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ABSTRACT
Aim & Background: The mechanism of steatosis in
Hepatitis C virus infection is multifactorial; therefore,
it is complex and unclear. The aim of this study was
to investigate the effects of methylentetrahydrofolate
reductase (MTHFR) gene polymorphisms on the course
of chronic hepatitis C virus infection and the development of steatosis due to hepatitis C virus. Methods:
This study included 109 patients with chronic hepatitis C virus infection. Necroinflammatory activity, degrees of fibrosis and steatosis and MTHFR gene polymorphisms were investigated. Polymerase chain reaction-restriction fragment length polymorphism was
used to determine MTHFR C677T and A1298C polymorphisms. Results: Fibrosis was correlated with age
(r = 0.336, p = 0.002), platelet (r = −0.448, p < 0.0001),
ALT (r = 0.241, p = 0.026), AST (r = 0.361) and GGT
(r = 0.224, p = 0.039). Steatosis was only correlated
with fibrosis. MTHFR C677T and A1298C polymorphisms did not have a significant effect on the degree
of steatosis (p = 0.857, p = 0.202 respectively). There
was a relation between MTHFR C677T and the degree
of fibrosis but not A1298C (p = 0.014, p = 0.187 respectively). Conclusion: We found that MTHFR C677T polymorphism contributed to the development of fibrosis
in patients with chronic hepatitis C virus infection.
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1. INTRODUCTION
Hepatitis C virus (HCV) is a major cause of chronic liver
disease worldwide. According to the most recent WHO
estimate, the prevalence of HCV is approximately 2.2%,
affecting approximately 123 million people in the world
[1]. Hepatic steatosis refers to excessive fat accumulation
in the liver, which also is very common in the general
population. Hepatic steatosis is the most common cause
of elevated aminotransferases and probably the most common cause of chronic liver disease worldwide [2]. Over
the last decade, it has become apparent that liver steatosis in the setting of HCV infection is a distinct condition
with specific clinical and prognostic features [3-8].
An increased prevalence of steatosis in patients with
HCV is well established [3-9]. Most studies have reported approximately 50% prevalence of steatosis among patients undergoing a liver biopsy because of HCV [10-21].
HCV may induce liver steatosis by interfering with lipid metabolism in hepatocytes, and, indirectly, by influencing the level of insulin resistance. As a consequence,
the metabolic steatosis, although largely due to disorders
independent of the viral infection, may at least partially
be ameliorated by antiviral therapy. It has to be noted,
however, that as many as 30% of patients with fatty liver
who do not drink alcohol and are infected with genotypes
other than 3a have normal BMI and HOMA score, suggesting that other causes of fatty liver exist in hepatitis C
[22].
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A relatively new field is represented by the metabolic
impact of cytokines secreted by adipose tissue, i.e. the
so-called adipokines. As an example, an association has
been reported for serum levels of adiponectin and HCVrelated steatosis [23].
Apart from viral and metabolic factors, some specific
host genetic polymorphisms may also play a role in the
pathogenesis of steatosis. Hyperhomocysteinemia, by inducing endoplasmic reticulum (ER) stress, causes deregulation of the endogenous sterol response pathway via
SREBP, leading to increased hepatic biosynthesis and
uptake of cholesterol and triglycerides [24]. This in turn
leads to steatosis. It has also been suggested that hyperhomocysteinemia may increase oxidative stress by inhibiting the expression of several antioxidant enzymes, thus
sensitizing hepatocytes to the cytotoxic effect of pro-oxidant agents [25,26]. Interestingly, a close association has
been reported between the severity of steatosis and homocysteine serum levels in chronic hepatitis C patients
[27].
Three enzymes utilize homocysteine (Hcy) as a substrate: methionine synthase (MS) and betaine-homocysteine methyltransferase (BHMT), which convert homocysteine back to methionine, and cystathionine ß-synthase
(CBS), the first enzyme in the transsulfuration pathway
[28]. The distribution of Hcy among them depends on
metabolic conditions: when methionine is relatively deficient, remethylation of Hcy is favored, whereas in situations of methionine excess, the transsulfuration pathway
prevails [28,29]. S-Adenosylmethionine (AdoMet), the
first metabolite of methionine, modulates the flow of
Hcy through these metabolic pathways: increased levels
of AdoMet activate CBS and inhibit the activity of MS
and BHMT [28,30]. Impairment of Hcy remethylation or
transsulfuration leads to hyperhomocystinemia. Such situations may develop as a consequence of genetic defects
in the enzymes MS, CBS, or methylenetetrahydrofolate
reductase (MTHFR) (the enzyme that synthesizes the MS
cosubstrate 5-methyltetrahydrofolate) [29,31].
Accordingly, the aims of the present study were: 1) to
assess their relationship with the MTHFR C677T and
A1298C polymorphisms; and 2) to establish whether such
metabolic and genetic alterations are related to the development and severity of steatosis and to the progression
of liver fibrosis in CHC patients.

2. PATIENTS AND METHODES
2.1. Patient Selection
Data were collected from the hospital records kept between 6 March, 2006 and 6 March, 2010. The following
conditions were excluded: concurrent active hepatitis B
virus (positive for hepatitis B surface antigen) or human
Copyright © 2014 SciRes.

immunodeficiency virus infection, autoimmune hepatitis,
drug-induced hepatitis, steatohepatitis, primary biliary
cirrhosis, primary sclerosing cholangitis, haemochromatosis, Wilson’s disease and α1-antitrypsin deficiency by
appropriate history and by biochemical and serological
tests. Patients with type 2 diabetes mellitus (T2DM) were
excluded. The patients were selected through who were
diagnosed with chronic hepatitis C virus (HCV) infection,
underwent laboratory investigations for complete blood
count, liver chemistry, fasting blood sugar, total cholesterol, triglyceride and insulin levels within one month before they had liver biopsy. All patients were genotype 1.
A complete clinical evaluation was performed on each
patient. Baseline characteristics collected at the time of
liver biopsy included the age, height, weight and body
mass index (BMI). The BMI was calculated as weight in
kg/(height in meters)2. Information regarding the average
current daily alcohol intake (g/day) in the past 6 months
and past alcohol intake (g/day) before the last 6 months
was noted. No patient had clinical evidence of hepatic
decompensation (jaundice, hepatic encephalopathy, ascites, hepatorenal syndrome, or variceal bleeding) at the
time of biopsy. There were eligible 109 patients. Control
group was consisted 172 blood donors. All patients gave
written and oral informed consent and approval was obtained from the ethical committee of Mersin University
Medical Faculty Hospital (06.03.2006-8).

2.2. DNA Extraction and Analysis
A blood sample was drawn from each individual. Venous
blood samples were collected in tubes containing ethylenediaminetetraacetic acid. DNA was extracted from
whole blood by salting out procedure [32].

2.3. Molecular Analysis of MTHFR C677T and
A1298C Polymorphisms
Polymerase Chain Reaction and Restriction Fragment
Length Polymorphism (PCR-RFLP) assays were used to
determine MTHFR C677T and A1298C polymorphisms.
The primer pairs used were forward
5’-TGAAGGAGAAGGTGTCTGCGGGA-3’, reverse
5’-AGGACGGTGCGGTGAGAGTG-3’ for MTHFR
C677T polymorphism [33,34], and forward
5’-TGAAGGAGAAGGTGTCTGCGGGA-3’ reverse
5’-AGGACGGTGCGGTGAGAGTG-3’ for MTHFR
A1298C polymorphism [35]. PCR was performed in a 25
μl volume with 100 ng DNA, 100 μM dNTPs, 20 pmol
of each primer, 1.5 mM MgCl2, 1 × PCR buffer with
(NH4)2SO4 (Fermentas, Sigma Chemical Co., St. Louis,
MA, USA) and 1 U Taq DNA polymerase (Fermentas,
Sig-ma Chemical Co., St. Louis, MA, USA). Amplification was performed on an automated Thermal Cycler
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(Techne Flexigene, Cambridge, UK). PCR conditions
were 2 minutes for initial denaturation at 95˚C; 35 cycles
at 95˚C for 45 seconds for denaturation, 1 minute at 60˚C
for annealing (30 seconds at 64˚C for MTHFR A1298C
polymorphism) and 1.5 minutes at 72˚C for extension,
followed by 7 minutes at 72˚C for final extension. PCR
products were digested with specific restriction enzymes.
Digestion of the PCR product was carried out using 10 U
HinfI (Fermentas, Sigma Chemical Co., St. Louis, MA,
USA) for MTHFR C677T polymorphism and 10 U SatI
(Fermentas, Sigma Chemical Co., St. Louis, MA, USA)
for MTHFR A1298C polymorphism, overnight at 37˚C.
The HinfI restricted products of MTHFR C677T; genotypes CC, CT and TT had band sizes of 198bp, 198
bp/175 bp/23 bp and 175 bp/23 bp, respectively. The SatI
restricted products of MTHFR A1298C; genotypes AA,
AC and CC had band sizes of 138 bp, 138 bp/119 bp/19
bp and 119 bp/19 bp, respectively. The digest products
were resolved at 120 V for 30 - 40 minutes on a 3.5%
agarose gel containing 0.5 μg/ml ethidium bromide.

years and 67 females with a median age of 53 years
(Table 1). Out of 109 patients included in the study,
88.99% had fibrosis and 66.05% had steatosis. Fibrosis
was correlated with age (r = 0.336, p = 0.002), platelet (r
= −0.448, p < 0.0001), ALT (r = 0.241, p = 0.026), AST
(r = 0.361) and GGT (r = 0.224, p = 0.039). Steatosis was
only correlated with fibrosis. Further statistical analyses
showed a relation between steatosis and age platelet and
GGT (p = 0.019, p = 0.004 and p = 0.028 respectively);
but no relation between steatosis and ALT and AST. The
logistics regression analysis was done that to examine
the real relationship between gene polymorphisms and
the liver steatosis and fibrosis. A relationship between
gene polymorphisms and the liver steatosis and fibrosis
is not found; p = 0.636 between MTHFR C677T polymorphism and fibrosis, p = 0.157 between MTHFR
C677T polymorphism and steatosis, p = 0.489 between
MTHFR A1298C polymorphism and fibrosis, and p =
0.943 between MTHFR A1298C polymorphism and steatosis.

2.4. Liver Biopsy

3.1. Distribution of MTHFR C677T Gene
Polymorphism Genotypes

Necroinflammatory activity was scored based on Knodell’s Histological Activity Index (HAI); 0 - 4 corresponded to portal inflammation, 0 - 4 to lobular degeneration and necrosis and 0 - 10 to periportal necrosis [36].
The disease stage was determined based on Scheuer’s
classification; 0 corresponded to absence of fibrosis, 1 to
enlarged fibrotic portal tracts, 2 to periportal or portoportal septa but regular architecture, 3 to fibrosis of irregular architecture without overt cirrhosis and 4 to possible or confirmed cirrhosis [37]. Fibrosis is determined as
absent, mild or severe if fibrosis scores are ‘‘0’’, “1 - 2’’
or ‘‘3 - 4’’ respectively. Liver steatosis was graded as in
the following: 0 corresponded to steatosis in less than 5%
of hepatocytes, 1 to steatosis in 5% - 34% of hepatocytes,
2 to steatosis in 35% - 69% of hepatocytes and 3 to steatosis in more than 69% of hepatocytes.

2.5. Statistical Analyses
Chi-square test was to determine frequencies, Student’s t
test or Kruskal-Wallis to analyse demographic data and
laboratory results when appropriate, Spearman’s rank correlation to determine the correlation between the variables, ANNOVA to determine the relation between the variables, and a logistics regression analysis which to find
the main factor of the liver steatosis and fibrosis. Data
were analysed with SPSS 10.0 (SPSS for Windows, Chicago, IL). P < 0.05 was considered significant.

Out of 109 patients, 61(56%) had C/C genotype, 36
(33%) had C/T genotype and 12 (11%) had T/T genotype
of MTHFR C677T polymorphism. There was no statistically significant difference between the patient group and
the control group for MTHFR C677T gene mutation (p =
0.336) (Table 2). The distribution of MTHFR C677T polymorphism with or without steatosis was homogenous
and there was no relation with steatosis. (p = 0.857)
(Figure 1). There was a relationship with the severity of
fibrosis and MTHFR C677T (p = 0.014) (Figure 2).

3.2. Distribution of MTHFR A1298C Gene
Polymorphism Genotypes
One patients were not found to have MTHFR A1298C
polymorphism. Out of the remaining 108 patients, 58
(53.7%) had A/A genotype, 30 (27.8%) had A/C genotype and 20 (18.5%) had C/C genotype. The frequency of
MTHFR A1298C gene mutation was high in the patient
group as twice as that of the control group. [20 (18.5%)
versus 16 (9.8). But, according to MTHFR A1298C gene
mutation, there was no statistically significant difference
between the two groups (p = 0.994) (Table 2).
There was not a significant difference between the
distribution of MTHFR A1298C polymorphism and degree of fibrosis and degree of steatosis (p = 0.187 and p
= 0.202; respectively) (Figures 3 and 4).

4. DISCUSSION
3. RESULTS
The study included 42 males with a median age of 48
Copyright © 2014 SciRes.

In this study, we found that MTHFR C677T and A1298C
polymorphisms did not contribute to liver steatosis and
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Table 1. The characteristics and demographic data of patients
were shown (n = 109).
Parameter
Sex (Female/male)

67/42 (61.4%/38.6%)

Age (year) (mean ± SD)

51.27 ± 8.439

Weight (mean ± SD)

71.80 ± 11.419

Hemoglobin (mean ± SD)

13.50 ± 1.568

Thrombocyte (mean ± SD)

193350 ± 68927

ALT (mean ± SD)

80.05 ± 85.657

AST (mean ± SD)

64.80 ± 62.823

GGT (mean ± SD)

56.14 ± 59.572

Fibrosis

Fibrosis

No fibrosis

12 (11.01%)

Mild

76 (69.72%)

Severe

21 (19.27%)

Present

97 (88.99%)

Absent

12 (11.01%)

0

37 (33.95%)

1

54 (49.54%)

2

15 (13.76%)

3

3 (2.75%)

Present

72 (66.05%)

Absent

37 (33.95%)

Steatosis

Steatosis

Figure 2. A relationship was found between the severity of fibrosis and MTHFR C677T and this relationship was favored to wild type (p = 0.014). But in the
logistics regression analysis, there was not relationship
between fibrosis and MTHFR C677T (p = 0.636).

Table 2. Comparison of MTHFR C677T and MTHFR A1298C
polymorphism frequencies in control subjects and patients with
HCV.
Polymorphisms

MTHFR 677

MTHFR 1298

Genotypes

Control

Patients

n

(%)

n

(%)

CC

82

47.7

61

56.0

CT

76

44.2

36

33.0

TT

14

8.1

12

11.0

AA

80

48.8

58

53.7

AC

68

41.5

30

27.8

CC

16

9.8

20

18.5

P value

Figure 3. The distribution of MTHFR A1298C and
that of steatosis (absent or existent) were homogenous
and there was no relationship (p = 0.202). In the logistics regression analysis, there was not relationship between steatosis and MTHFR A1298C (p = 0.943).

0.336

0.994

Figure 4. There was no relationship between the severity of the fibrosis and MTHFR A1298C (p = 0.187).
In the logistics regression analysis, there was not relationship between fibrosis and MTHFR A1298C (p =
0.489).
Figure 1. The distrubution of MTHFR C677T polymorphism with or without steatosis was homogenous
and there was no relation with steatosis (p = 0.857). In
the logistics regression analysis, there was not relationship between steatosis and MTHFR C677T (p =
0.157).
Copyright © 2014 SciRes.

liver fibrosis in patients with chronic HCV infection. Out
of 109 patients, 66.05% had steatosis and 88.99% had
fibrosis. Fibrosis was correlated with age, platelet, ALT,
AST, GGT and MTHFR C677T; steatosis was correlated
with fibrosis. All above findings are consistent with the
literature [10-21,27].
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The hyperhomocysteinemia-induced steatosis model
may explain why only some, but not all, HCV-infected
patients develop steatosis, and why only a minority of
patients, e.g. those with higher homocysteine levels, accumulate a greater amount of fat in the liver. Hyperhomocysteinemia may result from a MTHFR C677T polymorphism [27]. In that study, it was shown that the polymorphism of the MTHFR gene at position 677, which
has a prevalence of 12% - 15% for the TT genotype in
the general population, was associated with both hyperhomocysteinemia and a greater degree of steatosis in
chronic hepatitis C patients. It was estimated that the
relative risk of developing more severe steatosis was
six-fold higher for patients with the CT genotype and
20-fold higher for those with the TT genotype [27].
However, in our study we found any relationship between steatosis with neither MTHFR C677T nor
MTHFR A1298C (p = 0.857 and p = 0.202, respectively).
Impaired liver function leads to altered methionine and
homocysteine metabolism. The observations of Tevijana
et al. [38] have suggested impaired liver function could
be a novel determinant in the development of hyperhomocysteinemia and a role for elevated homocysteine
levels in the development of liver fibrosis. In a recent
study, it was investigated to verify the role of recipient
MTHFR polymorphism in favouring graft fibrosis progression in patients with recurrent HCV after orthotopic
liver transplantation [39]. Authors have suggested that
the MTHFR C677T polymorphism may play a role in
influencing liver fibrosis progression in patients with recurrent hepatitis C, in conjunction with donor age, but
not via steatosis promotion [39]. In a study from China,
it has showed that hyperhomocysteinemia may be an
independent risk factor for liver cirrhosis [40]. The genetic mutation of MTHFR C667T has been possibly an
important mechanism of hyperhomocysteinemia in liver
cirrhosis [40]. Authors have suggested that the level of
plasma homocysteine may be an early indicator for liver
cirrhosis [40]. In another study of Ventura et al. [41]
MTHFR C677T mutation and disease stage has showed
to be the most important predictive factors of hyperhomocysteinaemia in liver cirrhosis [41]. Hyperhomocysteinaemia is highly prevalent in liver cirrhosis but not in
other chronic liver diseases. They have reported that hyperhomocysteinaemia may contribute to fibrogenesis and
vascular complication of liver cirrhosis [41].
The most remarkable result of this study is the distribution of MTHFR gene polymorphisms’ (especially
MTHFR A1298C) genotypes. 61(56%) had C/C genotype, 36 (33%) had C/T genotype and 12 (11%) had T/T
genotype of MTHFR C677T polymorphism. Out of the
remaining 108 patients, 58 (53.7%) had A/A genotype,
30 (27.8%) had A/C genotype and 20 (18.5%) had C/C
Copyright © 2014 SciRes.
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genotype. The distribution of MTHFR C677T gene polymorphism genotypes and alleles determined in this study
was comparable with that reported in the literature, while
the MTHFR A1298C homozygote frequency (18.5%) detected in this study was two times higher than that reported in the literature [38]. This may be a characteristic
of patients with HCV infection. Being homozygote for
MTHFR A1298C polymorphism might increase tendency to HCV infection. Otherwise, to bear wild type
MTHFR C677T (CC) was related to the fibrosis.
Hyperhomocysteinemia is frequent in the Caucasian
population (more than 15%) and its role in vascular pathology has been clearly established [42]. In hepatology,
experimental data in transgenic mice deficient in homocysteine metabolism enzymes have shown the presence
of severe liver steatosis with occasional steatohepatitis
[43]. In human beings, many studies have found a correlation between homocysteine and steatosis or even NASH
[44,45]. Some authors have suggested a discriminating
threshold to differentiate simple steatosis from NASH. In
chronic hepatitis C, preliminary data have shown that
hyperhomocysteinemia is an independent risk factor for
steatosis or even fibrosis [27]. The physiopathological
mechanism has now begun to be better understood. On
one hand, there is a strong correlation between homocysteine and insulin resistance whatever its etiology [4648]. On the other hand, homocysteine has a direct effect
on the liver, resulting in over expression of SREBP-1 and
favouring steatosis [49]. It stimulates proinflammatory
cytokine secretion such as NF kappa B increasing the
risk of NASH [50,51]. Finally, homocysteine could increase the risk of fibrosis by stimulating TIMP 1 [51].
Moreover hepatitis C virus induces hypomethylation of
STAT 1 and could decrease the antiviral activity of interferon [52]. Results from in vitro studies have shown that
the normalisation of STAT 1 methylation by bringing betaine and S Adenosyl Methionine (which belongs to homocysteine cycle) restores the antiviral activity of interferon. These data should be confirmed to evaluate the importance of homocysteine dosage in the diagnosis of NASH.
Finally, treatment of hyperhomocysteinemia could have
favourable consequences in steatopathies and HCV infection. Betaine has been shown to be the safest, least expensive and most effective in attenuating ethanol-induced liver injury [53]. Betaine, by virtue of aiding in the remethylation of homocysteine, removes both toxic metabolites (homocysteine and S-adenosylhomocysteine), restores S-adenosylmethionine level, and reverses steatosis,
apoptosis and damaged proteins accumulation [54].

5. CONCLUSIONS
It can be concluded that chronic liver disease contributes
to hyperhomocysteinemia and that hyperhomocysteinemia causes more liver steatosis and liver fibrosis in paOPEN ACCESS
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tients with liver disease, suggestive of as vicious circle
[54].
As a result of this study, MTHFR C677T and A1298C
polymorphisms, both of which cause hyperhaemocysteinemia, did not contribute to the development of steatosis
in patients with chronic hepatitis C virus infection. However, as MTHFR C677T (wild type), age and GGT increased and as platelet count dropped, the possibility of
fibrosis increased. Moreover, being homozygote for
MTHFR A1298C polymorphism might increase tendency to HCV infection. Future studies are required to confirm the results presented here.
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