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ABSTRACT

Objective: This study was aimed to investigate the association between polymorphisms in MTHFR gene and Vitamin B12-dependent homocysteine 
metabolism.

Methods: Hyperhomocysteinemia has been implicated as a risk factor for complications in pregnancy including abortion, preeclampsia, and placental 
abruption. Several epidemiological studies have investigated the associations of MTHFR C677T polymorphism with hypertension or hypertension 
in pregnancy. However, the results were controversial. Numbers of 100 samples from healthy pregnant women as control criteria and 100 samples 
from fertile women have been collected. Due to research on MTHFR polymorphism, special primers have been designed. The research on MTHFR 
polymorphism has been done by restriction fragment length polymorphism assay.

Results: The results demonstrated 9.26% have been registered for heterozygous individuals and the homocysteine level of homozygous individuals 
was 41.18% (higher than the normal level). The results showed a significant difference in the homocysteine levels of homozygous individuals and the 
homocysteine levels of healthy individuals (p=0.004). Furthermore, there was no significant difference in the homocysteine levels of heterozygous 
individuals and the homocysteine levels of healthy individuals (p=0.34). Similarly, a significant difference in the B12 levels in blood of homozygous 
individuals and the homocysteine levels of healthy individuals have been showed (p=0.00).

Conclusion: The mutation of gene MTHFR C677T causes an increase of the homocysteine level, decrease of the level of folic acid and B12 vitamin in 
heterozygous individuals but a relationship among homocysteine level, the level of folic acid and B12 vitamin not found.
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INTRODUCTION

Homocysteine (tHcy) is a sulfur-containing intermediate in 
metabolism of methionine, which can be catabolized in the pathway 
of transsulfuration (Vitamin B6-dependent) [1]. In humans, two main 
factors affect tHcy concentration: Polymorphism in genes which encode 
enzymes or transport proteins involved in the Vitamin B12-dependent 
homocysteine metabolism and diet, especially the intake of folate and 
Vitamin B12 [2].

MTHFR (C677T), MTR (A2756G), and MTRR (A66G) polymorphisms 
genes have been associated with high tHcy concentrations in some 
populations [3]. The human MTHFR (methylenetetrahydrofolate 
reductase) gene has been localized to chromosome 1p36.3 and is 
compound of 11 exons [4]. The C677T thermolabile polymorphism in 
the gene encoding 5, 10-MTHFR has consistently been associated with 
plasma tHcy levels. C to T substitution at the nucleotide 677, a point 
mutation, in the coding sequence of the MTHFR gene is the most general 
enzyme defect associated with moderately-raised homocysteine 
concentrations [5]. The MTHFR gene polymorphisms are commonly 
associated with hyperhomocysteinemia. The best characterized 
MTHFR gene polymorphism inclusive a transition of 677 C to T, which 
results in an alanine to valine substitution in forestall catalytic domain 
of the enzyme. This is a risk factor for neural tube defects and recurrent 
embryo loss in pregnant women [6].

Enzymes involved in the homocysteine remethylation pathway might act 
as predisposing factors contributing to NTDs. The C677T polymorphism 
in the MTHFR gene has been associated with decrease enzyme activity 
and increased tHcy levels [7] and NTDs risk [8]. The polymorphism of 
MTHFR A1298C does not alter plasma tHcy concentrations, although 

subjects with heterozygous genotypes for MTHFR C677T and MTHFR 
A1298C polymorphisms may be at the risk of mild elevation of tHcy 
levels [9]. The mentioned polymorphisms were also associated with 
increased risk of spontaneous abortion [10].

Other enzymes like methionine synthase play an important role in 
homocysteine metabolism too; and its activity reduction because of 
inadequate cofactor (Vitamin B12) concentrations may result in elevated 
homocysteine levels or A2756G polymorphism [11]. On the other hand, 
the cystathionine beta-synthase (CBS) catalyzes the condensation of 
serine and homocysteine to form cystationine, and abnormality in CBS 
activity is manifested in two clinical conditions: Hyperhomocysteinemia 
and homocystinuria [12]. Several complications in pregnancy have 
been attributed to hyperhomocysteinemia such as neural tube defects, 
preeclampsia, and recurrent pregnancy loss [13].

Several studies have compared the association between the MTHFR 
polymorphism, the Vitamin B status in pregnant women with pregnancy 
complications, and plasma homocysteine levels. However, some studies 
have been reported on these relations and homocysteine metabolism 
with uncomplicated pregnancies in normal women [14].

The aim of this study was to report on our investigation on the effect 
of the interaction between the C677T MTHFR polymorphism on the 
homocysteine concentration in normal Iranian pregnant women using 
restriction fragment length polymorphism (RFLP) method.

METHODS

Subjects A total of 100 consecutive Iranian pregnant women with at 
least one abortion in their 24–28 weeks of gestation participated in this 
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study. In addition, 100 fertile women were selected as the control group 
between August 2016 and March 2016. All samples were collected from 
Beheshti Hospital and Isfahan Infertility Center. The criteria for normal 
pregnancy are as follows: No pregnancy complications, no medications, 
and free of pregravid chronic diseases.

Homocysteine estimation
The quantitative assessment of homocysteine was done using kit 
which was based on an enzymatic reaction which involves the principle 
of adsorption with the decrease in absorbance value of the sample 
at 340 nm due to oxidation of NADH to NAD+. The estimated values 
of homocysteine are directly proportional to the quantity of NADH 
oxidized. Value of homocysteine level in serum above 15 µmol/L was 
used to define hyperhomocysteinemia.

MTHFR mutation analysis
DNA was extracted from the whole blood using a Genomic DNA blood 
kit (SinaClon, Iran) and stored at −20°C for analysis. DNA fragments 
were amplified from the genomic DNA through the polymerase chain 
reaction (PCR). Primers are given in Table 1 accompanied with product 
values. Amplification was carried out in the PCR buffer with 0.5 U Taq 
DNA polymerase (Fermentas, Germany). PCR conditions comprised an 
initial denaturation step at 95°C for 4 min, followed by 30 cycles of 95°C 
for 40 s, 62°C for 30 s, and 72°C for 30 s, and a final extension step at 
72°C for 4 min. The PCR product was digested using HinfI (Takara Shuzo 
Co., Shiga, Japan). The C to T substitution at nucleotide 677 creates an 
extra HinFI restriction site that cleaves the original 210 bp PCR fragment 
into 173 bp and 37 bp fragments. Size fractionation of the PCR products 
was electrophoresis on 2% agarose gel containing 0.5 mg/ml ethidium 
bromide and was visualized using the ultraviolet light.

Statistical analysis
Data were presented as mean±standard deviation (SD) and percentages. 
All data of serum measures were log transformed to normalize their 
distributions and were presented as geometric mean±SD. After the 
ANOVA, Duncan’s multiple range tests were performed to determine 
the significance of the differences in the means of serum vitamins and 
homocysteine among pregnant women with different genotypes of the 
MTHFR gene. We performed two-way ANOVA to test for differences 
between genotypes and interactions between genotype and vitamin 
levels. Multiple regression analysis was used to examine the associations 
between serum homocysteine and other variables and identify the best 
predictor among variables. The differences were considered significant 
at the 5% level in this study. The SPSS software v24.0 was used in the 
statistical analyses.

Ethical standards
The study was approved by the Human Ethics Committee of Islamic 
Azad University of Shahrekord Branch. The protocol and procedures 
presented in the project are in accordance with the ethical standards 
of the responsible committee on human subjects and the Helsinki 
Declaration of 1964, as revised in 2008.

RESULTS

In total, 100 pregnant women with history abortion and 100 fertile 
pregnant women as control group were included in genetic analyses. 
RFLP were used for analysis sequence polymorphisms of proliferated 
DNA. The PCR product from the second step digested for 4 h at 37°C with 
HinFI restriction enzyme for C677T MTHFR polymorphism, according to 
the manufacturer’s instructions. The results of enzymatic digestion were 
identified in a 3% agarose gel by electrophoresis and ethidium bromide 

staining. Molecular weight 100bp plus marker (Fermentas, Germany) and 
undigested PCR products were included in each analysis. The genotypes 
were deduced from the fragmentation patterns of the amplified DNA 
which observed in ultraviolet doc gel documentation systems (Fig. 1).

Mean homocysteine levels were higher in women with TT genotype 
(29 µmol/l) as compared to other genotypes. Mean plasma homocysteine, 
B12 vitamin and folic acid levels have been shown in Table 2. The 
results demonstrated 9.26% have been registered for heterozygous 
individuals and the homocysteine level of homozygous individuals was 
41.18% (higher than the normal level). The results show a significant 
difference in the homocysteine levels of homozygous individuals and the 
homocysteine levels of healthy individuals (p=0.004). Furthermore, there 
was no significant difference in the homocysteine levels of heterozygous 
individuals and the homocysteine levels of healthy individuals (p=0.34). 
Similarly, a significant difference in the B12 levels in blood of homozygous 
individuals and the homocysteine levels of healthy individuals have been 
showed (p=0.00). The SNP of C677T MTHFR was successfully genotyped 
in 100 cases and 100 controls. All the observed genotype frequencies 
were under the Hardy–Weinberg equilibrium.

DISCUSSION

The information that the homozygous for C677T transition in the 
MTHFR gene is related to the fast increment of plasma tHcy is well 
known [15]. This could be because of lack of vitamin deficiency in 
both groups. Although the C677T thermolabile variant of the MTHFR 
is an important genetic tHcy metabolism determinant. Individuals 
are homozygous for the mutant T allele exhibit increase elevations 
of the amino acid in their blood in comparison with other genotypes 
only under conditions of lower folate status [16,17]. This shows that 
B-vitamin status modifies the relation between the tHcy serum levels 
and MTHFR C677T mutation. However [17], in a cross-sectional study, 
the folate-dependent relation between the plasma tHcy concentration 
and MTHFR C677T genotype by gender was examined, which showed 
the MTHFR genotype is not a strong predictor of tHcy levels under 
diverse conditions of folate status among young women. This data were 
not confirmed among men [18].

Several studies indicated a positive correlation between pregnancy 
complications and homocysteine levels. It has been found that elevated 
levels of circulating homocysteine are a risk factor for vascular disease 
and endothelial dysfunction. Sorensen et al. found that second-trimester 
elevation of homocysteine was related to 3.2-fold increased risk of 
preeclampsia [19]. Acilmis et al. concluded that maternal and fetal 

Table 1: PCR and RFLP procedures and products of MTHFR C677T gene

Primers name Primer sequence (5′ to 3′) Restriction enzyme Annealing temp (ºC) Product size (bp)
MTHFR-F AGC TTT GAG GCT GAC CTG AAG HinFI 62 120
MTHFR-R AGG ACG GTG CGG TGA GAG TG
RFLP: Restriction fragment length polymorphism, PCR: Polymerase chain reaction

Fig. 1: Gel showing the analysis of amplified product of MTHFR 
gene on 3% agarose gel. Ladder 100bp was run on 3% agarose gel
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serum homocysteine levels were found to be significantly higher in 
severe preeclampsia group compared to control groups suggesting and 
mild preeclampsia that elevated serum levels of homocysteine might be 
associated with severity of preeclampsia [20].

In a study in 1999 Christensen et al. reported an increased risk of 
having an NTD case when MTHFR 677TT genotype was associated 
with red blood cell folate. Genotype of MTHFR 677TT and lower 
levels of plasma folate were also associated with DNA methylation 
reduction [21]. Moreover, hypomethylation in DNA was associated with 
MTHFR 1298AA genotype and reduced folate levels [22]. However, 
677TT genotype high prevalence within the 1298AA group (79%) and 
similar biochemical features of 1298AA/677CC and 1298CC/677CC 
haplotypes suggest that the gene-nutrient interaction affecting DNA 
methylation in 1298AA is mainly because of the coexistence of 677TT 
genotype [23].

Previous studies had demonstrated a higher frequency of homozygous 
to the genotype of MTHFR C677T and higher tHcy serum levels in women 
with recurrent miscarriage than in healthy groups [24]. However, Creus 
et al. and Pihusch et al. did not demonstrate such association [25,26]. 
In another study, the frequency of genetic polymorphisms that encode 
enzymes involved in folate- and Vitamin B12-dependent homocysteine 
metabolism, the MTHFR C677T and A1298C; MS A2756G and CBS 
844ins68 insertion, did not show differences in a group of women 
with recurrent miscarriage and a healthy group. This is in agreement 
with Zonouzi et al. and Puri et al. studies that investigated the MTHFR 
polymorphisms in the North of Iran and India, respectively [27,28]. In 
contrast, other studies described the relationship between the gene 
polymorphisms: MTHFR4; MS and recurrent abortion [29]. Murphy 
et al. in 2004 reported that elevated total plasma homocysteine during 
pregnancy has been associated with adverse pregnancy outcomes [30]. 
Bergen et al. concluded that higher homocysteine concentration in 
early pregnancy has higher risk of adverse pregnancy outcome [31,32]. 
Refsum reported that women having high homocysteine levels are at 
increased risk of pregnancy complications and adverse pregnancy 
outcome [33,34]. Mtiraoui et al. in Tunisia also analyzed female 
patients with RPL and control women using PCRRFLP analysis. The 
frequency of the A1298C SNP CC genotypes was significantly more in 
the patients group. A comparable frequency of double heterozygosity 
(1298A/C and 677C/T) had seen in 14 patients versus 5 healthy 
subjects (p=0.10) [35]. In Austria, 145 women with a history of three 
or more consecutive pregnancy losses before 20 weeks’ gestation and 
101 control postmenopausal women with at least 2 live births and no 
history of pregnancy loss were collected. The results indicated that 
genotype frequencies and allele of single MTHFR (MTHFR A1298C, 
MTHFR C677T) polymorphisms were not significantly different in 
patients and the healthy groups [36].

CONCLUSION

Despite the fact that significant difference in mean homocysteine levels 
in women with pregnancy complications and those without pregnancy 
complications has been seen in various studies, it is still not known 
if there is a cutoff value that could predict pregnancy complications 
with adequate accuracy. The mutation of gene MTHFR C677T causes 
increase of the homocysteine level, decrease of the level of folic acid 
and B12 vitamin in heterozygous individuals but a relationship among 
homocysteine level. It is suggested that a larger trial be undertaken 

in India as there is a high prevalence of hyperhomocysteinemia 
to understand its causes and any association with pregnancy 
complications.
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