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Abstract

Background: Aging is a complex biological process that is associated with a
decline in physiological functions and an increased risk of age-related diseas-
es. Despite advances in molecular biology and genetics, the underlying me-
chanisms of aging remain largely unknown. Study: The identification of
biomarkers of aging would provide a powerful tool for monitoring the effects
of aging and for developing interventions to improve healthspan. Aging is
associated with alterations in genetics, epigenetic marks, telomere shortening,
cell senescence, and changes in the expression of genes involved in metabol-
ism, inflammation, and DNA damage repair. Epigenetic changes, including
modifications to DNA methylation and histone acetylation patterns, play a
critical role in the aging process. As we age, these changes can lead to altered
gene expression and contribute to the development of age-related diseases
such as cancer, Alzheimer’s disease (AD) and cardiovascular disease (CVD).
Conclusion: The discovery of aging biomarkers that are sensitive to these
epigenetic changes has the potential to revolutionize our understanding of the
aging process and inform the development of interventions to improve
healthspan and extend lifespan.
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1. Introduction

Aging is the gradual accumulation of cellular and molecular changes over time
that lead to the decline of physiological functions and an increased risk of

age-related diseases [1]. Recent aging research has focused on understanding the
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underlying mechanisms of aging and developing interventions that can extend a
healthy lifespan [2] [3]. Aging biological studies are a field of research focused
on understanding the underlying mechanisms of aging and developing interven-
tions to improve health and extend lifespan [4] [5]. This interdisciplinary field
encompasses genetics, molecular biology, biochemistry, and physiology, and in-
volves the study of changes in cells, tissues, and organisms over time [6]. The
primary aim of aging biological studies is to uncover the molecular and cellular
processes that contribute to aging and age-related diseases, such as cardiovascu-
lar disease [7], cancer [8], and neurodegeneration [9]. Researchers use a variety
of approaches, including genetic screens [10], epigenetic changes [11], tran-
scriptomics [12], proteomics [13], and functional assays [14] to study changes in
gene expression and regulation, protein levels, and cellular behavior that occur
with age. Another key aspect of aging biological studies is the development of
interventions to delay the onset of aging and age-related diseases [2] [15]. These
interventions may include the use of drugs that target specific molecular path-
ways, dietary and lifestyle changes, and the application of regenerative medicine
approaches, such as stem cell therapies [16]. Overall, the goal of aging biological
studies is to improve the health and quality of life of individuals as they age and
to extend the human lifespan. The findings of these studies have the potential to
have a significant impact on public health and the global economy by reducing
the burden of age-related diseases and improving the health of aging popula-

tions.

2. Aging Biological Studies

Aging biological studies are a field of research focused on understanding the
underlying mechanisms of aging and developing interventions to improve health
and extend lifespan [17]. Aging is a biological process characterized by a gradual
decline in physiological function and increased vulnerability to disease and
death overtime [18]. The exact mechanisms underlying aging are not fully un-
derstood, but it is thought to result from a combination of genetic lifestyle and
environmental factors. Studies have investigated the role of biological process,
lifestyle factors, and environmental exposures in aging and age-related diseases
[19] [20]. Various studies have focused on understanding the molecular basis of
biological processes in aging, providing important insights into the underlying
mechanisms of aging. These studies have led to the identification of potential
targets for interventions that reduce the risk of certain age-related diseases and
can potentially extend healthy lifespan [21] [22]. Some of the most promising
areas of aging research in biological process are genetics, epigenetics, senolytics,
telomere, metabolism, immune system, and neurodegeneration.

Recently there has been a growing interest in the study of DNA epigenetic
changes, which is a process that modifies the activity of genes without changing
the underlying DNA sequence. Epigenetic changes, including DNA methylation

and histone modifications, play an important role in aging [23] [24]. These
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changes can affect gene expression and cellular function, leading to the decline
of physiological functions and an increased risk of age-related diseases (Figure
1). The field of epigenetics has seen significant technological advances in recent
years, allowing for more comprehensive and in-depth studies of the changes in
gene expression histone modification and DNA methylation patterns that occur
with aging and contribute to disease development. Some of the key technological
advances in this field of next-generation sequencing (NGS) [25] and microarray
technologies [26] that allow for high-throughput and cost-effective analysis of
large-scale epigenetic data include bisulfite sequencing [27], methylation-specific
restriction enzyme sequencing (MSRE-seq) [28], chromatin immunoprecipita-
tion sequencing (ChIP-seq) [29], RNA sequencing (RNA-seq) [30], assay for
transposase-accessible chromatin sequencing (ATAC-seq) [31] and methylation
microarrays (Figure 2). These technologies enable the identification of changes
in epigenetic marks, such as DNA methylation and histone modifications that
are associated with aging and age-related disease. These technologies, combined
with new computational and data analysis tools, have allowed for major ad-
vances in our understanding of the role of epigenetics in aging and disease, and

the discovery of novel biomarkers [32] [33].

Epigenetic
Changes

N\

Cellular Function/

Senescence/ Telomere

Aging /Disease Onset

Figure 1. The illustration of epigenetic changes contributing in aging and age-related
diseases. The epigenetic changes are caused by any of the three factors ie. they could be
inherited, caused by environment, or lifestyle.
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Figure 2. Different molecular technologies to understand the mechanisms of aging and
its contribution to different diseases.

These biomarkers can be used for early detection, diagnosis and prognosis of
age-related disease, and measure biological aging as an indicator of health and
disease status. The discovery of these biomarkers also allows the development of
therapeutic targets for a new drug and a novel therapy to slow down aging or

reduce the risk of certain diseases that are associated with aging process.

3. Biological Cause of Aging

There are several theories about the underlying mechanisms of aging, including
genetics, telomere shortening, cell senescence, epigenetic changes, inflammation,
oxidative stress and mitochondrial dysfunctions. Aging is regulated by genetic
pathways that govern cellular metabolism and stress resistance. Some of the key
genetic pathways thought to play a role in aging include SIRT1 [34], TERT genes
[35], and the insulin/IGF-1 signaling pathway [36], the mTOR pathway [37],
and the FOXO pathway [38]. Telomeres are the protective caps on the ends of
our chromosomes that shorten as we age, which can lead to cellular aging and an
increased risk of age-related diseases [39]. Cell senescence is a state of a cell that
has ceased to divide and is no longer able to replicate. In aging research, cellular

senescence is considered an important contributor to the aging process [40].

DOI: 10.4236/aar.2023.122002

14 Advances in Aging Research


https://doi.org/10.4236/aar.2023.122002

M.S. Lee et al.

Epigenetic changes, such as DNA methylation and histone modifications, can
influence gene expression and contribute to aging [41]. Other areas of biological
aging research are also in Oxidative stress [42], Inflammation [43] and Mito-
chondrial dysfunctions [44]: Oxidative stress is caused by the accumulation of
cellular damage from free radicals, which are unstable molecules that can dam-
age cells and lead to oxidative stress [45]. Chronic low-grade inflammation has
been linked to aging and age-related diseases, including cardiovascular disease,
diabetes, and certain cancers [46]. The mitochondria are the cellular power-
houses, and can become damaged over time, leading to decreased energy pro-
duction and an increased risk of age-related diseases [44] (Figure 3). Despite the
many challenges associated with aging research, scientists continue to work to-
wards a better understanding of the underlying biological causes of aging and

the development of interventions to improve health and extend lifespan.

4. Genetics in Aging

One area of research in molecular biology is the study of the genetic basis of ag-
ing. Studies have identified a number of genes that play a role in aging and
age-related diseases [47]. Many genes have been identified that are associated

with aging and age-related diseases. One of the most well-known genes associated

Figure 3. Different factors that contribute to the underlying aging process.
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with aging is the SIRT1 gene, which encodes for a protein called sirtuinl. This
protein is involved in regulating cellular metabolism, DNA repair, and cell sur-
vival [48]. Studies have shown that increasing SIRT1 activity can extend lifespan
in animals and protect against age-related diseases [49]. Another gene associated
with aging is the FOXO3 gene. This gene encodes for a protein called Forkhead
box O3, which regulates the expression of other genes involved in stress re-
sponse, insulin signaling, and DNA repair [50]. Studies have shown that indi-
viduals with a particular variant of the FOXO3 gene have a longer lifespan and a
reduced risk of age-related diseases [51]. Another gene that has been associated
with aging is the telomerase reverse transcriptase (TERT) gene. TERT is a pro-
tein that is responsible for telomerase activity, and it is known that telomerase
activity is associated with aging, as telomeres shorten with age. Studies have
shown that mutations in the TERT gene can lead to telomere shortening and an
increased risk of age-related diseases [52]. There are many other genes that have
been associated with aging, including the p53 gene, which is involved in DNA
repair and cell survival, and the mTOR gene, which regulates cell growth and
metabolism [53]. It’s worth noting that while these genes have been associated

with aging, they don’t determine the aging process solely.

5. Epigenetics in Aging

The study of epigenetic changes in aging is an important area of research that
has the potential to provide new insights into the underlying mechanisms of ag-
ing and to develop interventions that can delay or prevent age-related diseases
[54]. Epigenetics is a field of study that examines how changes in gene expres-
sion and activity are regulated, without altering the underlying DNA sequence.
In aging research, epigenetic changes are increasingly recognized as key contri-
butors to the aging process [55]. Age-related changes in epigenetic marks, such
as DNA methylation, and histone modification have been implicated in the reg-
ulation of gene expression patterns that are associated with aging, such as
changes in stem cell function, oxidative stress, inflammation, and DNA damage
[56]. Epigenetic changes can also affect the regulation of telomere length, a
hallmark of aging, and contribute to age-related diseases such as cancer and

neurodegenerative diseases.

6. DNA Methylation in Aging

DNA methylation patterns change with age and are thought to play a role in ag-
ing and age-related diseases [57]. DNA methylation is a type of epigenetic mod-
ification that occurs throughout the genome, and it plays an important role in
regulating gene expression. Methylation involves the addition of methyl groups
to the DNA molecule, and it can affect the accessibility of the genetic material to
the cell’s machinery responsible for transcribing DNA into RNA [58] [59]. Re-
search has shown that changes in DNA methylation patterns occur as a part of

the aging process. With aging, there are global reductions in DNA methylation
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levels, as well as changes in the methylation patterns of specific genes [60] [61].
Some studies have suggested that these changes in methylation patterns may
contribute to the development of age-related diseases such as cancer, cardiovas-
cular disease, and neurodegenerative disease [62]. In addition, certain genes
have been identified that are particularly vulnerable to age-associated changes in
methylation. For example, the promoter regions of certain tumor suppressor
genes, such as p16INK4a, have been found to be highly methylated in aging cells,
leading to a reduction in the expression of these genes and an increased risk of
cancer [63] [64]. One area of research is the study of epigenetic clock, which is a
set of DNA methylation markers that can be used to predict chronological age.
Studies have found that these markers are highly correlated with age, and that
they change in a consistent way as people age [65] [66]. Epigenetic clock based
on DNA methylation markers has been found to be associated with age-related
diseases [67]. Another area of research is the study of how environmental and
lifestyle factors affect DNA methylation patterns. Studies have shown that fac-
tors such as diet, exercise, stress, and exposure to pollutants can affect DNA
methylation patterns and contribute to aging and age-related diseases [68]. Ad-
ditionally, research is ongoing on the use of interventions that can slow or re-
verse DNA methylation changes associated with aging [69]. Some studies have
shown that certain drugs, such as methylation inhibitors, can slow or reverse
these changes, potentially leading to new therapies for aging and age-related
diseases [70].

7. Histone Acetylation in Aging

Histone acetylation is an epigenetic mechanism that regulates gene expression
and plays an important role in aging [71]. Histones are the proteins around
which DNA is wrapped to form chromosomes, and acetylation of histones is as-
sociated with increased gene expression, whereas deacetylation of histones is as-
sociated with decreased gene expression [72] [73]. In aging, changes in histone
acetylation patterns have been observed, with decreased histone acetylation le-
vels in some regions of the genome and increased histone acetylation levels in
others. These changes are thought to contribute to aging-associated changes in
gene expression, leading to the development of age-related diseases such as Alz-
heimer’s disease, cardiovascular disease, cancer and others [74] [75]. To target
histone acetylation in aging, drugs known as histone deacetylase inhibitors
(HDAC inhibitors) have been developed [76] [77]. These drugs increase histone
acetylation levels and are being investigated as potential therapies for a range of

age-related diseases, including Alzheimer’s disease and cancer [78] [79].

8. Telomeres Shortening in Aging

Telomeres shorten as cells divide and age, and this shortening is thought to play
a role in the aging of cells and the development of age-related diseases [80]. Re-

search on telomerase in aging has focused on understanding how telomerase ac-
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tivity affects the aging process and identifying ways to modulate telomerase ac-
tivity to extend healthy lifespan [81]. Telomerase is an enzyme that adds repeti-
tive DNA sequences called telomeres to the ends of chromosomes [82]. Studies
have shown that cells with high levels of telomerase activity, known as telome-
rase-positive cells, have a greater capacity for proliferation and are less likely to
undergo senescence or apoptosis [83]. One area of research is on telomerase ac-
tivation as a potential anti-aging therapy. Studies have shown that activating te-
lomerase in certain cells can increase their proliferation and delay the onset of
senescence. Some studies in animals showed that activating telomerase in certain
tissues can extend lifespan and improve health [84] [85]. Another area of re-
search is on telomerase inhibition as a cancer therapy [86]. Cancer cells have
been found to have high levels of telomerase activity, allowing them to divide
and grow indefinitely. Inhibiting telomerase activity in cancer cells can induce
cell death and may be a promising strategy for cancer treatment [86] [87]. One
area of research is the study of telomere length in cfDNA [88]. Studies have
shown that telomere length in cfDNA decreases with age and that shorter telo-
meres in cfDNA are associated with an increased risk of age-related diseases
[89]. Overall, telomerase research is providing new insights into the underlying
mechanisms of aging and is helping to identify potential targets for interventions

that can extend healthy lifespan.

9. Cell Senescence in Aging

Another area of research is the study of senescence, a state where cells stop di-
viding and enter a phase of permanent growth arrest [90]. Senescent cells release
a variety of factors that promote inflammation, oxidative stress, and other
changes in the surrounding tissues. This can lead to further damage to cells, tis-
sues, and organs, contributing to the progression of age-related diseases [91].
Research in senescence has led to the development of drugs called senolytics,
which are designed to target and eliminate senescent cells, thus slowing down
aging. Senolytic drugs are a class of drugs that are designed to target and elimi-
nate senescent cells, which are cells that have stopped dividing and can contri-
bute to aging and age-related diseases [92] [93]. These drugs work by inducing
apoptosis, or programmed cell death, in senescent cells. Senescent cells are
thought to contribute to aging by secreting pro-inflammatory factors and other
molecules that can damage surrounding cells and tissues [94]. By eliminating
senescent cells, senolytic drugs can reduce inflammation and improve tissue

function.

10. Antiaging Medication

There are currently no FDA-approved medications specifically marketed as “an-
ti-aging” drugs. However, certain medications have been shown to have poten-
tial anti-aging effects such as caloric restriction mimetics [95], growth hormone

receptor antagonists [96], sirtuin activators [97], and mTOR inhibitors [98].
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These drugs target processes and pathways associated with aging, such as oxida-
tive stress, inflammation, and cellular senescence. Caloric restriction mimetics
are compounds or interventions that mimic the effects of caloric restriction,
which is a reduction in caloric intake without malnutrition [95]. Caloric restric-
tion has been shown to extend lifespan and improve health in many species, in-
cluding yeast, worms, flies, rodents, and primates [99] [100]. However, caloric
restriction is not a practical or feasible approach for most people, so researchers
are looking for ways to achieve similar benefits through other means. Caloric re-
striction mimetics have been developed to target various biological pathways
involved in aging, such as insulin/IGF-1 signaling, sirtuins, and AMP-activated
protein kinase (AMPK). Some examples of caloric restriction mimetics include
rapamycin, resveratrol, metformin, and spermidine [100]. Growth hormone re-
ceptor (GHR) antagonists are drugs that target the growth hormone (GH) re-
ceptor and block its signaling. They have been studied for their potential an-
ti-aging effects as GH signaling has been linked to the aging process and
age-related diseases [96]. Some studies have shown that blocking GH signaling
with GHR antagonists can extend lifespan and improve healthspan in animal
models [101] [102]. Sirtuin activators are a class of compounds that are thought
to promote longevity and delay aging by activating sirtuins, a family of proteins
with histone deacetylase activity that regulate various cellular processes. Sirtuins
have been shown to play a role in cellular stress resistance, DNA repair, and the
regulation of metabolic pathways [97]. Some sirtuin activators have been devel-
oped as potential anti-aging drugs, although their efficacy and safety have yet to
be fully established. The most well-known sirtuin activator is resveratrol, a na-
turally occurring compound found in red wine [103] [104]. mTOR inhibitors are
drugs that inhibit the mechanistic target of rapamycin (mTOR) signaling path-
way, which is involved in regulation of cell growth, proliferation, metabolism,
and aging. In preclinical and early clinical studies, mTOR inhibitors have shown

the potential to extend lifespan and delay age-related diseases.

11. Drug Development in Antiaging

While aging is an inevitable process, there are several interventions that have
been proposed to slow down the aging process and extend healthy lifespan.
These include telomerase activation, senolytic drugs, DNA repair and epigenetic
regulators. Studies have shown that activating telomerase in certain cells can in-
crease their proliferation and delay the onset of senescence, potentially extend-
ing healthy lifespan [84] [85]. Telomerase activation is being researched as a po-
tential target for anti-aging and anti-cancer therapies. In certain types of cancer
cells, telomerase is activated, which leads to the cells becoming immortal and
contributing to the development of tumors. Thus, inhibiting telomerase activity
has been a target for cancer therapy. However, in normal aging, telomere short-
ening is a hallmark and contributes to cellular senescence and a decline in tissue

functions [105]. Hence, reactivating telomerase to increase telomere length has

DOI: 10.4236/aar.2023.122002

19 Advances in Aging Research


https://doi.org/10.4236/aar.2023.122002

M.S. Lee et al.

been suggested as a way to potentially reverse some aspects of aging. Several
compounds are being researched for their potential to activate telomerase, in-
cluding astragalosides [106], huperzine A [107], cycloastragenol [108], and
TA-65 [109]. Senolytic drugs target senescent cells, which are thought to contri-
bute to aging and age-related diseases. Navitoclax is an inhibitor of the an-
ti-apoptotic Bcl-2 protein. It has been shown to selectively eliminate senescent
cells in preclinical studies [110]. Dasatinib and quercetin (D+Q) is a small mo-
lecule inhibitor of the Src family of tyrosine kinases, and quercetin is a flavonoid.
These drugs have been found to have senolytic effects in preclinical studies
[111]. ABT-263 is a BH3 mimetic, a small molecule that mimics the activity of
pro-apoptotic BH3 proteins. It has been shown to selectively eliminate senescent
cells in preclinical studies [112]. FOXO4-DRI is a synthetic peptide that targets
the FOXO4 protein. It has been shown to selectively eliminate senescent cells in
preclinical studies [113]. As DNA repair mechanisms become less effective with
age, some researchers are investigating ways to enhance these mechanisms and
slow down the aging process. Some examples of DNA repair in aging interven-
tion are NAD+ precursors. NAD+ is a coenzyme that plays a key role in energy
metabolism and DNA repair. As NAD+ levels decrease with age, some research-
ers are investigating ways to increase NAD+ levels through supplementation
with NAD+ precursors [114]. Epigenetic modification such as DNA methylation
and Histone modification is an important biological process associated with ag-
ing- and age-related disease development. Drugs that target methylation are a
class of drugs that specifically target the process of methylation in the DNA,
which can affect the function of the gene to which it is attached [115]. These
drugs can be used to modulate methylation patterns in the DNA and potentially
restore normal gene expression. These enzymes include DNA methyltransferases
(DNMTs) [116] and histone deacetylases (HDACs) [117]. By inhibiting these
enzymes, these drugs can modulate methylation patterns and potentially restore

normal gene expression.

12. Technology Advance for Epigenetic Study

The field of epigenetics has seen significant technological advances in recent
years, allowing for more comprehensive and in-depth studies of the changes in
gene expression, chromatin modification and DNA methylation patterns that
occur with aging and contribute to disease development. Some of the key tech-
nological advances in this field are included in Table 1.

Next-generation sequencing (NGS) technologies use parallel processing to
sequence many small fragments of DNA simultaneously, producing millions or
billions of sequences in a single run. NGS technologies allow for high-throughput
and cost-effective analysis of large-scale epigenetic data [118]. ChIP-seq (Chro-
matin Immunoprecipitation Sequencing) is a method used to study the interac-
tion of DNA with histone proteins and other chromatin-associated proteins, and

provides insight into epigenetic regulation of gene expression [119]. It combines
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Table 1. Different molecular technologies to study DNA methylation, gene expression,
and chromatin modifications occur during aging and age-related diseases.

Molecular Technologies References
Bisulfite Sequencing [123]

Methylation Specific Restriction

DNA Methylation [124]
Enzyme Seq (MSRE-Seq)
Methylation Arrays [127]

Gene Expression RNA Sequencing [121]
Chromafin Imm.unoprecipitation (119] [120]
Sequencing (Chip-Seq)

) ) ) Assay for Transpose-Accessible [122]

Histone Modification Chromatin Sequencing (ATAC-Seq)
Histone Modification Assays [125]
Chromatin Conformation Capture (3C) [126]

chromatin immunoprecipitation (ChIP), which selectively captures pro-
tein-DNA interactions, with NGS technology. In ChIP-seq, the chromatin is
fragmented and cross-linked to the associated proteins. An antibody specific to a
target protein, such as a histone modification, is then used to pull down the pro-
tein-DNA complexes. The resulting DNA is then sequenced and the data is ana-
lyzed to determine the locations of the target protein along the genome.
ChIP-seq is widely used to study the regulation of gene expression by histone
modifications, such as acetylation, methylation, and phosphorylation [120].
RNA sequencing (RNA-seq) allows for the quantification of transcriptome-wide
changes in gene expression levels, providing a comprehensive view of the effects
of epigenetic changes on gene expression [121]. Assay for transposase-accessible
chromatin sequencing (ATAC-seq) is a method for mapping open chromatin
regions, providing insight into changes in chromatin accessibility with aging and
disease [122]. Bisulfite sequencing works by converting unmethylated cytosine
bases into uracil, while methylated cytosine bases remain unchanged. The
treated DNA is then sequenced using NGS technology, and the resulting data is
analyzed to identify the methylation status of individual cytosine residues. Bisul-
fite sequencing is a method for quantifying DNA methylation levels at a sin-
gle-base resolution, providing a detailed view of the changes in DNA methyla-
tion patterns that occur with aging and disease [123]. Methylation Specific Re-
striction Enzyme Sequencing (MSREs) are a class of enzymes that specifically
recognize and cut methylated DNA sequences. These enzymes can be used to
analyze methylation patterns in the DNA by cutting only the methylated regions
of the DNA and leaving the unmethylated regions intact. By cutting only the
methylated regions of the specific DNA sequence, these enzymes can be used to
analyze the methylation status of specific genes or regions of the genome [124].
Methylation arrays such as Illumina Infinium array enable quantitative interro-

gation of selected methylation sites across the genome, offering high-throughput
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capabilities that minimize the cost per sample. Histone modification assay uses
antibodies specific to histone modifications to quantify the levels of these mod-
ifications at specific sites along the genome [125]. Chromatin conformation
capture (3C) method is used to study the spatial organization of the genome and
to identify interactions between different regions of the genome [126]. These
technologies, combined with new computational and data analysis tools, have
allowed for major advances in our understanding of the role of epigenetics in

aging and disease.

13. Geriatric Disease

Age-related diseases or geriatric diseases are conditions that primarily affect
older adults and are caused by the natural aging process. These diseases often
occur because of accumulated damage to cells and tissues over time and are
characterized by a progressive decline in function and an increased risk of disa-
bility and death. The most common aging-related diseases include cancer, car-
diovascular and neurodegenerative disease [128]. Aging also involves diseases
such as diabetes, osteoarthritis, osteoporosis, and many other aging-related dis-
eases including cataract, glaucoma, macular degeneration, sarcopenia, and frailty
[129] [130]. It also involves some cosmetic changes such as skin wrinkling and
sagging, and hair loss and whitening (Figure 4). Preventing and managing these
diseases is critical to maintaining a healthy and independent older age. These
conditions are not inevitable and can be influenced by a combination of genetic,
epigenetic, environmental, and lifestyle factors. Further research is needed to
fully understand the underlying mechanisms of these diseases and to develop ef-

fective interventions for their prevention and treatment.

14. Alzheimer’s Disease in Aging

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that is
characterized by memory loss, cognitive decline, and changes in behavior. It is
the most common cause of dementia in older adults and is typically diagnosed in
individuals over the age of 65. Aging is the major risk factor for Alzheimer’s
disease, and as the population ages, the number of individuals affected by AD is
expected to increase [131]. While the exact cause of AD is not fully understood,
several factors have been identified that may contribute to the development of
the disease. These include genetics, epigenetics, lifestyle, environment, inflam-
mation, oxidative stress, and metabolic factors [132]. In terms of genetics, sever-
al genetic mutations and variants have been identified that significantly increase
the risk of developing Alzheimer’s disease. The most well-known of these is the
apolipoprotein E (APOE) gene. This protein combines with fats (lipids) in the
body to form molecules called lipoproteins. Lipoproteins are responsible for pack-
aging cholesterol and other fats and carrying them through the bloodstream. The
APOE ¢4 allele is the strongest genetic risk factor for late-onset Alzheimer’s disease

[133]. Other genetic mutations that increase the risk of Alzheimer’s disease
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Figure 4. Different diseases associated with aging due to environmental changes, lifestyle, and inherited epigenetic changes.

include those in genes involved in the formation and clearance of beta-amyloid
plaques, tau protein aggregation, and inflammation. Several rare mutations
linked to familial AD (FAD) on the AP precursor protein (APP), Presenilin-1
(PS1), Presenilin-2 (PS2), Adamalysinl0, and other genetic risk factors [134]
[135]. By studying the genetic causes of Alzheimer’s disease, researchers hope to
identify new therapeutic targets and develop new drugs to treat the disease. Epi-
genetic factors play a role in the development of Alzheimer’s disease. Changes in
DNA methylation, histone modification and microRNA expression have been

implicated in the pathology of Alzheimer’s disease and can influence gene ex-
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pression, synaptic function and neuro-inflammation. Several genes have been
identified to be involved in DNA methylation changes in Alzheimer’s disease,
including APOE, BIN1, CLU, PICALM, and CR1 [136]. Other genes such as
SORL1, ABCA7, and MS4A have also been found to be associated with DNA
methylation changes and Alzheimer’s risk. In addition to the genetic and epige-
netic, environmental factors such as head trauma, high blood pressure, and ex-
posure to toxins may increase the risk of AD. Lifestyle factors for example poor
diet, lack of physical activity, and smoking have been linked to an increased risk
of AD [137]. Chronic inflammation has been implicated as a contributing factor
in the development and progression of Alzheimer’s disease (AD). Studies have
shown that elevated levels of pro-inflammatory cytokines and immune cells in
the brain can contribute to the oxidative stress, neural injury, and neurodegene-
ration that are hallmarks of AD. The connection between inflammation and AD
may also be influenced by epigenetic changes, such as DNA methylation, that
affect the expression of genes involved in immune and oxidative stress response
[138]. Metabolic factors such as diabetes, obesity, and high cholesterol have been
linked to an increased risk of AD. Additionally, alterations in energy metabol-
ism, oxidative stress, and insulin resistance have been observed in the brains of
patients with AD. Research on AD in aging model is ongoing, and new findings
are emerging as the field is advancing. This can include not only drug develop-
ment but also lifestyle changes, early detection and intervention, and the identi-

fication of new targets for therapy.

15. Cancer in Aging

Cancer is a disease characterized by the uncontrolled growth and spread of ab-
normal cells, and it is a leading cause of death worldwide [139]. The risk of de-
veloping cancer increases with aging. This is due to several factors including the
accumulation of mutations in cells over time, exposure to environmental toxins,
changes in hormonal balance, and a decline in the function of the immune sys-
tem. In fact, the majority of cancer cases are diagnosed in individuals over the
age of 65 [140]. Aging is considered as the major risk factor for cancer, mainly
because the incidence of cancer increases with age. The underlying mechanisms
of cancer in aging are complex and not fully understood, but several factors have
been identified that may contribute to the development of cancer. Accumulation
of genetic mutations (somatic) can increase as people age. This is because as cells
divide and replicate over time, they accumulate genetic changes (mutations) that
can lead to the development of cancer. Some of the most well-known somatic
genetic mutations in cancer include TP53, KRAS, and APC [141]. These muta-
tions can activate oncogenes and inactivate tumor suppressor genes, leading to
the development of cancer as people get aged. Epigenetic pattern of certain genes
is changed with age. Some tumor suppressor genes or oncogenes can become
either silenced or activated when the genes are hypermethylated or hypomethy-
lated during the development and progression of cancer [142] [143] [144]. Ex-
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amples of such genes include p16INK4a in colon cancer, BRCA1 in breast can-
cer, and RASSF1A in lung cancer [145] [146]. Understanding the genetic muta-
tions and epigenetic changes that accumulate in aging and how they contribute
to the development of cancer is an important area of research that will help in-
form the development of new treatments and prevention strategies. Additional-
ly, exposure to environmental factors such as radiation, chemicals and toxins,
and certain viruses and bacteria have been linked to an increased risk of cancer.
Lifestyle factors such as smoking, poor diet, and lack of physical activity have
been linked to an increased risk of cancer. Chronic inflammation has been asso-
ciated with the development of cancer. Oxidative stress, which is an imbalance
between the production of reactive oxygen species and the body’s ability to neu-
tralize them, has been linked to the development of cancer. Metabolic factors
such as obesity, diabetes, and high cholesterol have been linked to an increased

risk of cancer that is associated with aging.

16. Cardiovascular Disease in Aging

Cardiovascular disease (CVD) is a broad term that refers to a group of disorders
that affect the heart and blood vessels, including coronary artery disease, heart
failure, and stroke. As people age, they have an increased risk of developing
CVD, and it is a leading cause of death worldwide. Aging is considered as a ma-
jor risk factor for CVD, mainly because the incidence of CVD increases with age.
The underlying mechanisms of CVD in aging are complex and not fully unders-
tood, but both genetic and non-genetic factors have been identified that may
contribute to the development of CVD. Certain genetic mutations and variations
have been linked to an increased risk of CVD, including mutations in genes that
regulate blood pressure, cholesterol, and clotting. Some common genetic risk
factors for CVD include mutations in genes involved in lipid metabolism, such
as the LDL receptor and PCSK9 genes, as well as genetic variations in genes in-
volved in inflammation and blood clotting [147]. Other genetic factors that have
been associated with an increased risk of CVD include those involved in hyper-
tension, such as the AGT gene, and those involved in the regulation of glucose
and insulin metabolism, such as the PPARG gene [148]. Several genes have been
associated with epigenetic changes in cardiovascular disease (CVD). For exam-
ple, studies have shown that changes in DNA methylation patterns in genes in-
volved in inflammation and lipid metabolism can increase the risk of CVD. Ad-
ditionally, epigenetic changes in genes related to blood pressure regulation and
blood vessel growth have also been linked to the development of CVD. Some of
these genes include APOA1, APOE, FGF5, and LEP. Epigenetic changes in these
genes can affect their expression levels, which in turn may contribute to the de-
velopment and progression of CVD [149]. Environmental factors such as expo-
sure to pollution, radiation and toxins have been linked to an increased risk of
CVD Lifestyle factors such as smoking, poor diet, lack of physical activity, and

high alcohol consumption have been linked to an increased risk of CVD.
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Chronic inflammation has been associated with the development of CVD.
Chronic inflammation can cause damage to the arteries, leading to plaque buil-
dup and ultimately, cardiovascular events such as heart attacks and strokes. Ad-
ditionally, chronic inflammation can contribute to the development of condi-
tions like atherosclerosis, which is a major risk factor for CVD. Studies have
shown that elevated levels of inflammatory markers such as C-reactive protein
are associated with an increased risk of CVD, and that reducing levels of these
markers can reduce the risk of cardiovascular events. Metabolic factors such as
obesity, diabetes, and high cholesterol have been linked to an increased risk of
CVD. High blood pressure or hypertension is one of the most important risk
factors for CVD.

17. Discussion

This article provides a comprehensive overview of the current state of epigenetic
research related to aging. The objective of the study is to identify the epigenetic
changes that occur during aging and evaluate their potential as biomarkers of
aging. Multiple studies have shown that aging is associated with various epige-
netic changes, including changes in DNA methylation, histone modification, and
chromatin accessibility. The study of “Epigenetic Signatures of Aging” sheds
light on the significance of these epigenetic changes in aging and their potential
use as biomarkers. The study emphasizes the importance of epigenetic changes
in aging and suggests that they can be utilized to enhance our understanding of
age-related diseases and develop new diagnostic tests and interventions to im-
prove health in older adults.

Although epigenetic studies of aging have the promise of unlocking new ways
to intervene in the aging process and its associated diseases, there are several li-
mitations to aging research. Aging is a complex process that is influenced by a
variety of factors, including genetics, environmental factors, lifestyle, and other
biological processes. This complexity makes it difficult to isolate the specific
mechanisms and factors that contribute to aging. Furthermore, there is no sin-
gle, agreed-upon measure of aging, making it difficult to accurately track and
compare changes in aging over time. Although aging can be studied in model
organisms such as yeast, worms, flies, and mice, these models have limitations
and do not always accurately reflect the complex aging processes that occur in
humans. Additionally, studying aging in humans is logistically challenging due
to the long lifespan and a large number of variables that can influence aging.
Longitudinal studies, which follow the same individuals over time, are necessary to
understand the dynamics of epigenetic changes during aging and their impact on
health and disease. However, such studies can be challenging and time-consuming
to carry out, and many existing aging studies are cross-sectional in nature, limit-
ing their ability to reveal longitudinal changes. Some potential interventions for
aging, such as life extension strategies, raise ethical concerns about their impact

on society and the consequences of a rapidly aging population. Despite these li-
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mitations, there have been significant advances in our understanding of aging in
recent years, and researchers are continuing to work towards finding ways to

delay and prevent age-related diseases.

18. Conclusion

In conclusion, biological studies of aging play a crucial role in understanding the
underlying mechanisms of aging and aging-related diseases. From genetics to
epigenetics, telomere shortening, senescence cells and various research areas are
exploring the different factors that contribute to aging and the potential for de-
veloping interventions that can slow or reverse its effects. The discovery of aging
biomarkers and the exploration of the role of these marks in aging have provided
valuable insights into the biological processes of aging and its relationship with
age-related diseases such as cancer, Alzheimer’s disease (AD) and cardiovascular
disease (CVD). Epigenetic studies in aging have shown significant progress in
uncovering the mechanisms of aging and the potential for developing new ther-
apies to delay aging-related diseases. Epigenetic modifications, such as DNA
methylation and histone modification, play a critical role in regulating gene ex-
pression and cellular processes that contribute to aging. Epigenetic changes can
be influenced by environmental factors such as diet, lifestyle, and exposure to
toxins, as well as by genetic factors. By exploring the interplay between genetics
and epigenetics in aging, researchers are gaining insight into the complex
processes underlying aging and developing new strategies for preventing and
treating aging-related diseases. Despite advances in the field, there is still much
work to be done to fully understand the role of epigenetics in aging and to
translate this knowledge into effective interventions.
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