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ABSTRACT
Background:  Chronic hepatitis B virus (HBV) infection is a severe disease affecting the physical and 
economic well-being of patients. The relationship between polymorphisms in the MTHFR gene and 
disease progression following HBV infection remains a controversial topic.
Aim:  To study MTHFR and MTRR gene polymorphisms in patients with chronic HBV infections in Zigong, 
Sichuan Province.
Subjects and methods: One hundred and ninety-one patients with chronic HBV infections were divided 
into three groups: the chronic hepatitis B (CHB) group (n = 71), the hepatitis B-induced liver cirrhosis (LC) 
group (n = 56), and the hepatitis B-related primary liver cancer (PLC) group (n = 64). The gene 
polymorphisms were detected using the PCR-melt curve method and analysed.
Results:  The distributions of MTHFR C677T (CC: 41.2% vs. 41.8%; CT: 50% vs. 45.5%; TT: 8.8% vs. 12.7%; 
p = 0.714), MTHFR A1298C (AA: 70.6% vs. 72.7%; AC: 26.5% vs. 25.5%; CC: 2.9% vs. 1.8%; p = 1.000), and 
MTRR A66G (AA: 58.1% vs. 65.5%; AG: 39.0% vs. 29.1%; 2.9% vs. 5.5%; p = 0.353) genetic polymorphisms 
did not vary between male and female patients from Zigong. In addition, there were no differences in 
the distributions of MTHFR C677T (CC: 43.4% vs. 38.8%; CT: 49.1% vs. 48.2%; TT: 7.5% vs. 12.9%; p = 0.444), 
MTHFR A1298C (AA: 76.4% vs. 64.7%; AC: 20.8% vs. 32.9%; CC: 2.8% vs. 2.4%; p = 0.155), and MTRR A66G 
(AA: 62.3% vs. 57.6%; AG: 34.0% vs. 38.8%; 3.8% vs. 3.5%; p = 0.353) genetic polymorphisms between the 
patients <60 and >60 years of age. The distributions of MTHFR C677T (CHB vs. LC, p = 0.888; CHB vs. PLC, 
p = 0.661; PLC vs. LC, p = 0.926), MTHFR A1298C (CHB vs. LC, p = 0.12; CHB vs. PLC, p = 0.263; PLC vs. LC, 
p = 0.550), and MTRR A66G (CHB vs. LC, p = 0.955; CHB vs. PLC, p = 0.645; PLC vs. LC, p = 0.355) gene 
polymorphisms were comparable between the CHB, LC, and PLC groups.
Conclusion:  The distributions of MTHFR and MRRR genetic polymorphisms in the population with HBV 
infections in Zigong, Sichuan Province did not differ in age and sex. The MTHFR and MRRR genetic 
polymorphisms were comparable between the CHB, LC, and PLC groups.

Introduction

Chronic hepatitis B virus (HBV) infection is a severe disease 
affecting the physical and economic well-being of patients. 
Genetic mutations are common in patients with chronic 
HBV infections. Mutant HBV strains can easily escape the 
host immune defense and develop resistance to antiviral 
drugs, which gives rise to more potent pathogenicity. 
Mutant HBV strains are more likely to induce chronicity and 
deterioration of hepatitis B and may even lead to cancer 
(Xu et  al. 2017).

The 5,10-methylene tetrahydrofolate reductase (MTHFR) 
gene is polymorphic. The MTHFR C677T polymorphism 
involves the substitution of cytosine with thymine at nucleo-
tide position 677, while the MTHFR A1298C polymorphism 
involves the substitution of adenine with cytosine at 

nucleotide position 1298. Both polymorphisms lead to higher 
thermal instability and lower MTHFR activity (Zappacosta 
et  al. 2014). It has been reported that the MTHFR C677T poly-
morphism is closely related to the LINE-1 methylation level 
and the occurrence of hepatocellular carcinoma (HCC) in 
patients with chronic HBV infections (Qiao et  al. 2017, 2020). 
Mutations in the 5-methyltetrahydrofolate-homocysteine 
methyltransferase reductase (MTRR) gene causes an elevation 
in plasma homocysteine levels. MTRR activity is four-times 
lower in carriers of the GG genotype compared to the MTRR 
A66G polymorphism AA genotype (Kwak et  al. 2008; Lu et  al. 
2018). MTRR mutations are closely related to the risk of HCC. 
Host gene polymorphism plays an important role in disease 
progression and outcomes following HBV infection (Kwak 
et  al. 2008; Zappacosta et  al. 2014; Qiao et  al. 2017, 2020; Lu 
et  al. 2018). According to another study, however, the MTHFR 
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C677T polymorphism is not a risk factor for HBV-related HCC 
in those at high risk for HBV (Jiao et  al. 2017). As concluded 
in a meta-analysis, the MTHFR rs1801133 polymorphism 
decreases the susceptibility for HCC (Zhang et  al. 2020). 
Indeed, the relationship between polymorphisms in the 
MTHFR gene and disease progression following HBV infection 
remains a controversial topic.

Conclusions regarding the distributions of genetic poly-
morphisms in MTHFR and MTRR vary depending on the 
research methodology, study region, and study population. In 
the current study patients with chronic HBV infections from 
Zigong, Sichuan Province, were enrolled. The genotypes of 
MTHFR C677T, MTHFR A1298C, and MTRR A66G polymor-
phism were determined. The purpose of the study was to 
understand the distribution characteristics of MTHFR and 
MTRR gene polymorphisms in patients with chronic HBV 
infections.

Materials and methods

Subjects

The present study was approved by the Medical Ethics 
Committee of Zigong Third People’s Hospital (approval 
number: NO. 2020-Research Ethics-05). All patients in this 
study provided oral consent for the publication of their 
data. The enrolled subjects with chronic HBV infections 
were treated at the Outpatient Clinic of Zigong Third 
People’s Hospital or were admitted to Zigong Third People’s 
Hospital from January 2021 to June 2022. All of the patients 
were diagnosed with chronic HBV infections according to 
the following criteria: Guidelines for the Prevention and 
Treatment of Chronic Hepatitis B (2019 version) (Chinese 
Society of Infectious Diseases, Chinese Medical Association, 
Chinese Society of Hepatology, Chinese Medical Association 
2019); and Standardisation of Diagnosis and Treatment of 
Primary Liver Cancer (2019 version) (Bureau of Medical 
Administration, National Health Commission of the People’s 
Republic of China, 2020). Subjects meeting any of the fol-
lowing criteria were excluded: (1) chronic HBV infection 
combined with a history of other cancers; (2) a history of 
infection with other hepatitis viruses or AIDS; (3) alcoholic 
cirrhosis (with a confirmed history of alcohol abuse) and 
suspected of drug-induced liver cirrhosis; and (4) incom-
plete data. Based on the above criteria, 191 subjects were 
included, then divided into three groups: (1) 71 subjects in 
the chronic hepatitis B (CHB) group, 47 males and 24 
females with a mean age of 55.87 ± 16.16 years; (2) 56 sub-
jects with HBV-induced liver cirrhosis (LC) group, 38 males 
and 18 females with a mean age of 59.57 ± 13.33 years; and 
(3) 64 subjects in the HBV-related primary liver cancer (PLC) 
group, 51 males and 13 females with a mean age of 
60.42 ± 12.73 years.

Research methodology

Two millilitres of peripheral venous blood were drawn from 
each subject into a purple anticoagulant tube. MTHFR 

C677T, MTHFR A1298C, and MTRR A66G polymorphisms 
were detected using the PCR-melt curve method, which is 
the combination of a real-time PCR platform, specific prim-
ers, fluorescence probes, and a melt curve. The procedures 
of PCR-melt curve method were as follows: (1) DNA was 
extracted from whole blood. The blood sample in the pur-
ple anticoagulation tube was properly mixed. Two hundred 
microlitres of the whole blood sample were used for DNA 
extraction according to the kit instructions. The blood sam-
ple was added to the sample hole of the extraction plate, 
the genome was extracted in the automatic extraction 
instrument, and the sample DNA was obtained after 
extraction. Nucleic acid was extracted according to the 
instructions of the extraction reagent. (2) Genotyping of 
polymorphisms in the MTHFR and MTRR genes was con-
ducted according to the kit instructions. A PCR reaction sys-
tem was prepared and PCR amplification, result interpretation, 
and quality control procedures were undertaken. The 
reagent was taken out of the refrigerator, balanced at room 
temperature for 30 min, mixed, and centrifuged for 20 s. 
Then, the PCR reaction amplification system was prepared 
according to the proportion of each component and pack-
aged into a PCR reaction tube. The DNA extracted from 2-μL 
blood samples was added to the PCR reaction amplification 
system, the PCR reaction tube was covered, and the bubbles 
were removed by instantaneous centrifugation. Finally, the 
PCR reaction tube was placed on a fluorescence PCR analy-
ser for PCR amplification. The PCR reaction parameters were 
as follows: 1 cycle at 95 °C for 2 minutes; and 50 cycles at 
94 °C for 15 seconds, 56 °C for 30 seconds, and 72 °C for 
10 seconds. The melting stage temperature was 45 °C→75 °C 
and the fluorescence was detected. Analysis and interpreta-
tion of results were performed after the operation (Figure 
1). All procedures were performed according to the kit 
instructions.

Instruments and reagents

The SLAN-96P real-time PCR system was purchased from 
Shanghai Hongshi Medical Treatment Technology Co., Ltd. 
(Shanghai, China). The biosafety cabinet was purchased from 
Biobase Biodustry (Shandong) Co., Ltd. (Shandong, China). 
The fully automatic nucleic acid extraction system was pur-
chased from Shanghai BioGerm Medical Technology Co., Ltd. 
(Shanghai, China). The MTHFR (C677T), MTHFR (A1298C), and 
MTRR (A66G) Gene Detection kits (PCR-melt curve method) 
were purchased from Wuxi RiQiGen Biotech Co., Ltd. 
(Wuxi, China).

Statistical method

All data were analysed using SPSS 17.0 software. The included 
data are expressed as counts (percentages). Cross-tabulation 
and the chi-square test or Fisher’s exact test were used for 
the differences between sexes, age groups, and HBV types. 
The Hardy-Weinberg equilibrium test was used to confirm 
the samples were representative of the target population 
using the HW formula: theoretical frequency CC = total × C%2, 
CT = total × 2 C%*T%, TT = total × T%2.
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Results

Hardy-Weinberg equilibrium analysis

The Hardy-Weinberg equilibrium test was carried out for the 
MTHFR C677T (χ2 = 0.592, p = 0.744), MTRR A66G (χ2 = 0.387, 
p = 0.824), and MTHFR A1298C (χ2 = 0.014, p = 0.993) polymor-
phisms among the enrolled patients with chronic HBV infec-
tions (Table 1). The entire population was in Hardy-Weinberg 
equilibrium, indicating that the samples were representative 
of the target population.

Distribution of MTHFR and MTRR genetic 
polymorphisms in patients with chronic HBV infections

The frequencies of the MTHFR C677T polymorphism CC, GT, 
and TT genotypes were 41.36% (79/191), 48.69% (93/191), 
and 9.95% (19/191), respectively. The frequencies of the C 
and T alleles were 65.71% and 34.29%, respectively. The fre-
quencies of the MTRR A66G polymorphism AA, AG, and GG 
genotypes were 60.21% (115/191), 36.13% (69/191), and 
3.66% (7/191), respectively. The frequencies of the A and G 
alleles were 78.27% and 21.73%, respectively. The frequencies 
of the MTHFR A1298C polymorphism AA, AG, and GG geno-
types were 71.2% (136/191), 21.68% (50/191), and 2.62% 

(5/191), respectively. The frequencies of the A and C alleles 
for the MTHFR A1298C polymorphism were 84.29% and 
15.71%, respectively (Tables 1 and 2).

Analysis of MTHFR and MTRR genetic polymorphisms in 
patients with chronic HBV infections stratified by age 
and sex

The differences of genetic polymorphisms in the distributions 
of MTHFR C677T (χ2 = 1.625, p = 0.444), MTRR A66G (Fi = 
0.557, p = 0.835), and MTHFR A1298C (Fi = 3.671, p = 0.155) 
between the patients ≤ 60 and > 60 years of age are shown 

Table 1.  Hardy-Weinberg equilibrium test for analysing MTHFR and MTRR gene 
polymorphisms in patients with chronic HBV infection from Zigong, n (%).

Locus Genotype
Actual 

frequency
Theoretical 
frequency χ2 p

MTHFR C677T CC 79 (41.36) 83 (43.46) 0.592 0.744
CT 93 (48.69) 86 (45.03)
TT 19 (9.95) 22 (11.52)

MTRR A66G AA 115 (60.21) 117 (61.26) 0.387 0.824
AG 69 (36.13) 65 (34.03)
GG 7 (3.66) 9 (4.71)

MTHFR 
A1298C

AA 136 (71.20) 135 (70.68) 0.014 0.993

AC 50 (26.18) 51 (26.70)
CC 5 (2.62) 5 (2.62)

Figure 1. S chematic diagram of PCR-melt curve method.
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in Table 3. In addition, the distributions of MTHFR C677T (χ2 
= 0.770, p = 0.714), MTRR A66G (Fi = 2.249, p = 0.353), and 
MTHFR A1298C (Fi = 0.176, p = 1.000) genetic polymorphisms 
did not vary between male and female patients from Zigong 
(Table 4).

Analysis of MTHFR and MTRR genetic polymorphisms in 
different groups of patients

The distributions of MTHFR and MTRR gene polymorphisms 
were compared between the CHB, LC, and PLC groups. The 
frequencies of MTHFR C677T genetic polymorphisms did not 
vary in the pairwise comparison between the three groups 
(CHB vs. LC, χ2 = 0.239, p = 0.888; CHB vs. PLC, χ2 = 0.882, 
p = 0.661; PLC vs. LC, χ2 = 0.326, p = 0.926; Table 5). The fre-
quencies of MTRR A66G genetic polymorphisms did not vary 
in the pairwise comparison between the three groups (CHB 
vs. LC, Fi = 0.331, p = 0.955; CHB vs. PLC, Fi = 1.114, p = 0.645; 
PLC vs. LC, Fi = 2.092, p = 0.355; Table 5). The frequencies of 
MTHFR A1298C genetic polymorphisms did not vary in the 
pairwise comparison between the three groups (CHB vs. LC, 
Fi = 3.510, p = 0.12; CHB vs. PLC, Fi = 3.015, p = 0.263; PLC vs. 
LC, Fi = 1.412, p = 0.550; Table 5).

Discussion

MTHFR and MTRR are key enzymes in folate metabolism and 
are involved in DNA synthesis, repair, methylation, and the 
regulation of gene expression (Jiajin et  al. 2019). The progres-
sion of HBV-related diseases after an infection is the com-
bined result of host and viral factors. The liver is the key 
organ where folate is metabolised and homocysteine is 
cleared. Recent studies have shown that polymorphisms in 
the MTHFR and MTRR genes affect the disease course after 
HBV infection (Kwak et  al. 2008; Jiao et  al. 2017; Zhang et  al. 
2020). The MTHFR C677T polymorphism induces hyperhomo-
cysteinemia, which may be the basis for vascular complica-
tions, such as liver fibrosis and liver cirrhosis (Zhang et  al. 
2020); however, the MTHFR C677T polymorphism has dual 
effects. Specifically, carriers of the T allele may have a higher 
risk of cancers in light of the role of the MTHFR C677T poly-
morphism in DNA methylation, but when the positive role of 
MTHFR C677T polymorphism in DNA synthesis is considered, 
the T allele is a protective factor against cancers (Kwak et  al. 
2008; Jiao et  al. 2017). Our study compared the MTHFR and 
MTRR gene polymorphism distributions across three groups 
of HBV infections (CHB, LC, and PLC groups) and demon-
strated few differences in the MTHFR C677T, MTHFR A1298C, 
and MTRR A66G polymorphism distributions (p > 0.05). The 
above results suggest that polymorphisms in the MTHFR and 
MTRR genes might not be risk factors for the progression of 
HBV-related diseases.

Table 3.  Comparative analysis of genetic polymorphisms of MTHFR and MTRR 
in patients with chronic HBV infection stratified by age, n (%).

Genotype

≤ 60 years 
old 

(n = 106)
> 60 years 
old (n = 85) χ2/Fi p

MTHFR C677T CC 46 (43.4) 33 (38.8) 1.625* 0.444
CT 52 (49.1) 41 (48.2)
TT 8 (7.5) 11 (12.9)

MTRR A66G AA 66 (62.3) 49 (57.6) 0.557# 0.835
AG 36 (34.0) 33 (38.8)
GG 4 (3.8) 3 (3.5)

MTHFR 
A1298C

AA 81 (76.4) 55 (64.7) 3.671# 0.155

AC 22 (20.8) 28 (32.9)
CC 3 (2.8) 2 (2.4)

* χ2; # Fi.

Table 4.  Comparative analysis of genetic polymorphisms of MTHFR and MTRR 
in patients with chronic HBV infection stratified by gender, n (%).

Genotype
Male 

(n = 136)
Female 
(n = 55) χ2/Fi p

MTHFR C677T CC 56 (41.2) 23 (41.8) 0.770* 0.714
CT 68 (50.0) 25 (45.5)
TT 12 (8.8) 7 (12.7)

MTRR A66G AA 79 (58.1) 36 (65.5) 2.249# 0.353
AG 53 (39.0) 16 (29.1)
GG 4 (2.9) 3 (5.5)

MTHFR 
A1298C

AA 96 (70.6) 40 (72.7) 0.176# 1.000

AC 36 (26.5) 14 (25.5)
CC 4 (2.9) 1 (1.8)

* χ2; # Fi.

Table 5.  Comparative analysis of genetic polymorphisms of MTHFR and MTRR in different groups of patients [n(%)].

Genotype CHB (n = 71) LC (n = 56) PLC (n = 64) CHB vs. LC CHB vs. PLC PLC vs. LC

MTHFR C677T CC 31 (43.7) 24 (42.9) 25 (37.9) χ2=0.239 p = 0.888 χ2=0.882 p = 0.661 χ2=0.326
p = 0.926

CT 32 (45.1) 27 (48.2) 35 (53.0)
TT 8 (11.3) 5 (8.9) 6 (9.1)

MTRR A66G AA 42 (59.2) 31 (55.4) 42 (65.6) Fi = 0.331 p = 0.955 Fi = 1.114 p = 0.645 Fi = 2.092
p = 0.355

AG 26 (36.6) 22 (39.3) 21 (32.8)
GG 3 (4.2) 3 (5.4) 1 (1.6)

MTHFR A1298C AA 50 (70.4) 43 (76.8) 43 (67.2) Fi = 3.510
p = 0.12

Fi = 3.015 p = 0.263 Fi = 1.412
p = 0.550

AC 21 (29.6) 11 (19.6) 18 (28.1)
CC 0 (0) 2 (3.6) 3 (4.7)

Table 2.  Analysis of genetic polymorphisms of MTHFR and MTRR in patients 
with chronic HBV infection from Zigong.

Locus Total Genotype Cases Percentage (%)

MTHFR C677T 191 CC 79 41.36%
CT 93 48.69%
TT 19 9.95%

MTRR A66G 191 AA 115 60.21%
AG 69 36.13%
GG 7 3.66%

MTHFR A1298C 191 AA 136 71.20%
AC 50 26.18%
CC 5 2.62%
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In one study, the MTHFR C677T polymorphism was more 
strongly correlated with DNA methylation in females than males 
(Qiao et  al. 2020). According to another study, the TT genotype 
and T allele had a stronger protective effect against HCC and 
liver cirrhosis in males (Jiao et  al. 2017). Based on data stratified 
by age and aetiology, the MTHFR 1298A > C and MTRR 
66AG + GG genotypes were risk factors for disease onset follow-
ing HBV infection in the group > 65 years of age (Kwak et  al. 
2008). Our results indicated that, in the study population with 
HBV infections from Zigong, the frequencies of MTHFR C677T, 
MTHFR A1298C, and MTRR A66G genetic polymorphisms did 
not vary with age and sex. Conflicting conclusions drawn from 
various studies point to the need for further investigation into 
the correlation between MTHFR and MTRR gene polymorphisms 
as a function of age and sex in HBV-infected patients.

Important heterogeneity has been reported in the geno-
type and allele frequencies of MTHFR and MTRR gene poly-
morphisms across geographic regions and ethnic groups 
(Yang et  al. 2013; Jiao et  al. 2017). Supplemental Tables 1–3 
showed that the CC, CT, and TT genotype frequencies of the 
MTHFR C677T polymorphism in the population with chronic 
HBV infections from Zigong were 41.36% (79/191), 48.69% 
(93/191), and 9.95% (19/191), respectively. The C and T allele 
frequencies were 65.71% and 34.29%, respectively. When 
compared to the corresponding subjects from Luzhou, 
Suining, Deyang, and northeast Sichuan (Zhang et  al. 2012; 
Fang et  al. 2018; Xiang et  al. 2019; Chen et  al. 2020), the dif-
ferences were obvious. The above results suggest that the 
MTHFR C677T polymorphism distribution characteristics were 
basically consistent across different parts of Sichuan. We found 
that the MTHFR C677T genotype and allele distributions in 
the study population from Zigong were different from Beijing 
and Gansu (Li et  al. 2019; Bao et  al. 2021). We concluded, 
therefore, that the further the geographic distance, the greater 
the differences. The differences also existed between Zigong 
and northern India with respect to the distribution of MTHFR 
C677T genotypes (Fang et  al. 2018). The above results indi-
cated that there were geographic differences in the distribu-
tion of MTHFR C677T genotypes between Zigong and 
northern India; however, such geographic differences were 
not observed between Zigong and countries other than 
northern India (Omsk, Russia, Macedonia, Australia, Poland, 
and Tunisia [Markan et  al. 2007; Spiroski et  al. 2008; Reeves 
et  al. 2009; Vilms et  al. 2023]). The frequencies of the AA, AG, 
and GG genotypes of the MTRR A66G polymorphism were 
60.21% (115/191), 36.13% (69/191), and 3.66% (7/191), respec-
tively. The frequencies of the A and G alleles were 78.27% and 
21.73%, respectively. The genotype and allele frequencies of 
the MTRR A66G polymorphisms were quite different in the 
study population from Zigong compared to Deyang and 
Sichuan (Zhang et  al. 2012) and Gansu (Bao et  al. 2021). 
Differences in the genotype distribution of the MTRR A66G 
polymorphism existed between the study population from 
Zigong and Omsk and Russia (Vilms et  al. 2023), and Tunisia 
(Nasri et al. 2019). As seen above, the genotype and allele dis-
tributions of the MTRR A66G polymorphism varied across 
geographic regions, but such geographic differences might 
also be related to population differences. Several confounding 
factors might be involved in the explanation of the above 

differences, including intrinsic features of the study popula-
tion and sample size. Further investigations are needed to 
clarify this finding. In a previous study the prevalence of 
MTHFR C677T and A1298C, and MTRR A66G showed geo-
graphic variations among Chinese Han populations, which are 
consistent with our study findings. The geographic variations 
among different countries also warrant further study.

The present study had several limitations we would like to 
acknowledge. First, the study scope was limited to the 
HBV-infected population in Zigong and the sample size was 
quite small, which might introduce geographic bias and affect 
the generalisability of the findings. Second, the study did not 
delve into the potential influence of various factors, such as age, 
sex, and lifestyles on the observed polymorphisms in the MTHFR 
and MTRR genes within the HBV-infected population. The comor-
bidities and medications of this population were not analysed. 
The uninfected controls from the same population were not ana-
lysed either. Further research involving a more diverse popula-
tion and considering broader variables is necessary to enhance 
the comprehensiveness and applicability of the findings.

Conclusion

The distributions of MTHFR and MRRR genetic polymorphisms 
in the population with HBV infections in Zigong, Sichuan 
Province did not differ in age and sex.
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