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Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease; its
detection in the general population has reached global proportions. Although the
disease has a relatively mild course in its early stages, the development of non-alcoholic
steatohepatitis, cirrhosis and hepatocellular carcinoma during its natural course leads
to a worse long-term prognosis. A growing body of evidence suggests that NAFLD has a
complex, multifaceted aetiology involving many factors, including genetic factors. In this
review we focus on a genetic component of NAFLD, namely the role of PNPLA3 gene
polymorphisms in the development and course of the disease as well as its progression
states such as nonalcoholic steatohepatitis, cirrhosis and hepatocellular carcinoma.
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Introduction. Non-alcoholic fatty liver disease
(NAFLD) is currently the most common cause
of liver disease in developed countries. The
prevalence of NAFLD is 20-35% of the general
population [1]. NAFLD has a wide range of
clinical and physical symptoms and can
manifest histologically as simple steatosis and
non-alcoholic steatohepatitis (NASH), which
includes steatosis, lobular inflammation,
hepatocyte balloon dystrophy with or without
fibrosis [2]. Although simple steatosis usually
has a benign prognosis, NASH is much more
likely to progress to fibrosis, cirrhosis and
hepatocellular carcinoma (HCC) (3). The
precise mechanisms responsible for the
development and progression of NASH are

currently a matter of debate. There is
increasing evidence that genetic factors, as well
as environmental factors, play an important
role in the progression of NAFLD [4-6]. The
PNPLA3 (Patatin-Like Phospholipase Domain
Containing 3) gene, also known as adiponutrin,
is located on chromosome 22 and encodes a
protein composed of 481 amino acids that is
expressed mostly in stellate liver cells,
hepatocytes and retinal cells. The protein
encoded by adiponutrin is a member of the
patatin-like phospholipase family and has
hydrolase activity against triglycerides,
acyltransferase activity against
lysophosphatidic acid, and esterase activity
against retinol palmitate. Substitution of
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isoleucine for methionine at position 148 of the
amino acid sequence results in loss of these
functions and accumulation of triglycerides and
retinol palmitate in the liver [7, 8]. Association
of the PNPLA3 gene with NAFLD. In 2008, S.
Romeo et al. [5] conducted a study including
2111 participants of different nationalities.
Using the method of genome-wide association
analysis, the authors of the study were the first
to identify the polymorphism of the PNPLA3
gene [148M (rs738409 C>G) and identified a
higher susceptibility to NAFLD in carriers of
this mutation. In addition, the researchers
noted an association between adiponutrin and
elevated serum alanine aminotransferase
(ALT) levels in Hispanics. A 2009 study by S.
Sookoian et al. [9] confirmed the conclusions
drawn by S. Romeo et al. and additionally
showed that adiponutrin carriage not only
increases susceptibility to the disease
according to histological findings. The greatest
changes were observed in homozygotes for the
rs738409 G allele. More severe steatosis and
higher values of ALT and aspartate
aminotransferase (AST) were observed in this
category of study participants. Similar results
have been reported by other authors (10,11).
These results have been summarised in meta-
analyses [12, 13]. However, a number of
studies found no association between the
presence of this gene and aminotransferase
levels [14, 15]. For example, in a study by K.
Kantartzis et al. [16] including 130 men and
200 women aged 16-69 years old, despite the
presence of more severe steatosis, carriers of
two rs738409 G alleles did not have higher
values of aminotransferases in comparison to
other groups. As NAFLD is closely related to the
metabolic syndrome, several researchers have
attempted to link the rs738409 G-allele to
parameters defining the metabolic syndrome.
Indeed, some authors have observed an
association between PNPLA3 [148M and
insulin resistance and decreased plasma
triglyceride levels in obese patients and those
of Asian origin [16-18]. However, the vast
majority of studies have shown that PNPLA3
[148M does not correlate with manifestations
of the metabolic syndrome [5, 11, 16, 19, 20].
For example, in a study by E.K. Speliotes et al.

[11], which included 592 participants of
European origin with NAFLD, found no
associations of PNPLA3 [148M with body mass
index, triglyceride, high-density lipoprotein
and low-density lipoprotein levels and type 2
diabetes mellitus (DM). In 2011. S. Sookoian et
al. [13] conducted a systematic review covering
16 studies to assess the strength of the effect of
the rs738409 G allele on susceptibility to
NAFLD and the severity of its course. This
analysis demonstrated that homozygotes for
the rs738409 G-allele tend to have a more
pronounced accumulation of fat in the liver and
have a more aggressive course of the disease
compared with heterozygotes and
homozygotes for the rs738409 C-allele.
However, all included studies showed no
significant differences between genotypes with
regard to body mass index, glucose and insulin
levels, and insulin resistance index. At the same
time, some studies have found that PNPLA3
[148M significantly influences the development
and severity of fibrosis in patients with NAFLD
[10, 12, 22, 23]. For example, in 2010. L. Valenti
and colleagues [10], in an analysis of
polymerase chain reaction (PCR) results from
591 patients with histologically confirmed
NAFLD, noted that homozygotes for the
rs738409 G allele were more likely to have
NASH and progressive liver fibrosis compared
to heterozygotes and homozygotes for the
rs738409 C allele. This association was
observed irrespective of the severity of the
metabolic syndrome. Similar data were
obtained in a study by Y. Rotman etal. [12] in a
cohort of 894 adults and 223 children with
established NAFLD. The PNPLA3 1148M gene
had a strong association with histological
parameters of an aggressive course of the
disease (inflammation, Mallory bodies, fibrosis)
[12]. Furthermore, in a study in which
genotyping and liver elastography were
performed in 899 patients of European origin
with chronic liver disease, M. Krawczyk et al.
[2] were able to establish a significant
association between PNPLA3 [148M and
decreased liver elasticity. More importantly,
the association between the gene and the
development of liver fibrosis was seen not only
in adults, but also in children. For example, in a
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prospective study including 149 Italian
children and adolescents with NAFLD
confirmed by biopsy, perivenular fibrosis was
observed in 31% of patients with the rs738409
CC genotype, in 48% of patients with the
rs738409 CG genotype and in 74% of patients
with the 1rs738409 GG genotype. The
prevalence of periportal fibrosis was found to
be inversely related to rs738409 G allele
carriage and was 26% in patients with the
rs738409 CC genotype, 18% in patients with
the rs738409 CG genotype and 9% in patients
with the 1rs738409 GG genotype. This
correlation was independent of the severity of
concomitant factors [13].__ In 2014, the results
of a meta-analysis covering data from 9915
patients participating in 24 studies were
published. The aim of this systematic review
was to assess the effect of PNPLA3 1148M on
liver fibrosis and HCC. The authors found a
statistically significant association between
PNPLA3 1148M and advanced liver fibrosis in
patients with NAFLD. They also noted that,
according to nine studies (2937 patients)
included in the analysis, PNPLA3 1148M was
associated with an increased risk of HCC in
patients with NASH and with alcoholic
cirrhosis [14]. In 2014, in Thailand, A.
Khlaiphuengsin et al. [5] conducted a study
including 388 patients with HCC of various
etiologies;  the  authors retrospectively
investigated the effect of the PNPLA3
polymorphism on the development of HCC of
viral and non-viral etiology. The researchers
concluded that the gene polymorphism
increased the risk of HCC formation in patients
with alcoholic liver disease and NASH, but not
in patients with chronic viral hepatitis. In
particular, the prevalence of the rs738409 GG
genotype was comparable between patients
with HCC of viral etiology and a control group,
whereas the frequency of the rs738409 GG
genotype was twice as high in patients with
HCC in the NASH outcome than in the HCC
associated with viral liver disease and control
groups [5]. Of note, there is also evidence to
date that PNPLA3 1148M demonstrates
potential sex dimorphism in relation to
susceptibility to NAFLD [11, 13]. In an analysis
of a cohort with NASH, E.K. Speliotes et al. [11]

observed that the effect of PNPLA3 [148M on
the histological characteristics of NAFLD was
greater in women than in men. This finding is
supported by the results of a meta-regression
analysis, which demonstrated a negative
correlation between male gender and the effect
of PNPLA3 1148M on liver fat content [13].
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