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Abstract 

In recent decades, research into how our cells function using cellular and molecular 

approaches has further opened our understanding of how homeostasis is disrupted by 

environmental insults. Unhealthy diet over time generates a wide range of problems that 

lead to morbidity and mortality. Previously, the causes of diseases were attributed solely 

to the genetic makeup of individuals, however, epigenetics emerged to help understand 

how lifestyles can influence the expression of an individual's genes. Therefore, in this 

review article, we discuss recent evidence indicating that dietary components can 

modulate gene function through epigenetic control (e.g., DNA methylation, histone 

modifications, and microRNAs) to maintain homeostasis. In addition, it is discussed what 

happens when harmful nutritional habits predominant (e.g., high fat and sugar diet and 

low consumption of vitamins-rich foods); a situation that deteriorates and interrupts the 

way our genes work. The importance of this field lies in the fact that nutritionists, in the 

future, could direct personalized nutritional therapies and, above all, they could practice 

health promotion with an integrated knowledge on how diet regulates our genes. 

1. Introduction 

In 2022, the release of the complete sequence of the 

human genome opens the way to understand how faults 

in specific areas of DNA lead to diseases. There are ~20 

thousand protein-coding genes that make up ~2% of all 

human genomic information (Nurk et al., 2022). The non

-coding regions of the genome are diverse and play a 

pivotal role in the regulation of coding genes involved in 

a multitude of biological processes (Gloss and Dinger, 

2018).  

Human coding and non-coding genomic regions are 

sensitive to  regulation by the environment, and this way 

of regulation involves the field of epigenetics. 

Epigenetics, which means “above DNA”, includes 

adjustments in gene expression profiles without the need 

of replacing any nucleotides. For instance, these 

epigenetic changes involve the aggregation of chemical 

groups on DNA and on histones; the dynamics of histone 

and nucleosome assembly; and non-coding RNAs. These 

epigenetic changes can be passed on to daughter cells 

during mitosis and depending on the cell type, they are 

found in different patterns and inappropriate regulation 

leads to chronic diseases (Al Aboud et al., 2021). 

The connection between diet and disease is observed 

mainly in epidemiological and animal studies. For 

example, studies support the hypothesis that a Western 

dietary pattern plays a role in cancer development 

(Flores-García et al., 2022). On the other hand, 

nutritional regimens such as Mediterranean diet that are 

rich in vegetables are associated with a decreased risk of 

disease (Aune et al., 2017; Schwingshackl et al., 2020; 

Flores-García et al., 2022).  

Experimental studies corroborate the notion that the 

diet contains compounds, that at the molecular level, 

alter the gene expression of hundreds of genes (Herrera-

Marcos et al., 2017). This suggests that genetics is not 

the only contributor to disease risk. We pose this 

scenario: certain individuals may have been born with 

"good genes," but if they are exposed to harmful 

environmental factors, they may develop some disease; 

and depending on the gene involved, it could cause 

diseases such as cancer.  

In this minireview, we briefly discuss recent findings 

on how diet and the food components, through 

epigenetic mechanisms, play a role in homeostasis and 

disease development. In addition, our goal is to provide 

insights to health science professionals of the possible 
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effects of nutritional habits during health and disease. 

 

2. Epigenetic regulation by nutrients 

Central dogma of molecular biology posits that the 

expression of protein-coding genes involves a) formation 

of messenger ARN by transcription and b) protein 

synthesis by translation. This simplistic view of gene 

expression is regulated by environmental signals that do 

not change the nucleotide sequence of DNA; this way of 

regulation is called epigenetics. There are three 

mechanisms of epigenetic control: a) DNA methylation, 

b) histone modification and c) non-coding RNA. In all of 

them, diet and food constituents play a role.  

2.1 DNA methylation  

It consists of the placement of “chemical labels'', 

such as methyl groups, on top of the DNA sequence and 

specifically on the cytosine’s nucleotide to form 5-

methylcytosine (5mC) in a promoter region of hundreds 

of genes. When the promoter region of a gene is 

methylated, the gene is turned off or silenced at the 

transcriptional level. This process is carried out by 

DNMTs or DNA methyltransferases that use S-

adenosylmethionine (SAM) as the methyl group donor 

(Figure 1-A). However, the hypermethylation of 

promoters, sometimes and in a context-dependent 

manner, turns out in transcriptional activation (Smith et 

al., 2020). Demethylation is also a dynamic event that is 

carried out in the human genome by ten-eleven 

translocation (TET) dioxygenases (Figure 1-B) (Shi et 

al., 2021).  

Dietary folate, betaine, choline, and other B vitamins 

are sources of methyl groups (Ducker and Rabinowitz, 

2017). Hundreds of genes are regulated by methylation 

and therefore inappropriate methylation can cause 

genome instability, which in turn could increase the 

incidence of disease (Jones and Gonzalgo, 1997). For 

example, aberrant methylation in many different types of 

cancer is present (Mahmoud and Ali, 2019).  

In the line of cancer, tumor suppressor genes are 

methylated in certain promoter regions and, for instance, 

bioactive substances such as curcumin have shown to 

restore the function in vitro of the gene BRCA1 involved 

in breast cancer, also this compound induces methylation 

of the proto-oncogene SNCG involved in this type of 

cancer (Al-Yousef et al., 2020).  

In the case of vitamin D, Zhang et al. (2014) found 

that vitamin D-deficient rats during pregnancy had an 

offspring with insulin resistance during adulthood. 

Aberrant immune parameters (persistent inflammation) 

were also present; this effect may be related to the 

methylation of the Iκbα gene; a gene related to immune 

function (Zhang et al., 2014). In humans, a randomized 

controlled pilot study indicates that supplementation with 

vitamin D during pregnancy impacts the methylation 

marks of the DNA’s child (Anderson et al., 2018). In 

addition, vitamin D, as expected, has antitumorigenic 

properties and the potential molecular mechanisms are 

based on suitable methylation patterns in genes regulated 

by Vitamin D (Li et al., 2021). These genes are involved 

in immune function, metabolism, cell proliferation and 

cell death (Fetahu et al., 2014; O'Brien et al., 2018). 

Vitamin C, another micronutrient found mainly in 

plant sources, also has a pivotal role in the epigenetic 

marks such as methylation in humans. In a study 

conducted by Shorey-Kendrick et al. (2021) indicates 

that vitamin C supplementation rescued the negative 

methylation changes in the placenta caused by smoking 

during pregnancy. The authors indicated a potential 

positive role of vitamin C in the infant’s epigenome and 

the impact in appropriate methylation in genes involved 

in respiratory function.  

2.2 Histone modifications 

Histones are proteins that wrap around the DNA 

sequence and are responsible for DNA condensation. 

Histones contain residues susceptible to the binding of 

chemical tags such as acetyl groups. When this happens, 

histones no longer wrap around DNA and now the gene 

is accessible to transcription. The addition of acetyl 

group (acetylation) and removal of acetyl group 

(deacetylation) of histones at the lysine residue allow 

regulation of gene expression (Acevedo et al., 2019; Al 

Aboud et al., 2021). Figure 2 represents the acetylated 

histones that generate chromatin unpacking and, 

therefore, facilitate gene expression. Other chemical tags 

such as methyl groups also bind to histone residues, but 

Figure 1. DNA methylation: A) methylation of the promoter 

regions (cytosine residues) results in gene silencing, and B) 

Demethylation of the promoter region leads to gene 

expression.  
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the outcome (silencing or activation) will depend on the 

amount of methyl groups and the residues that are 

methylated; and diet contributes to this heterogeneous 

landscape (Molina-Serrano et al., 2019).  

Diet and its compounds regulate histone acetylation 

and deacetylation (Vahid et al., 2015). Phytochemicals 

such as polyphenols are widely known for their 

beneficial effects on gene expression and now, they are 

more relevant because they modulate the acetylation of 

histones, and in this way could prevent the development 

of chronic diseases (Russo et al., 2017). 

Nutrients modulates the histone marks throughout 

the life of an individual, even before birth the mother’s 

diet is critical. For example, a study on 173 human 

placentas showed that olive oil consumption during 

pregnancy plays a role in the modulation of histone 

acetylation; impacting genes associated with immune 

function in this critical tissue. Polyphenols and 

polyunsaturated fatty acids (PUFAs) may be the drivers 

(Acevedo et al., 2019). This example poses a scenario 

about how maternal diet impacts a tissue that is crucial in 

the dialogue between mother and the child, probably 

impacting the gene expression of the future newborn. In 

fact, researchers of the same group previously found that 

prenatal fish oil supplementation is associated with 

appropriate cord blood T cell maturation, through 

acetylation mechanisms involving the expression of the 

PKCζ gene (Harb et al., 2017). 

2.3 Non-coding RNA 

Within this group, we have microRNAs that consist 

of ~21 nucleotides and are complementary to a 6-8 

nucleotide "seed region" in messenger RNA (mRNA). 

By binding to mRNA, specifically at the 3'untranslated 

region (3-UTR), microRNA prevents the mRNA from 

being translated into protein. This mechanism is critical 

in the regulation of signaling pathways involved in 

cellular homeostasis (Otsuka and Ochiya, 2011). 

In animal models, choline and folic acid deficiencies 

increase the expression of microRNAs that promote non-

alcoholic fatty liver disease (NAFLD), for example, 

microRNA-134, microRNA-409-3p, microRNA-410, 

microRNA-495, microRNA-34-a, microRNA-122, etc. 

(Tryndyak et al., 2012; Tryndyak et al., 2016). In vitro 

experiments carried out by Ma et al. (2016), indicate that 

microRNA-409-3p participates in some malignant 

features of breast cancer.  

The administration of fish oil, as well as its 

component docosahexaenoic acid (DHA), positively 

regulates the expression of microRNA-19b, microRNA-

26b, microRNA-203, microRNA-192 and microRNA-30 

in order to dampen down the activity of the oncogenic 

and lipogenic genes (Shah et al., 2011; Acevedo et al., 

2019et al., 2014). Moreover, the polyphenols in extra 

virgin olive oil, resveratrol, epigallocatechin-3-gallate, 

sulforaphane and genistein –in addition to regulation 

mediated by methylation– have been related to the 

expression of microRNAs that reduce oncogenic activity 

and other metabolic alterations (De Santis et al., 2019; 

Del Saz-Lara et al., 2022). Figure 3 shows a 

representation about the possible role of food 

components in the regulation of host’s genes, particularly 

in the context of cancer.  

In addition to nutrient-altered intrinsic microRNAs, 

the regulation by exogenous microRNAs is opening our 

understanding of how our diet might regulate our gene 

expression in this way. For example, microRNA-168a, 

which is commonly found in rice, can be acquired 

through food intake. This finding is supported by 

analysis of the sera and tissues of various organisms, 

including humans. The physiological importance is 

based on the regulation of the low-density lipoprotein 

receptor adapter protein 1 (LDLRAP1) messenger RNA 

of mice and humans. Experiments in mice showed that 

microRNA-168a interferes with LDL clearance by 

elevating its concentration in the liver after only six 

Figure 2. Histone acetylation and deacetylation. 

Figure 3. The possible role of diet in the modulation of 

microRNAs involved in cancer development and progression. 

The question is about how exogenous microRNAs could be 

involved in cancer events.  
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hours of rice feeding (Zhang et al., 2012; Lang et al., 

2018). 

Some findings show that mice that ingested 

“rapeseed bee pollen” had microRNA-166a and 

microRNA-159 in their blood (Chen et al., 2016). Both 

are widely studied in plant physiology, and it remains a 

question whether they regulate the expression of human 

genes. These last two studies are examples that show that 

diet contains epigenetics regulators, and this is a case of 

cross-kingdom regulation. Figure 3 highlights a question 

mark about the possible role of exogenous microRNAs 

in the context of neoplastic events.  

 

3. Clinical relevance  

There are experimental and epidemiological studies 

that support the idea that a diet rich in minerals, 

vitamins, fiber, phenolic compounds, and essential fatty 

acids improves chronic diseases such as cancer (Nasir et 

al., 2020), diabetes (Basile et al., 2022) and Alzheimer 

(Romanenko et al., 2021). In addition, it has been 

suggested that a correct balance of the microbiota 

contributes with epigenetic modifiers (metabolites) with 

great potential to prevent or treat these diseases in 

humans (Zhao et al., 2021; Romanenko et al., 2021). 

This idea justifies the reason why microbiota is strongly 

linked to the regulation of the immune system, and at the 

same time, the immune system keeps host homeostasis; 

in other words, they work synergistically.  

Zimmet et al. (2018), based on the example of the 

Chinese famine (1959-1961) that increased the 

intergenerational risk of type 2 diabetes mellitus, it is 

suggested that public health interventions should be 

integrated with pregnancy planning, care of children and 

mothers during and after the months of pregnancy. This 

is supported by the notion that there are critical periods 

during development that the mother and fetus need 

certain amounts of good nutrients, and in this way avoid 

epigenetic dysregulation, that even could impact in a 

transgenerational way (Danielewicz et al., 2017).  

In 2011, Hardy and Tollefsbol, introduced the term 

“epigenetic diet”, a name strongly based on evidence 

indicating that chemical compounds from the human diet 

could modulate the state of the epigenome, and this 

could prevent or treat cell abnormalities such as cancer 

(Hardy and Tollefsbol, 2011). Chemical marks could be 

considered a biomarker for aging (Duan et al., 2022), for 

example, in a randomized controlled investigation in 

men adults (50 to 72 years old), Fitzgerald et al. (2021) 

showed that eight weeks of healthy lifestyles (including 

diet) improved the methylation marks of the tested 

group. This study suggests that deleterious chemical 

marks accumulated during lifespan could be “erased” or 

“prevented” by healthy lifestyles.  

In a pharmacological scenario, vitamins, minerals, 

and bioactive substances may have the desired effect in a 

dose-dependent manner and this could be limited when it 

is impossible to acquire higher amounts in a daily 

realistic nutritional regimen (Lewis and Tollefsbol, 

2017). Lewis and Tollefsbol (2017), suggest that 

combinatorial studies are needed to understand whether 

nutrients (epigenetic regulators) act in synergistic, 

additive, or antagonistic ways, particularly in the context 

of cancer (Otsuka and Ochiya, 2021). Therefore, we 

suggest further pharmacological studies to test the 

activity of epigenetic modifiers from the human diet in 

realistic settings, considering cultural, socioeconomic, 

and geographical factors. Finally, more emphasis must 

be given to communicate efficiently (to patients, 

governments, schools, hospitals, and food services) 

about the role of diet in the epigenome.  

 

4. Conclusion  

The close relationship between epigenetics and 

nutrients has implications in the understanding of the 

development and progression of many diseases. 

Although the composition of the metabolites of various 

foods is still unclear, more emphasis is being placed on 

the nutrients consumed and their benefits in homeostasis 

and disease. To date, preclinical research paves the path 

for the personalized use of nutrition as a therapeutic 

intervention. This would open greater public health 

interest in nutritionists for epigenetic and nutritional 

scientific research leading to future clinical applications. 

The following points needs to be taken into 

consideration in the understanding on how diet exerts its 

effects in the epigenetics of individuals:  

a. Basic research to elucidate other epigenetic 

mechanisms controlled/regulated by nutrients. 

b. Clinical evidence, particularly in randomized 

controlled clinical trials. 

c. Synergistic and antagonistic activity of bioactive 

substances. 

d. Epigenomic studies on populations. 

e. Food and cultural biodiversity in countries. 

f. Transgenerational inheritance in a context-dependent 

manner. 

g. Technologies and powerful bioinformatics tools to 

understand complex epigenetic mechanisms. 
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