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Abstract
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Nonalcoholic fatty liver disease (NAFLD) is the most common reason of chronic
liver disease. NAFLD causes a wide array of liver conditions ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH) and advanced hepatic fibrosis.
Pathogenesis of NAFLD is not entirely understood, but it is well-known that
obesity, diabetes and metabolic abnormalities played a significant role in the
disease development and progression. Epigenetics is known as an inheritable
phenomenon which influences the expression of gene without altering the DNA
sequence, offers a new perspective on the pathogenesis of NAFLD. Moreover,
epigenetic mechanisms including DNA methylation, posttranslational histone
modifications and non-coding RNAs seem to orchestrate various aspects of
NAFLD. The present review reflects new advances in knowledge of epigenetic
programming in the context of nonalcoholic fatty liver disease, which is paving
the new strategy to discovery of epigenetic biomarker, therapeutic targets and
long-awaited diagnostic as well as prognostic tools.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is characterized by the
excessive accumulation of fat, particularly triglycerides, in the
hepatocytes without alcohol consumption, which can lead to
liver cirrhosis and hepatocellular carcinoma (HCC) [1,2]. NAFLD
has been emerge as a most common cause of liver disease in
Western countries and includes nonalcoholic steatohepatitis
(NASH) [3,4]. The prevalence of NAFLD in the United States (U.S.)
has increased from 18% in 1988– 1991 to 29% in 1999–2000
to 31% in 2011–2012 [5]. Estimates of NAFLD prevalence for
adults in Western countries is 80%-90% in obese adults, 30%50% in patients with diabetes and up to 90% in patients with
hyperlipidemia [6]. In light of the rapid rise in cirrhosis as well

as hepatocellular carcinoma resulting from NAFLD, studying the
pathogenesis of NAFLD represents an urgent task.
It has been reported that lifestyle aspects such as physical
inactivity, overnutrition, metabolic disorder like insulin resistance
and weight gain can influence the development and progression
of NAFLD via epigenetic mechanisms [7,8]. The role of epigenetic
factors are progressively being identified as a crucial link between
environmental exposures, genetic determinants, and disease
risk, which can influence gene expression without changing the
DNA sequence, offers a new perspective on the pathogenesis of
NAFLD [7-10]. The epigenetic modulation of gene expression,
which can induce phenotypic changes, may occur in response
to environmental cues in three major systems namely (1)
a modification of the DNA nucleotides (DNA methylation),
(2) modifications of histones, key protein components of
nucleosomes, which regulate the chromatin compactness and
accessibility (histone tail modifications), and (3) non-coding RNA
(ncRNA) mediated gene silencing (Figure 1) [11-14].
All these three major epigenetic mechanisms control the
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Figure 1 Potential epigenetic modifications representing the
development of nonalcoholic fatty liver disease.

chromatin structure, modifications, and the initiation of
transcription in such a way that modifies the accessibility of
genes to transcription factors and their cofactors that control the
rate at which a gene is vigorously transcribed [11-14]. Hence, it
is not surprising that epigenetics has become a research area of
considerable interest, relating alterations in chromatin states to
the cellular phenotype and, in turn, the functioning of an organ.
Several reports have been examined the effect of epigenetic
variations on both liver function and disease states [15,16].
This review focuses on the epigenetic mechanisms engaged in
the pathogenesis of hepatic fibrosis and also describes current
epigenetic approaches and strategies for the treatment of NAFLD.

Epigenetic Mechanism in NAFLD
Modulation of DNA methylation in NAFLD
DNA methylation, a biochemical modification of cytosine in DNA
with a methyl group (one-carbon moiety), is the earliest discovery
of epigenetic regulation of gene expression [17-19]. The DNA
methylation reaction is catalyzed by DNA methyltransferases
(DNMTs), which requires the addition of a methyl group to
cytosine with guanine as the next nucleotide, known as CpG sites
[20]. The grouping of CpG dinucleotides (typically denoted as
CpG islands and CpG island shores) is generally occur with higher
frequency at the promoter regions of the genes than at other
DNA sites [21]. Hypermethylation of CpG islands is usually linked
with gene silencing, while hypermethylation of heterochromatin
area effects genomic stability [22,23]. Irregular methylation
patterns of genomic DNA known as one of the key epigenetic
modifications that can induce aberrant gene expression in
NAFLD. Moreover, it is also known that epigenetic modifications
in mitochondrial DNA methylation may arise during the
development of NAFLD [24]. There are three isoforms of DNMT
are present in human (DNMT1, DNMT3A and DNMT3B) [25]. In a
mouse model, the hepatic epigenetic phenotype predetermined
its vulnerability to hepatic steatosis, which was linked with
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variations in DNMT1 and DNMT3A expression in the liver [26].
In human clinical study, the methylated/unmethylated DNA ratio
of mitochondrially encoded NADH dehydrogenase (MT-ND6) was
remarkably allied with NAFLD activity score, a tool to quantity
variations in NAFLD during therapeutic trials using feature-based
scoring of histologic lesions [24,26]. It has been reported that
differentially methylated genes might distinguish patients with
advanced NASH from simple steatosis [27]. A recent epigenetic
clinical study suggested that in advanced NAFLD, a huge number
of tissue repair genes were hypomethylated in the liver, whereas
genes for metabolic pathways including one-carbon metabolism
were hyper methylated. In a mild versus severe NAFLD cohort,
DNA methylation has demonstrated noteworthy alterations in
several CpG sites within fibrosis-linked genes [28]. It seems that
the DNA methylation status at specific CpGs could be beneficial
for predicting the progression of NAFLD to NASH fibrosis.
Moreover, DNA methylation profiles in genes linked with lipid
homeostasis, fibrosis, and carcinogenesis could be supportive to
find the etiologic function of DNA methylation in the development
of NAFLD [28].

Impairment in the regulation of histone code in
NAFLD
Post-translational alterations of histones, which comprise
of acetylation, methylation, ribosylation, ubiquitination,
phosphorylation and sumoylation of histone tails, constitute
a key factor of chromatin compactness and accessibility
[29]. Between them, the acetylation of lysine residues at the
N-terminus of histone tails has been most widely explored [30].
Histone acetylation is catalyzed by histone acetyltransferases
(HATs), while histone deacetylation is catalyzed by histone
deacetylases (HDACs) [31]. The histone acetylation status is
regulated by the balance between HAT and HDAC. It has been
reported that histone acetylation affects the gene expression
profiles in NAFLD [32]. Naturally, abnormal histone alterations
induce the progression of type 2 diabetes mellitus along with
insulin resistance and subsequently develop NAFLD [33]. p300, a
member ofthe HAT family, is a key transcriptional controller that
is involved in the NF-kB dependent inflammatory pathways [34].
Hyperglycemia induced activation of p300 enhances ChREBP
transcriptional activity and promotes the progression of NAFLD
via the activation of lipogenic genes by histone and non-histone
protein acetylation [32]. Therefore, suppression of hepatic p300
activity may be useful for the treatment of hepatic steatosis
and that specific p300 blockers may be a potential therapeutic
strategy for the intervention of NAFLD [35]. There are four
families of HDACs (class I, IIa, IIb and IV), which vary in structure,
enzymatic function and subcellular localization. In addition,
there is another group of deacetylases, the sirtuins, which are
denoted to as class III HDACs. Various HDACs also participate in
a fundamental function in the development of NAFLD. HDAC3,
a member of human class I HDACs, controls the circadian
rhythm of hepatic lipogenesis [36]. In vivo study disturbance
of the circadian rhythm orchestrated by HDAC3 deranged the
hepatic lipid metabolism and subsequently caused obesity and
This article is available in: https://clinical-epigenetics.imedpub.com/
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insulin resistance [37]. HDAC3 also was found to combine to the
mouse liver genome in a circadian pattern and controlled the
expression of genes for hepatic lipid homeostasis, which caused
liver steatosis when disrupted [36,37]. These studies suggest
that genes activated in the livers of patients with NAFLD strongly
correlate with histone modification marks.

Small non-coding RNAs (miRNAs) as epigenetic
mediator in NAFLD
MicroRNAs (miRNAs) are small non-coding, endogenous, single
stranded RNAs typically made up of 21-25 nucleotides that control
gene expression via suppression or degradation of targeted
mRNAs [38]. MiRNAs are identified to affect the phenotypic
expression by fine-tuning of gene expression and recently
have been proposed as potential biomarkers and attractive
therapeutic targets for NAFLD [38]. After amalgamation into the
RNA-induced silencing complex (RISC), miRNAs can target mRNAs
via complementary base pairing, thus stipulating the posttranscriptional suppression of targeted protein-coding genes,
either by transcript disruption or by translational suppression
[39]. MiRNAs can affect a broad range of biological processes like
glucose as well as lipid metabolisms, which have been recognized
to be epigenetically decontrolled in NAFLD [40]. The potential roles
of miRs in both physiological homeostasis and pathogenesis have
been highlighted in the liver and their dysregulation to epigenetic
or environmental cues may contribute to the development and
progression of NAFLD and metabolic syndrome [41]. One of the
miRNAs that has been described to be linked with lipid metabolism
and homeostasis is miR-122, the most abundant miRNA in adult
human liver, embracing 70% of the total miRNA expressed in the
liver [42]. MiR-34a, which is extremely expressed in patients with
NAFLD and insulin resistance, is one of the most lipid-responsive
hepatic miRNAs and the hepatic expression levels of miR-34a are
associated with the severity of NASH [43]. MiR-21, one of the first
miRNAs recognized as an oncomir, is over-expressed in the liver
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of patients with NAFLD and the severity of NASH is completely
linked with the expression of hepatic miR-21 [44]. Suppression of
miR-21 restored the expression of HMG-box transcription factor
1 (HBP1), a transcriptional activator of the tumor suppressor
p53, demonstrating a mechanism by which miR-21 can affect p53
governing hepatic lipogenesis and HCC progression from NAFLD
[44]. The over-expression of miR-221/222 has been identified
in the livers of NAFLD patients in studies of the ramification
of hepatic stellate cell activation and fibrosis [45]. Mice upregulating miR-221/222, which targets the gene p27 governing
cell cycle and PTEN, also exhibited HCC development from NAFLD
[46]. In NAFLD patients, miR-122, miR-192, miR-19a, miR-19b,
miR-125 and miR-375 levels in the serum were found at least
two-fold greater than the healthy controls, while liver tissue
expression of these miRNAs was simultaneously lesser in the
NAFLD patients [41]. Taken together, down-regulation of miRNAs
could be a potential therapeutic approach against NAFLD.

Conclusion and Future Prospectives
Recent reports describe the governing effect that epigenetic
alterations exert on NAFLD process; yet, despite many published
data, epigenetics are far from being cleared. Next-generation
sequencing, along with advances in molecular technologies such
as CRISPR/Cas9 are widely used to discover innovative gene
monitoring pathways and distinct epigenetic mechanisms, which
will open a new chapter in the study of NAFLD as well as HCC
development in NASH. Among epigenetic mechanisms, miRNAs
are receiving the most attention, because their disturbances
present potential prognostic and diagnostic, and the ability to be
therapeutic targets. Impending epigenetic studies are required
to enhance information of the role that epigenetics mechanisms
could participate in regulating extremely violent phenotypes of
NAFLD. This could prompt to disease amalgamation, from simple
steatosis to non-alcoholic steatohepatitis, in order to target
therapies, providing new tracks in NAFLD pathogenesis.
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