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PNPLA3 and MTP genes have been associated with 
liver steatosis and chronic hepatitis C. 
We studied the influence of MTP and PNPLA3 poly-
morphisms in 114 Italian patients with chronic hepati-
tis C, evaluating the histological and clinical presenta-
tion of liver disease. 
The study confirmed the association of PNPLA3 poly-
morphisms with liver steatosis (p=0.041), but did not 

SUMMARY

show any additive effect of MTP polymorphisms in 
the development of steatosis. MTP polymorphisms do 
not seem to influence PNPLA3 in the development of 
liver steatosis. Further studies with a larger number of 
patients are required. 
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n INTRODUCTION

Hepatic steatosis is a well-known character-
istic in chronic hepatitis by the hepatitis C 

virus (HCV), facilitating the progression of liver 
damage and fibrosis [1]. Fatty liver disease and 
the correlated glycometabolic abnormalities are 
involved in the severity of liver disease, leading 
to higher fibrosis levels [2,3]. Several studies have 
shown that HCV requires host lipoproteins for its 
life because, by using the lipoprotein mechanism 
of production, the virus promotes its replication 
and escapes the immune system [4].
For this reason, host factors that might influ-
ence the lipid metabolism, hepatic steatosis de-
velopment and consequently the viral life cycle 

were investigated; particularly, polymorphisms 
of genes involved in the lipid metabolism, such 
as microsomal triglyceride transfer protein 
(MTP) gene and patatin-like phospholipase do-
main-containing 3 gene (PNPLA3), were studied 
in relation to liver steatosis in chronic hepatitis C 
(CHC) [5-11]. 
 PNPLA3 is predominantly expressed in human 
liver and adipose tissue and exerts both lipolytic 
and lipogenic activity in vitro; its rs738409 G/G 
variant has been associated with triglyceride ac-
cumulation related to a loss of hydrolysing func-
tion, and with liver steatosis and fibrosis progres-
sion in patients with CHC [7-12].
MTP is a heterodimeric lipid transfer protein that 
has a fundamental role in the assembly and secre-
tion of VLDL; HCV decreases MTP RNA expres-
sion, facilitating steatosis development, and the 
modulating effect of HCV on the MTP gene may 
help its life [5]. The polymorphism in the pro-
moter region of MTP gene, –493G⁄T, has been as-
sociated with liver steatosis; particularly, the GG 
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genotype of MTP gene seems to favor steatosis 
in non-alcoholic fatty liver disease, while the TT 
genotype favors steatosis in CHC genotype 3 [6]. 
No study evaluated the role of both polymor-
phisms on the degree of liver steatosis in CHC 
patients.
The aim of the present study was to evaluate the 
role of MTP and PNPLA3 polymorphisms on the 
histological and clinical presentation in Italian pa-
tients with CHC. 

n PATIENTS AND METHODS

Enrolled in the study were 114 consecutive Italian 
patients with histology proven chronic hepatitis 
C, anti-HCV/HCV-RNA-positive and persis-
tently abnormal serum alanine aminotransferase 
(ALT) levels for 18-36 months. The patients, all 
naive for antiviral treatment, underwent liver bi-
opsy from July 2009 to December 2011. 
The patients were tested for viral markers (HBV, 
HCV, HDV, HIV), autoimmunity, iron overload 
and α-1 antitrypsin, and those with a presence of 
other causes of liver disease and/or HIV positiv-
ity were excluded. For all patients the body mass 
index (BMI: kg/m2), waist circumference, liver 
function tests, triglycerides and cholesterol levels 
were recorded and a liver ultrasound scan was 
performed. 
The histological evaluation of specimens obtained 
by liver biopsy was determined as previously de-
scribed [8]. Samples of serum and whole blood 
were obtained on the day of the liver biopsy and 
stored at –80°C. 
All procedures in the study were in accord-
ance with the international guidelines, with the 
standards on human experimentation of the Eth-
ics Committee of the Second University of Na-
ples (now University of Campania “L. Vanvitel-
li”) and with the Helsinki Declaration of 1975, 
revised in 1983. 
The HCV viral load was determined and HCV 
genotype and PNPLA3 polymorphisms were 
sought as previously described [6, 8]. MTP poly-
morphism was genotyped by real time PCR utiliz-
ing TaqMan SNP Genotyping Assay with TaqMan 
Genotyping Master Mix (Thermo Fisher Scientif-
ic), according to the manufacturer’s instructions. 
Statistical analyses were performed on prospec-
tively collected data; subjects were subsequently 

split according to the type of gene polymorphism.
The statistical significance of differences ob-
served with respect to the presence or absence of 
polymorphism variants was evaluated by Chi-
squared/Fisher exact test for categorical variables 
and Mann-Whitney U/Kruskal-Wallis test for nu-
meric variables.
All analyses were performed with SPSS 24 soft-
ware, with a 5% significance level and two-sid-
ed test.

n RESULTS

In the study population, HCV genotypes non-3 
were prevalent and most of the patients present-
ed overweight, but blood glucose, cholesterol and 
triglyceride levels were within the normal range. 
About 25% of patients reported past alcohol abuse 
and 11.6% past drug addiction. 
The demographic, biochemical, virological and 
histological data according to the PNPLA3 and 
MTP polymorphisms are shown in Table 1. The 
presence of steatosis, liver steatosis score and 
HOMA-IR were significantly higher in patients 
with the p. PNPLA3 rs738409 G/G genotype 
compared to homozygous patients for the p. 
rs738409 C/C allele (p=0.026, 0.041 and 0.029, 
respectively). No association was observed with 
other parameters. 
The MTP polymorphisms were not significantly 
associated with any of the histological parameters 
(Table 1). A trend (p=0.06) was observed between 
heterozygotes and wild-type in relation to the 
degree of steatosis, while a significant difference 
was seen in relation only to waist circumference 
(p=0.015).
By stratifying patients according to carriers of the 
double PNPLA3 variant (rs738409 G/G)/MTP 
(493 GT or TT) and absence of variant, MTP var-
iant was associated with a significantly higher 
waist circumference than the double variant and 
PNPLA3 variant (p=0.012). Conversely, choles-
terol was significantly higher among those with 
the double variant (p=0.026). Finally, steatosis 
and HOMA-IR index were significantly higher 
among patients with PNPLA3 variant (p=0.025 
and p=0.042, respectively; Table 2). 
MTP did not show an additive influence on 
PNPLA3, particularly regarding liver steatosis 
(Table 2).



246 R. Zampino, M. Macera, G. Cirillo, et al.

n DISCUSSION

In this study, we evaluated the role of PNPLA3 
and MTP polymorphisms on the clinical and his-
tological presentation in Italian CHC patients; 
because PNPLA3 and MTP polymorphisms have 
been associated with liver steatosis in previous 

studies we hypothesized that an association of 
their variants that further predispose to liver stea-
tosis might have an additive effect in determining 
liver steatosis [5-8, 13]. 
In this study, we confirm the association of PN-
PLA3 with liver steatosis, but we found no role 
of MTP polymorphisms, either alone or in asso-

Table 1 - General characteristics of patients stratified by PNPLA3 and MTP variants in patients with chronic hepatitis C.

 PNPLA3* MTP**

Parameter
rs738409 C/C 

(n=42)
rs738409 C/G 

(n=56)
rs738409 G/G 

(n=16)
493G/G
 (n=54)

493G/T 
(n=47)

493T/T
 (n=13)

Age (yrs), median [IQR] 53 [43.2–59.7] 50.5 [41.7–56] 58 [41–61] 55 [40.5–59] 51.5 [42.2–56] 55 [49.2–63.5]

Sex, n (%)
M
F

19 (45.2)
23 (54.8)

38 (67.9)
18 (32.1)

7 (43.8)
9 (56.2)

31 (57.4)
23 (42.6)

25 (53.2)
22 (46.8)

8 (61.5)
5 (39.5)

BMI (kg/m2),  
median [IQR]

26 [24–30.5] 25.6 [23.7–28.4] 25.8 [24.3–29.9] 25 [23.4–27.7] 26 [24– 29.2] 29.2 [23.9–32.8]

Waist circumference 
(cm), median [IQR]

90 [86–102] 92.7 [85.5–100] 90 [81–105] 87.5 [82–95] 94.2 [88.2–104] 100 [97–109.7]

ALT (n.v. x),  
median [IQR]

1.3 [0.8–2.6] 1.9 [1.3–2.7] 1.7 [0.8–2.4] 1.9 [0.7–3] 1.6 [1–2.4] 1.9 [1.5–2.2]

AST (n.v. x),  
median [IQR]

1 [0.2–1.8] 1.1 [0.5–1.8] 1.05 [0.48–1.6] 1.1 [0.4–1.8] 1 [0.4–1.6] 1.2 [0.2–1.9]

GGT, median [IQR] 40 [26.2–97] 49.5 [24.2–92.5] 49.5 [25–92.5] 48 [28–90.7] 45 [25.5–93] 32 [21.5–93.5]

Cholesterol (mg/dL), 
median [IQR]

160 [139.2–188.2] 177 [146–200.5] 164.5 [130.7–191.5] 174 [141.7–198] 159 [144–193.5] 168 [137–213.5]

Triglycerides (mg/dL), 
median [IQR]

87 [77–110] 84.5 [66.7–129.7] 79.5 [63.5–118] 85 [70.7–114.7] 86 [65.5–117] 96 [59.7–167.7]

Glucose (mg/dL), 
median [IQR]

86 [78.7–97.2] 92 [84–97] 91 [85–98] 87.5 [82–96.5] 90 [83.5–98] 95 [87–98]

HOMA-IR,  
median [IQR]

3.2 [1.9–4] 3.1 [2.1–5.1] 4.6 [3.4–15.2] 3.2 [1.9–4.8] 3.5 [2.3–5.6] 3.6 [3–4.3]

Genotype, n (%)
Non-3
3

31 (91.2)
3 (8.8)

42 (85.7)
7 (14.3)

13 (92.9)
1 (7.1)

42 (91.3)
4 (8.7)

33 (84.6)
6 (15.4)

11 (91.7)
1 (8.3)

HAI score, median 
[IQR]

5 [3–10] 5 [3.7–8] 6 [4–10] 5 [3–9] 5 [3–9.7] 5 [2.5–8]

Fibrosis score, median 
[IQR]

2 [1–3] 2 [1–3] 2.5 [1–4] 2 [1–3] 1.5 [1–2.7] 3 [1–4]

Presence of steatosis, 
n (%)

Absence
Steatosis 1-2
Steatosis 3-4

14 (38.9)
16 (44.4)
6 (16.7)

14 (26.4)
29 (54.7)
10 (18.9)

4 (26.7)
3 (20)

8 (53.3)

14 (29.2)
27 (56.3)
7 (14.6)

15 (34.1)
15 (34.1)
14 (31.8)

3 (25)
6 (50)
3 (25)

Steatosis score,  
median [IQR]

1 [0–2] 1 [0–2] 3 [0–4] 1 [0–2] 1 [0–3] 1.5 [0.25–2.75]

* PNPLA3: PCC-GG< 0.05 for HOMA-IR, presence of steatosis and steatosis score (p=0.029, 0.026 and 0.041, respectively) - PGC-
GG <0.05 for presence of steatosis (p=0.016).
** MTP: PGG-TT<0.05 for waist circumference (p=0.007).
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ciation with PNPLA3. Recently, Mirandola et al 
hypothesized a mechanism regarding the role of 
MTP in related CHC steatosis; in the early stag-
es of HCV infection, MTP activity might be en-
hanced to facilitate assembly and secretion of 
HCV particles, while later HCV may decrease 
MTP expression through an up-regulation of 
some MTP suppressors, thus increasing lipogene-
sis, lipid accumulation and hepatic steatosis [13]. 
This mechanism might create a safe environment 
for HCV latency.
Accordingly, with this supposed role of MTP in 
the mechanisms leading to liver steatosis, we 
might consider that our patients were a homoge-
neous group in which we cannot know the precise 
stage of chronic infection or the time of infection; 

however, the median fibrosis score was 2 in the 
whole population, giving the idea that disease 
was not so advanced [13]. Indeed, patients were 
relatively young, had median low steatosis scores 
and very similar HOMA-IR, so no specific differ-
ences could be detected. In addition, the low num-
ber of patients, particularly of those with MTP 
G/T polymorphism, contributed to preventing 
any definitive conclusions to be drawn; in detail, 
only 1 patient with both rs73,8409 G/G PNPLA3 
and 493G/T MTP homozygote polymorphisms 
was found.
The only significant association was observed 
between MTP polymorphisms and waist circum-
ference. MTP polymorphisms might indirectly 
increase a steatosis risk through visceral obesity, 

Table 2 - Comparison of general characteristics of patients stratified by double variant PNPLA3 (rs738409 G/G)/MTP 
(493 GT or TT) and absence of variant in patients with chronic hepatitis C.

Parameter
Double Variant 

(n=42)
PNPLA3 (rs738409 G/G) 

(n=7)
MTP 493T/T – G/T

 (n=18)
No variant

(n=47)
P

Age (yrs), median [IQR] 54 [47.2 – 60.7] 58 [39 – 59] 48 [41.5 – 75] 51 [40 – 59] 0.468

Sex, n (%)
M
F

23 (54.8)
19 (45.2)

3 (42.9)
4 (57.1)

10 (55.6)
8 (44.4)

28 (59.6)
19 (40.4)

0.859

BMI (kg/m2),  
median [IQR]

26.3 [24 – 29] 25.8 [24.8 – 30] 27 [24.1 – 31.1] 25 [23.1 – 27.6] 0.367

Waist circumference (cm),  
median [IQR]

94.4 [88.5 – 102.5] 90 [84 – 105] 102 [90 – 105] 86 [82 – 92] 0.012

ALT (n.v. x), median [IQR] 1.6 [1.2 – 2.3] 1.9 [1.3 – 3] 1.2 [0.85 – 2.25] 1.9 [0.7 – 2.97] 0.705

AST (n.v. x), median [IQR] 1 [0.4 – 1.6] 1.1 [0.6 – 1.6] 1.2 [0.35 – 1.9] 1.1 [0.25 – 1.8] 0.997

GGT, median [IQR] 41 [22.5 – 81.7] 52 [35 – 64.5] 56 [27.7 – 119.5] 48 [25 – 100] 0.804

Cholesterol, mg/dL,  
median [IQR]

186 [146 – 201] 175 [136 – 188] 147.5 [116 – 161.2] 173 [141 – 204] 0.026

Triglycerides (mg/dL),  
median [IQR]

86.5 [69.2 – 127.5] 67 [61.5 – 108.5] 86 [55 – 119] 87 [74.5 – 119.5] 0.483

Glucose median (mg/dL),  
median [IQR]

92 [85.7 – 96.7] 93 [86 – 147.25] 86 [78.25 – 101.5] 85.5 [81.75 – 95.5] 0.161

HOMA-IR,  
median [IQR]

3.6 [2.8 – 5.6] 9.98 [3.8 – 15.8] 2.98 [1.9 – 3.7] 2.9 [1.6 – 3.9] 0.042

Genotype
Non-3 (%)
3 (%)

31 (86.1)
5 (13.9)

6 (100)
0 (-)

13 (86.7)
2 (13.3)

36 (90)
4 (10)

0.770

HAI score, median [IQR] 5 [3.25 – 8] 6 [4 – 9] 6 [3 – 9.5] 5 [3 – 9] 0.995

Fibrosis score,  
median [IQR]

2 [1 – 3] 2.5 [1 – 4.25] 2 [1 – 3.5] 2 [1 – 3] 0.796

Steatosis score,  
median [IQR]

1 [0 – 3] 4 [1 – 4] 2 [0 – 3.5] 1 [0 – 1] 0.025
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which is another important factor inducing stea-
tosis [3]. 
The maintenance of the ideal weight is a funda-
mental target in CHC patients. Obviously, this 
recommendation should be pursued also in pa-
tients treated with direct-acting antiviral agents to 
protect the liver from fat damage also after viral 
clearance. 
Larger studies are needed to clarify the possi-
ble role of PNPLA3 and MTP polymorphisms in 
CHC-associated steatosis.
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