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Abbreviations: IGF-1, insulin-like growth factor 1; ncRNAs, 
non-coding RNAs; HAT, histone acetyltransferase; HDAC, histone 
deacetylase; DNMT1, DNA methyltransferase 1, ROS, reacting 
oxygen species; AdoMet or SAM, S-adenosylmethionine; AdoHcy, 
S-Adenosylhomocysteine; LC-PUFAs, long chain polyunsaturated 
fatty acids

Introduction
Epigenetics refers to the study of heritable changes in gene 

expression that do not depend on the DNA sequence itself. Those 
changes alter the phenotype without any change in the genotype and 
can be influenced by several factors. The environment, the way of 
living, habits, age, parental nutritional state during gestation and others 
are amongst the major factors influencing chromatin remodeling. In 
eukaryotes, the DNA is organized around histone proteins to form 
chromatin fibers. Chromatin undergoes substantial changes during 
cell cycle from extremely compacted, during mitosis, to stages when 
individual chromosomes are not visible and the chromatin appears 
diffuse and unorganized. Condensed chromatin is associated with 
transcriptional inactivity, while diffuse and relaxed chromatin fibers 
are correlated with active transcription. Chromatin condensation 
affects the accessibility of the DNA to transcription factors and 
other regulators preventing transcriptional activity. Epigenetic 
modifications controlling chromatin condensation include DNA 

methylation, histone modifications, alterations of chromatin structure 
due to chromatin remodeling and non-coding RNAs (ncRNAs).1 The 
acquired epigenetic changes can be inherited during cell division and 
result in a permanent change, maintained in the cell lineage.2 

DNA methylation refers to the addition of a methyl group (CH3) 
to the cytosine or adenine bases of the DNA. Adenine methylation 
has received very little attention so far while cytosine methylation 
is more characterized. Methylation of cysteine occurs to position 5 
on the pyrimidine ring in a cytosine-guanine (CG) pair also known 
as CpG site. DNA methylation is achieved through the activity of 
DNA methyltransferase enzymes, which catalyze the transfer of 
methyl groups to DNA. The lack of regulation in CpG methylation 
is associated with the loss of imprinting control, the demethylation 
of promoters and the transcription of genes that would otherwise be 
silenced with the subsequent development of cancer.3

Histone modifications

The nucleosome is the fundamental subunit of the chromatin. 
It consists of 147 base pairs of double stranded DNA wound twice 
around an octameric histone protein complex.4 Several histone 
modifications have been described, including mono-, di-, and tri-
methylation, acetylation, ubiquitylation, phosphorylation, and 
ribosylation. Histone modifications most commonly occur on the N 
terminus of histone tails. Modifications on histone tails can influence 
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Abstract

In the last few years, the idea of food and nutrition has undergone radical changes. The 
paradigm defining food as a simple source of energy and body mass has evolved in a 
novel concept, in which nutrients can exert specific functions directly linked to human 
health. Several edibles contain biological active compounds that influence cellular, 
metabolic and physiologic processes. A variety of dietary compounds have been 
associated with specific effects and mechanisms of action, often involving epigenetic 
modifications and gene expression changes. DNA methylation, histone modifications 
and the activity of non-coding RNAs control chromatin condensation state, allowing 
the interaction of DNA with transcription factors required for transcriptional activation. 
Some metabolites act as substrates of key chromatin remodeling factors or compete 
with other substrates, influencing their catalytic activity. The quantity and quality of 
macronutrients assumed by diet offers a possible mechanism of interaction between 
the body and its environment. A number of biological compounds are known to interact 
with the epigenome. Folic acid, methionine, choline and other B group vitamins are 
an important source of one-carbon groups required for methylation of histone proteins 
and non-histone chromatin remodeling factors. Other compounds like polyphenols, 
including resveratrol, curcumin and quercetin exert a multitude of biological 
activities. Furthermore, these compounds can influence DNA methyltransferases, the 
enzymes responsible for DNA methylation. Dietary interventions aimed to maximize 
potential health benefits derived from nutrition have shown that dietary regimens can 
be very effective for prevention and treatment of several diseases. Calorie restriction, 
protein restriction, fast mimicking diets or time restricted feeding have shown to 
have significant effects on health. Food quality is crucial for the activity of biological 
compounds and their potential health benefits. Diets rich in animal-derived proteins 
are associated with higher rates of mortality compared to diets based on plant-derived 
proteins. 

Keywords: personalized nutrition, functional foods, disease prevention, disease 
treatment, diet
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the chromatin state and control the accessibility of the DNA to 
transcription factors. Different modifications are associated with active 
or inactive DNA transcription and only rarely one specific histone 
modification determines gene expression levels. It is the combination 
of specific histones and types of modification that determines the 
active or inactive state of chromatin. Histone acetyl transferases 
(HAT) are the enzymes responsible for acetylation, the addition of 
acetyl group. Histone deacetylases (HDACs) are responsible for the 
removal of acetyl groups, referred to as deacetylation. Several genes 
associated with histone modifications are commonly overexpressed in 
prostate cancer5 and aberrant patterns of histone modifications have 
been associated with carcinogenesis.6 

Non-coding RNAs (ncRNAs)

These are untranslated transcripts that exert functional roles 
in epigenetic gene regulation. On the base of their length, they can 
be classified as short (sncRNAs less than 200 nucleotides), or long 
(lncRNAs longer than 200 nucleotides) and act in regulating gene 
expression by a number of mechanisms, including heterochromatin 
formation and inhibition of translation.3,7 There is a strong association 
between misregulation of miRNAs activity and the development of 
cancer. For example miR-101 and other factors targeting the histone 
methyl-transferase EZH2 are associated with carcinogenesis (Figure 
1).8,9

Figure 1 Principal epigenetic mechanisms regulating gene expression.

The extension of life expectancy in developed countries paves the 
way for the development of older populations and the corresponding 
increase of age-related diseases. Metabolic disorders, diabetes, heart 
and lung diseases, cancers and other diseases have been associated 
with several genetic and environmental (diet, pollution, stress) 
factors. A variety of factors are known to influence gene expression 
(Table 1). The genetic background characterizes every single 
individual. However, we cannot directly manipulate our genome to 
improve our health. Knowing our characteristics we can indeed act 
on the external factors to ameliorate life quality and health. The 
beneficial effects of foods have been known for a long time. Ancient 
Egyptians, Romans and Chinese already used honey to cure wounds 
or intestinal problems.2 Nowadays, we have a growing collection of 
data indicating specific links between nutrients, metabolism, health 
and ageing. In the last decade, epigenetic modifications become 
central in cancer development and ageing. Several phytochemicals, 

other bioactive food components and metabolites can modulate 
oxidative stress, inflammatory and metabolic pathways influencing 
chromatin remodeling.10 A variety of dietary nutrients can interact 
with DNA methylation enzymes and histone modifications or alter 
the availability of substrates required for enzymatic reactions.11 
Epigenetics appears to be the link between environment-associated 
diseases, nutrition and health. Nutrients can modify the epigenetic 
program and influence gene expression therefore controlling the 
intake of functional food components through diet can be powerful 
in preventing age-related and other diseases including cancer.12–14 It 
is emerging a novel view of food and metabolites, in contraposition 
to the classical paradigm based on the chemical conversion of food 
in energy and body mass. Foods and metabolites can actually impact 
on the genome through epigenetic regulation and control of stress 
adaptive responses, energy metabolism, immune homeostasis, and 
physiology.15–18 Furthermore, studies in animal models suggest that 
maternal nutritional imbalance, during critical period of development 
(i.e. gestation), may influence the health of the offspring and perhaps 
even next generation’s health. Diabetes, cardiovascular disease, 
allergy, some forms of cancer, cognitive decline, and affective 
disorders may have important connection with the parental nutritional 
status.19–25 Studies in human populations following famine reflect the 
results on animal models, suggesting that nutritional insult during 
pregnancy may increase the probability of cardiovascular disease 
development in the offspring.26–28 Paternal nutrition may also play an 
important role in offspring and future generations health.29,30 All these 
studies converge on the central role exerted by nutrition during the 
entire life, and perhaps even through generations, suggesting that diet 
could be used as a pharmacological agent to improve health and life 
expectancy.
Table 1 Principal factors influencing gene expression

Factors influencing gene expression

Genetic Background

Nutrients Levels

Dietary Components (fats, proteins, phytoestrogens, etc)

Toxins (chemicals, metals, drugs, etc )

Physical exercise and activity

Life style (sleep, work, etc)

Sunlight exposure and vitamin D levels

Interactions with bacteria and viruses

Further unknown factors

Discussion
Some food components have been described to interact with 

the epigenome in different ways. For example, folic acid, B 
vitamins and others are key components of a metabolic pathway 
generating methyl groups available for DNA methylation 
enzymes. The S-adenosylmethionine (AdoMet or SAM) and the 
S-adenosylhomocysteine (AdoHcy) metabolites participate in the one-
carbon metabolism, are involved in the transfer of methyl groups and in 
the inhibition of methyl transferases, respectively. Thus, AdoMet and 
AdoHcy can alter DNA methylation and histone modifications. Other 
foods contain anti-oxidant metabolites, which counteract reacting 
oxygen species (ROS) responsible for the oxidative stress influencing 
DNA demethylation.31–35 Excessive formation of ROS and oxidative 
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stress can lead to pathological conditions, including cancer.36,37 Folate, 
also known as vitamin B9, is a one-carbon donor and participates to 
the one-carbon metabolism. Folate is essential for the synthesis of 
DNA, proteins and phospholipids, cell division, and the formation 
of erythrocytes. Folate has been associated with atherosclerosis, 
neurological disorders, and carcinogenesis.38 Furthermore it exerts 
antioxidant activity influencing the NO synthase enzyme.39 Folate 
is acquired exclusively from diet, and deficiency in folate affects 
human development and health. A lack of folate during pregnancy 
could lead to abnormal neural tube development in the baby, while in 
adults, it could lead to megaloblastic anemia, the release of immature 
erythrocytes into the blood stream. Other vitamins B play a central role 
in one-carbon metabolism. Methionine is one of the essential amino 
acids that may interfere with one-carbon metabolism, and act on the 
epigenome to modulate gene expression. Polyphenols represents 
one of the most abundant classes of natural products obtained from 
plants. In addition to their natural variability, most of polyphenols 
can be glycosylated or acetylated at distinct positions of the sugar 
skeleton originating an innumerable number of different molecules.40 
They can be classified in phenolic acids (benzoic acids and cinnamic 
acids), flavonoids (antocyanins, flavan-3-ols, flavones, flavanones and 
flavonols), polyphenolic amides (capsaicinoids and avenanthramides) 
and other polyphenols (resveratrol, ellagic acid, lignans, curcumin, 
rosmarinic acid, tannins).40 Polyphenols exert a wide range of 
biological activities, including potential effects against cancer, aging, 
and inflammation.41 Besides, they have strong antioxidant activity and 
can influence DNA methylation, by inhibiting the enzyme DNMT1.3 
Epigallocatechin gallate (EGCG) is the ester of epigallocatechin and 
gallic acid, and is the most abundant catechin found in tea. Polyphenol 
compounds act as powerful antioxidant42 and show effective anti-
cancer properties. EGCG in particular was described alter the 
epigenome by inhibiting the enzyme DNA methyl transferases in 
human esophageal, colon, prostate, and mammary cancer cell lines.43 
Moreover, EGCG was correlated with the inhibition of invasive 
metastasis in pancreatic cancer, through the inhibition of HDAC 
enzymes and increased expression of the histone H3.44 Curcumin from 
turmeric (Curcuma longa, Curcuma domestica) is another member of 
the polyphenol class with strong anticancer potential, which was shown 
to influence histone modifications. In particular, it was associated 
with the induction of histone hypoacetylation in glioma cells45 and the 
inhibition of H3K27 methylation mediated by EZH2 (histone-lysine 
N-methyltransferase) in metastatic cancer cells.46 In addition, extracts 
from Curcuma domestica have been reported as effective as ibuprofen 
for treatments of knee osteoarthritis.47 Quercetin is a further flavonoid 
with a wide range of biological properties. Recent studies have 
associated quercetin to strong anti-inflammatory, anti-viral and anti-
carcinogenic activities along with attenuation of lipid peroxidation.48 
Moreover, this polyphenol was shown to act as mast cell inhibitor 
to treat allergic and inflammatory diseases.49 Thus, polyphenols can 
act on the epigenome through different mechanisms, including DNA 
methylation and histone modifications. Other vitamins can influence 
health by interacting with the epigenome. Retinoic acid (vitamin A) 
is required for growth and development. This vitamin interacts with 
a number of the Polycomb group proteins, responsible of chromatin 
remodeling mediating the epigenetic regulation of several genes.3 
Vitamin D also interacts with the epigenome in different ways. Key 
genes of the vitamin D pathway are regulated by DNA methylation 
of CpG sites, located in the promoter of those genes. Furthermore, 
the vitamin D receptor protein directly interacts with a number of 
cofactors responsible for the activation and repression of several 

chromatin remodeling factors, including histone acetyltransferases, 
histone deacetylases, and histone methyltransferases.50 Fatty acids 
are carboxylic acids with a saturated or unsaturated aliphatic chain 
that can play a variety of different functions, from energy sources 
to membranes constitution and maintenance. They can influence the 
membrane structure and function, impacting on signaling pathways, 
transcription factor activity, and ultimately gene expression. Thus, fatty 
acids can influence the activity, the signal response and metabolism 
of cells and tissues playing health-promoting roles. Fatty acids have 
an effect on a variety of diseases, encompassing metabolic diseases, 
diabetes, cardiovascular diseases and cancer.51 Omega-3 and omega-6 
long chain polyunsaturated fatty acids (LC-PUFAs), including new 
families of PUFA-derived lipid mediators called resolvins, protectins 
and maresins, play active anti-inflammatory roles and are crucial for 
the nervous system functionality. Many other biological compounds 
are known to have the ability to influence chromatin-remodeling 
factors. Allyl compounds, isothiocyanates, lycopene, hydroxytyrosol 
can exert antioxidant and other health promoting activities. 

An increasing number of studies highlight new connections 
between health and nutrition, leading the development of a range of 
dietary interventions to treat diverse diseases. The study of intertwined 
interactions between diet and genome has led to the development of 
nutrigenetics and nutrigenomics. This novel field aims to shed new light 
on the interactions between epigenetics, nutrigenetics, transcriptomics, 
metabolomics, and lipidomics on a whole genome scale. Aging is the 
result of complex processes, involving the accumulation throughout 
life of cellular damages that progressively impair cellular functions 
and increase the risk of disease and death.52 Several studies focusing 
the link between nutrition and aging described, initially in animal 
models and subsequently in humans, the beneficial effects of fasting 
periods to counteract the aging process and extend life expectancy. 
Therefore, dietary interventions aiming to counteract processes such 
as aging as well as a variety of metabolic and other diseases have 
started to gather the attention of a larger audience. Public interest on 
food quality and food nutritional content is growing everyday and the 
market mirrors an increasing request of specific bioactive-containing 
foods with distinct properties. The increasing number of diseases 
associated with animal-derived foods containing low quality fatty 
acids and the lack of physical activity is forcing doctors to identify 
novel strategies beyond pharmaceutical treatments to prevent, reverse 
or cure diseases (Figure 2). Dietary restriction is used to describe 
a variety of diets characterized by specific nutrient and/or energy 
restriction, associated with positive effects on health.53 In particular, 
the reduction of total food intake (between 20% and 40%) is referred to 
as calorie restriction.54 Protein restriction indicates a reduction of total 
protein intake, while methionine or tryptophan restriction refers to the 
restriction of the methionine or tryptophan amino acid specifically. 
These dietary interventions have been associated with cardiovascular 
disease prevention and treatment. The restriction of total energy 
intake is not necessarily required to achieve beneficial effects derived 
by calorie restriction. Protein restriction, fast mimicking diets and 
time restricted feeding can trigger similar beneficial health responses. 
Dietary regimens based on macronutrient restriction without calorie 
restriction can be effective in counteracting metabolic diseases. Protein 
restriction has received an increasing attention, and the quality of 
protein and amino acids composition may play a crucial role metabolic 
disease prevention and treatment. Individual amino acids, the building 
blocks of protein, can have distinct effects on metabolism. Decreased 
intake of branched chain amino acids, such as leucine, isoleucine and 
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valine, leads to a reduction of glucose and IGF-1 levels, improving 
metabolism.53 Other dietary strategies focus on the beneficial effect 
of fasting. Fasting periods activate AMPK, which promotes catabolic 
and repair processes, and inhibits the activity of mTOR and anabolic 
pathways.55 Among these strategies we would like to mention time 
restricted feeding and fast mimicking diets. Time restricted feeding 
is characterized by the standard caloric intake consumed within few 
hours, to allow a fasting period of 12-14hours a day. Fast mimicking 
diets are designed to provide macronutrient content able to mimic 
water only fasting, while providing complete micronutrient content. 
For example, a human fast mimicking diet can be characterized by 
a five-day regimen, repeated 3 cycles in a month, providing between 
725 and 1090kcal per day.55 The Mediterranean diet is associated 
with a lower risk of cardiovascular and cancer disease development, 
as well as with prolonged lifespan.56,57 It is based on daily intakes of 
high quantities of fresh fruit and vegetables, olive oil, cereals and 
fresh fish. The beneficial effects of the Mediterranean diet may be the 

result of the combined action of high antioxidant-containing meals, 
enrichment of olive oil derived fatty acids and daily life activities 
promoting social interactions and positive moods. A variety of 
dietary interventions proved to be effective in counteracting disease 
development and may be a significant support for chronic diseases 
treatment. Dietary interventions based of meal composition without 
calorie restriction can be specifically designed to prevent or treat age-
related, metabolic, and other diseases. Selected functional foods with 
high bioactive compounds content can be used to control disease-
associated markers, and dietary regimens can be planned based on 
specific food properties. Genetic analyses allow the identification of 
variants associated with metabolic or other diseases that may interact 
with nutrients in order to identify foods “to avoid” or “to prefer” on 
the base of our unique characteristics (Figure 3). Personalized dietary 
interventions will soon allow medical doctors to use nutrition as a 
primary tool for medical treatments.

Figure 2 Comparison of diets based on the total intake of calories. (CR: calorie restriction; FMD: fast mimicking diets; DR: dietary restriction).

Figure 3: The intertwined interactions between genetics, nutrition, ageing and health will be crucial for the development of personalized nutritional interventions.
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Conclusion
Many edibles contain biological compounds that play a variety 

of crucial roles in metabolic and cellular processes. These biological 
compounds are critical in promoting health and counteract the 
development of a variety of diseases. Polyphenols, fatty acids, 
vitamins, amino acids, and other metabolites can interact with the 
epigenome and exert a variety of activities required for cellular 
processes directly linked to health. Dietary interventions can have 
significative effects on cardiovascular diseases, metabolic diseases, 
and cancer. Effects of dietary interventions can be measured using 
specific markers associated with distinct pathologies. A dietary 
regimen based on high antioxidant intake with meals rich in fruit and 
vegetables is crucial for maintaining proper health functions, and 
prevent precocious ageing. The Mediterranean diet based on high 
daily consumption of fresh fruit and vegetables, olive oil, fresh fish 
and cereals is associated with lower risk of cardiovascular and cancer 
disease development. Olive oil and unsaturated fatty acids should 
be preferred to saturated ones while fruit and vegetables should be 
served within few days after gathering, to ensure high bioactive 
compounds content. Controlling energy intake is crucial to achieve 
beneficial effects of dietary interventions. Calorie restriction can be 
sustained for prolonged periods of time under strict medical advice 
and lead to significant health improvements, including a reduction 
of inflammatory and cardiovascular markers. Similar benefits can be 
obtained through diets based on dietary restriction, protein restriction 
or time restricted feeding. Fast mimicking diets have also shown 
to be effective in reducing diseases-associated markers, including 
blood pressure and heart rate. It is already possible to analyze genetic 
differences among individuals in order to characterize metabolic 
and other genetic peculiarities to identify personalized dietary 
interventions with therapeutic or beneficial effects. The development 
of analytic methods for the characterization of individual responses 
to nutrients and the identification of functional foods enriched 
in bioactive compounds will allow more accurate personalized 
nutritional strategies in the next future.
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