
Abstract
Non-alcoholic fatty liver disease (NAFLD) is an emerging 
health concern in both developed and non-developed 
world, encompassing from simple steatosis to non-
alcoholic steatohepatitis (NASH), cirrhosis and liver 
cancer. Incidence and prevalence of this disease are 
increasing due to the socioeconomic transition and 
change to harmful diet. Currently, gold standard method
in NAFLD diagnosis is liver biopsy, despite complications 
and lack of accuracy due to sampling error. Further, 
pathogenesis of NAFLD is not fully understood, but 
is well-known that obesity, diabetes and metabolic 
derangements played a major role in disease develop-
ment and progression. Besides, gut microbioma and 
host genetic and epigenetic background could explain 
considerable interindividual variability. Knowledge that 
epigenetics, heritable events not caused by changes in 
DNA sequence, contribute to development of diseases
has been a revolution in the last few years. Recently, 
evidences are accumulating revealing the important 
role of epigenetics in NAFLD pathogenesis and in 
NASH genesis. Histone modifications, changes in DNA 
methylation and aberrant profiles or microRNAs could 
boost development of NAFLD and transition into clinical 
relevant status. PNPLA3 genotype GG has been asso-
ciated with a more progressive disease and epigenetics 
could modulate this effect. The impact of epigenetic on 
NAFLD progression could deserve further applications 
on therapeutic targets together with future non-invasive 
methods useful for the diagnosis and staging of NAFLD. 
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Core tip: The interplay of environmental and host factors 
results in non-alcoholic fatty liver disease (NAFLD) 
development and influence its progression individually. 
Nevertheless, the physiopathology of this disease 
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remains unclear, so this lack of knowledge avoids the 
development of new therapeutic approaches and non-
invasive biomarkers. Epigenetics could be an interesting 
alternative to cover these issues, considering the amount 
of evidence accumulated in order to clarify its role on 
NAFLD.   
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EPIDEMIOLOGY
Non-alcoholic Fatty liver disease (NAFLD) is defined 
as an accumulation of fat in the liver in absence of 
significant alcohol consumption, hereditary disease 
or drugs[1]. It constitutes a clinicopathological disease 
comprising a wide spectrum of disorders, ranging from 
simple steatosis (SS), initially benign, to non-alcoholic 
steatohepatitis (NASH), accompanied by inflammation 
and/or hepatocellular damage. These two entities, SS 
and NASH, show different natural history, evolution and 
consequences, through necroinflammation, fibrosis, 
cirrhosis and even hepatocellular carcinoma. The 
strongest predictor of fibrosis progression in NAFLD is 
the presence of steatohepatitis, mainly lobular inflam-
mation and ballooning[2].

Currently, NAFLD is considered the most common 
chronic liver disease in developed countries[3]. Its world-
wide prevalence in general population is estimated to be 
around 20%-30%[4] in Western countries and 5%-18% 
in Asia[5], being a common and underdiagnosed con-
dition. The reason for this variability remains unclear, 
but presumable genetic and epigenetics factors play an 
important role.

NAFLD is often associated with clinical features of 
metabolic syndrome, such as central obesity, insulin 
resistance, type 2 diabetes mellitus, arterial hypertension 
and dyslipidaemia[6]. Sedentary lifestyles and changes 
in dietary patterns are responsible for an increased 
prevalence of obesity and insulin resistance, leading to 
an increased prevalence of this disease, projected to be 
the top cause for liver transplantation within the next 
decade[7]. Furthermore, this disease is related to different 
systemic disorders, like cardiovascular disease[8,9].

DIAGNOSIS, MANAGEMENT AND 
TREATMENT
Percutaneous liver biopsy is often recommended in 
patients with unexplained elevated serum aminotrans-
ferases, constituting the gold standard method in 
the diagnosis of fibrosis and steatohepatitis. It shows 
inherent limitations, as high costs and associated 

morbidity, which can lead to major complications (i.e., 
bleeding, and even death)[10]. Non-invasive methods 
have been recently developed in order to diagnose 
non-alcoholic steatohepatitis, such as imaging tests 
(transient elastography, acoustic radiation force impulse 
and magnetic resonance elastography) as well as 
biomarkers (cytokeratin-18 and fibroblast grown factor 
21). 

NAFLD pathogenesis can be resumed as the 
excessive accumulation of fat in hepatocytes, leading to 
increased intracellular vacuoles of fat, lack of capacity 
for mitochondrial beta-oxidation, oxidative stress, pro-
inflammatory mechanisms and hepatocellular apop-
tosis[11,12]. Since pharmacological treatment for NAFLD 
remains ineffective[13], the first-line approach for these 
patients is the reduction on total body weight achieved 
by decrease of energy consumption and increase of 
exercise. 

EPIGENETIC MECHANISMS
Historically, the term of epigenetic was coined by 
Conrad Waddington in the 1940s as the branch of 
biology which study the causal interactions between 
genes and their products which bring the phenotype 
into being[14]. Currently, epigenetic modification is 
defined as phenotypic changes in gene expression that 
can be inherited through mitosis and/or meiosis caused 
by an adaptive mechanism unrelated to alteration of 
primary DNA sequences[15,16]. 

Epigenetic phenomena are heritable adaptive 
mechanisms considered reversible, since they are being 
modulated by environmental stimuli. Disruption of 
the balance could lead to the development of serious 
disorders. The most described epigenetic modifications 
include: (1) histone modification; (2) DNA methylation; 
(3) microRNAs; and (4) chromatin remodelling. To date, 
the most intensively studied epigenetic mechanisms in 
NAFLD are DNA methylation and microRNAs (Figure 1).

HISTONE MODIFICATION
Modifications of the amino-terminal tails histones con-
stitute an important determinant of chromatin structure 
and gene expression[17]. Aberrant histone modifications 
promote the development of insulin resistance and 
consequently, NAFLD[18]. Among the most common 
modifications acetylation has been reported, associated 
with gene transcription activation and catalysed by 
histone acetyltransferase (HAT) and deacetylation, 
involved in gene repression, and catalysed by histone 
deacetylase (HDAC). 

So far, the most important findings in NAFLD have 
been described in mice. Imbalance between HAT and 
HDAC influences gene expression profile on NAFLD, 
resulting on liver injury[19]. p300 is a transcriptional 
coactivator that belongs to the HAT family. It has been 
identified as a key upstream regulator of carbohydrate-
responsive element-binding protein activity, an activator 
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of glycolytic and lipogenic genes, so inhibition of its 
activity may be beneficial for treating hepatic stea-
tosis[20]. Several HDCA also play important roles on 
NAFLD. HDAC3 displays a circadian rhythm in mouse 
liver controlling hepatic lipogenesis, and disruption of this 
mechanism exacerbates metabolic diseases, including 
obesity and diabetes. Its depletion reroutes metabolic 
precursors toward lipid synthesis and storage in lipid 
droplets[21,22]. Sirtuins (SIRT) are master metabolic 
regulators with protective roles against obesity, glucose 
and lipid metabolism. Activation of SIRT1 shows potential 
against NAFLD-related physiological mechanisms, and it 
has been found increased plasma levels in NAFLD obese 
patients[23]. SIRT1 could play a dual role, acting as a 
potential therapeutic target and a noninvasive biomarker 
on NAFLD[11]. 

DNA METHYLATION
Many methylations occur in the liver, and hepatic 
steatosis is often view from the standpoint of the 
deregulation of one-carbon metabolism, being related 
to folate deficiency[24]. DNA methylation is the addition 
of a methyl group on cytosine with guanine as the next 
nucleotide, also known as CpG site[25].

DNA methylation plays a central role in the regulation 
of gene expression, representing a level of epigenetic 
regulation, which is commonly associated with trans-
criptional repression and chromatin accessibility. 
Aberrant DNA methylation patterns of genomic stability 
affect cell homeostasis, such as hypermethylation, 
associated with gene repression, and hypomethylation, 
related to gene activation. In mice, kick-off of steatosis 
is accompanied by alterations in DNA methyltranferases 
(DNMT) expression in the liver[26]. In humans, hepatic 
DNMT was found higher in NASH than SS patients and 
significantly associated with NAS Score[27]. Abnormal 
DNA methylation is the hallmark of carcinogenesis; this 
process has been studied in hepatocellular carcinoma 

(HCC)[28], more specifically in NAFLD-HCC. Metabolites 
derived from metabolic syndrome, such as insulin, glu-
cose and lipids could perturb epigenetic gene regulation 
leading to a pro-inflammatory status and disturbing 
metabolic pathways[29]. Furthermore, DNA methylation 
signatures can be remodelled by transcriptional factors, 
so it has also being evaluated after bariatric surgery and 
the massive loss weight that entails, suggesting that 
NAFLD-associated methylation changes could be partially 
reversible[30]. It has been reported that functionally 
relevant differences in methylation could distinguish 
between mild and advanced NAFLD in 100 human 
frozen liver biopsies. Moreover, in patients with advanced 
vs mild NAFLD, 69247 differentially methylated CpG 
sites (78% hypomethylated, 24% hypermethylated) 
were described. These findings indicate that differential 
methylation contributes to differences in expression[31].

MICRORNAS
MicroRNAs (miRNAs) are receiving growing attention 
because they are commonly deregulated in pathological 
situations, being the most extensively investigated 
epigenetic mechanism in NAFLD. MiRNAs constitute a 
class of small, single-stranded non-coding RNA highly 
conserved, acting as regulators of gene expression and 
protein translation. They can interfere in each single 
aspect of cellular activity, such as differentiation and 
development, proliferation, metabolism, apoptosis and 
tumorigenesis[32]. A single miRNA could target multiple 
genes (multiplicity) and multiple miRNAs could target 
a just one gene (cooperativity). Taking into account its 
large potential roles on carcinogenesis, miRNAs could 
also be categorized as oncogenes (onco-miRNAs) or 
tumour suppressors[33]. It has been shown their stability 
in serum, plasma, urine and saliva. Circulating miRNAs, 
protected from degradation by RNAses contained in 
body fluids, are currently extensively studied for noninva-
sive diagnosis of a sort of liver diseases[34], including 
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Figure 1  Epigenetic phenomena. HAT: Histone acetyltransferase; HDAC: Histone deacetylase.
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trend. Altered epigenetics patterns could distinguish 
between NAFLD stages, but a better understanding 
of the molecular mechanisms is mandatory to identify 
reliable biomarkers and effective treatments. Among 
epigenetic mechanisms, miRNAs occupy a top position, 
because their disturbances present potential prognostic 
and diagnostic, and the ability to be therapeutic targets. 
Further research is needed to increase knowledge of 
the role that epigenetics mechanisms could play in 
determining most aggressive phenotypes of NAFLD. This 
could lead to disease stratification, from simple steatosis 
to non-alcoholic steatohepatitis, in order to target 
therapies, providing new tracks in NAFLD pathogenesis. 
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