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Abstract: 
                                  Objective: To identify polymorphism of methylenetetrahydrofolate reductase gene in women 

suffering from preeclampsia. 

                                  Study design:   From 142 pregnant women we identify 92 women suffer from preeclampsia and 50 

healthy controls with normal pregnancy matched for age and socioeconomic status, preeclampsic patient 

classified as mild preeclampsia 42(45.7%) and severe preeclampsia 50(54.3%). Blood samples were 

tested for DNA polymorphism affecting thrombophilia methylenetetrahydrofolate reductase C677T and   

A1298C. 

Results: Homozygous TT genotype, T allele of C677T polymorphism has a significantly higher 

frequency among preeclampsic cases compared to healthy controls (OR=21.7, 1.46, respectively). Thus 

TT genotype and T allele may be considered as genetic risk factors for preeclampsic cases. on the other 

hand, non significant association in either genotype among preeclampsic cases compared to controls 

regarding to A1298C.  
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IInnttrroodduuccttiioonn::  

 Preeclampsia defined as pregnancy-induced 

protein uric hypertension with onset of clinical 

symptoms beyond 20 weeks gestation, It is a 

serious pregnancy complication and a leading 

cause of maternal mortality and fetal perinatal 

morbidity.
(1,2) 

 

Clinically, disease may also be associated with 

abnormalities of the central nervous system, the 

liver, the kidneys, and intra-vascular 

disseminated coagulation .
(3,4,5) 

 

         The human methylenetetrahydrofolate 

reductase [MTHFR] gene, which is located on 

chromosome 1p36, belongs to the proposed 

candidate loci for preclampsia .
(6)

 

          The MTHFR gene is critical in the 

metabolism of homocysteine  because the 

reaction catalyzed by MTHFR is a rate-limiting 

step in the folate cycle and can be affected by 

individual's folate status. .(7,8)  

       Polymorphisms have been identified in the 

gene encoding MTHFR.(9,10,11) The two most 

common variants of the MTHFR gene are 

located at nucleotides 677 (C677T) and 1298 

(A1298C) .(9,12) 

 
        

 

 

    Hyperhomocystinemia can induce vascular 

injury, increase platelet consumption, and can 

result in thrombosis caused by increased 

oxidative stress. Clinically, 

hyperhomocystinemia caused by the C677T and  

A1298C mutation has been implicated in 

premature cardiovascular disease 
(13)

, Venous 

thrombosis
 
.
(14)

 and more recently in adverse 

pregnancy outcome, especially 

preeclampsia.
(15,6,16) 

 

Material and Methods:- 

This study was reviewed and approved 

by the Mansoura  University of science, and 

informed consent was obtained from all the 

study
 
groups.

 
 

 

Study groups: 

Group I (Patients): 

  This group comprised 92 cases 

selected randomly from those attending 

Obstetrics
 

and Gynecology Department at 

Mansoura University Hospitals, complaining of 

preeclampsia. They were collected through one 

year from August 2008. Age of the patients 

ranged from 20-28 years (mean age 23.91 ± 2.1 

years). They were classified into mild 

preeclampsia, 42 cases (45.7%) and severe 

preeclampsia, 50 cases (54.3%). 
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Group II (control group): 

        This group included 50 healthy 

females, with normal pregnancy, matched for 

age, residency and socioeconomic status. 

 

Methods: 

DNA extraction: 

           The Generation DNA Purification 

Capture Column Kit is based on a proprietary 

system that uses two reagents, a DNA 

Purification Solution (Solution 1) and a DNA 

Elution Solution (Solution 2) along with a 

specially formulated purification matrix.  

 

Polymerase chain reaction: 

PCR is based on the enzymatic 

amplification of a fragment of DNA that is 

flanked by two primers (short oligonucleotide) 

that hybridize to the opposite strands of the 

target sequence and primer extention according 

to the complementary sequence by using enzyme 

DNA polymerase. Hybridization of the primers 

and enzymatic DNA synthesis result in an 

exponential amplification (2, 4, 8, 16, 32 … 

copies).  

 

PCR amplifications: 

We genotyped two single nucleotide 

polymorphisms (SNPs) for 

methylenetetrahydrofolate  reductase gene 

(MTHFR) in this case-control study; C677T and 

A1298C polymorphisms using polymerase chain 

reaction with sequence-specific primers (SSP-

PCR).  

Primer sequences, PCR conditions and 

digestion of each polymorphism studied: 

 

MTHFR C677T polymorphism
 (17)

: 

For evaluation of MTHFR C677T 

polymorphism, the polymorphic site was 

amplified with primers:  

Forward (5`-TGA AGG AGA AGG TGT CTG 

CGG GA- 3`) and 

Reverse (5`-AGG ACG GTG CGG TGA GAG 

TG- 3`) (Gibeo BRL). 

For PCR the following procedure was 

used: preliminary denaturation at 95 C for 3 min, 

5 cycles: denaturation at 94 C for 1 min, 

annealing at 64 C for 1 min, synthesis at 72 C 

for 30 sec, next 30 cycles were run: denaturation 

at 94 C for 45 sec, annealing at 62 C for 45 sec, 

synthesis at 72 C for 25 sec and final synthesis at 

72 C for 7 min. Digestion was performed by 

restrictase HinfI (Fermentas) at 37 C for 4 h. 

 

MTHFR A1298C polypmorphism 
(17)

: 

For evaluation of MTHFR A1298C 

polymorphism, the following primers were used: 

Forward (5`- CTT TGG GGA GGT GAA GGA 

CTA CTA C- 3`) and  

Reverse (5`- CAC TTT GTG AGC ATT CCG 

GTT TG- 3`) (Gibeo BRL). 

The PCR procedure was composed of 

preliminary denaturation at 95 C for 2 min, 5 

cycles: denaturation at 95 C for 1 min, annealing 

at 55 C for 2 min, synthesis at 72 C for 2 min, 

next 32 cycles were run: denaturation at 95 C for 

75 sec, annealing at 55 C for 75 sec, synthesis at 

72 C for 90 sec and final synthesis at 72 C for 6 

min. the PCR was carried out with a thermal 

cycler UNO II (Biometra). Restrictase MboII 

was used for digestion at 37 C for 7 h. 

The C677T mutation introduces a new HinfI 

restriction site which results in the digestion of 

the 198 bp amplicon into 175 and 23 bp 

fragments. By abolishing an MboII restriction 

site, the A1298C mutation results in the 

digestion of the 163 bp amplicon into 84, 31, 30, 

and 18 bp fragments .
(18)

 The wild-type 1298AA 

yields five fragments, and the 84-bp fragment is 

cut into 56- and 28-bp fragments producing base 

pair lengths of 56, 31, 30, 28 and 18.
(19)

 

 

Detection of amplified digested products: 

Mini Gel Electrophoresis: 

Agarose gel electrophoresis is used to 

resolve DNA fragments according to their 

molecular weight where smaller fragments 

migrate faster than larger ones.  

Statistical analysis: 

        All data were collected and tabulated 

and statistically analyzed using SPSS statistical 

computer package version 10 software. 

Quantitative variable were expressed as mean ± 

SD, while the qualitative variables were 

presented as numbers and percents. Comparison 

of qualitative data was done using Fisher's 

Exact test. Odds ratio (OR) and 95% confidence 

interval (95% CI) were also used to compare 

the frequency among study and control groups 

to assess risk factors. Statistical significance 

was set at P<0.05. 
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Results 

 

 Table (1): Descriptive data of preeclampsic cases 

 

 

Table (2): Comparison between preeclampsic cases and controls regarding their allele 

frequency and genotype distribution of C677T and A1298C polymorphisms of 

MTHFR gene. 

n=number of cases, (%)= percentage of cases, OR(95%CI)= Odds ratio and 95% confidence interval., 

Significance using Fisher's Exact Test: **p<0.05(highly significant). 

 

 Cases      

Number  92 

Age (Years)  

        Mean ±SD  23.91±2.1 

        Median  24.00 

        Range  20.00-28.00 

Diagnosis  

       Mild Preeclampsia 42(45.7%) 

        Sever preeclampsia 50(54.3%) 

Parity  

        Primigravida 51(55.4%) 

        Multigravida 41(44.6%) 

Family history (positive/negative) 42/50 

Systolic blood pressure  

        140  -   160 62(67.4%) 

        > 160 30(32.6%) 

Diastolic blood pressure  

        90 - 110 32(34.8%) 

        >110 60(65.2%) 

Gestational age  

        ≤ 36 week        66(71.7%) 

        > 36 week 26(28.3%) 

3 

 
Genotypes Alleles 

C677T CC 

n(%) 

CT 

n(%) 

TT 

n(%) 

C 

n(%) 

T 

n(%) 

Cases 

(n=92) 

39(42.4%) 37(40.2%) 16(14.4%) 115(62.5%) 69(37.5%) 

Controls 

(n=50) 

21(42.0%) 29(58.0%) 0(0.0%) 71(71.0%) 29(29.0%) 

P 1.0 0.05 0.0007** 0.19 0.19 

OR (95% CI) 1.0(0.50-2.0) 0.48(0.24-0.98) 21.7(1.27-371.5) 0.68(0.40-1.15) 1.46 (0.86-2.48) 

 Genotypes Alleles 

A1298C AA 

n(%) 

AC 

n(%) 

CC 

n(%) 

A 

n(%) 

C 

n(%) 

Cases 

(n=92) 

33(35.9%) 56(60.9%) 3(3.3%) 122(66.3%) 62(33.7%) 

Controls 

(n=50) 

14(28.0%) 36(72.0%) 0(0.0%) 64(64.0%) 36(36.0%) 

P 0.35 0.20 0.55 0.69 0.69 

OR (95% CI) 1.34(0.64-3.04) 0.60(0.28-1.27) 3.95(0.19-78.06) 1.10(0.66-1.84) 0.90(0.54-1.50) 
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                     Fig. (1): Comparsion between genotype allele in Mild preeclampsic cases and healthy 

controls regarding their distribution and frequency of C677T polymorphism of MTHFR 

gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

Fig. (2): Comparsion between genotype allele in sever preeclampsic cases and healthy 

controls regarding their distribution and frequency of C677T polymorphism 

of MTHFR gene. 
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Fig. (3): Comparsion between genotypes alleles in primigravida regarding to C677T 

polymorphism of MTHFR gene. 

 

 

`Table (3): Comparsion between C677T genotypes in relation to systolic blood pressure. 

 

C677T 

Genotypes 

CC 

n(%) 

CT 

n(%) 

TT 

n(%) 

Systolic 

blood pressure 

(140-160) 

(n=62) 

 

27(43.5%) 

 

23(37.1%) 

 

12(19.4%) 

Controls 

(n=50) 

 

21(42.0%) 

 

29(58.0%) 

 

0(0.0%) 

P 1.0 0.03* 0.0005** 

 

Systolic 

blood pressure 

 (>160) 

(n=30) 

 

12(40.0%) 

 

14(46.7%) 

 

4(13.3%) 

Controls 

(n=50) 

 

21(42.0%) 

 

29(58.0%) 

 

0(0.0%) 

P 1.0 0.36 0.01* 

n= number of cases; (%)= percentage of cases significance. Significance using Fisher's Exact 

Test *p < 0.05 (significant); **p < 0.05 (highly significant). 
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Fig. (4): Comparsion between genotype alleles in relation to diastolic blood pressure (90-110) 

regarding to C677T polymorphism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): Comparsion between genotype alleles in relation to diastolic blood pressure (>110) 

regarding to C677T polymorphism. 
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Table (4): Comparsion between cases and healthy controls in relation to C677T 

polymorphism regarding to age. 

 

Age Genotypes 

≤ 24 years 
CC 

n(%) 

CT 

n(%) 

TT 

n(%) 

Cases 

(n=54) 
21(38.9%) 22(40.7%) 11(20.4%) 

H. controls 

(n=31) 
10(32.3%) 21(67.7%) 0(0.0%) 

P 0.64 0.02* 0.006* 

 

>24 years 

 

 

cases 

(n=38) 

 

18(47.4%) 

 

15(39.5%) 

 

5(13.1%) 

H. controls 

(n=19) 

 

11(57.9%) 

 

8(42.1%) 

 

0(0.0%) 

P 0.57 1.0 0.15 

 

n= number of cases; (%)= percentage of cases significance. Significance using Fisher's Exact 

Test *p < 0.05 (significant),* *p < 0.05 (highly significant). 
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Fig (6): PCR amplification of C677T polymorphism of MTHFR gene. lane M: DNA 

marker size (100 bp) and 1-7: PCR product of C677T polymorphism have band 

size 198 bp.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7): Enzymatic digestion of C677T polymorphism of MTHFR gene. Digestion of PCR 

product of C677T polymorphism of MTHFR gene using HinfI enzyme. which 

digests the 198- bp fragment into 175- and 23- bp fragments; the small 23- bp 

fragment has run off the gel. Lane M: DNA size marker (50 bp), lane 1,4,6 and 

7 (wild type CC is found which appears at 198 bp), lane 3 (heterozygous 

mutated genotype CT which has 198, 175, 23 bp fragments) and lane 2 and 5 

(homozygous mutated genotype TT is found which has 175, 23 bp fragments). 
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Fig (8): PCR amplification of A1298C polymorphism of MTHFR gene. lane M (DNA size 

marker: 100 bp), lane 1-6 (PCR product of A1298C have band size: 163 bp), lane 

7 (-ve control).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (9): Enzymatic  digestion of A1298C polymorphism of MTHFR gene. Digestion of PCR 

product of A1298C polymorphism of MTHFR gene using MobII enzyme which digests the 

163 bp fragment of  the mutated type CC into 84, 31, 30, and 18 bp fragments, while The 

wild-type AA yields five fragments 56, 31, 30, 28 and 18 ; the small 18, 28, 30, 31 bp 

fragments have run off the gel. Lane M : DNA size marker (50 bp), Lane 5 (wild type AA), 

lane 1, 2 ,4,6, and 7 (heterozygous mutated type AC which has 84, 56, 31, 30, 28 and 18 bp 

fragments) and lane 3 (homozygous mutated genotype CC fragments). 
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DDiissccuussssiioonn::--  
    Preeclampsia is a common pregnancy-

related hypertension syndrome that poses a 

major risk of mortality and morbidity on both 

the woman and fetus.
(20)

 It has been 

appreciated for almost 4 decades that it has a 

familial basis, although the exact mode of 

inheritance remains unclear .
(21)

 The 

pathophysiology of preeclampsia reflects 

widespread dysfunction of the maternal 

vascular endothelium
 (22)

, and vascular  

 

diseases such as diabetes, essential 

hypertension, and antiphospholipid syndrome 

predispose pregnant women to preeclampsia. 

This, together with the marked thrombotic 

tendency of some women with preeclampsia
 

(23)
  , has suggested a number of candidate 

genes that may be involved in the 

pathophysiology of preeclampsia.
(24)

 

         
Methylenetetrahydrofolate reductase 

(MTHFR) is a key regulatory enzyme in folate 

and homocysteine metabolism it catalyzes the 

reducation of 5,10-methylenetetrahydrofolate 

to 5-methyltetrahydrofolate, thus generating 

the active form of folate required for 

methylation of homocysteine to methionine. 

Deficiency of MTHFR may be associated with 

an increase in plasma homocysteine, which in 

turn is associated with an increased risk of 

vascular disease.
(8)

 

It include two variants C677T and A1298C 
(25)

 The C677T alters the protein's folate 

binding site and lowers the enzymatic activity 

of MTHFR. The A1298C variant also 

decreases the enzymatic activity of MTHFR, 

which is more pronounced in homozygous 

variant than in heterozygous state.
(26)

   

The current study was done to identify 

polymorphism of methylenetetrahydrofolate 

reductase gene and compare between these 

polymorphic changes and other factors 

associated with preeclampsia and the 

implication of associated genotypes as risk 

factors for the development of preeclampsia. 

  Data showed that homozygous TT 

genotype, mutant T allele of C677T 

polymorphism has a significantly higher 

frequency among preeclampsic cases 

compared to healthy controls (OR=21.7, 1.46, 

respectively). Thus TT genotype and T allele 

may be considered as genetic risk factors for 

preeclampsic cases. On the other hand, 

significant lower frequency of wild CC 

genotype and C allele of C677T 

polymorphism was observed among 

preeclampsic cases (OR=1.0, 0.68, 

respectively). So, CC genotype may be 

considered as a protective factor against the 

development of preeclampsia. 

These findings are in agreement with results 

of
 (27,28)

, who reported that risk of pregnancy 

failure was significantly elevated in carriers of 

the homozygous variant of SNPs 677T/T, they 

also reported the association of MTHFR 

677T/T with idiopathic RPL. 

Unfrid et al.
(29)

 reported that polymorphism 

of MTHFR gene is associated with idiopathic 

recurrent miscarriage in a Middle – European 

white population, they found that 

homozygosity for MTHFR C677T 

polymorphism confers a 3.7- fold increased 

risk of idiopathic recurrent miscarriage (OR 

3.7, 95% CI 1.2, 11.8). 

Nelen et al. 
(30)

reported an increased 

prevalence of the C677T mutation in a cohort 

of Dutch women with a history of unexplained 

recurrent pregnancy loss. They found a 

threefold increased risk (OR 3.3, 95% CI 1.3, 

10.1) for recurrent miscarriage in women 

homozygous for MTHFR T/T genotype 

(genotype frequencies: 16% in the study 

group, 5% in the control group). 

On the other hand, Gerhardt et al. 
(31)

 , 

found no significant risk association of the 

methylenetetrahydrofolate reductase 677TT 

genotype with severe preeclampsia, (OR 0.8, 

95% CI 0.4, 1.8).Also, Stamatian et al. . 
(32)

 

reported that, MTHFR C677T occurred more 

frequently in the control group (38.4%) than 

in the studied group (36.1%) (P=0.8). 

Regarding genotypes and alleles of A1298C 

polymorphism in the present study no 

significant differences in the frequencies of 

genotypes and alleles among preeclampsic 

cases compared to healthy controls were 

observed. The association of the C677T with 

preeclampsic cases may be more significant 

than A1298C due to the localization of these 

two mutations. The C677T  mutation, found in 

exon 4, lies within the MTHFR catalytic 

domain, while the A1298Cmutation, found in 

exon 7, is located within the enzyme 

regulatory domain .
(18)

 

Nelen et al. 
(27)

 and Lissak et al. 
(28)

, reported 

that the risk of pregnancy failure was 

significantly elevated only in carriers of the 

homozygous variant of both SNPs 1298 C/C. 

MTHFR A1298C SNPs were implicated in 
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several pregnancy-related complications, 

including placental anomalies .
(33)

, 

preeclampsia
 
.
(34,35)

  and RPL .
(30,36,37)

 

Stamatian et al. 
(32),

 investigate the 

relationship between the presence of specific 

genetic mutations and the occurrence of 

complications in the first trimester of 

pregnancy, they found that MTHFR A1298C 

mutation was more frequently isolated in the 

studied group (52.7%) as compared with the 

control group (46.1%) (P=0.5). 

Said et al. 
(38)

 estimate association between 

five commonly inherited thrombophilia 

polymorphisms and adverse pregnancy 

outcomes, they found that homozygous 

carriers of the MTHFR 1298 polymorphism 

had an odds ratio of 0.26, (95%CI 0.08-0.086, 

P=0.03) and they concluded that 

homozygosity for MTHFR 1298 may protect 

against pregnancy complications. 

The present data showed that homozygous 

mutated TT genotype  had significantly higher 

frequency among both mild and severe 

preeclampsic cases (P=0.0002, 0.02, 

respectively), in relation to the controls. On 

other hand, no significant higher frequency in 

genotypes of A1298C polymorphism (P>0.05) 

in either mild or severe cases compared with 

healthy controls. 

As regards genotype polymorphism in 

relation to parity, our study revealed only 

significant high frequency in homozygous 

mutated 677/TT (P=0.04, 0.32, respectively) 

in primigravida  compared with the controls 

but no significant difference in other 

genotypes of C677T or A1298C 

polymorphism between primigravida and 

multigravida (P>0.05). 

Sacchi et al. 
(39)

 , found that the allele 

frequency of MTHFR C677T and A1298C 

SNPs among control primigravida women was 

similar to that of healthy Tunisians, thereby 

ruling out probability bias in control selection, 

and was comparable with rates established for 

European and Mediterranean .
(40)

 

communities. In view of their presence among 

control women, and as not all MTHFR C677T 

and A1298C mutant genotype carriers 

experienced RPLs, this indicated that the 

concerted participation of multiple inherited 

and non-inherited prothrombotic defects 

placed women at greatest risk. 

The present data showed no significant 

difference in frequency in either genotype of 

C677T or A1298C polymorphism in relation 

to positive family history of preeclampsic 

cases or gestational age (≤36 weeks or >36 

weeks) of preeclampsic cases. 

Nelen et al. 
(30)

 and Lissak et al. 
(28)

, found 

that pregnancy losses were categorized into 

early (5-12 weeks), late (13-30 weeks) and 

combined early-late. The risk of pregnancy 

failure was significantly elevated only in 

carriers of the homozygous variant of both 

SNPs (677T/T and 1298 C/C) and, 

interestingly, was seen in patients 

experiencing late (C677T) and combined 

early-late (C677T and A1298C), but not 

exclusively early miscarriages. This was in 

accord with earlier studies, which reported on 

the association of MTHFR 677T/T ( acting 

through elevation of tHcy) with idiopathic 

RPL, more so with late than for first trimester 

abortions .
(41)

 

The present study revealed a significant high 

frequency of homozygous mutant 677/TT  in 

relation to  high systolic (P=0.0005, 0.01, 

respectively)  and diastolic blood pressure 

(P=0.03, 0.36, respectively). On the other 

hand, other genotypes of C677T and all 

genotypes of A1298C polymorphism have no 

significant association with high systolic or 

diastolic blood pressure. So, 677/TT genotype 

in preeclampsic patients may be a genetic risk 

marker for the development of severe 

hypertension or severe preeclampsia. 

The present data showed significant high 

frequency of homozygous mutant 677/TT 

(P=0.006) in relation to younger age of 

preeclampsic patients (≤24 years), while other 

genotypes of both C677T and A1298C 

polymorphism have no significant relation to 

the age. Studies are providing conflicting data 

on this point, however Zhang
 
.
(42)

, reported 

that increasing maternal age raises risk. 

From the previous results, we can 

conclude that: 

1- Thrombophilic gene mutations of 

MTHFR (homozygous 677/TT) associated 

with development of preeclampsia. 

2- Wild genotypes of MTHFR gene 

(C677C) and Prothrombin gene may be 

considered protective factors against 

preeclampsia. 

3- 677/TT genotype may be genetic risk 

markers for severe hypertension or predictors 

of severe preeclampsia. 

4- Combination of thrombophilic gene 

mutations (MTHFR) raise the risk of 

preeclampsia than single thrombophilic defect. 
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