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Abstract 
Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease.  
Non-alcoholic fatty liver disease is a spectrum of simple steatosis that is benign to non-
alcoholic steatohepatitis (NASH) associated with fibrosis and inflammation. Genetic 
factors play an important role in this disease. The PNPLA3 gene (C > G) rs738409 
polymorphism has been defined to be associated with increased liver fat content and 
liver damage in metabolic disorders. In this study, the association of this polymorphism  
with non-alcoholic fatty liver disease was investigated in the Mazandaran provin ce 
population. Our study population consisted of 85 patients and 85 controls. Blood 
samples were collected from patients and DNA were then extracted by boiling method.  
Genotypes of this polymorphism were determined by PCR-RFLP method. There was 
a significant relationship between CG genotype and risk of NAFLD (P = 0.012).  
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INTRODUCTION

The liver is one of the most important organs of the 
body, which is involved in regulation of glucose and fat  
metabolism [1]. Normal liver contains about five grams 
of fat per 100 grams of body weight, when fat makes up 
> 5% of liver weight, it is called fatty liver [2]. Non-
alcoholic fatty liver disease is a common cause of chronic
liver disease. It has been first identified in 1980 by
Ludwig et al. (1980) in patients without use of alcohol
[3]. Non-alcoholic fatty liver disease (NAFLD) has
been described as a spectrum of simple steatosis to non-
alcoholic steatohepatitis [4], which may be
accompanied by fibrosis, lobular inflammation and
balloon degeneration, leading to progression of hepat ic
cirrhosis and liver failure [5, 6], as well as cancer. The
liver may lead to a liver transplant [7]. The cause of this
disease is excessive accumulation of fatty acids and
triglycerides in the liver. Patients with NAFLD are
usually asymptomatic. It is diagnosed only among non-
alcoholic individuals after finding abnormal laboratory
tests or abdominal ultrasound during routine health
examinations or other illnesses [3]. The prevalence of
NAFLD is estimated to be 20-30% in the general
population and 67-75% in obese individuals [8]. In Iran,
studies have been conducted on the prevalence of
NAFLD and NASH, where its prevalence vary in
different studies, ranging from 2.9% (8) to 7.1% [9, 10],
however, a study in 2013 by Bagheri Lankrani et al.
reported a prevalence of 21.5% for adults in southern

Iran, which is higher than the previous studies in Iran  
[11]. 
The PNPLA3 gene (Patatin-Like Phospholipas e 
Domain-Containing Protein-3) was identified by 
Baulande in adipose tissue [12]. This gene is located on 
the long arm of chromosome 22 (Chr22q13.31). In 
2008, Romeo et al. reported that rs738409 is the single 
nucleotide polymorphism of the PNPLA3 gene leading  
to a non-synonymous I148M sequence variation and a 
strong association of this polymorphism with increased 
fat content has been revealed [13]. The single 
nucleotide polymorphism (C > G) rs738409 on 
PNPLA3 encodes a 481-amino-acid protein, which is 
conserved from potato to human and shows expression  
level up to 10-fold higher in liver than in adipose tissue 
[14]. This single nucleotide polymorphism (rs738409) 
has been identified in the third exon of the PNPLA3 
gene by substituting G for C and converting isoleucin e 
to methionine at amino acid 148 (I148M) in the 
PNPLA3 gene [7]. Simple modeling indicates that this 
substitution could lead to the spatial inhibition of the 
protein's catalytic domain which results in loss of 
function of PNPLA3 gene [15]. In humans, PNPLA3 is 
predominantly expressed in the liver and belongs to a 
patatin-like phospholipase family, which contains the 
triglyceride lipase, a key protein involved in the 
hydrolysis of triglycerides to diglycerides. Its activity is 
regulated by the hormonal pathways involved in 
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regulation of lipid deposition in the liver. Observation s 
indicates that PNPLA3 is capable of encoding a key 
molecule involving in mediation of the pathological  
processes of liver injury in metabolic disorders [16].  
PNPLA3 gene variation contributes to ethnic and 
interpersonal differences in liver fat content and 
susceptibility to non-fatty liver disease [13]. In this 
study, we investigated the effect of rs738409 
polymorphism PNPLA3 gene on non-alcoholic fatty  
liver in northern population of Iran. 

METHODS 

A total of 85 blood samples were obtained from 
patients diagnosed with fatty liver based on ultrasoun d 
findings and 85 samples from healthy control. DNA 
was extracted by boiling method, and then quantified 
by nanodrop. Polymerase chain reaction was perform 
by specific primer for extended region rs738409 
(Table 1). PCR product was visualized by 1.5% 
agarose gel electrophoresis (Fig 1). Furthermore,  
RFLP (Restriction Fragment Length Polymorphism ) 
method was used for genotyping, therefore, PCR 
product digested by BtsCI restriction enzyme and 
product of this process visualized by 2% agarose gel  
electrophoresis. Statistical analysis was performed by  
SPSS software. 

Table 1: Primer Sequence of rs738409 

Primer sequence 

Rs738409 
F: CCCTGCTCACTTGGAGAAAG 

R: CTGCAGGCAGGAGATGTGT 

RESULTS 

In terms of gender, study populations consisted of 27 
male (38.9%) and 48 female (61.1%) and control group 
consisted of 34 male (44.3%) and 51 female (55.7%).  
No significant difference was found between the two 
groups (P value = 0.51). Fragments of the enzyme 
digestion were observed in the present study (227bp 
was considered as CC genotype, followed by CG 
genotype (227-119-108), and GG genotype (119-108 
bp). Figure 2 shows the products of BtsCI enzymatic 
digestion on gel electrophoresis. 
The frequency of genotypes and alleles were calculated 
between groups in which the genotype CG was found to 
be significantly different between the control and 
patient groups (P = 0.012), suggesting CG as 
susceptible genotype; those with CG genotype were 
2.63 times more likely to develop the disease. Moreover,  
a significant difference was found in terms of GG 
genotype between control and patient groups (P = 
0.002), indicating that GG genotype was the disease-
protecting genotype in our study. 

 

 
Figure 1: rs738409 PCR Product Based on 1.5% Agarose Gel Electrophoresis 

 

 
Figure 2: Fragment of Digested Products, BtsCI 

DISCUSSION

Non-alcoholic fatty liver disease is a common cause of 
chronic liver disease and has emerged as a major global 
health problem. Advances in genome analysis have 
greatly helped to understand the genetic factors of 
NAFLD. The development of NAFLD involves 
numerous genetic factors that interact with lifestyle and 
environment [6]. Studies have shown that genetic 
factors play an important role in the pathogenesis of 
NAFLD. The PNPLA3 gene was identified in 2001 by 
Baulande et al. The rs738409 C > G polymorphism is a 

common variant of this gene that has been reported in 
the Dallas Heart Study of different ethnicities with liver 
fat content [12]. It has been shown that the rs738409 G 
allele is associated not only with fat accumulation in the 
liver, but also with liver damage. Rotman et al. also 
confirmed the association of the rs738409G allele with 
steatosis in the American white population [4]. In this 
study, we investigated the effect of rs748409 
polymorphism as a risk factor on non-alcoholic fatty  
liver disease. The results indicate a significan t  
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relationship of CG genotype of this polymorphism with 
non-alcoholic fatty liver disease. Based on the findings 
presented herein, it is suggested that this polymorphism 
can be investigated in other ethnicities of Iran with 
gender-and age-matched controls and patients. 
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