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ABSTRACT

Vascular senescence plays a vital role in cardiovascular diseases and it is closely related to
cellular senescence. At the molecular level, aging begins with a single cell, and it is characterized
by telomere shortening, mitochondrial dysfunction, stem cell exhaustion, epigenetic changes,
and so on. Epigenetics is an independent discipline that modifies DNA activity without altering
the DNA sequence. The application of epigenetics helps to alleviate the occurrence of human
diseases, inhibit senescence, and even inhibit tumor occurrence. Epigenetics mainly includes
the modification of DNA, histone, and noncoding RNA. Herein, the application of epigenetics
in vascular senescence and aging has been reviewed to provide the prospects and innovative

inspirations for future research.
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INTRODUCTION

Aging involves a variety of complex
physiological mechanisms. Itis characterized
by a gradual decline of physiological
function over time and is a feature of
various physiological and pathological
processes,! and is connected with the
risk of cancer, diabetes, cardiovascular
and neurodegenerative diseases.?”! So,
understanding the mechanisms associated
with aging is important. Among the causes
of cardiovascular diseases, vascular aging
occupies a large proportion. In the process
of vascular aging, there will be various
changes in vascular function, including
vascular homeostasis disorders and vascular
remodeling.”! Previous studies of our group
have shown that Smyd3, GATA4, PARP16,
and Fra-1 can become new targets for the
treatment of vascular aging by regulating
vascular inflammation, injury, and function.

There are several senescence hallmarks such
as mitochondrial dysfunction, genomic

instability, oxidative stress, telomere
attrition, stem cell exhaustion, and so on.™
Senescence is a response to damage; it can
play a beneficial role in wound healing, tissue
tepair, and embryonic development.">“ The
abnormal accumulation of senescent cells
with age can have harmful effects. The main
factors that cause senescence and induce
cell senescence are telomere shortening
and mitochondrial dysfunction.” Changes
in vascular endothelial cells (ECs) and
smooth muscle cells (SMCs) play a role in
vascular senescence. In turn, senescence
can drive the consequential aging hallmarks
in response to damage, such as stem cell
exhaustion.

In recent years, significant progress has
been made in studying vascular aging
mechanisms, especially the epigenetic
mechanism. Epigenetics is a reversible
genetic mechanism responsible for
maintaining the stability and availability
of genetic information without changing
the sequence of DNA. In other words, it
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Figure 1: The relationship between senescence and its hallmarks mtDNA, mitochondrial DNA; ROS, reactive oxygen species; SASP, senescence-associated

secretory phenotype

is something that inherits genotypes and phenotypes.*”)
Therefore, understanding the epigenetic changes in the
vascular aging process is an important research field that
can contribute to the treatment of cardiovascular diseases
caused by vascular aging. In this paper, we will introduce
vascular senescence from three aspects of the telomere,
mitochondrial dysfunction, and stem cell exhaustion, and
review the effect of epigenetics in vascular aging and probe
into the mechanism of epigenetics in vascular aging,

CELLULAR SENESCENCE AND
VASCULAR SENESCENCE

Cellular senescence involves telomere shortening,
mitochondrial dysfunction, and stem cell exhaustion,
and we briefly illustrate the relationships among them
in Figure 1. Cellular senescence was first discovered in
fibroblast cells.'” Cellular senescence is shown to inhibit
proliferation and can be used as an idea to inhibit cancer.
Previous studies showed that one of the main factors of
cell senescence is telomere shortening. When telomere
shortening reaches a critical length, DNA damage will be
triggered, causing replicative senescence. Other stimuli

not related to telomere shortenings, such as oxidative
stress, radiation, and cell fusion, are also potent inducers
of cellular senescence.l'™'? A striking feature of senescent
cells is an increase in reactive oxygen species (ROS), mainly
due to mitochondrial dysfunction. ROS can accelerate
senescence by exacerbating DNA damage. Autophagy is
still a controversial way to regulate senescence, promoting
aging through senescence-associated secretory phenotype
(SASP) and inhibiting aging through ROS and p53.M""!
Experimental animal models for aging studies can be used
in nematodes and Drosophila with short cycles; more often,
animal models such as mice that are genetically similar to
humans are used. Mice can be used to build models of
gene knockout and premature aging. Cell senescence can be
studied using gene silencing and overexpression techniques.
Calories, basal metabolic rate, stress response, and changes
in nuclear protein balance are all associated with aging, so
related genes can be used as research objects in the study of
aging."! Senescent cells are characterized by the expression
of lysosomal [-galactosidase, changes in apoptosis and
mitotic indicators, SASP release, and persistent DNA
damage.""” The expression of the cell cycle inhibitors p53,
p21, and p16 is upregulated in senescent cells.'" In vascular
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cells, ECs and SMCs account for a large proportion and
their senescence changes also conform to the senescence as
mentioned above."" Therefore, we can judge that vascular
senescence is connected with cellular senescence. Next,
we will summarize cellular senescence from three aspects,
telomere shortening, mitochondrial dysfunction, and stem
cell exhaustion, and briefly summarize its role in vascular
senescence.

Telomere and telomerase

Telomeres are small DNA—protein complexes at the
ends of biological linear chromosomes in eukaryotic
cells and are used to maintain chromosome integrity and
control the cell cycle. Telomeres are protected from DNA
damage by a multi-protein complex called shelterin. The
ends of chromosomes cannot synthesize DNA without
a template, so telomeres shorten with every cell cycle
division. Therefore, telomerase should be expressed to
circumvent this erosion. Reduced telomerase activity
leads to shorter telomeres, which are associated with
aging. Telomerase includes the protein telomerase reverse
transcriptase (TERT, or h"TERT in humans) and a catalytic
RNA (TERC)."' In normal cells, TERT is not expressed,
so the activity of telomerase is generally lost. However, the
expression of TERT is inducible in SMCs and ECs.”” In
the absence of telomerase, telomere shortening eventually
leads to cell growth stagnation.'”! Howevet, studies have
revealed that even in the presence of telomerase, some
special ribosomal protein complexes can cause irreversible
damage to the DNA of telomeres, thus inducing aging.!"**

In addition to DNA replication problems that shorten
telomeres, ROS also cause them to shrink. Telomere
shortening is inseparable from chronic inflammation.
Studies have shown that chronic inflammation can induce
oxidative stress, increase ROS, and exacerbate telomere
dysfunction, thereby inducing cell senescence.*!

Lack of telomerase leads to premature aging in mice.
There are three types of early senescence: replicative,
oncogene-induced, and stress-induced premature
senescence (SIPS).” However, SIPS is not involved in
telomere shortening. Studies have indicated that cells with
a short time of DNA damage or oxidative stress can lead
to cell senescence with no or only slight shortening of
telomeres.” So, SIPS occurs independently of telomeres.
But there are also different opinions that SIPS is caused
by telomere damage (not telomere shortening).**! This
means SIPS is also related to telomere. It suggests that
there are other mechanisms besides telomere shortening
that induce senescence.

Telomere length and activity of telomerase can be used
as an indicator of vascular senescence. Studies have

shown that TERT can antagonize the expression of
peroxisome proliferator-activated receptor y coactivator-
1o (PGC-1a) through the p53 signaling pathway, leading
to telomere shortening and mitochondrial dysfunction.””
Meanwhile, PGC-1a deficiency can aggravate the degree
of atherosclerosis. In doxorubicin-induced VSMCs
senescence, SRT1720, an activator of SIRT1,?® can
alleviate its senescence phenotype by increasing telomere
length and TERT expression.”!

Mitochondrial dysfunction

It is well known that mitochondria produce ATP and
are an essential energy source for cells. Still, they are
also important in many other cellular processes, such as
the control of cell cycle apoptosis and the regulation of
cell metabolism.!"*"! There are multiple mitochondria in
a cell, which can be damaged and the number in a cell
can be reduced over time.’!! Mitochondrial morphologic
and biological disorders are also associated with cellular
senescence. Therefore, mitochondrial dysfunction can
result in dysfunction of tissues or organs, leading to aging

of the body.

Exactly how mitochondria affect aging is still unclear,
but recent researches have suggested several possible
mechanisms. Harman’s theory of free radicals suggested
that the accumulation of ROS (probably by mitochondria)
causes aging,*” but most current studies have demonstrated
that ROS do not directly induce aging.”*** One of the
reasons for mitochondrial DNA (mtDNA) mutation is that
DNA damage is unrepaired, and ROS are an inducer of
DNA damage. Oxidative DNA damage plays a significant
role in senescence. ROS and lipid peroxidation products
affect genome and mtDNA, leading to various types of
DNA damage.’” DNA replication before a repair will lead
to DNA mutations and genomic instability.>** However,
another critical reason for mutations is that errors occur
during normal mtDNA replication.’” mtDNA located
near ROS-producing sites in mitochondria has a very high
mutation rate due to the absence of histone protection, and
studies have shown that mitochondrial mutations increase
with age.’”*) To sum up, the root cause of mitochondrial
dysfunction is the generation of mitochondrial ROS
(mtROS), leading to vascular dysfunction.**!! Moreover,
there is evidence that mitochondrial damage of ECs and
SMCs impacts vascular aging,*>* so a vatiety of drug
studies will target mtROS as a direction.’” PCG-1a is
involved in the expression of antioxidant enzymes and has
a regulatory effect on mitochondrial function. Studies have
shown that Angll can induce mitochondrial dysfunction
by inhibiting the activity of PCG-1a and increasing ROS
level, to achieve the purpose of vascular senescence.!”*!
SIRT1 can inhibit Angll-induced vascular senescence by
activating PCG-1a.1**! SIRT3, SIRT4, and SIRT5 are
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enzymes that regulate cell metabolism, and they also restrict
nonmetabolic aspects of the mitochondria to ensure that
they maintain homeostasis under stress.*! Polymerase y
(Poly) is an essential mitochondrial functional polymerase
that repairs mtDNA.* Recent studies have shown that
the production of mtROS can induce the shortening of
telomeres, and thus induce aging.*!

Meanwhile, mitochondrial damage gradually increases with
age, and autophagy plays an important role by cleaning
damaged mitochondria.* 173-estradiol (E2) has been
demonstrated to mediate the SIRT1/LKB1/AMPK/
ULKT1 pathway to induce autophagy of HUVECs and
VSMCs, thetreby alleviating vascular senescence.’’! As an
autophagy receptor, SQSTMT1 can induce the senescence
of VSMCs. Studies have shown that PCG-1a can promote
autophagy and alleviate vascular senescence by regulating
the expression of SQSTM1.BY

Changes in mitochondrial homeostasis can maintain cell
senescence through various mechanisms, including mtROS
production, imbalanced mitochondrial dynamics, electron
transport chain defect, bioenergetics imbalance and
increased 5’ adenosine monophosphate-activated protein
kinase (AMPK) activity, altered mitochondrial metabolite
profile (e.g., NAD®), and dysregulated mitochondrial
calcium homeostasis.'>*? There have been a lot of
studies on the changes of these characteristics in a variety
of diseases. Among cardiovascular diseases, studies on
mitochondtial dysfunction mainly focus on atherosclerosis.?!
The aggravation of mitochondrial dysfunction in ECs and
SMCs leads to the aggravation of atherosclerosis.

Stem cell exhaustion

Stem cell exhaustion will become more and more severe
with increasing age, and its function and renewal ability will
decline and finally lead to tissue degradation.P" However,
the reasons for stem cell exhaustion are also manifold, such
as increase in the number of senescent cells, diminished
immunity, and decline in the self-renewal ability of cells.
Generally speaking, stem cells are divided into two types.
One is infrequently renewed stem cells that need to
maintain cell function by removing metabolic waste or
repairing DNA damage in the absence of cell division.
For instance, after the loss of autophagy, skeletal muscle
stem cells (SMSCs) will enter the senescence state. In
addition, studies have shown that DNA hygromethylation at
the SPRY7 gene locus can downregulate sproutyl, resulting
in the loss of the self-renewal ability of SMSC.FJ The
other type is cells that renew more frequently, such as the
hematopoietic stem cells (HSCs). The function of HSCs
declines with age due to the decline in the dividing ability of
the senescence stem cells, resulting from the accumulation
of DNA damage. It is unclear why stem cells show

exhaustion during senescence and whether the decline in
stem cell function is a cause or a result of aging. Studies
have used repeated consumption of stem cells SOX*" to
cause stem cell exhaustion and the results have shown that
SOX?" exhaustion can cause cell senescence and prematute
senility in mice.”” Due to the deacetylation of mitochondrial
proteins, overexpression of SIRT3 can reverse the regenerative
capacity of senescent HSCs.* miRNAs associated with the
aging process can also influence longevity by regulating
stem cells.””!

The role of endothelial progenitor cells (EPCs) in
angiogenesis has been studied extensively. The number
and function of EPCs reflect the ability of endogenous
vascular cells to repair, and the number of EPCs decreases
with age."? EPCs detived from bone marrow ate involved
in vascular repair and ate associated with atherosclerosis, ")
and their number is inversely correlated with the degree

of atherosclerosis.l

%' The degeneration of EPCs causes
stagnation of vascular repair and renewal. Therefore, studies
have shown that bone marrow—derived EPCs obtained from

young ApoE” mice can treat atherosclerosis.”!!

EPIGENETIC CHANGES IN
VASCULAR SENESCENCE

Epigenetic changes in aging can be inhetited. Longevity is
largely determined by epigenetics rather than innate genes.
Epigenetics is influenced by a variety of factors, including
diet and environment.”l Epigenetics includes histone
modification, DNA methylation, and noncoding RNA
modification. Epigenetics has been manifested in abnormal
gene expression, reactivation of transcription factors, and
genomic instability during aging. Changes in transcription
factors and chromatin can influence transcription and
translation mechanisms. These epigenomic changes can be
observed during vascular senescence and play an important
role. They can mediate changes in cell function, and thus affect
cell senescence. A variety of aging-related diseases can be
caused by cell senescence, for example, Alzheimer’s disease,
stroke, atherosclerosis, and so on. Epigenetic modifications
can regulate diseases caused by vascular senescence. Next, we
will introduce the epigenetic changes in vascular senescence.

Histone modification

Histone is a cylindrical octamer composed of H2A, H2B,
H3,and H4. Itis a protein component of the nucleosome,
and posttranslational modification (PTM) often occurs
in this region. PTMs control the life span of living
organisms by regulating transcriptional activity, moditying
chromosomes, and repairing DNA damage. Functionally,
histone modification has two main aspects: one is to destroy
chromosomes and the other is to recruit new proteins for
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chromosomes to provide new binding sutfaces.”? PTMs
mainly include acetylation, methylation, phosphorylation,
ADP-ribose, and ubiquitination. Among general histone
modifications, methylation and acetylation are the most
common and important. A large number of experiments
have shown that trimethylation of histone H4 at lysine 20
(H4K20me3) and trimethylation of histone H3 at lysine
9 (H3K9me3) and 27 (H3K27me3) can be regarded as
markers of the aging process.” Studies have shown that
the expression of H3K27me3 is downregulated in the
aging HSCs. In contrast, the expression of H3K9me3 is
downregulated in the mesenchymal stem cells (MSCs) from
aged individuals.|*”!

SIRT3 is a mitochondrial deacetylase that can inhibit
tumors by regulating pyruvate dehydrogenase (PDH),
succinate dehydrogenase (SDH), and 3-hydroxy-3-
methylglutaryl COA synthase (HMGCS2).1! The oxidized
form (NAD") of nicotinamide adenine dinucleotide
(NAD) is a cofactor of sirtuins and PARP, and NAD is
consumed in the process deacetylation of sirtuins and
ADP-ribosylation of PARP" Therefore, sirtuins and
PARP regulate the cell function from gene expression and
DNA damage through fatty acid metabolism.” A study by
our group in the direction of vascular dysfunction showed
that Smyd3, a histone methyltransferase, could increase
the expression of H3K4me3 by binding with p21, and we
finally obtained the results of alleviation of the senescence
phenotype of vascular ECs and aging mice induced by
AnglLI® In addition, we found that Smyd3 can directly
bind to the promoter region of H3K4me3 to increase
the expression of H3M4me3, and these changes can also
affect the vascular remodeling and the proliferation and
migration of VSMCs induced by PDGF-BB.[! While
studying the effect of Smyd3 on vascular senescence, we
found that PARP16, a member of the PARP family, can
be upregulated by Smyd3 to exert an effect on vascular
aging through UPR." JMJD3 is a histone demethylase,
and we found that inhibition of its expression could reduce
the occurrence of autophagy, to achieve the purpose of
reducing angiogenesis."! Interestingly, JMJD3 can also
regulate the occurrence of rheumatoid arthritis and cardiac
fibrosis."”? We also found that Fra-1 can aggravate the
vascular senescence phenotype by directly binding to the
p16 and p21 promoter regions.”! The discovery of these
targets provides new ideas for the treatment of vascular
diseases.

The AMPK/Snfl signaling pathway can regulate the
synthesis of acetyl-CoA, oxidation of NAD, and the
activity of histone deacetylases (HDACs). Our group
found HDAC4 can affect the autophagy of vascular ECs
by regulating the transcription factor FoxO3a, thereby
inducing the occurrence of vascular inflammation.[

One of the causes of cell senescence is cell growth arrest
caused by DNA damage, which is due to the upregulation
of CDKN1A/p21CIP1/WAF1 by p53 binding to the p21
promoter. SIRTT has been shown to inhibit apoptosis or
senescence by inhibiting the transcriptional activity of p53.["!
However, our study on Smyd3 has demonstrated that the
Smyd3—p21 axis accelerates cell senescence without passing
through the p53 pathway." This provides a new way to
study the mechanism of cell senescence.

DNA methylation

DNA methylation is one of the most studied topics in
epigenetics. It plays a very vital role in the development
process. It can silence some genes that do not need to
be expressed; but over time, some DNA methylation is
directional, so this suggests that DNA methylation is
not random, or some of it is not random, and it may be
related to the mechanisms of aging. In addition, there are
random bidirectional changes in epigenetic variability called
epigenetic drift.”! These changes in DNA methylation
are associated with age and have important significance
for transcriptional regulation and protein expression.
DNA methylation generally involves de novo methylation
and maintenance methylation. DNA methyltransferase
(DNMT) can add methyl groups to DNA, in which
DNMT3a and DNMT3b are de novo DNMTs and
DNMT1 is a maintenance DNMT."T However, the ten—
eleven translocation (TET) family enzymes are the opposite
of DNMTs.™ The oxidation of TET1/2/3 dioxygenase
demethylates 5-methylcytosine (5SMC). DNMT3A and
TET?2, as regulators of DNA methylation, can be mutated
in a variety of blood diseases. Their loss may lead to an
increase in the number of stem cells and progenitor cells
and hinder the ability of stem cells and progenitor cells to
differentiate in mice.[*”!

The most common form of DNA methylation is adding the
methyl group to a 5 cytosine of C—G dinucleotides, known
as CpGs. In mammals, CpG exists in two main forms: one
is dispersed in DNA sequences and the other is in a highly
aggregated state, known as CpG island. CpG is mainly
located in the promoter and exon regions of genes. DNA
methylation in the promoter region is generally related to
transcription factor binding and gene transcription. CpG
islands are less methylated than non-CpG islands and are
usually associated with promoters. Some CpG islands and
gene-rich regions become highly methylated with age.[**]
Therefore, detecting DNA methylation can predict age, as
evidenced by a large amount of data on age-related CpG
from a vatiety of tissues."!

DNA methylation is also associated with DNA damage repair.
Double-strand breaks can induce DNA hypermethylation
during tumor development.®” DNMT occupies an
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important position in vascular inflammation and aging. It
affects the function of SMCs and ECs, thereby inducing
the occurrence of vascular diseases. 8-Hydroxyguanine (8-
OHJAG), an indicator of ROS, can change the methylation
status of DNA through oxidative damage; so, studies now
suggest that oxidative stress inhibits DNA methylation.*)
Similarly, we can think of DNA methylation as affecting
oxidative stress. Moreover, it has been proved that the
DNMT inhibitor 5-azacytidine (5-AZA) can induce
superoxide dismutase 2 (SOD2) expression and reduce
SMC proliferation. DNA methylation can also affect
senescence through SASP. Studies have shown that the
DNA desmethylation agent 5-aza-2-deoxycytidine (5-Aza-
dC) can upregulate the SASP expression of epithelioma
papulosum cyprini (EPC), inhibit the transcription of
TERT, and reduce the activity of telomerase, thus causing
the occurrence of cell senescence.™

Noncoding RNA

Noncoding RNA (ncRNA) is the type of RNA that does not
code for proteins. In recent years, the research of ncRINA in
epigenetics has been increasing gradually. ncRNAs, including
long RNAs and microRNAs (miRNAs), are involved in
regulating cellular processes and are important regulators of
transcription networks and chromatin status.® Recent studies
have shown that ncRNAs can affect the aging process, and
senescence can also affect ncRNA levels. Different ncRNAs are
key regulators of gene expression and chromatin remodeling
and function by binding to their targets. ncRNAs regulate
various physiological processes, including development, stress
tesponse, tumorigenesis, and immune response.*”* There are
more researches on miRNA in ncRNA. miRNAs inhibit the
production of proteins by affecting the translation and stability
of messenger RNA. It has been demonstrated that miRINAs
can be used to study replication senescence of vatious types
of cells, such as replicating CD8(+) T cells, skin fibroblasts,
renal proximal tubular epithelial cells, and arterial and umbilical
vein-detived ECs.

Tumor suppressors play an important role in cellular
senescence and can affect a variety of cell functions. The
common suppressors, such as p21, p53, and p16, are
regulated by miRNA.PYl Previous evidence has shown that
miR-24 can regulate p16 and miR-885-5p can regulate
p53.°" miRNA expression changes in disease; it is usually
upregulated in aging. miR-217 was detected in atherosclerosis
and was found to induce EC senescence by inhibiting the
expression of SIRT7.”1 miR-145 and miR-143 were found
to be downregulated in atherosclerotic vessels.””! Kallistatin,
an endogenous protein, alleviates vascular senescence by
inhibiting the synthesis of miR-34a.”% A variety of miRNAs
can regulate the aging of human aortic ECs (HAECs).

Studies on IncRNAs have also provided ideas for finding

new therapeutic targets for cardiovascular diseases in recent
years. IncRNAs can act on vascular diseases by regulating
the different functions of ECs and VSMCs.”! The loss
of IncRNA H19 can increase the expression of p21 and
p16, thus controlling the senescence of ECs, and this
conclusion has also been proved by in vitro expetiments.™
MEG?3 has been widely studied in cardiovascular diseases,
and its expression is elevated in the atrium and HUVECs
of the elderly. Moreover, many studies have found that
MEG?3 can affect ECs and SMCs by regulating a variety
of miRNAs, thus exerting an impact on senescence.”’”
GAS5 is an IncRNA that has been widely studied in the
brain. Moreover, transcriptome studies have found that the
expression of G455 is increased in atherosclerotic plaques
in rats and patients. However, its specific mechanism is not
clear and further studies are needed.

CONCLUSION AND PROSPECTS

In this review, we provide an overview of markers of
cellular senescence, telomere shortening, mitochondrial
dysfunction, and stem cell exhaustion and explain their roles
in vascular senescence. Among them, telomere shortening
and mitochondrial dysfunction induce cellular senescence,
while stem cell exhaustion is one of the aging characteristics
caused by cellular senescence. The inability of chromosome
causes telomere shortening ends to synthesize DNA without
a template, and mitochondrial dysfunction is also associated
with ROS and DNA damage. DNA damage is a negative
hallmark that can lead to cellular dysfunction. However,
ROS is an antagonistic hallmark, which has opposite effects
on cells at different levels of expression. The low-level
expression can mediate cell signal transduction and survival,
while high-level expression can lead to cell damage.

P53, p21, and pl6 are very important in cell senescence
and many studies on vascular senescence have taken them
as the main research object. Cells control senescence
mainly through p53—p21 and p16—retinoblastoma protein
(pPRB) pathways.” The transcription factor p53 induces
cell growth cycle stagnation by controlling cell apoptosis,
participating in DNA damage repair, and cell stress
response. Senescence is an irreversible growth cycle
stagnation, so p53 can activate cell senescence and
aging.!"" Tt is well known that p21 is a target gene of p53
and causes cell senescence by inducing cell cycle stagnation
in the G1/S phase. At the same time, p21 can induce cell
senescence without p53.1""" When induced, p16 binds
to cyclin-dependent kinase 4/6 (CDK4/6) and inhibits
its activity, thus causing retinoblastoma (RB)-dependent
cell cycle to stagnate.'”” This mechanism is common
in inhibiting tumor growth. However, most studies on
senescence cannot avoid these two typical pathways.
Therefore it is of great significance to find the targets of
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Figure 2: p53/p21 and p16 pathways in vascular senescence CDK, cyclin-dependent kinase; PGC-1c., peroxisome proliferator-activated receptor y coactivator-
1a; pRB, p16-retinoblastoma protein

Table 1: Related targets of epigenetics in vascular senescnece

Targets Description Effects

SIRT1 Sirtuin 1 Alleviating apoptosis or senescence by inhibiting the
transcriptional activity of pb53

SIRT3 Sirtuin 3 Reducing vascular dysfunction

SMYD3 SET And MYND Domain Containing 3 Increasing the expression of H3K4me3 by binding with p21
and inducing vascular senescence and vascular remodeling

JMJD3 Jumonji Domain Containing 3 Inhibition of its expression can reduce the occurrence of
autophagy and achieve the purpose of reducing angiogenesis

HDAC4 Histone Deacetylase 4 Affecting the autophagy of vascular endothelial cells by
regulating the transcription factor FoxO3a
Inducing the occurrence of vascular inflammation

GATA4 GATA Binding Protein 4 Induceing angiogenesis and inflammation of the blood vessels

Fra-1 Fos-related antigen 1 Inhibition of its expression alleviates vascular inflammation
and senescence phenotype in mice

PARP16 Poly (ADP-Ribose) Polymerase Family Member 16  Regulating the unfolded protein response of endoplasmic
reticulum and promoting vascular senescence

miR-24 MicroRNA 24 Regulation of senescence through the p16 pathway

miR-885-5p MicroRNA 885 Regulation of senescence through the p53 pathway

miR-217 MicroRNA 217 Induction of endothelial cell senescence through inhibition of

miR145/miR143

H19
MEG3

GASbH

MicroRNA 145/ MicroRNA 143

H19 Imprinted Maternally Expressed Transcript
Maternally expressed gene 3

Growth arrest specific 5

SIRT1 expression

Inhibition of Mir-34A alleviates vascular Aging in
atherosclerosis

Regulating endothelial cells and smooth muscle cells

Regulation of endothelial cells proliferation and capillary
angiogenesis
Expression of GASb is increased in atherosclerotic plaques
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these two pathways. In Figure 2, the role of p53/p21 and
p16 pathways in vascular senescence is briefly summarized.

We also introduce the effects of epigenetics on vascular
senescence from three aspects, histone modification, DNA
methylation, and ncRNA modification, and relevant targets
are summarized in Table 1. Existing studies have found
the mechanism of coping with vascular senescence from
different targets, providing a direction for the follow-up
treatment of vascular senescence-related diseases.

The research on vascular senescence can provide new ideas
for the treatment of cardiovascular diseases. However,
the epigenetic mechanism of vascular senescence is still
incomplete, and vast unknown areas are waiting to be
explored. Currently, senescent cells are mostly studied, but
how senescent cells promote senescence in vascular system
remains a hot scientific area to be disclosed. We can target
senescent cells to alleviate vascular senescence and reduce
the occurrence of vascular diseases.

Epigenetics can provide more targets for the study of
vascular senescence, and the full application of modern
technology can also facilitate our research. For example, the
new sequencing technology has been widely used, making
it more convenient and accurate to evaluate the epigenetic
changes in single cells of aging, Therefore, using epigenetics
to find new targets for the treatment of cardiovascular
diseases has a good prospect.
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