein kinases. Overexpression has an impact on genes relevant to the 

cell cycle. HDAC6 inhibition, found to cause glioblastoma cells to enter G2/M arrest and 

senescence [49]. Histone Deacetylase 6 levels in senescent human dermal fibroblasts (HDFs) and 

tissues of the skin from elderly mice were considerably lower. The migration speed of HDFs 

was significantly reduced, and proliferation was significantly suppressed upon HDAC6 activity 

inhibition with highly specific inhibitors or HDAC6 knockdown with siRNA. These findings 

indicated that HDAC6 is involved in maintaining crucial biological processes in dermal 

fibroblasts [50]. 
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4. Non-Coding RNAs (ncRNAs) in Cellular Senescence 

A diverse collection of transcripts known as non-coding RNAs are incapable of being 

transformed into proteins. Since their discovery, non-coding RNAs (ncRNAs) have 

demonstrated their importance as mediators of a wide range of biological activities in a variety 

of cells and tissues; their abnormal regulation has been linked to illnesses [51]. Improvements in 

RNA-sequencing techniques have been accompanied by the discovery of multiple non-coding 

transcripts with unclear roles. There are several different types of non-coding linear RNAs, 

including microRNAs (miRNA), circular RNAs (circRNAs), and long non-coding RNAs 

(lncRNA) [52]. 

Recent research has demonstrated the role that many kinds of non-coding RNAs play in 

cellular senescence. Three groups of these transcripts (lncRNAs), (miRNAs), and (circRNAs) 

have had their roles in this process well studied. Through various means, these three groups of 

transcripts can control the expression of genes. While lncRNAs can influence gene expression 

at several levels, miRNAs mostly function at the post-transcriptional level by interacting with 

mRNAs and causing mRNA degradation or slowing translation [53]. 

 4.1 Long Non-Coding RNA in Cellular Senescence 

It has been suggested to describe lncRNAs as non-coding transcripts with over 200 

nucleotides that do not have the ability to code for open reading frames. They play several roles 

in different biologic processes, including transcription, post-transcriptional control of gene 

expression, and epigenetics [54]. Though many lncRNAs that are transcribed by Pol II are 

inefficiently processed and remain in the nucleus, their precise roles are dependent on their 

location and association with DNA, proteins, and RNA, despite their significant involvement 

in the control of gene expression at several levels. Among their various abilities are the ability 

to modify the composition and functionality of chromatin, alter the transcription of genes both 

close and far away, and interfere with signaling pathways [55]. 

Through its binding to miR-296-5p and activating the PI3K/mTOR pathway, H19 

lncRNA may upregulate IGF2, boost AQP3 expression, and prevent human dermal fibroblast 

senescence [56]. Downregulation of the long noncoding RNA MAGI2-AS3 prevented the 

proteasome from breaking down the HSPA8 protein, which in turn reduced the amount of 

hydrogen peroxide and postponed cell senescence. Additional data demonstrated that MAGI2-

AS3 is associated with HSPA8's C-terminal domain [57]. 

LncRNAs additionally participate in age-related disorders, such as osteoporosis. For 

example, lncRNA ob-1 increases the production of osteoblasts by upregulating the osteogenic 

transcription factor osterix, which in turn mediates its action by blocking H3K27me3 

methylation [58]. 

4.2 MicroRNAs in Cellular Senescence 

MiRNAs are shorter non-coding sequences of nucleotides that attach to mRNA sequences 

in the 3′-untranslated areas. When miRNA binds, it either prevents translation or encourages 

the target mRNA's destruction, which has the negative effect of controlling post-transcriptional 

gene expression and its contribution to the development of senescence [59]. 

An increase in osteoblast senescence and bone loss was caused by the miR-29a deletion. 

By attacking Dnmt3b-mediated FoxO3 methylation and upregulating antioxidant proteins, 

miR-29a improved the senescence program by reversing FoxO3 loss [60]. 
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MiR-216a was shown to block the Smad3/IκBα pathway, which led to the promotion of 

endothelial senescence and inflammation. Notably, elderly people with coronary artery disease 

had higher plasma miR-216a concentrations, suggesting that miR-216a might be a possible 

target for therapy [61]. 

By targeting Sirt1, miR-199a-5p enhanced Ang II-induced Vascular Smooth Muscle Cell 

(VSMC) senescence, while miR-199a-5p suppression reduced the senescence of these cells. 

MiR-199a-5p/Sirt1 signaling has been demonstrated to be essential for Ang II-induced VSMC 

senescence [62]. 

5. Epigenetic Alterations in Senescence-Associated Secretory Phenotype 

The capacity of senescent cells for expressing and producing a range of extracellular 

modulators, such as growth factors, proteases, chemokines, cytokines, and bioactive lipids, is 

known as the senescence-associated secretory phenotype, or SASP [63]. SASP participates in the 

pathogenesis of many diseases, including cancer, as well as physiological reactions like wound 

healing. The SASP commonly encourages treatment resistance and recurrence in cancer [64]. 

epigenetic modification Processes are engaged in SASP control; MMPs and chemokines are 

examples of SASP genes that physically cluster together, indicating that alterations in 

chromatin architecture may play a role in regulating their expression. It is true that a variety of 

histone variations can affect how SASP genes express themselves [65]. It has been shown that 

the crucial element of the feedback loop that sustains SASP gene expression and initiates the 

induction of paracrine senescence is the tumor suppressive histone variation H2A1, which is a 

critical player in controlling the expression of the SASP gene during senescence [66]. Histone 

H2A.J, a little-studied variation of H2A that is unique to mammals, builds up in human 

fibroblasts during senescence and causes ongoing DNA damage. In addition, H2A.J. 

accumulates in human skin and in aged rats. Overexpression of H2A.J promotes the expression 

of certain of these genes in proliferating cells, while knockdown of H2A.J decreases the 

activation of inflammatory genes that are linked to the SASP [67]. 

Studies conducted in vitro as well as in vivo showed that SUV39H1 declined with age 

and inhibited SASP, specifically IL-6, MCP-1, and Vcam-1, by changing the H3K9me3 

abundance in their promoter region. These findings offer fresh perspectives on the epigenetic 

control of SASP [68]. Additionally, there was a notable concentration of SASP in the 

methyltransferase polycomb repressive complex 2 (PRC2), which was linked to transcriptional 

regulation by the tri-methylation of histone H3 on the lysine 27 residue. PRC2 inhibition 

reduces inflammation linked to senescence by de-repressing SASP genes, which is seen in 

several sensitive animals [69]. 

It has been discovered that the methyltransferase disruptor of telomeric silencing 1-like 

(DOT1L) serves as an epigenetic controller of the SASP, and its expression is not influenced 

by the senescence-associated cell cycle arrest. Increased H3K79me2/3 occupancy at the IL1A 

gene locus was both required and sufficient for DOT1L but not for other SASP genes [70]. 

Significantly, glutamate dehydrogenase inhibition by pharmaceuticals suppresses the 

abnormally activated transcription of IL-6 and IL-8, two important SASP players. This action 

is linked, mechanistically, to the removal of the repressive H3K9me3 marks at the promoters 

of IL-6 and IL-8 because histone demethylation requires α-ketoglutaric acid, which is obtained 

from a GDH-mediated reaction as a cofactor [71]. Following the overexpression of AROS, 

SIRT1 is triggered, which results in the deacetylation of histone H3K9ac and p53, respectively, 

and the deactivation of p53 and reduced expression of SASP genes [72]. 
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Table 1. Shows key epigenetic modulators that play a crucial role in controlling genes associated with induction and 

preservation of cellular senescence and its secretory phenotypes. 

Epigenetic modulator Function in senescence Reference 

DNA methyltransferases 

(DNMTs) 

Alter gene expression and contribute to the senescent 

phenotype via modifying DNA methylation patterns. 

[73] 

Histone methyltransferases either increase or decrease the expression of a gene 

associated with senescence by adding methyl groups to 

certain arginine or lysine residues which can change the 

structure of histones. 

[74] 

Histone acetyltransferases Histone acetyltransferases contribute to the dynamic 

chromatin structural alterations required for the 

initiation and maintenance of the senescent state by 

acetylating histones. 

[75] 

Histone deacetylases (HDACs) HDACs aid in the stable arrest of the cell cycle, which 

is a hallmark of senescence. By deacetylating histones 

close to gene promoters, HDACs help maintain the 

repression of genes important to the cell cycle by 

preventing cells from reentering the cell cycle. 

[76] 

MicroRNAs MicroRNAs have been linked to senescence and are 

known to regulate gene expression through 

translational repression or mRNA degradation. 

[77] 

Long non-coding RNAs Long non-coding RNAs are key regulators of cellular 

senescence and can affect gene expression through 

interactions with chromatin, transcription factors, and 

other RNA molecules. This regulation is crucial for 

controlling the expression of genes associated with 

senescence 

[78] 

6. Discussion 

The term senescence refers to the phenomenon of an irreversible state of growth in which 

cells cease proliferation due to cell cycle arrest. Those cells are usually marked by the 

production of a wide range of inflammatory materials known as SASP, which Permits senescent 

cells to alter pathways in adjacent and distant cells and tissues. This phenomenon has been 

identified as one of the key players in aging and age-related diseases [79]. Cellular senescence is 

caused by telomere erosion, oxidative stress, oncogene activation, chromatin changes, and 

DNA damage. Telomere shortening and DNA damage combine to cause growth halt. While 

oxidative stress damages biological components, oncogene activation and chromatin changes 

hinder normal cell activity. Cell division ceases completely when these components come 

together [80]. Additionally, epigenetic modifications, which have been demonstrated as one of 

the drivers of cellular senescence through their ability to control the expression of multiple 

genes involved in the senescence process [81]. 

DNA methylation is one significant epigenetic process that significantly affects cellular 

senescence. According to earlier research, specific genomic regions undergo hypermethylation 

as a person ages, which suppresses genes necessary for cell cycle control and DNA repair. Our 

study follows the same path as earlier studies. For instance, studies by Xie W. et al. (2018) have 

shown a connection between the hypermethylation of gene promoters and the onset of 

senescence [82]. Another important epigenetic regulator that has a major effect on cellular 

senescence is histone modification. Our study agrees with previous studies. For example, Li X. 

et al. (2024) have demonstrated the connection between senescence and particular histone 

changes [83]. Moreover, non-coding RNAs are essential regulators of cellular senescence 

because they influence gene expression and cellular processes. Like our work, several studies 

have shown the vital roles that specific ncRNAs play in senescence. As an illustration, Cheng 

Y et al.'s study from 2024 revealed that the short nucleolar RNA SNORA regulates ribosome 

assembly and cellular stress responses, which is a major regulator of senescence [84].  
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The above findings demonstrate the complexities of epigenetic alterations in cellular 

senescence and highlight the possibility of utilizing these pathways as targets for therapeutic 

interventions in age-related illnesses. To completely comprehend how various epigenetic 

alterations interact and affect cellular senescence, more research is required. 

On the other hand, these findings are challenged by numerous factors that can be 

considered as major limitation for this study. For instance, the possibility of off-target effects 

with epigenetic therapy is one of the main considerations. Because early epigenomic treatments 

frequently lacked specificity, it was possible for non-target genes or pathways to be affected 
[85]. Other major issues are the stability and long-term sustainability of epigenetic modifications. 

Environmental influences can influence epigenetic alterations, such as histone modifications 

and DNA methylation, and they can be reversible. Because of its reversibility, the therapeutic 

effects could not continue for very long [86]. 

7. Conclusion 

To sum up, the study of epigenetic alterations in cellular senescence sheds light on the 

intricate mechanisms governing the aging process. Cellular senescence, defined as a chronic 

state of cell cycle arrest, is mostly influenced by epigenetic modifications, such as DNA 

methylation, histone modification, and chromatin remodeling. The senescence-associated 

secretory phenotype (SASP), which is distinguished by both the cessation of cellular growth 

and the production of pro-inflammatory molecules, is the result of these alterations taken 

together. Understanding these changes in the aging process is critical because it points to 

potential targets for treatment that could mitigate the negative effects of senescence. The 

review's conclusions show how promising it is to target epigenetic changes in cellular 

senescence for therapeutic effects. Nonetheless, the difficulties and limitations mentioned 

highlight the necessity for more investigation and advancement. To successfully apply those 

drugs, it is imperative to address off-target effects, ensure the stability of epigenetic 

modifications, overcome therapeutic resistance, and identify appropriate patient populations. 
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شيخوخة الخلايا، وهي الحالة غير القابلة للتراجع لوقف النمو استجابةً لمجموعة متنوعة من . مستخلصال
العوامل المسببة للتوتر، جذبت اهتمامًا كبيرًا في العلوم البيولوجية والطبية. تلعب التعديلات الجينية فوق 

 التعبير الجيني وتحدد في النهاية مصير الخلايا، دورًا حاسمًا في تنظيم شيخوخةالجينية، التي تؤثر على أنماط 
( عملية جينية فوق جينية أساسية مرتبطة بشيخوخة DNA methylationالخلايا. تُعتبر مثيلة الحمض النووي )

ام وزيادة المثيلة لعالخلايا. وقد أظهرت الأبحاث أن التغيرات في أنماط التعبير الجيني تنتج عن نقص المثيلة ا
الموضعية للجينات أثناء عملية الشيخوخة. تتأثر شيخوخة الخلايا أيضًا بشكل كبير بتعديلات الهستونات. 

( الهستونات إلى تغيير بنية الكروماتين، مما يؤثر methylation( أو مثيلة )acetylationيمكن أن تؤدي أستلة )
زات الجينات. وبالتالي، قد يؤثر ذلك على التعبير عن الجينات على قدرة عوامل النسخ على الارتباط بمحف

علاوة على ذلك، أصبح الحمض النووي الريبي غير المشفر، مثل الميكرو  المرتبطة بعمليات الشيخوخة.
RNA (microRNAs) عوامل تنظيمية مهمة لشيخوخة الخلايا نظرًا لقدرتها على التحكم في التعبير الجيني ،

بتحفيز أو تثبيط الشيخوخة في أنواع خلايا مختلفة.  RNAقد تم ربط اضطراب تنظيم الميكرو بعد النسخ. و 
في هذه المراجعة الشاملة، نناقش التعديلات فوق الجينية التي تحدث أثناء شيخوخة الخلايا ونستكشف إمكاناتها 

ة الأمراض المرتبطة كأهداف علاجية للتحكم في النمط الظاهري للشيخوخة، وهي خطوة حاسمة في معالج
 .بالتقدم في العمر

 .التعديلات فوق الجينية، شيخوخة الخلايا، الأنماط الظاهرية الإفرازية المرتبطة بالشيخوخة :الكلمات المفتاحية

 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


