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ABSTRACT: Healthy aging has become a major goal of public health. Many studies have provided evidence and theories to
explain molecular mechanisms of the aging process. Recent studies suggest that epigenetic mechanisms are responsible
for life span and the progression of aging. Epigenetics is a fascinating field of molecular biology, which studies heritable
modifications of DNA and histones that regulate gene expression without altering the DNA sequence. DNA methylation
is a major epigenetic mark that shows progressive changes during aging. Recent studies have investigated aging-related
DNA methylation as a biomarker that predicts cellular age. Interestingly, growing evidence proposes that nutrients play a
crucial role in the regulation of epigenetic modifiers. Because various nutrients and their metabolites function as sub-
strates or cofactors for epigenetic modifiers, nutrition can modulate or reverse epigenetic marks in the genome as well as
expression patterns. Here, we will review the results on aging-associated epigenetic modifications and the possible mech-
anisms by which nutrition, including nutrient availability and bioactive compounds, regulate epigenetic changes and af-
fect aging physiology.
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INTRODUCTION

Aging is a complex process that impairs an organism’s
biological functions and increases its susceptibility to
disease and death. The aging process is affected by a
combination of genetic and environmental factors, which
means that aging is both genetically determined and in-
fluenced by the environment. For example, longevity
clusters within families. The parents and siblings of cen-
tenarians have a greater likelihood of longevity, and the
offspring of centenarians appear to have a delay in age-
related disease (1). These results indicate that genetic
components affect aging. Genetic variants related to ag-
ing have been investigated in genome-wide association
studies in centenarian populations (2-5).

Diet is a key environmental factor that has profound
effects on human development and health. Chronic ex-
posure to certain dietary patterns, such as unbalanced
energy or deficiencies in essential nutrients, creates met-
abolic stress. This type of stress is closely related to the
incidence and progression of various chronic, non-com-
municable diseases and aging. Metabolic stress affects
the regulation of gene expression, resulting in cellular

and physiological changes (6), but it rarely causes acute
and deleterious damage, such as mutations to the ge-
nome.

Nutrigenomics is an emerging science that aims to un-
derstand how dietary components and metabolites affect
gene expression and interact with the genome. It pro-
vides a mechanistic link between dietary factors and the
genomic response. It is important to understand gene-
nutrient interactions to learn how to regulate metabolic
processes that contribute to age-related disease risk fac-
tors, such as obesity, cardiovascular disease, and inflam-
mation (7). Intriguingly, dietary and nutritional effects
can be passed on to the next generation. The effects of
nutrition on the body are also mediated by epigenetic
mechanisms (8). Epigenetic mechanisms can mediate
between nutrient availability and phenotype throughout
life; however, little is known about how nutrition plays a
role in longevity and aging via epigenetic mechanisms.
The aim of this review is to summarize the growing evi-
dence that numerous dietary factors, such as calorie re-
striction and polyphenols, can modify epigenetic marks
influencing longevity and aging.
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MOLECULAR FACTORS IN AGING

Adult or somatic stem cells progressively decline with
aging. At present, the molecular mechanisms of cellular
aging are partially understood. For instance, defects in
genes involved in the DNA repair system result in the ac-
cumulation of unrepaired DNA and chromosomal dam-
age. In aging populations, variations in exonuclease 1
(EXO1) and postmeiotic segregation increased 2 (PMS2)
have been shown to contribute to human longevity (4,5).
These candidates mainly function in the DNA mismatch
repair system (9). The role of DNA repair in the aging
process has been documented in previous studies in both
human patients and mouse models. Patients with Werner
syndrome, an autosomal recessive disease characterized
by premature aging, have defects in DNA helicase, which
is important in DNA repair pathways (10). A trichothio-
dystrophy mouse model with a genetic mutation in a
DNA repair pathway exhibited accelerated aging and a
shortened life span (11). These results suggest that both
defects in DNA repair systems and risk factors that in-
duce DNA damage are associated with the aging proc-
ess. Intrinsic cellular sources, such as replication errors
and chemical changes to DNA, and external sources, such
as ionizing radiation and genotoxic drugs, are the main
factors that cause DNA damage (1,12). Reactive oxygen
species (ROS), such as superoxide anions, hydroxyl radi-
cals, hydrogen peroxide, and nitric oxide, are the major
molecules that impair cellular function. If ROS exceeds
cellular antioxidant defenses, cells experience oxidative
stress, which contributes to DNA damage and aging
(13). In addition to DNA damage, telomere length is as-
sociated with age-related diseases in humans. Somatic
stem cell function may be impaired by telomere shorten-
ing. Moreover, telomerase-deficient mice have short tel-
omeres and age prematurely, whereas cancer-resistant
mice that overexpress telomerase have long telomeres
and delayed aging (14,15).

EPIGENETIC AND AGING

Since the late 1980s, epigenetic changes found in cancer
have been connected with aging (16). Epigenetics is as-
sociated with changes in the genome that are passed on
from one generation to the next that alter gene expres-
sion without changing the primary DNA sequence. DNA
methylation and histone modification are two well-known
epigenetic mechanisms that affect chromatin structure
and eventually regulate gene expression patterns (Fig. 1)
(17). The combination of these marks is responsible for
cell development, not only during cellular differentiation
in embryonic development but also throughout life (18).
A recent study highlights that epigenetic patterns, espe-
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Fig. 1. Epigenetic modifiers require nutrients and their metabo-
lites. The availability of nutrients and metabolites regulates the
activities of various epigenetic enzymes, such as histone meth-
yltransferase (HMT), DNA methyltransferase (DNMT), histone
acetyltransferase (HAT), kinase, histone deacetylase (HDAC),
histone demethylase (KDM), and ten-eleven translocation (TET,
a DNA demethylation enzyme). These epigenetic enzymes uti-
lize S-adenosylmethionine (SAM), acetyl-CoA, ATP, NAD®, and
o-ketoglutarate (a-KG) to regulate the status of methylation
(Me), acetylation (Ac), and phosphorylation (P) in chromatin.

cially DNA methylation, are critical biomarkers for aging
that can predict the age of human tissue and cell type
(19). In this study, 353 markers of DNA methylation
were selected and found to predict various tissue types,
including blood cells, and brain, breast, kidney, liver,
and lung tissue (19). Intriguingly, the DNA methylation
status of the markers in embryonic and induced pluripo-
tent stem cells was close to zero (19). Methylation mar-
kers were also shown to reflect cell passage number and
could predict the age of chimpanzees (19). These find-
ings indicate that epigenetic changes are directly linked
to the aging process.

DNA methylation

DNA methylation occurs when a methyl group is added
to position 5 of the cytosine residue in 5-methylcytosine
(20), preferentially in CG dinucleotides. The methyl
groups are added by DNA methyltransferases (DNMTs).
DNMT3A and DNMT3B catalyze the establishment of
DNA methylation, and DNMT1 serves to maintain DNA
methylation during DNA replication. DNA demethyla-
tion occurs either passively by blocking DNMT1 mainte-
nance methyltransferase activity during DNA replication
or due to an active demethylation process. Several stud-
ies have revealed that altered DNA methylation during
aging seems to occur both at a global level and at a lo-
cus-specific level (Table 1). At the global level, genome-
wide hypomethylation and reduced methylation of re-
petitive elements, such as intracisternal A-type particle
(IAP), have been observed in aging mouse models (21-
23). Maintenance of methylation at repetitive elements,
which exists in multiple copy sequences in the genome,
is crucial for genome stability, and in particular for cen-
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Table 1. Epigenetic biomarkers observed in aging
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Epigenetic mark Changes with aging Genomic loci Tissue Species Reference
DNA Hypomethylation Intracisternal A-type particle Liver Mouse 23
methylation Hypermethylation Promoter and exon 1 of £5#7  Colon Human 28
Intron 1 to exon 4 of c-fos Liver Human 29
Promoter of DAPKT7 and Stomach, intestines  Human 30

E-cadherin
Histone Acetylation of H4 lysine 16 Subtelomeric regions - Yeast 37
modification  Trimethylation of H4-K20 Global level Liver Rat 45
Dephosphorylation of H1.4 and  Global level Peripheral blood Human 46
H1.5 lymphocytes

tromeres and telomeres (24). Research using whole-ge-
nome bisulfate sequencing (25) revealed a distinct pat-
tern in the DNA methylome of centenarians, compared
to that of newborns. Centenarian DNA shows relatively
lower DNA methylation at several regions, whereas new-
born DNA has more homogeneous methylation patterns.
The loss of DNA methylation in centenarians mainly oc-
curred at CpG poor promoters whereas hypermethylated
sequences were observed at CpG island promoters (25).
Another epigenome-wide study suggested that the DNA
methylation status of 155 CpG sites in whole blood DNA
were significantly associated with age (26). Among the
age-associated sites, methylation levels were positively
associated with aging, and these sites were mainly with-
in CpG islands. These global methylation changes may
cause genomic instability (21) and loss of telomere in-
tegrity (27), which may consequently contribute to the
aging cellular phenotype.

Age-associated methylation also occurs in a site-specific
manner. A well-known locus-specific alteration in meth-
ylation is aberrant hypermethylation of CpG islands, in-
cluding the promoter and exon 1 of the estrogen recep-
tor (ESRI) gene in normal human colon (28). Aging-as-
sociated locus-specific hypermethylation was also ob-
served in intron 1 to exon 4 of c-fos in human liver (29).
Moreover, aging-associated hypermethylation was ob-
served in various tumor suppressor genes, such as death-
associated protein kinase 1 (DAPK1), E-cadherin, gluta-
thione S-transferase P1 (GSTP1), human mutL homo-
logue 1 (hMLH1), p16, and runt-related transcription fac-
tor 3 (RUNX3), with tissue-specificity (30). In addition,
in a cross-sectional and longitudinal epigenome-wide
study, methylation levels at CpG sites in the fatty acid
elongase 2 (ELOVL2), four and a half LIM domains 2
(FHL2), zyg-11 homolog A (ZYG11A), and neurofilament
medium polypeptide (NEFM) genes were significant pre-
dictors of aging (26). This aging-associated methylation
might be due to changes in expression and/or activity of
DNMTs or other epigenetic modifiers, which are respon-
sible for DNA demethylation with aging. Indeed, there
are several studies demonstrating that aging-related glob-
al DNA hypomethylation results from a decrease in ex-

pression of DNMT1, which is known for ‘copying’ the
DNA methylation pattern to the nascent strand during
DNA replication (31,32). In contrast, aging-related DNA
hypermethylation results from an increase in expression
of DNMT3, which is known for de novo methylation of
DNA (32). Moreover, a recent study suggests that aging-
related hypomethylation is associated with several his-
tone markers (33). McClay et al. (33) discovered aging-
related differentially methylated regions (DMRs) using
whole blood DNA from people aged 25 to 92 years.
Among the DMRs, hypomethylated regions are associ-
ated with histone modifications, such as acetylation and
methylation. These results suggest that during the aging
process, coordination between DNA methylation and
histone modifications might regulate aging-related epi-
genetic changes and chromatin structure.

Histone modification

Histones are proteins that form a core particle around in
which double-stranded genomic DNA is wrapped. They
are susceptible to covalent modifications, such as acety-
lation, methylation, and phosphorylation. These modifi-
cations regulate chromatin structure and protein-protein
interactions, and they play a role in transcriptional reg-
ulation. In addition to DNA methylation, histone mod-
ifications are recognized as aging-associated epigenetic
markers (Table 1). For example, aging-related hypo-
methylated regions are associated with various histone
modifications, including H3K27ac, H3K4m1, H3K4m?2,
H3K4m3, and H3K9ac (33). Histone acetylation is a well-
understood histone modification associated with aging.
Histone acetylation occurs mainly at the lysine residues
of the N-terminal tail. The acetylation of histones loos-
ens the connection between DNA and histone proteins,
leading to transcriptional activation, whereas the deace-
tylation of histones results in a compact nucleosome and
transcriptional repression.

Of the epigenetic modifiers regulating acetylation sta-
tus, sirtuins (SIRTs) are known to affect the aging proc-
ess and aging-related diseases. SIRTs are a family of nic-
otinamide adenine dinucleotide (NAD)-dependent pro-
teins that catalyze deacetylation, and they are distributed
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in a variety of organisms from yeast to mammals. In
yeast, Sir2 is a SIRT protein that regulates longevity
(34). Down-regulation of Sir2 in yeast led to a shorten-
ing of the replicative life span, whereas activation of Sir2
significantly extended life span (35). Sir2 modulates ag-
ing by translocating its complex from telomeres to ribo-
somal DNA repeats and avoiding the formation of ex-
trachromosomal ribosomal DNA circles (ERCs), which
could result in genomic instability (36). Sir2 protein
abundance declines with aging and results in an increase
in H4 lysine 16 acetylation and a loss of histones at spe-
cific subtelomeric regions in replicative old yeast cells.
Antagonizing activities of Sir2 and Sas2, a histone ace-
tyltransferase, regulate the replicative life span through
acetylation of histone H4 lysine 16 at subtelomeric re-
gions, indicating that SIRTs have an evolutionarily con-
served role in maintaining intact telomeric chromatin
(37). Genomic stabilization may also be regulated by
Sir2-associated proteins (Hst3 and Hst4), resulting in
H3K56 deacetylation and heterochromatinization at
ERCs (38).

In mammals, seven SIRTs (SIRT1 to SIRT7) have been
identified, and SIRT1 is the closet homolog of yeast Sir2.
Interestingly, unlike Sir2 in yeast and worms, the mam-
malian homolog of Sir2 mainly acts as a deacetylase of
other proteins, such as p53, rather than histones (39).
To date, little is known about the direct role of the mam-
malian SIRT family in aging. Instead, studies have inves-
tigated the function of SIRT proteins in aging-related dis-
eases, such as metabolic disease and cancer. For exam-
ple, in mutant mice, a SIRT1 point mutation that abol-
ished its catalytic activity induced susceptibility to a
high-fat diet and exhibited accumulation of hepatic lipid
and insulin resistance (40). SIRT6-deficient mice display
a degenerative phenotype with premature aging traits,
such as cachexia, kyphosis, and osteopenia, due to a mal-
function in the base-excision repair system (41). In addi-
tion, activation of the deacetylase SIRT6 on the telomer-
ic H3K9 and H3K56 regions is linked with genomic in-
stability and aging (42,43). SIRT®6 is also proposed to at-
tenuate signaling of the stress-responsive transcription
factor, nuclear factor-kB, via H3K9 deacetylation (44).

Besides acetylation, other histone modifications have
been scarcely investigated with regard to aging. Aside
from SIRT-related histone modifications, increased H4-
K20 trimethylation has been reported in aged rat liver
(45). Progressive dephosphorylation of histones H1.4 and
H1.5 is another histone modification mark in aging that
was detected in peripheral blood lymphocytes (46).

EPIGENETIC LINK BETWEEN NUTRITION AND
LONGEVITY

Metabolism is important in aging because energy regu-
lation changes during the aging process. Metabolic chal-
lenges are related to age-related chronic diseases. Aging-
associated changes in epigenetic modifications and epi-
genetic enzymatic activity have mainly been shown to
influence metabolic pathways for insulin signaling. For
example, the histone demethylase activity of ubiquitously
transcribed TPR on X (Utx-1) was shown to regulate the
expression of key components of the insulin/insulin-like
growth factor (IGF) pathway in Caenorhabditis elegans (47).
RNA interference of Utx-1 increases H3K27 trimethyla-
tion of the Daf-2 gene, which leads to nuclear accumu-
lation of the Daf-16, an ortholog of the forkhead box O
(FOXO) transcription factor, and results in the activa-
tion of anti-aging genes (47). Furthermore, increased
levels of Sir2 extend life span through the insulin/IGF-1
pathway (48), in which a cascade of phosphorylation oc-
curs with inactivation of transport of FOXO transcrip-
tion factors to the nucleus and inhibition of anti-aging
genes. These metabolism-associated epigenetic modula-
tions in cellular signaling pathways are mediated by nu-
trient availability or bioactive compounds (Fig. 1).

Longevity-related epigenetic changes in response to
nutrient availability and calorie restriction

Calorie restriction has been shown to extend life span
and delay the incidence of age-related chronic diseases
(49). In primate studies, calorie restriction was shown
to modulate longevity positively. A study of monkeys at
the Wisconsin National Primate Research Center re-
ported that moderate calorie restriction improved both
overall mortality and age-related mortality, and it re-
duced the incidence of cancer, cardiovascular disease,
and diabetes (50). Consistent with these findings, clin-
ical research has shown beneficial effects of calorie re-
striction on age-related phenomena (51,52). Calorie re-
striction reduced the risk factors for atherosclerosis, in-
cluding lipid parameters and blood pressure (51), and it
improved two types of aging biomarkers, fasting insulin
levels and core body temperature (52).

The calorie restriction-driven reduction of the meta-
bolic rate involves deactivation of the nutrient-sensing
mammalian target of rapamycin (mTOR), an evolutio-
narily conserved serine/threonine protein kinase that is
strongly involved in most cellular functions and cell
growth (53,54). Recent experimental work implies that
the mTOR signaling pathway plays an important role in
the cell’s aging process (55). Protein synthesis is modu-
lated by target of rapamycin (TOR) on the ribosomal
protein S6 kinase and on the translation initiation factor
4E-binding protein (56). Therefore, the inhibition of TOR
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may reduce protein synthesis and result in a prolonged
life span because inhibition of translation could stabilize
the cell’s metabolic state. TOR is also involved in regu-
lating autophagy, which contributes to cell longevity (57).
Autophagy provides a metabolic buffering capacity to re-
sist stress, and it is induced by stress and caloric restric-
tion. It serves to clean damaged organelles and cell com-
ponents and to prevent their accumulation. Reduced au-
tophagy may be an oncogenic event related to tumor
progression, whereas increased autophagy in tumor cells
provides an adaptive survival mechanism to overcome
stress and drug cytotoxicity (58,59). mTOR negatively
regulates autophagy, so down-regulation of mTOR by ca-
loric restriction could enhance autophagy in cells.

A number of studies have demonstrated that Sir2 and
its related genes determine life span (36,48), and Sir2
might act as a mediator of longevity via calorie restric-
tion (60). The mammalian deacetylase SIRT1 detects the
increase in NAD" concentrations from NADH oxidation,
which allows SIRT1 to respond to calorie restriction and
up-regulate its activity. Therefore, stimulated SIRT1 ac-
tivity affects transcriptional regulators involved in aging-
related metabolism, such as fat mobilization, insulin se-
cretion, and stress resistance (61). In SIRT1 knock-out
mice, which displayed alterations in metabolic rate and
physical activity, calorie restriction did not affect surviv-
al (62). Caloric restriction stimulates autophagy through
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the activation of the mammalian SIRT1, which leads to
deacetylation of essential autophagy modulators and af-
fects several glucose homeostasis-related pathways (63,
64).

Calorie restriction increased the expression and/or ac-
tivity of the histone deacetylase SIRT]1, leading to in-
creased histone deacetylation and increased DNA meth-
ylation (65). Based on the above results that indicate
that SIRT1 plays a critical role in the longevity response
to calorie restriction or compounds that mimic calorie
restriction like resveratrol, we hypothesize that SIRT1
promotes longevity in part through epigenetic effects,
including maintenance of DNA methylation integrity.

Bioactive compounds and longevity

Although calorie restriction has been shown to have a
beneficial role in aging, calorie restriction therapy has
several limitations or potential side effects, such as in-
fertility, menstrual irregularities, hypertension, and de-
pression (66). For these reasons, recent studies have
aimed to identify bioactive compounds that may mimic
calorie restriction and provide therapeutic anti-aging ef-
fects. Unfortunately, direct evidence showing linkage be-
tween bioactive compound consumption and longevity is
scarce. However, several studies have reported beneficial
effects of natural compounds on age-related phenomena,
mainly in providing anticancer and anti-inflammatory ef-

Cancer hTERT

Pro-inflammation

Fig. 2. Epigenetic changes in anti-
aging and pro-aging status. Relative
to anti-aged normal cells, aged cells
exhibit DNA hypomethylation in the
repetitive elements and at genome-
wide levels. Pro-aging cells, which
are mainly cancer cells, exhibit DNA
hypermethylation at CpG islands
within the promoters of tumor sup-
pressor. Pro-aging cells also show
induction of pro-inflalmatory genes
and human telomerase reverse
transcriptase (hTERT) expression,
possibly due to the loosened chro-
matin structure. These pro-aging
related epigenetic marks can be re-
versed by treatment with bioactive
compounds, such as sulforaphane,
epigallocatechin-3-gallate  (EGCT),
and quercetin. White and black dots
indicate unmethylated and methy-
lated DNA status, respectively.

Cancer hTERT

Pro-inflammation
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fects (Fig. 2).

Resveratrol is the most characterized bioactive poly-
phenolic compound in anti-aging diets. Dietary polyphe-
nols have antioxidant capacity and protect against age-
related degenerative diseases. They can activate endoge-
nous defense systems and modulate cellular signaling
processes (60). Resveratrol is found in grapes and grape-
based red wine, as well as strawberries and blueberries.
Resveratrol and other polyphenols have low bioavailabil-
ity in humans. However, resveratrol and its metabolites
accumulate in human cells in vivo in a tissue-specific and
dose-dependent manner (67). The possible role of res-
veratrol in extending life span recently gained worldwide
attention. Resveratrol has been identified as a potent
SIRT1 activator (68,69) that mimics the effects of calorie
restriction and regulates longevity from lower organisms
to humans (70). In 2003, Howitz and colleagues showed
that resveratrol increases the deacetylase activity of SIRT1
(70). A number of studies showed that resveratrol in-
duced SIRT1 activity in several species (71). Resveratrol
mimics calorie restriction effects, which may result in
increased life span (68-70).

Although the effects of resveratrol and SIRT1 on lon-
gevity are still debated, resveratrol clearly appears to im-
prove metabolism and attenuate the risk of age-related
chronic diseases in animal models (72). For example, in-
creased SIRT1 activation from resveratrol improves en-
ergy expenditure and prevents diet-induced obesity and
other metabolic diseases (69). In addition, middle-aged
mice on a high-calorie diet that were treated with resver-
atrol showed healthy and longevity benefits (68). In hu-
mans, resveratrol supplementation induces metabolic
changes in obese humans, mimicking the effects of calo-
rie restriction (73). In addition to metabolic regulation,
resveratrol has an intrinsic antioxidant capacity and in-
duces the expression of antioxidant enzymes, which re-
duces oxidative stress (74). To date, little is known about
the underlying epigenetic mechanism by which resvera-
trol improves longevity and aging-related metabolism.
Research suggests that resveratrol may target metabo-
lism-related pathways, such as AMP-activated protein ki-
nase and peroxisome proliferator-activated receptor gam-
ma coactivator 1 o (69,75,76).

In addition to resveratrol, accumulating evidence sug-
gests that various bioactive compounds may improve life
span and aging-related diseases, mainly cancer. We re-
viewed research on several bioactive components of
which beneficial effects are mediated by epigenetic mod-
ifications, namely, sulforaphane, epigallocatechin-3-gal-
late (EGCG), quercetin, and genistein. Sulforaphane is a
well-studied dietary inhibitor of histone deacetylase, and
it is found in cruciferous vegetables. It is an isothiocy-
anate that exhibits antioxidative and anti-inflammatory
effects mainly by transcriptional regulation. McWalter et

al. (77) reported that broccoli seed extract containing
sulforaphane activates nuclear factor E2-related factor 2,
which is involved in an antioxidative pathway. In addi-
tion, sulforaphane has been shown to have inhibitory ef-
fects on DNMT in human breast cancer cells. In MCF-7
and MDA-MB-231 cells, sulforaphane treatment decreased
expression of human telomerase reverse transcriptase
(hTERT) and increased occupancy of histone acetylation
levels at the hTERT promoter. Additionally, sulfor-
aphane decreased the expression levels of DNMT1 and
DNMT3a, although there were only slight changes in
DNA methylation in the hTERT promoter region (78).

EGCG is an abundant catechin compound in green tea.
This catechin has been shown to have anticancer effects
by acting as a DNMT inhibitor. According to research by
Fang et al. (79), EGCG treatment reversed hypermeth-
ylation at promoters of tumor suppressor genes, includ-
ing p16INK4a, retinoic acid receptor B (RARB), O°-meth-
ylguanine methyltransferase (MGMT), and hMLH]I, in
human esophageal cancer KYSE 510 cells. These cells
showed re-expression of tumor suppressor genes, main-
ly for RARB and hMLHI1. These results indicate that by
reversing silenced tumor suppressors with DNMT inhib-
ition, EGCG treatment may have an anticancer effect. In
line with sulforaphane, EGCG treatment exhibits anti-
cancer effects by reducing cellular proliferation and in-
creasing apoptosis (80). In addition, hTERT expression
was down-regulated by EGCG treatment in MCF-7 breast
cancer cells (80).

The anti-inflammatory and anticancer properties of
quercetin and genistein have also been investigated.
Quercetin is a polyphenolic substance found in onions
and citrus fruits. Quercetin treatment inhibited pro-in-
flammatory gene expression, such as interferon-gamma-
inducible protein 10 and macrophage inflammatory pro-
tein 2 expression (81). It has been proposed to regulate
transcription factor recruitment and decrease histone
acetylation levels (81). Genistein is an isoflavone, or
phytoestrogen, found in soybeans and soy products.
Similar to EGCG, genistein treatment led to the re-ex-
pression of tumor suppressor genes, such as RARS,
p16INK4a, and MGMT, in KYSE 510 esophageal squ-
amous cancer cells (82). Genistein treatment led to de-
methylation of promoter regions of the tumor sup-
pressor genes, indicating that genistein functions as a
DNMT inhibitor (82).

CONCLUSIONS

With a growing aging population, healthy aging has be-
come an important aim for public health. For decades,
aging has been associated with genetics and environ-
mental factors. In addition, here we suggest that epige-
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netic modifications also play a role in the aging process.
It is clear that epigenetic marks, including DNA methyl-
ation and histone modifications, are associated with ag-
ing. Several studies have reported epigenetic biomarkers,
mainly involving DNA methylation, which can predict
the cellular age of various tissues. These results indicate
that epigenetic approaches may be applied to develop ef-
fective anti-aging interventions. Nutrients and their me-
tabolites are crucial substrates for epigenetic modifiers.
There is mounting evidence demonstrating that dietary
interventions influence epigenetic status, and further-
more that altered epigenetic changes are inherited by
offspring. These data suggest that physiological changes
induced by nutritional intervention may be responsible
for epigenetic changes and that the modified epigenetic
patterns are long lasting. Some reports have suggested
that changes in nutrient availability, such as energy re-
striction and direct supplementation of bioactive com-
pounds, are associated with aging via epigenetic altera-
tions. However, in many cases, the epigenetic changes
are associated with aging-related diseases. Therefore, in
the future, it is important to find direct evidence of nu-
tritional effects on longevity and to investigate epige-
netic markers that can predict individual responses.
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