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ABSTRACT
Nutrition, certain lifestyle behaviors (smoking, drug, alcohol addictions, etc.) and environment all contribute to cancer
and other lines development. Similarly, epigenetic pathways are known to occur at the intersection between the
generally reversible effects of lifestyle or ecological factors and the irreversible alterations that explain numerous
diseases. Chemoprevention is the process of intervening in the epigenome to mitigate the detrimental effects of
environmental factors or certain lifestyles before they lead to significant consequences. DNA is permanently exposed to
various substances modifying both its genetic and epigenetic configuration. It's controlled by various agents (methyl
donors, sophisticated enzymes, etc.). Pesticides, artificial food additives, drugs and environmental toxins penetrating the
placenta, can result in developmental program alterations and epigenetic changes in a fetus.

In nutrition context, the research revealed that several foods can alter epigenetic markers. Some vitamins may alter
DNA methylation patterns and histone alterations, possibly influencing gene expression and disease risk. Thus, dietary
treatments may provide an epigenetic regulation, emphasizing nutrition role in preserving health and preventing illness

via epigenetics
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INTRODUCTION:

Epigenetic pathways are now well-recognized as a critical
connection between the mostly reversible impacts of
lifestyle or environmental factors and the permanent
alterations that cause numerous diseases [1-2]. Diet,
lifestyle choices (smoking, alcohol usage) and
environmental variables can all have a substantial impact
on development of diseases, (cancers, diabetes,
cardiovascular diseases (CVDs), etc.). Epigenetics and
nutrition became critical for understanding of origin and
progression of numerous chronic illnesses [3-5]. Food
contains nutrients and bioactive chemicals that can alter

epigenetic processes: DNA methylation, histone

modification, non-coding RNA (ncRNA) production, as
well as reduce cellular stress and damage. Different
substances, ranging from methyl donors to intricate
enzymes are involved in epigenetic control (EC). They
provide functional footprints to genome, activating or
deactivating genes [6-8]. These changes, brought on by
drugs, pesticides, environmental pollutants, may pass
through the placenta and affect a fetus's development,
frequently through major epigenetic modifications,
particularly in the early stages of development. The
environment, genome and epigenome together define
the idea of “developmental programming” (Fig. 1.) [9-

10].
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Fig. 1. Triangle of evolutionary programming.

(The evolutionary programing theory postulates that health is defined by the environment, genome and epigenome interaction what

ensure the adaptation).

The factors encountered during pregnancy affect a
person's vulnerability to diseases in future. A typical
example of a disorder impacted by developmental
programming is metabolic syndrome (high blood
pressure, obesity, high triglyceride levels, low HDL (High
Density lipoproteins) levels, hyperglycemia,
predispositions to CVD and type 2 diabetes (T2D)) [11-
13]. The hypothesis that unfavorable circumstances (low
birth weight, temperatures, oxygen levels, mother’s
limited nutrition) might interact with hereditary variables
to raise the risk of illness in adulthood is supported by
epidemiological studies [14]. Nonetheless, there have
been some discrepancies found in data from animal
models or in vitro research, where the length of therapy
and its form of administration may have affected the
outcomes [15-17]. However, in several examples it’s
widely acknowledged that certain dietary elements
impact the epigenetic markers concerning nutrition.
Vitamins By, B>, and polyphenols affect DNA methylation
and histone modifications, which affect gene expression
associated with specific disorders [18-21]. Thus, the
nutrition plays a crucial role in preserving health via
epigenetic pathways. It suggests that dietary
interventions, during pregnancy, might offer a potential
strategy of epigenetic processes modification for the

prevention of diseases [22-23].

This review investigates how epigenetic markers are
changed by everyday food decisions, which can either
increase or decrease the risk of chronic illnesses and
affect human health.
Methodology: Several methods are available for
epigenome studies. Pyrosequencing and whole-genome
sequencing are used for quantitative studies of DNA
methylation. Histone modifications can be investigated
by chromatin immunoprecipitation [24]. Their
acetylation and methylation, are detected by specific
antibodies. Global histone modifications can be
quantified by mass spectrometry and Western blotting.
miRNAs and IncRNAs are studied by RNA sequencing
using next generation technologies and quantitative PCR.
Epigenome-wide association studies can detect genome-
wide epigenetic changes caused by environmental
factors [25-26]. Global epigenetic markers are assessed
by enzyme-linked immunosorbent assay (ELISA) and
chromatography. Epi-exposure mapping is used for to
trac the exposure-related epigenetic alterations [27].
Overview of Epigenetic Mechanisms: The term
"epigenetic regulation" describes a group of mechanisms
that manage the gene expression (including DNA

replication and repair genes) without changing the
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underlying DNA sequence. These processes are impacted
by both hereditary and environmental variables and are
essential for regular cellular activities. Histone
modifications, ncRNA regulation, DNA methylation and
demethylation, are crucial for EC [28].

DNA methylation is the well-studied mechanism,
involving Cyt methylation in CpG (or CG) dinucleotides
(where Cyt is followed by Gua (guanine)) of promoters.
That mostly suppresses genes. Cancer, heart and
neurological problems are linked to aberrant DNA
methylation patterns in early stages. The nutrition effect
on DNA methylation is caused by methionine (Met), B1,,
folate (or vitamin M or Bg) [29-30]. They define hypo- or
hypermethylation, which disturb normal gene expression
and accelerate the onset of illness. Histones are the hubs
around which DNA is coiled to create chromatin. Thus,
their phosphorylation, methylation, and acetylation are
essential for chromatin remodeling and gene expression.
Histone acetylation usually leads to chromatin increased

flexibility, which improves gene expression, while

Table 1. The nutrients main epigenetic effects

Indirect action on substrate availability

B vitamins Bg
BlZ

Methyl donor Met

Micronutrients Cl
Zn2+

Direct action on enzymes:

Epigallocatechin Green tea

Resveratrol Black grapes, red wine
Curcumin Turmeric

Genistein Soy

Selenium Brazil nuts

Butyrate Fibers

Organosulfur compounds Garlic, onions
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deacetylation condenses the chromatin and frequently
silences genes [31-33]. Histone alterations are being
affected by plant-derived polyphenols. By acting as
histone deacetylase (HDAC) inhibitors, they increase
tumor suppressor genes (TSG) expression and decrease
cancer risks. Lastly ncRNAs (IncRNAs) are important post-
transcriptional regulators of gene expression, and they
include IncRNAs and microRNAs (miRNAs). They act by
attaching to messenger RNA (mRNA) and either
increasing or decreasing mRNA translation [34-36].
Cancer, MS, chronical inflammations, etc. are related to
miRNA and IncRNA expression regulation. ncRNA
expression is influenced by certain plant-derived
polyunsaturated fatty acids (PUFAs). They impact the
miRNA production, what affects the metabolism

regulation [37-38].

The Role of Diet in Epigenetic Regulation: Nutrients and
bioactive dietary ingredients are important for epigenetic

regulation (table 1) [39].

Methyl acceptor/donor

Met synthase cofactor

Precursor of S-adenosyl-Met

homo-Cys (homocysteine) remethylation

homo-Cys methyltransferase cofactor

DNMTinhibition; HATactivation
DNMTinhibition; HDACinhibition
DNMTinhibition; HATinhibition; HDACinhibition
DNMTinhibition; HATinhibition; HDACinhibition
DNMTinhibition

HDACinhibition

HDAC inhibition

Met, Bi,, and Bg as methyl-donors are important for one-carbon groups metabolism and ensure DNA Cyt methylation, what is critical for

EC. Global DNA hypomethylation, as cancer risk factor, can result from a lack in these nutrients. Pogribny et al. in 2008 showed that

hypomethylation, activating the oncogenes and silencing TSG, is a result of insufficient methyl donors.
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Hypomethylation is linked to neurological
pathologies and CVDs. The diet high in these vitamins is
essential for avoiding the mentioned illnesses [41-43].
Polyphenols are the components of tea, fruits,
vegetables, etc. and are important for EC of histone
modifications. Their acetylation and methylation are
influenced by polyphenols (bioflavonoids or vitamin P
group), phenolic acids, stilbenes, which in turn affects
gene expression. Resveratrol inhibits HDACs. It’s mostly
found in grape products. TSG are activated when
resveratrol increases histone acetylation through the
inhibition of HDACs [44-46]. Lagouge et al.'s (2006)
research revealed that its capacity to raise histone
acetylation accounts for some of anti-tumor effects [47].
The effects of green tea's catechins, were shown by Fang
et al. (2003) and Weinstein et al.'s (2007) for histone
methylation, which may decrease cancer risks. However,
the green tea anticancerogenic properties research
remain actual due to the absence of regular data about
the overconsumption and negative effects of it on
stomac cancer [48-50]. miRNAs regulate omega-3 and

omega-6 fatty acids (FA) metabolism, what is important
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for inflammation, lipid metabolism and insulin sensitivity.
Fish and seed oils include omega-3 PUFAs, which
downregulate pro-inflammatory miRNAs, decreasing
chronical inflammation, CVDs, etc. [51]. Omega-3 FA
decrease inflammation, improve lipid profiles and insulin
sensitivity. The diets high in omega-6 PUFAs are related
to increased pro-inflammatory miRNAs, which contribute
to chronic inflammations, cancer and CVD. Maintaining
an optimum mix of omega-3 and omega-6 FA is critical for
controlling miRNA expression and lowering the

mentioned illness risks [52-55].

Epigenetics and Cancer: Epigenetic alterations are often
changed in malignancies, influencing tumor formation
and progression [56]. Importantly, nutrition influences
these epigenetic changes and has a potential for both
cancer prevention and therapy. Often cancers are linked
to DNA hypermethylation (silences TSG) and
hypomethylation (activates oncogenes). Abnormalities in
it can affect cellular growth [57-59]. By, B1; and SAM (S-
adenosyl-Met) are important for DNA methylation (Fig. 2)
[60].

Dietary
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Fig. 2. Effect of diet on DNA methylation.
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Both low and high levels of them are related to
cancer risks. Inadequate By consumption is linked to
increased risk of colon cancer, mainly due to oncogene
hypomethylation. Bs overconsumption promotes cancer
growth by hypermethylating and silencing of TSG [61].

Cancer-preventive properties of plant-derived
polyphenols are associated with their capacity to impact
histone changes [62]. These compounds (including
resveratrol and epigallocatechin gallate or EGCG from
green tea), have been demonstrated to block HDACs,
resulting in the reactivation of tumor suppressor gene.
They inhibit HDACs, which induces histone acetylation
gene expression activation. Beyond the histone
modifications, polyphenols influence DNA methylation:
curcumin, a polyphenol of turmeric, has been
demonstrated to demethylase tumor suppressor gene
promoters, causing them to reactivate in cancer cells [63-
65]. Thus, polyphenols affect numerous epigenetic
pathways to achieve anticancer activity. Dysregulated
miRNA expression contributes to suppression of TSG or
the activation of oncogenes. It is associated with
different types of cancer [66]. Omega-3 PUFAs and
polyphenols, might modulate miRNA expression,
potentially influencing cancer-related pathways. They
affect inflammation miRNAs expression and control cell
proliferation. Polyphenols EGCG and resveratrol can
affect miRNA expression, targeting pathways implicated

in tumor suppression and cancer development [67-69].

Epigenetics and Cardiovascular Diseases (CVD): CVD is
the leading cause of mortality globally. The research is
increasingly highlighting the significance of epigenetic
pathways in its progression. CVD is impacted by both
hereditary and environmental factors, including food.
Epigenetic changes, play critical roles in pathophysiology
of CVD, including atherosclerosis, hypertension, and
heart failure. Understanding these mechanisms may

assist to create better preventative and treatment
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methods. Aberrant DNA methylation patterns are
increasingly thought to contribute to CVD risk.
Hypermethylation of lipid metabolism and inflammation
genes are linked to increased risks of atherosclerosis.
Hypermethylation of genes affecting cholesterol
transport or inflammatory cytokines can accelerate the
vascular atherosclerotic plagues development [70-71].

Vitamins Bg and B, can offer protection against
CVD, because they are required to maintain normal
methylation patterns. A proper intake of them reduces
homo-Cys (homocysteine) levels, a well-known risk factor
for CVD [72]. Homo-Cys increased level can harm the
blood vessels, but methyl-donor meals can help prevent
this, potentially decreasing CVD risks [73]. miRNAs also,
are important for CVD development epigenetic
regulation. They affect the lipid metabolism,
inflammation, and endothelial function, all of which are
important for cardiovascular health [74]. Dysregulated
miRNA expression is linked to CVDs. The studies reveal
that food might influence miRNA levels, providing a
possible treatment strategy. For example, omega-3
PUFAs contained of fish oil reduce the expression of
miRNAs associated with inflammation and lipid
metabolism, potentially decreasing the risk of CVD.
Omega-3s affect the expression of miR-33 (family of
miRNA precursors, which are processed by the Dicer
enzyme to give mature miRNAs) effecting the cholesterol
regulation, improving lipid profiles and lowering
atherosclerotic risks [75-76].

In addition to omega-3s, resveratrol and quercetin
of apples, onions, and tea, have cardio-protective effects
by modulating miRNA expression. Resveratrol
upregulates miRNAs that increases the endothelial
function and decreases the inflammation, regulating
blood vessel functions. Quercetin impacts the miRNA
expression, regulating the vascular smooth muscle cells,
hence preventing arterial stiffness and other

hypertension-related disorders [77-79]. Hypertensionis a
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major risk factor for heart failure and other CVDs.
Epigenetic modulation is critical for blood pressure
management, because DNA methylation patterns are
linked to hypertension development [80]. In
hypertensive individuals, altered methylation has
resulted in persistently high blood pressure due to
epigenetic modifications in genes involved in renin-
angiotensin system (RAS) balance, regulating the blood
pressure, fluid modified vascular tone and control, such
as like the salt balance [81]. Antioxidants and salt intake
are two dietary variables that affect epigenetic
modifications. An excessively salty diet led to aberrant
methylation of Vascular Endothelial Growth Factor
(VEGF), what raises blood pressure. Conversely, diets rich
in omega-3 FA and polyphenols may protect against
these epigenetic modifications causing hypertension [83-

85].

Epigenetics and Metabolic Disorders: Metabolic
disorders (obesity, T2D), etc.), are multifactorial illnesses
caused by the mix of hereditary and environmental
variables, with epigenetic changes playing a critical role.
According to recent study, people with metabolic
diseases more frequently have different DNA
methylation patterns than people who are healthy. For
example, hypermethylation of genes involved in insulin
signaling and glucose metabolism (GM) are linked to
higher risk of T2D [84]. DNA methylation alterations in
PPARy (Peroxisome Proliferator-Activated Receptor
Gamma) and IRS1 (Insulin receptor substrate 1), involved
in adipocyte development and insulin signaling are linked
to insulin sensitivity and metabolic abnormalities [85].
Adequate consumption of By, B12 helps maintain normal
methylation patterns, which control GM. Methyl donor-
rich diet can enhance insulin sensitivity and lower T2D
risks [86]. Dietary therapies targeting epigenetic
modifications may aid in managing inflammation and

metabolic  health, since  hypomethylation  of
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inflammatory genes like TNF-a has been linked to obesity
[87]. Histone changes control Glc homeostasis, lipid
metabolism, insulin  sensitivity, etc.: acetylation
stimulates gene expression by relaxing chromatin
structure and allowing transcription factors to access
DNA. In case of GM genes, it can improve insulin
sensitivity and Glc absorption in tissues. FOXO1
(Forkhead box 01) is also involved in gluconeogenesis
and insulin signaling. Its histone methylation led to
increased Glc production and insulin resistance. Histone
acetylation of other genes can enhance the lipid
synthesis and led to fatty liver disease or dyslipidemia
[88-89]. Resveratrol and curcumin have been
demonstrated to alter histone acetylation and
methylation, resulting in better lipid metabolism and
anti-inflammatory actions [90-91]. MiRNAs can either
increase or decrease the expression insulin signaling, fat
storage, and GM genes. Dysregulation of miRNAs (miR-
103 and miR-107) is associated with insulin resistance
and T2D. In these regards, omega-3 FA reduce pro-
inflammatory miRNAs associated to insulin resistance
[92]. Quercetin and EGCG can also alter miRNA
expression, resulting in anti-inflammatory and

metabolism-regulating beneficial effects [93].

CONCLUSION

Food-based nutrients and bioactive substances can alter
important epigenetic processes, including histone
modification, DNA methylation, and ncRNA expression,
which in turn affects gene expression related to health
risks. This review provides a ground-breaking
investigation of how dietary choices affect epigenetic
pathways, contributing significantly to our understanding
of nutrition's involvement in chronic illness prevention
and management. It explains how foods interact with
essential epigenetic processes to influence gene
expression. It also dives into developing topics, such as

the effect of dietary components on miRNAs, and offers
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the idea of dietary interventions throughout important
life phases (pregnancy, etc.) as the potential innovative
technique of preventive medicine. The review
emphasizes prospective research priorities (personalized
nutrition, nutrient-epigenome interactions, etc.). Finally,
this finding paves the way for development of nutritional
interventions and therapeutic techniques for diseases
influenced by epigenetics, such as cancer and metabolic

disorders.

Abbreviations: CVD, Cardiovascular disease; Cyt,
cytosine; EGCG, epigallocatechin gallate; ELISA, enzyme-
linked immunosorbent assay; FA, fatty acids; FOXO1,
Forkhead box O1; Glc, glucose; GM, glucose metabolism;
GLUT4, insulin-regulated glucose transporter 4; Gua,
guanine; HDACs, histone deacetylases; HDL, High Density
lipoproteins; IRS1, Insulin receptor substrate 1; homo-
Cys, homocysteine; IncRNAs, Long non-coding RNAs;
Met, Methionine; MS, metabolic syndrome; mRNA,
messenger RNA; miRNA, microRNA; ncRNA, non-coding
RNA; PPARYy, Peroxisome Proliferator-Activated Receptor
Gamma; RNA, ribonucleic acid; PUFAs, polyunsaturated
FA, PUFAs; SAM, S-adenosylmethionine; SREBP1, Sterol
regulatory element-binding transcription factor 1; TSG,
tumor suppressor genes; T2D, type 2 diabetes; VEGF,

Vascular Endothelial Growth Factor.
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