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Preface

Epigenetics is the study of changes in gene expression that do not involve changes 
to the DNA sequence. Unlike the relatively static nature of DNA, epigenetic infor-
mation systems (i.e., DNA methylation, histone modifications, and non-coding 
RNAs) exhibit remarkable dynamism, exerting a profound influence on our health 
and well-being through the modulation of gene expression. Dietary patterns influ-
ence the epigenetic landscape, ultimately determining which genes are accessible 
for transcription and which are silenced. In other words, nutrients can modulate our 
epigenome, thus impacting cellular processes, disease susceptibility, and even 
lifespan.

The relationship between epigenetics and nutrition plays a major role during 
specific developmental periods, including the prenatal and early childhood phases. 
Throughout these sensitive periods, the genome exhibits increased adaptability, 
allowing for a more robust response to environmental signals. The dietary choices 
made by a mother during pregnancy shape the epigenome of her growing fetus, 
potentially influencing their risk of developing chronic diseases, including obesity 
and diabetes.

Nonetheless, the epigenetic effects of nutrition extend far beyond early develop-
ment, maintaining a profound influence on our health throughout the lifespan. A 
diet rich in specific nutrients can induce beneficial epigenetic modifications, poten-
tially reducing disease susceptibility. In contrast, a deficient diet or excessive harm-
ful substances can trigger detrimental epigenetic alterations, increasing the risk of 
developing diseases like cancer and heart disease. This understanding marks a piv-
otal breakthrough in personalized medicine, enabling dietary recommendation for-
mulations specifically designed for an individual’s genetic and epigenetic profile. 
Molecular Mechanisms in Nutritional Epigenetics unveils the molecular mecha-
nisms underlying the influence of nutrition on epigenetic modifications, offering a 
well-documented guide to utilizing dietary strategies to enhance well-being and 
safeguard against diseases.

This volume of the “Epigenetics and Human Health” series is the fruit of a 
global collaboration among scientists from Argentina, Canada, China, India, Italy, 
Poland, Sweden, the United Arab Emirates, the United Kingdom, and the United 
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States of America. I sincerely wish to thank the reviewers Dr. Wellison J.S. Diniz, 
Prof. Gareth Davison, Dr. Anouschka Ramsteijn, Dr. Luis Vitetta, Dr. Huixin Wu, 
Dr. Italia Di Liegro, Dr. Jie Ren, Dr. Kara Fitzgerald, Dr. Judit Bassols, Dr. 
Huminska-Lisowska, Dr. Maria Vranceanu, Prof. Myron Szewczuk, Dr. Yaohua 
Zhang, Dr. Mahmoud Bassal, Dr. Chia-Wei Cheng, Dr. Shanel Raghubeer, Dr. 
Mustapha Umar Imam, Prof. Carsten Carlberg, Dr. Jyotdeep Kaur, Dr. Zahra 
Sepehri, Dr. Maya N. Abou Chahla, Dr. Jacob Peedicayil, and Dr. Jana Švorcova 
whose insightful comments have gratefully enriched the quality of this book.

Montclair, NJ, USA� Luis M. Vaschetto  

Preface
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Chapter 1
A Brief Introduction to Diet and DNA 
Methylation

Luis M. Vaschetto 

Abstract  Epigenetic regulatory mechanisms, which include DNA methylation, 
histone modifications, and non-coding RNA pathways, are independent of DNA 
sequence changes. These mechanisms, acting in concert, modulate gene expression 
and influence phenotypic plasticity. Environmental factors like diet can exert pro-
found effects on epigenetic modifications, thereby affecting gene expression and 
cellular processes. A growing body of evidence is nowadays revealing how nutrients 
modify our epigenetic landscape, especially acting on DNA methylation marks to 
alter gene expression. This knowledge can be harnessed to develop personalized 
strategies, either by incorporating specific natural compounds in the diet or by using 
epigenetic-based therapeutic compounds, for the prevention and treatment of 
diseases.

Keywords  DNA methylation · Diet · Gene expression · DNA methyltransferases · 
Phytochemicals

List of Abbreviations
CPT1A	 Carnitine palmitoyltransferase-1A
DHA	 Docosahexaenoic acid
DNMT	 DNA methyltransferases
Fad	 Fatty acid desaturase
GI	 Glycemic index
SAM	 S-adenosylmethionine
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1.1 � Introduction

Epigenetics explores the intricate regulation of gene expression through heritable 
modifications that do not involve alterations in the underlying DNA sequence. 
Epigenetic mechanisms, including DNA methylation, histone modifications, and 
non-coding RNA pathways, collaborate to modulate gene expression, reinforcing 
each other through intricate feedback loops. These complex epigenetic networks are 
fundamental during the development of multicellular organisms and underlie phe-
notypic plasticity in natural populations (Vaschetto 2022).

Environmental factors like exercise and diet can exert profound effects on epi-
genetic marks, influencing gene expression and cellular processes (see Chaps. 2 and 
7 in this book). It is well-recognized that both macronutrients and micronutrients 
can profoundly affect DNA methylation patterns, shaping the epigenetic landscape 
and ultimately influencing gene expression. Numerous studies have documented the 
remarkable ability of dietary factors to affect DNA methylation, thereby increasing 
or decreasing the risk of suffering diseases such as cancer, cardiovascular disease, 
and metabolic and psychiatric disorders (Kulis and Esteller 2010; Skvortsova et al. 
2019; also see Chaps. 10, 11, and 12 in this book). Figure 1.1 presents a simplified 
model overview of the relationship between dietary intake and its impact on DNA 
methylation patterns, ultimately influencing gene expression.

A wide spectrum of dietary factors can influence gene expression by altering 
DNA methylation patterns. These epigenetic pathways involve the alteration in the 
availability of methyl donors, the activity of DNA methyltransferases and demeth-
ylases, and the composition of the gut microbiome. Micronutrients, including vita-
mins and minerals, play a critical role as cofactors in DNA methylation reactions, 
and their deficiency can lead to DNA hypomethylation, potentially increasing the 
susceptibility to diseases. In contrast, macronutrients like fats may be associated 
with increased methylation of pro-inflammatory genes and disrupted metabolic 
regulation. Bioactive phytochemicals, abundant in fruits, vegetables, and herbs, can 
also exert epigenetic effects through their antioxidant and anti-inflammatory prop-
erties, potentially safeguarding against diseases.

Fig. 1.1  Dietary intake modulates DNA methylation profiles at specific loci and leads to altered 
gene expression patterns

L. M. Vaschetto
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1.2 � DNA Methylation and Nutrients

An appropriate dietary intake of macronutrients (i.e., carbohydrates, proteins, and lip-
ids), vitamins (e.g., riboflavin, vitamin C, and B vitamins), and minerals (e.g., iron 
and calcium) is essential for persistent homeostasis due to epigenetic regulation. For 
example, B vitamins are critical for synthesizing S-adenosylmethionine (SAM), a key 
methyl group donor required for DNA methylation. Disruptions in the metabolism of 
these micronutrients can lead to altered DNA methylation patterns. Moreover, mater-
nal exposure to a high-fat diet during pregnancy and lactation may modify DNA 
methylation patterns in the developing fetus, potentially altering gene expression and 
behavior in the offspring. Vander Velden and Osborne (2022) demonstrated the effect 
of obesity on DNA methylation and gene expression in hippocampal cells. The authors 
concluded that obesity interacts with aging, affecting the methylome (i.e., the com-
plete set of DNA methylation marks in the genome) in the hippocampus, ultimately 
altering the expression of genes involved in neurodegeneration and metabolism.

A variety of macronutrients have been implicated in modulating DNA methylation. 
Noro et al. (2022) explored the associations between glycemic index (GI), a measure of 
how rapidly carbohydrate-rich food elevates blood sugar levels, and global DNA meth-
ylation levels. Notably, the authors observed that global DNA methylation may serve as 
a biomarker of carbohydrate consumption. Moreover, high-fat consumption has been 
associated with decreased methylation of the carnitine palmitoyltransferase-1A (CPT1A) 
gene, which may play a role in triglyceride metabolism. CPT1A expression has been 
positively correlated with triglyceride levels. Li et al. (2023) found that individuals with 
high DNA methylation levels in the CPT1A gene experienced long-term improvements 
in triglyceride levels when following a low-fat weight-loss diet. The consumption of 
amino acids, the fundamental units of proteins, can also impact DNA methylation and 
modulate the expression of specific traits. For instance, methionine, an essential dietary 
amino acid that can be supplied from different food sources (e.g., nuts, beef, cheese, fish, 
soy, eggs, bean, etc.), acts as a precursor for SAM through the one-carbon metabolism 
pathway. Studies in animals have revealed that variations in methionine consumption 
can alter the concentrations of SAM, resulting in changes in the expression of genes 
related to animal health through DNA methylation (Zhang 2018).

Micronutrients have also been associated with DNA methylation, and either their 
absence or excessive intake has been linked to diseased states. Fujii et al. (2019) 
demonstrated that high vitamin intake of vitamin A, folic acid (vitamin B9), vitamin 
C, vitamin D, and vitamin E is significantly associated with decreased methylation 
levels of the ABCA1 gene, an ATP-binding cassette transporter involved in HDL 
(high-density lipoprotein)-cholesterol metabolism. On the other hand, it has been 
shown that increased DNA methylation levels of the promoter region in the Hamp 
gene, which encodes hepcidin, a hormone capable of negatively regulating iron 
homeostasis, lead to a decrease in its expression (Huang et al. 2020). In this case, 
altered DNA methylation may be caused by iron deficiency, which may play a role 
in maintaining iron homeostasis. Chang et al. (2019) suggested that a disruption in 
calcium intake during early development can influence the accumulation in the 
brain of docosahexaenoic acid (DHA) due to DNA hypermethylation of fatty acid 
desaturase (Fad) genes.

1  A Brief Introduction to Diet and DNA Methylation
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1.3 � Dietary Factors and Modulation of DNA Methylation

The absence of essential nutrients can impair the activity of enzymes involved in the 
establishment of DNA methylation marks, including DNA methylases and demeth-
ylases, leading to modifications in gene expression patterns. Studies involving rat 
models have revealed that a folate (vitamin B-9)-deficient diet can alter the expres-
sion of key epigenetic enzymes, including the de novo DNA methyltransferases 
DNMT3a and DNMT3b and the maintenance of DNA methyltransferase DNMT1, 
all of them associated with gene silencing (Ghoshal et al. 2006). Moreover, Kanwal 
et al. (2016) demonstrated that dietary flavonoids can also modulate DNA methyl-
transferase activity, suggesting that flavones may confer anticancer properties by 
altering DNA methylation in cancer cells. Agrelius et al. (2023) explored the intri-
cate mechanisms by which diet can induce transgenerational effects in Daphnia, a 
species that reproduces asexually. Interestingly, the authors observed that the mater-
nal environment has a stronger influence on DNA methyltransferase gene expres-
sion when offspring had low food compared to when offspring had high food. This 
observation suggests that the maternal environment can influence the expression of 
enzymes responsible for modulating the epigenetic landscape in the offspring and 
that this transgenerational effect may be linked to the organism’s diet.

Similarly to DNA methylation, DNA demethylation can also modify the pheno-
type, with a DNA demethylation state generally related to gene transcription. 
Deshpande et al. (2021) showed that high-fat diet-induced and genetically inherited 
obesity differentially alters DNA demethylase activity of germline cells in adult rats. 
Moreover, it has been shown that TET3, a methylcytosine dioxygenase that initiates 
DNA demethylation, regulates diet-induced adipogenesis by modulating the expres-
sion of target genes in adipose precursor cells (Jung et al. 2023). The authors of this 
study observed that decreased TET3 levels in these cells diminish adipogenesis, lead-
ing to an improvement in body metabolism. In summary, these observations suggest 
that organisms respond to diet by modifying gene expression through DNA methyla-
tion and demethylation; thereby modulation of the activity of these enzymes could 
offer a promising strategy for managing metabolic disorders like obesity.

1.4 � Phytochemicals and DNA Methylation

Plant-derived compounds, known as phytochemicals, exert anticancer and disease-
fighting properties by modulating DNA methylation patterns. For instance, Lee 
and Zhu (2006) revealed that the coffee polyphenols caffeic acid and chlorogenic 
acid confer concentration-dependent inhibition of DNA methylation catalyzed by 
the DNA methyltransferase DNMT1 in MCF-7 and MDA-MB-231 breast cancer 
cell lines. This inhibitory effect was attributed to the increased formation of 
S-adenosyl-l-homocysteine (SAH), a potent DNA methylation inhibitor. 
Moreover, Chatterjee et al. (2022) found that brazilin, a phytochemical found in 
Caesalpinia sappan wood, also suppresses DNMT1, decreasing global DNA 

L. M. Vaschetto
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methylation in MCF-7 cells. Brazilin exerts its anticancer effects by upregulating 
the expression of the tumor suppressor gene p53. The p53 protein binds to the 
regulatory region in the promoter of DNMT1, reducing its transcriptional activity 
and ultimately restoring the expression of the cell cycle inhibitor p21 CDKN1A 
in MCF-7 cells.

1.5 � Conclusion

The relationships between diet and DNA methylation open up promising avenues for dietary 
interventions to prevent or alleviate chronic diseases. Recent research has revealed how we 
can potentially lower disease risk and improve our overall health by tailoring dietary pat-
terns or including dietary plant-based compounds that promote optimal gene expression 
patterns associated with DNA methylation/demethylation in specific cells. Future research 
efforts should shed light on the molecular pathways by which diet influences DNA methyla-
tion, identify specific dietary components with epigenetic regulation potential, and develop 
personalized nutritional strategies based on individual epigenetic profiles. Additionally, this 
new approach creates the possibility of developing epigenetic drugs that can increase the 
activity of enzymes such as DNA methylases and demethylases capable of altering the epigen-
etic landscape of target genes and changing the state from disease to healthy homeostasis. 
Further efforts need to be directed toward elucidating the full spectrum of transgenerational 
effects that epigenetic-based medications could induce, intending to prevent unwanted 
adverse events and minimizing potential transgenerational risks for future 
generations.Compliance with Ethical Standards

Conflict of Interest  The author declares no conflict of interest.

Ethical Approval  This chapter is a review of previously published accounts; as such, no 
animal or human studies were performed.
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Chapter 2
Diet-Induced Histone Modifications: 
Implications for Human Health 
and Diseases

Ulfat Syed Mir, Arjamand Mushtaq, Najumu Saqib, Wajahat Waseem Tantry, 
and Mohammad Altaf

Abstract  Post-translational modifications of histones (PTMs) are key epigenetic 
regulators and control chromatin-mediated processes such as gene expression, genome 
organization, DNA replication, and repair and recombination events. Numerous 
human diseases, including cancer, heart disease, autoimmune disorders, and neurode-
generative diseases (e.g., Parkinson’s disease, Alzheimer’s disease, and Huntington’s 
disease), have been linked to misregulation of histone modifications. Histone modifi-
cations are highly dynamic and respond to various environmental cues, such as diet 
and dietary compounds, and have been found to alter the epigenome which impacts 
gene expression. In this chapter, we highlight the role of nutrition-mediated changes 
in epigenome and its implications for human physiology and health. A better under-
standing of epigenome modulation by diet may provide new ways of intervention in 
diseases associated with an epigenetic component and for promoting better health.

Keywords  Chromatin · Epigenetics · Histone modifications · Histone methylation 
· Histone acetylation · Diet · Cancer
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CBP	 CREB binding protein
CPK	 Calcium-dependent protein kinases
CR	 Calorie restriction
CREB	 Cyclic-AMP response element binding protein
DDR	 DNA damage response
DHCA	 Di-hydro caffeic acid
DNMT1	 DNA methyltransferase 1
ECN	 Erucin
EGCG	 Epigallocatechin-3-gallate
ESCs	 Embryonic stem cells
FAD	 Flavin adenine dinucleotide
FDA	 Food and Drug Administration
GTP	 Green tea polyphenols
HATs	 Histone acetyltransferases
HDACs	 Histone deacetylases
HDMs	 Histone demethylases
HR	 Homologous recombination
HMTase	 Histone methyltransferases
IL-6	 Interleukin 6
IPA	 Indole-3-propionate
JmjC	 Jumonji C
KMTases	 Lysine methyltransferases
Mal-gluc	 Malvidin-3′-O-glucoside
MLL	 Mixed lineage leukemia
NAD+	 Nicotinamide adenine dinucleotide
NHEJ	 Non-homologous end joining
PCAF	 p300/CBP-associated factor
PDX1	 Pancreatic duodenal homeobox
POMC	 β-Endorphin-producing proopiomelanocortin
PTMs	 Post-translational modifications of histones
Rac1	 RAS-related botulinum toxin substrate 1
ROS	 Reactive oxygen species
SAM	 S-adenosylmethionine
SFN	 Sulforaphane

2.1 � Introduction

Eukaryotic chromosomes are organized into a nucleoprotein complex called chroma-
tin. This organization regulates all the functions of the genome. The nucleosome, the 
basic unit of chromatin, is made up of an octamer comprising the core histones H2A, 
H2B, H3, and H4 (Altaf et al. 2007; Mir et al. 2021; Mushtaq et al. 2021). Histones 
are basic in nature due to the presence of arginine and lysine residues which constitute 
around 20% of their amino acid compositions. This basic nature of histones helps 
them to stabilize the negatively charged DNA (Lorch et al. 2023; Cutter and Hayes 
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2015). Further, histones are highly conserved across species, and this conservation is 
responsible for the similarity in regulating cellular mechanisms from yeasts to humans 
(Mariño-Ramírez et  al. 2006). The packaging of the eukaryotic genome into the 
nucleoprotein complex helps the large genome to fit within small nucleus. For 
instance, in mammalian cells, approximately 2 m of linear DNA must be packed into 
a nucleus of roughly about 10 μm diameter (Altaf et al. 2007; Mir et al. 2021; Mushtaq 
et al. 2021). Nucleosomes are then folded into higher order chromatin structures that 
eventually form a chromosome. This higher order chromatin organization not only 
helps in further compaction of DNA but also adds regulatory control to ensure proper 
gene expression (Hansen et al. 2018; Altaf et al. 2007). The compaction of the eukary-
otic genome into chromatin hinders the accessibility of proteins to DNA, which are 
required for DNA-mediated processes, including transcription, replication, repair, and 
recombination (Nair et al. 2017). Therefore, chromatin structure must be dynamically 
regulated in order to allow access of proteins to DNA for downstream processes. The 
accessibility of chromatin is regulated by various factors such as DNA methylation, 
histone variants, nucleosome remodeling, and posttranslational modifications (PTMs) 
of histones (Tolsma and Hansen 2019) (Fig. 2.1). Chromatin can be broadly seen in 
two structurally distinguishable forms: euchromatin and heterochromatin. 
Euchromatin represents loosely packed, transcriptionally active, and early replicating 
part of the chromatin (Morrison and Thakur 2021). Euchromatin is enriched in acti-
vating histone modifications such as high levels of histone acetylation and decreased 
levels of repressive histone marks (e.g., H3K9/H3K27 methylation) (Morrison and 
Thakur 2021). Euchromatin represents a large proportion of the genome which 
remains localized toward the interior of nucleus. In this environment, DNA has a flex-
ibility in terms of biological output; i.e., genes can be turned on or kept off and DNA 
can be untangled for repair or replication (Morrison and Thakur 2021). 
Heterochromatin, on the other hand, represents highly condensed, transcriptionally 
inactive, and late replicating part of the chromatin (Morrison and Thakur 2021). 
Heterochromatin is highly enriched in repressive histone marks such as H3K9 meth-
ylation and hypo-acetylated histones. Heterochromatin is present toward the periph-
ery of the nucleus and is bound to the nuclear envelope by associating with several 
nuclear membrane proteins. Chromatin dynamics is modulated by various environ-
mental signals, including diet, which influence the levels of histone modifications and 
change gene expression (Molina-Serrano et al. 2019). Histone modifications are con-
sidered to be the interface through which dietary interventions affect cellular 
phenotypes.

2.1.1 � Histone Modifications

Histone proteins undergo various post-translational modifications (PTM) which 
mediate multiple biological processes (Ramazi et  al. 2020). These modifications 
can alter the structure of the chromatin to either promote or suppress gene expres-
sion. Histone modifications also promote the recruitment of various proteins, 
thereby regulating downstream cellular functions (Chi et  al. 2010). These 

2  Diet-Induced Histone Modifications: Implications for Human Health and Diseases
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modifications act individually or in combination to contribute to the intricate regula-
tion of chromatin-mediated processes (Zentner and Henikoff 2013). Various histone 
modifications have been reported, including acetylation, methylation, phosphoryla-
tion, and ubiquitylation (Zentner and Henikoff 2013), while others remain under 
investigation, such as GlcNAcylation, citrullination, crotonylation, sumoylation, 
and isomerization (Chen et al. 2007). N-terminal tails of histones are the main tar-
gets for post-translational modifications, although some modifications occur in the 
C-terminal and globular domain as well (Iwasaki et al. 2013). Histone modifications 
are highly dynamic, and the enzymes responsible for introducing or removing his-
tone modifications are commonly known as “writers” and “erasers,” respectively 
(Chi et al. 2010) (Fig. 2.1). Furthermore, the replacement of canonical histones with 
histone variants adds another layer of regulation to chromatin-associated processes. 
Incorporation of histone variants into nucleosomes alters the overall structure and 
accessibility of chromatin. Several histone variants have been reported, including 
multiple variants of histone H3, H2A, and H1, as well as at least one variant of his-
tone H4 (Joseph and Young 2023). Histone variants undergo various post-
translational modifications that regulate a diverse range of chromatin-based 
processes. For example, CENP-A, a histone H3 variant incorporated into centro-
meres, plays a critical role in chromosome segregation. CENP-A is essential for 
kinetochore assembly. H3.3, another histone H3 variant, is incorporated into nucleo-
somes independently of DNA replication and preferentially localizes to actively 
transcribed genes (Ng and Gurdon 2008). Histone H2A.Z, a variant of H2A, has 
been shown to play important roles in a variety of processes, including transcrip-
tional activation, heterochromatin, antisilencing, DNA replication, DNA damage 
repair, and chromosome segregation. Additionally, H2A.Z undergoes a variety of 
post-translational modifications, such as acetylation, ubiquitylation, and 
sumoylation. These modifications alter the function of H2A.Z-containing nucleo-
somes (Firsanov et al. 2011; Altaf et al. 2007).

2.1.2 � Histone Acetylation

Histone acetylation, one of the most well-studied histone modifications, is catalyzed 
by histone acetyltransferases (HATs) and reversed by histone deacetylases (HDACs) 
(Legube and Trouche 2003). Acetylation involves the addition of acetyl-CoA, a 
product of various metabolic pathways. Therefore, changes in metabolic pathways 
can profoundly impact gene expression through alterations in acetyl-CoA levels 
(Annunziato and Hansen 2000). Histone acetylation neutralizes the positive charge 
of lysine residues, weakening the electrostatic interaction between negatively 
charged DNA and otherwise positively charged histones, thereby loosening chro-
matin structure and making it more accessible to transcription factors (Jing et al. 
2022). This can significantly increase gene expression (Roth et al. 2001). Histone 
acetylation is largely associated with active gene transcription. Acetylation of his-
tones H3 and H4 inhibits the folding of chromatin into higher order compact struc-
tures and renders acetylated histone domains more accessible to proteins (Annunziato 
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and Hansen 2000). Histone acetylation also affects transcription elongation, as 
nucleosomes can block the passage of elongating RNA polymerase (Petesch and Lis 
2012). Histone acetylation is also recognized as a binding site by bromodomain 
containing proteins present in several chromatin-associated proteins referred to as 
readers. In addition, PHD finger domain-containing proteins also bind to acetylated 
histones broadening the diversity of proteins that utilize acetylation marks to regu-
late various chromatin-based events (Josling et al. 2012).

2.1.3 � Histone Phosphorylation

All the histone proteins in the nucleosome undergo phosphorylation at serine, threo-
nine, and tyrosine residues (Rossetto et  al. 2012). Histone phosphorylation is an 
important signaling cascade recognized by phospho-binding modules such as 
14-3-3 and BRCT domains, which in turn regulate downstream events (Rossetto 
et al. 2012). Phosphorylation of the histone core plays an important role in conden-
sation of chromosomes during cell division, regulation of transcription, and repair 
of damaged DNA (Altaf et al. 2007; Rossetto et al. 2012; Zhu and Wani 2010). For 
example, one of the early events that occurs in response to DNA damage is the 
phosphorylation of histone H2AX at S139 (resulting in γH2AX) that serves as bind-
ing platform for DNA damage repair proteins (Kinner et al. 2008). H2AX phos-
phorylation occurs in all phases of the cell cycle and regulates DNA-damage 
responses (DDRs) through non-homologous end joining (NHEJ), homologous 
recombination (HR), and replication-coupled DNA repair pathways (Firsanov et al. 
2011). Phosphorylation of H2AX spans several kilobases around the break site and 
create binding sites for repair proteins. γH2AX has also been shown to facilitate the 
recruitment of histone acetyltransferases such as NuA4 that mediates chromatin 
modulation around the break site for efficient repair (Altaf et al. 2007; Kinner et al. 
2008). Histone H3S10 phosphorylation has been extensively studied for its role in 
chromatin condensation during mitosis and meiosis and is used as a reference 
marker for these processes. Phosphorylation of H3S10 prevents H3K9 methylation 
and HP1 binding during M phase (Altaf et al. 2007; Komar and Juszczynski 2020).

2.1.4 � Histone Methylation

Histone methylation typically occurs at lysine (K) or arginine (R) residues, using 
S-adenosylmethionine (SAM or AdoMet) as the methyl group donor (Hyun et al. 
2017). Lysine methylation is generally more complex than other modifications, as it 
can occur in three states: mono- (me1), di- (me2), or trimethylation (me3) (Hyun 
et al. 2017). These different methylation states have been correlated with various 
cellular processes, including heterochromatin formation, X-chromosome inactiva-
tion, and transcriptional regulation. They have also been linked to a number of 
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human cancers (Klein and Costa 1997; Vallot et al. 2016). Histone lysine methyla-
tion is catalyzed by a group of enzymes called lysine methyltransferases (KMTases) 
that can be divided into two classes based on differences in their catalytic domain 
(Husmann and Gozani 2019). Members of the first KMTase class contain the evolu-
tionary conserved SET domain and include KMT1-3 and KMT5-8 protein families, 
whereas the second class is formed by a single conserved non-SET protein named 
DOT1 (KMT4) (Dillon et al. 2005). Histone methylation was considered to be a 
stable mark; however, the discovery of LSD1 (lysine specific demethylase 1) that 
demethylates histone H3 lysine 4 showed that histone methylation is reversible like 
other histone modifications (Perillo et al. 2020) (Fig. 2.1).

2.2 � Misregulated Histone Modifications in Cancers

Histone modifications play a critical role in regulating gene expression. A balance 
between histone-modifying writers and erasers is essential for maintaining cellular 
homeostasis (Gillette and Hill 2015). Perturbations to this balance have been impli-
cated in various diseases, including several types of cancer (Audia and Campbell 
2016). Histone H4K16 acetylation, which is associated with open chromatin decom-
paction, has been linked to a variety of cancers. Reduced H4K16 acetylation levels 
have been reported in breast cancer (Audia and Campbell 2016). Somatic mutations 
in histone acetyltransferases (HATs) p300 and CBP have been shown to lead to can-
cers in mice, with mice lacking p300 and CBP developing hematologic malignancies 
(Zhu et al. 2023). Chromosomal translocations that lead to hyperactivity of HATs can 
also cause hematological malignancies (Zhu et al. 2023). These translocations gener-
ate chimeric oncoproteins which lead to mistargeting of HATs and abnormal acetyla-
tion of specific genomic regions (Di Croce 2005; Banday et al. 2020). On the other 
hand, histone deacetylases are frequently overexpressed in cancers. HDCA1 has been 
found to be overexpressed in prostate, colon, gastric, and breast cancers (Abbas and 
Gupta 2008). HDAC2 is overexpressed in gastric, cervical, and colorectal cancers 
(Losson et al. 2016). High levels of HDAC3 and HDAC6 have been reported in colon 
and breast cancer tissue samples (Audia and Campbell 2016; Losson et al. 2016). 
Targeting histone deacetylases (HDACs) has been successful in cancer treatment. 
Several FDA-approved HDAC inhibitors, such as vorinostat and romidepsin, are in 
use for treating T-cell lymphomas, and many other HDAC inhibitors are under differ-
ent phases of clinical trials (Yoon and Eom 2016). Aberrant histone methylation, like 
histone acetylation, has also been linked to a variety of cancers. The H3K4 methyl-
transferase complex MLL is frequently translocated in myeloid and lymphoid leuke-
mias (Audia and Campbell 2016). MLL is recruited to specific genomic regions 
through its DNA-binding domain. In the diseased state, the MLL fusion chimeras lose 
their HMTase activity but retain their DNA binding ability. The translocated MLL 
protein fuses with a number of proteins, including AF4, AF9, AF10, and ENL (Banday 
et  al. 2020). The chimeric proteins also interact with other epigenetic modulators, 
such as hDot1L, an H3K79 methyltransferase that leads to the hypermethylation of 
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the HOX gene cluster and promotes tumorigenesis. Inhibition of hDot1L histone 
methyltransferase activity suppresses the growth of MLL fusion-transformed cells 
and restores normal expression of the HOX gene cluster (Banday et al. 2020). This 
suggests that hDot1L is a driver of leukemogenesis and that its histone methyltrans-
ferase activity is essential for disease pathogenesis in mixed lineage leukemia (Banday 
et  al. 2020). Misregulation of H3K27 methylation has also been linked to various 
cancers. H3K27 methylation plays important roles in many biological processes, such 
as genome imprinting, X-chromosome inactivation, and stem cell pluripotency (Das 
and Taube 2020). Aberrant expression of EZH2, the H3K27 methyltransferase, has 
been reported in ovarian, pancreatic, prostate, breast, kidney, gastric, and lung malig-
nancies (Yoo and Hennighausen 2012). Alterations in the methylation of H3K9 by 
G9a have been reported in lung and breast cancers (Saha and Muntean 2021). Histone 
demethylases have also been implicated in cancer progression. Overexpression of 
LSD1, an H3K4 demethylase, has been reported in many cancer types. LSD1 sup-
presses gene expression by binding to repressive histone deacetylase complexes. 
Preclinical studies have shown that LSD1 inhibition suppresses lung adenocarcinoma 
(Perillo et al. 2020; Agboyibor et al. 2021). Given their modifiable nature, histone-
modifying enzymes are emerging as attractive therapeutic targets in cancer biology. 
The reversibility of the epigenome has opened new avenues and represents a promis-
ing strategy for cancer chemoprevention and epigenetic-based cancer therapies.

2.3 � Diet and Histone Modifications

Histones modifications are highly plastic and respond to various environmental 
cues. Nutrient availability and diet significantly affect the epigenome and influence 
gene expression (Tiffon 2018). Cells respond to dietary nutrients through signaling 
mechanisms which eventually lead to changes in chromatin structure to ensure 
appropriate gene expression (Mierziak et al. 2021) (Fig. 2.2). Histone modifications 
are thought to be intermediaries that link environmental signals with biological out-
puts. Dietary interventions such as high-fat, low-protein diets have been shown to 
impact multiple nutrient-sensing pathways through changes in histone modifica-
tions (Molina-Serrano et al. 2019). Several studies have reported that the quality of 
the maternal diet is linked to the susceptibility of offspring to metabolic disorders 
(Vipin et al. 2022; Harmancıoğlu and Kabaran 2023). Nutritional conditions during 
pregnancy can affect the epigenome, which impacts gene expression retained 
throughout later life (Lillycrop 2011). Several epigenetic enzymes, such as histone 
methyltransferases (HMTs), require cofactors that are responsive to diet for their 
catalytic activity (Meier 2013). For example, HMTs require S-adenosylmethionine 
(SAM) as a cofactor, and diet plays an important role in regulating HMT activity by 
providing methyl donors (Teperino et al. 2010). Moreover, the activity of histone 
demethylases (HDMs) is regulated by metabolic cofactors that are produced during 
the metabolism of high-energy nutrients (carbohydrates, proteins, or fat) (Teperino 
et al. 2010). There are two types of HDMs: LSD1-containing domain demethylases, 
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Fig. 2.2  Dietary effects on histone modifications. Curcumin inhibits p300/CBP HATs resulting in 
loss of acetylation and thus decreasing the transcription. Dietary butyrate is produced by the intes-
tinal microbiota and inhibits histone deacetylases (HDACs), leading to hyperacetylation of his-
tones and opening up the chromatin for transcription factors. Indole-3-propionate promotes the 
activity of the demethylase Kdm6b to remove H3K27me3, thus activating the transcription factor 
Tfam. A folate-deficient diet causes the enrichment of methylation as the absence of folate does not 
allow the activation of LSD1. Image created in BioRender

which use flavin adenine dinucleotide (FAD) as a cofactor, and Jumonji C (JmJC) 
domain-containing demethylases, which require α-ketoglutarate (α-KG) as a cofac-
tor (Anand and Marmorstein 2007; Tsukada et al. 2006). The availability of extra-
cellular nutrients can influence histone methylation by producing coenzymes 
through the metabolism of energy-rich molecules (Teperino et al. 2010). Dietary 
factors also regulate histone acetylation dynamics. Butyrate, a short-chain carbox-
ylic acid (C4) produced by bacterial carbohydrate fermentation in the intestinal 
lumen, has been shown to be a potent inhibitor of class I and II HDACs (Davie 
2003; Drummond et al. 2005). HDAC class III, also known as sirtuins, use NAD+, 
which is synthesized from amino acids as a cofactor to deacetylate target proteins 
(Davie 2003; Drummond et al. 2005). The energy status of the cell is sensed by 
sirtuins based on the NAD+/NADH ratio and thus facilitates the nutrition-dependent 
chromatin changes. During energy-rich states of the cell or hypercaloric diet intake, 
a low NAD+/NADH ratio leads to decreased sirtuin activity, while caloric restriction 
leads to an increased NAD+/NADH ratio and hence increased sirtuin activity (Imai 
et  al. 2000; Vaquero and Reinberg 2009). Various dietary compounds have been 
reported to regulate gene expression by hyper- or hypo-acetylating histones through 
modulation of HDAC/HAT activity (Baur and Sinclair 2006; Kang et  al. 2006). 
Resveratrol, a natural polyphenol obtained from red grapes and red wine, has been 
reported to activate SIRT1 (silent information regulator of transcription 1) and in 
turn prevents aging-related diseases such as osteoporosis (Lekli et  al. 2010; Wu 
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et al. 2022). Similarly, polyphenols like epigallocatechin-3-gallate (EGCG) obtained 
from green tea act as histone acetyl transferase inhibitors (HAT) (Baur and Sinclair 
2006; Kang et al. 2006). Thus, diet and dietary factors have a profound impact on 
epigenome architecture, ultimately affecting gene expression (Fig. 2.2).

2.3.1 � Diet and Histone Methylation

In eukaryotes, methylation is an epigenetic modification that plays a critical role in 
maintaining genome integrity, genomic imprinting, transcriptional regulation, and 
developmental processes (Wu and Zhang 2010). Nutrition-mediated epigenomic 
changes can influence gene expression and our susceptibility to diseases (Bekdash 
2021). Histone-modifying enzymes influence chromatin structure and topology, 
which is associated with changes in gene regulation (Cedar and Bergman 2009). It 
has been shown that diet directly affects the catalytic activities of the epigenetic 
writers (Wang et  al. 2018). Concord grape juice, grape seed extract, and trans-
resveratrol contain two phytochemical metabolic intermediates, dihydrocaffeic acid 
(DHCA) and malvidin-3′-O-glucoside (Mal-gluc), which attenuate depression-like 
behaviors in mice (Wang et al. 2018; Zhang and Kutateladze 2018). Mice treated 
with DHCA and Mal-gluc show increased resilience to stress and reduced depres-
sion-like behaviors. Mechanistically, DHCA reduces the expression of DNA meth-
yltransferase 1 (DNMT1), which methylates DNA (Wang et al. 2018; Zhang and 
Kutateladze 2018). DNMT1-mediated methylation reduces the levels of the pro-
inflammatory cytokine interleukin 6 (IL-6) genes, which have been reported to pro-
mote the development of depressive disorders (Wang et  al. 2018; Zhang and 
Kutateladze 2018). Malvidin-3′-O-glucoside reduces the expression of histone 
deacetylase 2 (HDAC2), which significantly increases histone H3 acetylation at the 
promoter of the Rac1 (RAS-related botulinum toxin substrate 1) gene and helps 
reduce stress (Wang et al. 2018; Zhang and Kutateladze 2018). Low-carbohydrate 
ketogenic diets (LCKDs) have been shown to rescue hippocampal memory defects 
in a mouse model of Kabuki syndrome, which is characterized by the loss of site-
specific histone methylation and defects in chromatin. In the hippocampus, LCKDs 
promote the formation of β-hydroxybutyrate (BHB), an HDAC inhibitor, which 
leads to changes in H3ac and H3K4me3 and rescues neurogenesis and memory 
phenotypes of Kabuki syndrome mice (Fig. 2.1) (Benjamin et al. 2017).

Nutrition is emerging as a key factor that can modulate brain plasticity and func-
tion. Poor diet during early life has been shown to increase the risk of developing 
mental disorders or cognitive impairments later in life (Prado and Dewey 2014; 
Esteban et al. 2018). Nutritional status during early life, whether good diet or mal-
nutrition, plays an important role in shaping our response and reaction to stress 
during adulthood by altering the epigenome and expression of key genes in the 
brain (Bekdash 2021; Yam et al. 2015). S-adenosylmethionine (SAM), a universal 
methyl donor for DNA/histone methylation (Bekdash 2021; Goll and Bestor 2005), 
is a critical component in dictating cellular functions through epigenetic changes 
(Bekdash 2021). One-carbon metabolism, which comprises the folate and 
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