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 Background: Atherosclerosis seriously threats human health. Homocysteine is an independent risk factor closely related to 
DNA methylation. MTHFR C667T loci polymorphism is closely associated with homocysteine level. This study 
aimed to investigate the relationship among MTHFR C667T loci polymorphism, genome-wide methylation, and 
atherosclerosis.

 Material/Methods: Blood sample was collected from 105 patients with coronary atherosclerosis and 105 healthy controls. 
Pyrosequencing methylation was used to detect LINE-1 methylation level. Polymerase chain reaction-restric-
tion enzyme fragment length polymorphism (PCR-RFLP) was used to test MTHFR.

 Results: LINE-1 methylation level in the patient group was significantly lower than in the controls (t=5.007, P<0.001). 
MTHFR C667T genotype distribution presented marked differences in the 2 groups. TT genotype carriers had 
significantly increased risk of atherosclerosis (OR=3.56, P=0.009). Three different genotypes of MTHFR C667T 
loci showed different LINE-1 methylation level between the 2 groups (P<0.01). LINE-1 methylation level in TT 
and CT genotype carriers was obviously lower than in CC genotype carriers (P<0.05).

 Conclusions: MTHFR C667T loci polymorphism may affect atherosclerosis by regulating genome methylation level.
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Background

Atherosclerosis (AS) is one of the most common chronic diseas-
es, and is also the pathological basis of many cardiovascular 
diseases, such as stroke and coronary heart disease. Incidence 
of AS has been steadily increasing due to changing lifestyles, 
and the morbidity of cardiovascular and cerebrovascular dis-
eases caused by AS has also increased. More newly diagnosed 
cases are in young people. AS has become a major killer that 
seriously threatens health and quality of life.

Methylenetetrahydrofolatereductase (MTHFR) is a key enzyme 
to catalyze 5, 10-methylene tetrahydrofolic acid to 5-methyl 
tetrahydrofolic acid, while the latter is the methyl donor of ho-
mocysteine (Hcy). Thus, MTHFR is also the key enzyme to reg-
ulate Hcy metabolism. It has been found that MTHFR C667T 
loci polymorphism is associated with enzyme activity. For ex-
ample, enzyme activity is reduced by 60% in TT genotype car-
riers [1], leading to Hcy and methylation processes that affect 
Hcy level in the blood [2–5]. Because Hcy is an independent 
risk factor for AS [6], MTHFRC667T loci gene polymorphism 
may also be correlated with AS occurrence. The present study 
aimed to explore the relationship between MTHFRC667T loci 
gene polymorphisms and AS susceptibility by conducting a 
case-control study.

In DNA methylation the methyl of S-adenosylmethionine trans-
fers to the fifth carbon of cytosine to form 5-methyl cytosine 
under DNA methyltransferase activity. As a common epigenetic 
modification, DNA methylation abnormality is closely related to 
multiple diseases such as tumors [7]. DNA methylation is also 
related to AS [8]. Genome-wide methylation level was lower 
in AS patients [9] and affects atherosclerotic plaque formation 
in ApoE–/– mice [10,11]. Studies found that vascular smooth 
muscle cell genome DNA methylation level was regulated by 
Hcy [12]. Thus, we speculated that Hcy may affect AS occur-
rence by influencing the genome-wide methylation level. Hcy 
level was closely associated with MTHFR C667T loci polymor-
phism, and genome-wide methylation may also be related to 
it. This study tried to clarify the relationship between MTHFR 
gene polymorphism and genome-wide methylation level by 
detecting MTHFR C667T loci genotype and the LINE-1 methyl-
ation level to represent the whole genome [13,14].

Material and Methods

Objects

We enrolled 105 patients with coronary atherosclerosis in the 
First Affiliated Hospital of Xi’an Jiaotong University between 
July 1, 2012 and January 1, 2015. No patients received treat-
ment before blood sampling. There were 67 males and 38 

females with average age 60.14±2.56 years old. We selected 
105 healthy subjects at the same period as controls, including 
64 males and 41 females, with mean age 59.68±3.02 years old. 
Sex and age showed no significant difference between the 2 
groups (P>0.05). Exclusion criteria of patients with coronary 
atherosclerosis includes: 1) severe liver and renal disease; 2) 
cardiovascular and cerebrovascular diseases, such as hema-
tencephalon, cerebral embolism, cardiac failure, and myocar-
dial infarction; and 3) familial hyperlipidemia. This study was 
approved by the Institutional Review Board of First Affiliated 
Hospital of Xi’an Jiaotong University. All patients provided writ-
ten informed consent for blood sampling.

MTHFR C667T loci genotype detection

The Genomic DNA extraction kit (Applied Biosystems) was used 
to extract DNA from peripheral blood cells according to the man-
ual. DNA purity and content was determined on protein nucleic 
acid detector. The DNA with absorbance of A260/A280 between 
1.8 and 2.0 was used in the subsequent experiment. Polymerase 
chain reaction-restriction fragment length polymorphism (PCR-
RFLP) was used for MTHFR C667T loci genotyping. Target gene 
was amplified by PCR kit (Takara) at first, and the PCR primers 
used were [15]: Forward, 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’, 
Reverse, 5’-AGGACGGTGCGGTGAGAGTG-3’. The cycling condi-
tions consisted of an initial of single cycle of 5 min at 95°C, 
followed by 35 cycles of 30 s at 95°C, 30 s at 55°C, and 60 s 
at 72°C. PCR products were digested by HinfI restriction en-
zyme (Takara) at 37°C for 4 h, and the digested products were 
analyzed by gel electrophoresis. Electrophoresis results are 
shown in Figure 1.

LINE-1 promoter DNA methylation level detection

Pyrosequencing was used to detect LINE-1 promoter DNA 
methylation level. Two μg DNA was modified and purified 
using EpiTect Bisulfite Kit (Qiagen), according to the in-
struction manual. Genomic DNA through bisulfite conver-
sion treated by M.SssI methylation transferase was used 
as positive control (universal methylation, UM). PCR prim-
ers used were: Forward, TTTTGAGTTAGGTGTGGGATATA; 
Reverse, Bio-AAAATCAAAAAATTCCCTTTC; sequencing primer, 
AGTTAGGTGTGGGATATAGT. The target segment was amplified 
using the PyroMark PCR kit (Qiagen). The cycling conditions 

Figure 1.  Electrophoresis results after enzyme digestion; 1 and 2 
are TT genotype, 3 and 4 are CC genotype, and 5 is CT 
genotype.
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consisted of an initial of single cycle of 15 min at 95°C, fol-
lowed by 45 cycles of 30 s at 94°C, 30 s at 56°C, and 30 s at 
72°C. Five-μl products were identified by agarose gel electro-
phoresis. One chain of the PCR product was marked by bio-
tin, and it was separated from the unmarked single chain by 
vacuum preprocessor. The single-chain DNA was sequenced in 
the PyroMark Q96 ID System (Qiagen). All experiments were 
performed in triplicate.

Statistical analysis

All statistical analyses were performed using SPSS16.0 soft-
ware (Chicago, IL). Differences between groups were analyzed 
using chi-square test, t test, non-condition logistic regression 
analysis, ANOVA, or covariance analysis, as necessary. The in-
spection level was a=0.05.

Results

LINE-1 methylation level comparison in the 2 groups

Pyrosequencing was used to detect LINE-1 methylation lev-
el (Figure 2). LINE-1 methylation level in the patient group 
(84.79±1.21%) was obviously lower than in the healthy con-
trol (85.85±1.75%) (t=5.10, P<0.001). We used multiple linear 
regression (Enter method) to exclude possible confounding 
factors, utilizing LINE-1 methylation level as the dependent 

variable, and group, age, and sex were used as independent 
variables in statistical analysis. The results showed that the 
2 groups remain significantly different (t=5.007, P <0.001) in 
terms of LINE-1 methylation levels.

MTHFR C667T loci genotype distribution and Hardy-
Weinberg genetic equilibrium test

Pyro PCR-RFLP was used for MTHFR C667T loci genotyping 
(Table 1). The chi-square test showed that MTHFR C667T loci 
allele frequency in controls conformed to Hardy-Weinberg ge-
netic equilibrium (P>0.05), suggesting that enrolled healthy 
controls represented the general population.

Correlation analysis between MTHFR C667T loci 
polymorphism and AS susceptibility

The chi-square test was used to compare MTHFR C667T loci 
genotype and allele distribution in the 2 groups. We found that 
genotype (c2=8.48, P=0.014) and allele distribution (c2=9.49, 
P=0.002) were both significantly different.

Non-conditional logistic regression analysis was used to ana-
lyze the correlation between MTHFR C667T loci polymorphism 
and AS susceptibility (Table 2). Compared with CC carriers, TT 
genotype carriers showed obviously higher AS susceptibili-
ty (OR=3.6, P=0.008). AS susceptibility in T allele carriers was 
1.94 times that in C allele carrier (95%CI=1.27~2.97, P=0.002). 
To exclude the influence of age and sex on the incidence, they 
were listed in the non-conditional logistic regression covariates. 
The results show that there was a significant increase in the 
risk of AS in MTHFR C667T locus TT genotype compared with 
CC genotype (OR=3.56, P=0.009). The risk of AS with T allele 
was 1.92 times that with C allele (95% CI=1.25~2.94, P=0.003).

The relationship between MTHFR C667T loci polymorphism 
and LINE-1 methylation level

ANOVA was adopted to compare LINE-1 methylation level in 
different genotypes. We found that LINE-1 was correlated with 
MTHFR C667T loci polymorphism (Table 3 and Figure 3). LSD test 
also showed that LINE-1 methylation level in TT and CT gen-
otype carriers were markedly lower than that in CC genotype 

Figure 2. LINE-1 methylation level comparison in the 2 groups.
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Control 63 (60.0) 35 (33.3) 7 (6.7) 161 (76.7) 49 (23.3) 0.49 0.48

Patient 45 (42.9) 42 (40.0) 18 (17.1) 132 (62.9) 78 (37.1) 2.16 0.14

Table 1. MTHFR C667T loci Hardy-Weinberg genetic equilibrium test.
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carriers (P<0.05). After excluding the possible interference, 
such as sex and age, covariance analysis showed that LINE-1 
methylation level still presented obvious differences among 
different MTHFR C667T loci genotypes (P<0.05).

Discussion

AS, caused by a variety of genetic factors and environmental 
factors, is a chronic inflammation and autoimmune process. 
Its pathogenesis has not been fully elucidated, and mainly in-
cludes multiple theories, such as lipid infiltration, homocyste-
ine, and endothelial injury reaction. Hcy is a type of sulfur-con-
taining amino acid. High Hcy hyperlipidemia is an independent 
risk factor of cardiovascular disease [16,17]. Hcy level is closely 

related to DNA methylation level [17–19], and it can affect ath-
erosclerosis occurrence and development by regulating DNA 
methylation level [20]. MTHFR is a key enzyme in regulating Hcy. 
Therefore, MTHFR gene polymorphism may affect DNA meth-
ylation level and further influence atherosclerosis morbidity.

Our results show that atherosclerosis patients presented lower 
genome-wide methylation level than in healthy controls, which 
is consistent with previous reports [9,21]. Our results further 
confirm that atherosclerosis occurrence is closely related to 
genome-wide methylation level reduction and that MTHFR 
C667T loci polymorphism was associated with AS occurrence. 
TT genotype carriers presented higher AS risk than CC geno-
type carriers, indicating that TT genotype was susceptible to 
AS. Szabo et al. [22] found that MTHFR C667T loci TT and CT 

Variable
OR (95%CI)

Before correction
P

Before correction
OR (95%CI)

After correction
P

After correction

CT/CC 1.68 (0.93–3.03) 0.085 1.67 (0.92–3.03) 0.093

TT/CC 3.60 (1.39–9.34) 0.008* 3.56 (1.37–9.27) 0.009*

CT+TT/CC 2.00 (1.16–3.46) 0.013* 1.98 (1.14–3.46) 0.016*

T/C 1.94 (1.27–2.97) 0.002* 1.92 (1.25–2.94) 0.003*

Table 2. Correlation analysis between MTHFR C667T loci polymorphism and AS susceptibility.

Genotype
Control Control

LINE-1 (%) F P LINE-1 (%) F P

TT  83.37±1.52a,b

27.81 <0.001

 83.70±1.35a,b

12.98 <0.001CT  84.74±0.96a  85.25±1.64a

CC  85.40±0.68  86.41±1.57

Table 3. LINE-1 methylation level comparison in different MTHFR C667T loci genotype.

a P<0.05 compared with CC; b P<0.05 compared with CT.
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Figure 3. LINE-1 methylation distribution in different genotypes.
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genotypes in AS patients accounted for a higher proportion 
than controls, which is consistent to our results.

Studies have demonstrated that AS occurrence was associated 
with DNA methylation level, such as ER-a [18] and TFPI-2 [23]. 
This study further confirmed that genome-wide methylation 
level reduction was related to AS. Furthermore, LINE-1 meth-
ylation level in MTHFR C667T loci TT and CT genotype carri-
ers was lower than in CC genotype carriers, suggesting that 
LINE-1 methylation level was associated with MTHFR C667T loci 
polymorphism. Bozovic et al. [24] found that LINE-1 methyla-
tion level in the mothers of Down syndrome children carrying 
MTHFR C667T loci TT and CT genotypes was lower than those 
of CC genotype carriers. Burghardt et al. [25] also reported that 
LINE-1 methylation level in TT carriers was lowest among the 
patients with schizophrenia. Together with the abovementioned 
study results, we confirmed that LINE-1 methylation level was 
associated with MTHFR C667T loci polymorphism.

Conclusions

Our results suggest that AS occurrence is associated with 
MTHFR C667T loci polymorphism and LINE-1 methylation lev-
el, and that MTHFR C667T loci polymorphism may affect AS 
through regulating genome-wide methylation level. Because 
MTHFR C667T loci polymorphism may affect Hcy level [5], 
MTHFR C667T loci polymorphism may affect genome-wide 
methylation level through mediating Hcy level. However, we 
did not detect Hcy level in the subjects, and this needs fur-
ther investigation. Our sample size was not large, so the above 
reasoning remains to be further validated by expanding sam-
ple size. Our study provides a theoretical basis for AS mecha-
nism investigation by analyzing the relationship between ge-
nome-wide methylation and MTHFR C667T loci polymorphism.
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