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Introduction

Hepatitis C virus (HCV) is a worldwide prevailing pathogen and 
a primary cause of mortality in many cases [1]. According to a recent 
epidemiological study, it was reported that the virus seroprevalence 
has been increased over that last 15 years, equating to more than 
185 million cases of infections worldwide [2]. Persistent HCV 
infection is associated with the development of several liver related 
morbidities such as liver fibrosis, liver cirrhosis, hepatocellular  

 
carcinoma, liver failure, and eventually death [3]. Yet, the clinical 
outcome of chronic hepatitis C (CHC)-related liver diseases is highly 
variable [4]. The severity of liver diseases in CHC patients can be 
correlated with several risk factors such as male gender, old age, 
insulin resistance, high body mass index (BMI), chronic alcohol 
consumption, and most importantly viral factors (especially HCV 
genotype 4 in Middle East) [5-8]. However, even when all these 
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Abstract 

Introduction: Chronic Hepatitis C (CHC) infection is associated with liver fibrosis, cirrhosis, hepatocellular carcinoma, and eventually death. 
Genetic risk factors have been casted as predictors of the severity and progression of several CHC-associated liver diseases. PNPLA3 (rs738409), a novel 
genetic marker strongly associated with increased fat content in the liver. Nonetheless, recognition of an association between PNPLA3 rs73409 (C>G) 
and the severity of fibrosis in CHC has been inadequately studied. 

Aim: To investigate the impact of PNPLA3 rs73409 (C>G) polymorphism on susceptibility to HCV infection and on liver fibrosis progression. 

Methods: 351 individuals were genotyped for rs73409 (C>G) by TaqMan allelic discrimination assay, among them 175 were HCV patients and 176 
healthy controls. 

Result: A statistically significant correlation (p=0.001) was found between the genotype distribution of rs73409 (C>G) in healthy individuals versus 
HCV patients. Moreover,  among HCV individuals, the distribution of GG genotype showed statistically significant difference (P=0.042) in low grade 
versus high grade and is more frequent in advanced fibrosis. Gender related differential effect of rs73409 (C>G) genotype was reported in susceptibility 
to HCV and degree of liver fibrosis. 

Conclusion: PNPLA3 rs73409 (C>G) polymorphism affects susceptibility to infection by HCV and fibrosis progression in Egyptian genotype 4 HCV 
patients. 

Keywords: PNPLA3; HCV; Polymorphism; Susceptibility to HCV; Liver fibrosis

Key Points

The PNPLA3 rs73409 homozygous CC genotype is 2.19 times more among patients than controls, indicating a role of this genotype in susceptibility 
to HCV especially in females. The PNPLA3 rs73409 homozygous genotype GG was associated within advanced fibrosis in HCV patients. When stratified 
according to gender, the GG genotypes is associated with advanced fibrosis in males only but not females. The PNPLA3 rs73409 can be used as risk factor 
to identify individuals at high risk of HCV infection and HCV patients at risk of severe fibrosis.
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factors are combined; an overall prediction rate of less than 30% 
was achieved [9]. Thus, intensive research has now turned to unveil 
the association of genetics and ethnicity with disease prediction 
and progression.

Genetic risk factors have been casted as potential determinants 
and predictors of the severity and progression of several CHC-
associated liver diseases. In 2008, Romeo and his colleagues ran an 
independent genome-wide survey of non-synonymous sequence 
variations to identify genetic determinants of specific liver 
associated disease known as liver steatosis [10]. Liver steatosis 
is a frequent condition among patients with CHC virus infection, 
its prevalence is significantly escalating nowadays among the 
CHC patients [11]. It has been associated with patients with poor 
sustained viral response and more advanced liver fibrosis [11]. 
The best documented single nucleotide polymorphism (SNP) 
in the Romeo et al. [10] study was the polymorphism rs738409 
(C>G) of patatin-like phospholipase domain-containing protein 
3 (PNPLA3), encoding the 148 isoleucine to methionine protein 
variant (p.I148M) [12]. PNPLA3 (rs738409) was identified as a 
novel genetic marker strongly associated with increased fat content 
in the liver [12]. Since then PNPLA3 (rs738409) variant has been 
the focus of several studies unveiling its association with other liver 
diseases severity. 

Nonetheless, recognition of an association between PNPLA3 
rs738409 (C>G) and the persistence and severity of liver steatosis 
or fibrosis in CHC has been highly controversial. Reports have 
indicated that carrying the GG genotype of PNPLA3 rs738409 (C>G) 
among the CHC patients increase their risk to develop liver fibrosis 

[12-14]. However, different opposing set of results were shown in 
other studies [15]. Not to mention the fact that even among the 
reports that showed a significant correlation, the strength of the 
correlation varied, ranging from 1.88 [14] to 7.53 [16] odds ratios 
(ORs) for advanced liver fibrosis.

It has been recently documented that the PNPLA3 rs738409 
(C>G) polymorphism distribution exhibits statistically significant 
differences according to ethnicity [17] and up to our knowledge the 
genotype frequency of this polymorphism is inadequately studied 
in normal and HCV Egyptians. Thus, our aim in this study was to 
unravel such controversy concerning PNPLA3 rs738409 and its 
association with liver fibrosis among the Egyptian HCV (Genotype 4) 
infected patients. Moreover, this study also focused on investigating 
the correlation of PNPLA3 rs738409 and HCV susceptibility in the 
same group of patients. 

Materials and Methods

Patients

A total number of (351) individuals were enrolled in the 
study, including (175) consecutive G4 HCV-infected patients with 
detectable anti-HCV antibodies and detectable HCV RNA (Figure 
1). Patients were collected from the National Hepatology and 
Tropical Medicine Research Institute, Cairo, Egypt. The remaining 
(176) individuals were healthy donors collected from the faculty of 
Medicine, Cairo University; these were negative for both hepatitis C 
and B viruses and HIV, with no evidence of any other diseases. HCV-
infected patients met the following inclusion criteria:

Figure 1: Participants flow during the study.

http://dx.doi.org/10.31031/GMR.2018.02.000538
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1. G4 HCV-infected, 

2. Lack of co-infection with other viral infections (HBV, HIV, 
EBV, and CMV), 

       3.  Not suffering from bilharzias, and 

         4. No history any haematological or autoimmune disorders. 

             The selection criteria for healthy controls were 

a. Lack of HCV Ab in serum, 

b. No bilharzias, and 

c. Absence of any autoimmune diseases or any 
haematological disorders. 

Fibrosis was assessed by FIB4 score. Some patients had a 
biopsy report assessed by metavir. This study was approved by the 
local research ethics committee and a written informed consent 
was obtained from all participants in this study.

Samples collection and DNA isolation
Two ml of peripheral venous blood was withdrawn from each 

participant included in this study. This was performed using sterile 
anticoagulant tubes. Genomic DNA was extracted using the salting 
out technique as previously described previously [18]. Informed 
consent: Informed consent was obtained from all individual 
participants included in the study.

Genotyping of PNPLA3 rs738409 polymorphism
A predesigned TaqMan assay (Applied Biosystems, Foster 

City, CA, USA) was purchased for genotyping of rs738409 which 
was performed according to the manufacturer’ s protocol. HCV 
genotypes were determined using  specific PCR as described [19].

Statistical analysis
Results were presented as means±SD (standard deviation). 

Student t-tests were used to compare means for both continuous 
variables and non-normally distributed continuous variables. 
Comparison between distributions of categorical variables was 
performed using Chi-square (w2) method. Moreover, variables were 
described as odds ratio (OR) with 95% confidence interval (95% 
CI) where appropriate. A P value less than 0.05 was considered 
statistically significant. ***=P<0.001, **=P<0.01, *=P<0.05 and 
ns=statistically not significant. All the data were statistically 
analyzed using SPSS computer program (version 16 windows) 
(SPSS Inc., Chicago, IL, USA).

Result

Demographic data

Demographic data from HCV patients and healthy control 
individuals are summarized in Table 1, age was slightly higher 
in HCV patients than control (46.61±10.46 versus 40.5±12.96 
respectively) and male gender was slightly more represented 
in HCV patients (50.57% versus 42.2% respectively), but these 
differences were not statistically different. All fibrosis stages were 
adequately represented (Table 1).

Table 1: Demographic data.

Parameter HCV Patients Control

 Age(mean±SD) 46.61±10.46 40.5±12.96

Gender: male% 50.57% 42.2

BMI (Kg/m2mean±SD) 28.66±4.25 28.2±3.6

Haemoglobin (U/
Lmean±SD) 13.6±1.6 12.265±1.11

Total Bilirubin (U/
Lmean±SD) 0.8 (0.12-6.53)

PLT (1000mm3/mean±SD) 176±500 280±1840

Baseline ALT (IU/L) 
(mean±SD) 64 (15-370)±38.9 23.34±9.8

Baseline AST (IU/L) 
(mean±SD) 61.5 (10-241)±32.5 23.27±9.17

TLC* (10/µl)3 mean±SD) 5700 (2.3-10200)±1.9 8.22±2.3

AFP* ng/ml(mean±SD) 5.6 (0.01-195.75)±30

Creatinine (mean±SD) 0.85±0.19

Albumin (mean±SD) 3.97±0.86

Prothrombin (mean±SD) 86.57±13.44

HCV viral load IU/ml 
(median) 202000 (8-23300000)

Fibrosis%

F1 30.5%

F2 19.5%

F3 29.9%

F4 20.1%

*SD: Standard Deviation; BMI: Body Mass Index; TLC: 
Total Leukocytic Count; ALT: Alanine Amino Transferase; 
AST: Aspartate Amino Transferase; PLT: Platelet Count; 
AFP: Alfa Feto Protein

Frequency of PNPLA3 genotypes in Egyptians
Among the studied 175 healthy control individuals, 

unexpectedly, the wild type homozygous genotype was detected 
in 32.4% of them, while the heterozygous CG genotype was seen 
in 59.1% of them and only 8.5% were homozygous for the mutant 
genotype GG. The minor allele frequency (MAF) represented by 
G allele was calculated to be (0.38) in controls and (0.29) in HCV 
patients (Table 2).

Table 2: PNPLA3 genotype distribution in HCV patients 

versus control.

PNPLA3 
Genotype HCV n (%) 175 Control n (%)176 P

CC 91(52%) 57 (32.4%)

0.001CG 66(37.7%) 104 (59.1%)

GG 18 (10.3%) 15 (8.5%)

CC

CG+GG

91(52%)

84(48%)

57 (32.4%)

120(67.6%)
0.001

http://dx.doi.org/10.31031/GMR.2018.02.000538
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C (Freq)

G (Freq)

0.71

0.29

0.62

0.38
0.041

n: Number; p: P value; %: Percent

Effect of PNPLA3 genotype distribution on susceptibility 
to HCV

Results of PNPLA3 rs738409 genotype frequencies in HCV 
patients compared to healthy controls are shown in Table 2. In both 
healthy control and HCV patients, PNPLA3 rs738409 genotype 
distribution was in hardy-Weinberg equilibrium. A differential 
distribution of PNPLA3 rs738409 genotypes was recorded between 
HCV patients and healthy control individuals, this difference 
was statistically significant (p=0.001) as shown in Table 2. The 

homozygous CC genotype was significantly more prevalent in HCV 
patients (52%) than healthy individuals (32.4%, Table 2). The odds 
of being homozygous CC is 2.19 times more among patients than 
controls, indicating a role of this genotype in susceptibility to HCV. 
When PNPLA3 rs738409 genotype frequencies were stratified 
according to gender, the difference in genotype distribution was 
significantly statistically different between patients and healthy 
individuals in females (p=0.001) only but not in males (p=0.081; 
(Table 3)). Moreover, the G allele showed statistically significant 
(p=0.001) frequency between control and HCV, being more 
prevalent in controls, which proposes it has a protective effect from 
susceptibility to HCV and is also confirmed by higher frequency 
of the homozygous CC genotype in patient females (54.7%) than 
control females (27%).

Table 3: Differential distribution of PNPLA3 genotype according to gender in control compared to HCV patients.

Gender Genotype Control n (%) Infected n (%) p

Male

CC 29(39.7%) 44(50%)

0.081CG 38(52.1%) 31(35.2%)

GG 6(8.2%) 13(14.8%)

C allele 0.66 0.68 0.117

G allele 0.34 0.32 0.499

Female

CC 27(27%) 47(54.7%)

0.001CG 64(64%) 34(39.5%)

GG 9(9%) 5(5.8%)

C allele (freq) 0.59 0.74 0.524

G allele(freq) 0.41 0.26 0.001

n: Number; p: P value; %: Percent, freq: Frequency

Correlation between PNPLA3 genotype distribution and 
liver fibrosis in HCV patients and gender impact

Results in this study showed difference in genotype distribution 
of PNPLA3rs 738409 among high and low grades of fibrosis in HCV 
patients. This difference was statistically significant (p= 0.036, 
(Table 4)) and the homozygous genotype GG was more frequent 
in advanced fibrosis (F4) as present in 17.1% of them while was 
in 7.9% of F1-F3 group; on the contrary the CC genotype was 
found in 56.8% of (F1-F3) group compared to 34.3% in F4 group. 

Upon stratification PNPLA3 rs738409 genotypes distribution in 
HCV according to gender and fibrosis, the difference in genotype 
frequencies was statistically significant in males only (p= 0.002) 
but not in females (p= 0.39, (Table 5)). Moreover, the GG genotype 
showed higher frequency (40%) in males with advanced fibrosis 
(F4) compared to 17.2% in males with early (F1). On the other hand, 
in females the GG genotype was in 12.5% of F1 patients compared 
to 0% F4 patients but this difference in genotype frequency was 
not significant. Indicating a differential distribution according to 
gender.

Table 4: Distribution of PNPLA3 genotypes in HCV patients according to fibrosis degree.

Genotype
Fibrosis

p
F1n (%) F2n (%) F3n (%) F4n (%)

CC
31 (58.5%) 18 (52.9%) 30 (57.7%) 12 (34.3%)

0.042

CG 14 (26.4%) 15 (44.1%) 20 (38.5%) 17 (48.6%)

GG 8 (16.3%) 1 (2.9%) 2 (3.8%) 6 (17.1%)

F1-F3 F4

0.036
CC 79 (56.8%) 12 (34.3%)

CG 49 (35.5%) 17 (48.6%)

GG 11 (7.9%) 6 (17.1%)

n: Number; p: P value; %: Percent; F: Liver Fibrosis
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Table 5: PNPLA3 genotypes distribution in fibrotic HCV patients according to gender.

Gender Genotype
Fibrosis p

F1 F2 F3 F4

0.002Male

CC 16(55.2%) 8(47.1%) 16 (57.1%) 4(26.7%)

CG 8(27.6%) 9(52.9%) 11(39.3%) 5(33.3%)

GG 5(17.2%) 0(0.0%) 1(3.6%) 6(40.0%)

Female

CC 15(62.5%) 10(58.8%) 14(53.8%) 8(40.0%)

0.390
CG 6(25%) 6(35.3%) 11(42.3%) 12(60.0%)

GG 3(12.5%) 1(5.9%) 1(3.8%) 0(0.0%)

n: Number; p: P value; %: Percent; F: Liver Fibrosis

Correlation between PNPLA3 genotype distribution and 
biochemical parameters in HCV patients

In the HCV patients studied herein, the correlation of PNPLA3 

rs738409 genotype distribution showed border line (p=0.057) 
statistical correlation with ALT, but didn’t significantly differ with 
other studied biochemical parameters as PLT,Hb, INR and viremia 
(Table 6).

Table 6: Correlation of PNPLA3 genotypes and Biochemical parameters.

Parameter Gene 1 n Median (Min.-Max.) P Value

PLT

CC 90 182000 (50000-396000)

0.674CG 66 182000 (44000-417000)

GG 17 145000 (67000-318000)

Hb

CC 91 13.2 (10-16.8)

0.485CG 66 13.7(9.6-16.4)

GG 17 14.1 (11-16.5)

ALT

CC 91 60 (15-370)

0.057CG 66 58 (17-133)

GG 17 86 (22-233)

INR

CC 30 1.04 (1-1.3)

0.109CG 22 1.12 (1-2.15)

GG 5 1.15(1-1.24)

Viremia

CC 91 281000 (100-15000000)

0.239CG 66 319349(59-23300000)

GG 18 79816.5 (8-4240000)

N: Number; PLT: Platelet; Hb: Haemoglobin, ALT: Alanine Transaminase; AST: Aspartate Amino Transferase; n: No

Discussion 

PNPLA3 rs738409 (C>G) was previously revealed as a major 
determinant of steatosis in non-alcoholic fatty liver disease 
[10,20,21], and associated with advanced disease course in 
alcoholic liver disease [22-24]. But its association with chronic 
hepatitis C is not widely studied especially in Middle East and North 
Africa and remain controversial in other regions.

PNPLA3 rs738409 frequency shows ethnic diversity [17]. Up to 
our knowledge. The genotype distribution in Egypt and the allele 
frequency is poorly reported till now. In this study we recorded 
a minor allele frequency (G) of 0.38 in healthy Egyptians, which 
when compared to other ethnicities was show to be higher than 
Afro americans (0.17) and Europeans (0.231) but is lower than 
Hispanics (0.49). Most importantly this frequency is also higher 

than that recorded by Ezzikouri et al. [25] from Morocco (0.295) 
as a middle east country, but this can be explained by the mixed 
berberic and Arabic ethnicity in their study [25].

Recently, the PNPLA3 rs738409 polymorphism has been 
reported to be associated with the persistence of HCV [14,25], this 
association was not addressed before in Egyptians. In the current 
study we showed an effect of this polymorphism on susceptibility 
to HCV. This is not matching previous studies from Caucasian 
and mixed berberic and Arabic studies. This is a quite interesting 
result that may need further studies to explain it, meanwhile it 
emphasizes results from previous studies showing that disparities 
in chronic liver disease burden and prevalence are most likely due 
to genetic factors in addition to behavioural and environmental 
factors [17,26].

http://dx.doi.org/10.31031/GMR.2018.02.000538
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A differential gender related effect of the genotype distribution 
of PNPLA3 rs738409 on susceptibility to CHC was detected, where 
significant association of genotypes with susceptibility was shown 
only in females but not in males. This is like previous reports 
showing that incidence and evolution of chronic liver disease 
significantly differs according to gender [27,28].

The association of GG genotype of PNPLA3 rs738409 (C>G) 
with a higher risk of both advanced liver fibrosis and liver steatosis 
in CHC has now been confirmed in independent cohorts of 
Europeans [10,12, 20,21-24,29-31]. Subgroup analysis found that 
the association with advanced liver fibrosis was stronger among 
Caucasian populations than Asian populations, although there 
were no statistically significant differences among them regarding 
age, BMI, or gender ratio [12]. In Egypt; although having highest 
prevalence of HCV liver disease burden, this association was not 
studied adequately yet as far to our knowledge. In this study we 
show that the presence of the GG genotype is associated with higher 
fibrosis stages supporting its role as risk genotype and emphasizing 
the importance of including the test of this polymorphism in the 
management of HCV patients. This association is independent from 
other fibrosis risk factors such as age, gender, BMI, platelet count.

Moreover, a gender associated differential effect of PNPLA3 
rs738409 genotypes was recorded and showed that PNPLA3 
rs738409 homozygous genotype GG is a risk factor for fibrosis in 
males only but not in females, this is in line with previous studies 
on the gender related effect of this polymorphism on NAFLD [32], 
Primary sclerosing cholangitis and alcoholic cirrhosis [33,34]. So 
up to our knowledge, this is the first confirmation of this genotype 
gender dependent effect on fibrosis in HCV patients

This study emphasizes the role PNPLA3 rs738409 in persistence 
and fibrosis severity of CHC course in Egyptians (Upper Africans), 
and for the first time records its genotype frequencies. Moreover, 
pinpoints a new role of the PNPLA3 rs738409 CC genotype 
in susceptibility to CHC. In addition, it shows agreement with 
previous studies on the association between the PNPLA3 rs738409 
GG genotype and severe fibrosis. Most importantly, it shows the 
gender related impact of PNPLA3 rs738409 on susceptibility and 
severity of fibrosis. This magnifies the importance of screening 
high-risk individuals and patients for this polymorphism for better 
management protocols.

Conclusion

PNPLA3 rs738409 polymorphism has an impact on HCV 
persistence and is associated with severe fibrosis in HCV patients, 
so it can be considered as risk factor for stratification of individuals 
at high risk of persistent HCV infection especially in females, and 
for HCV patients at elevated risk of advanced fibrosis specifically 
in males.
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