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  Recurrent spontaneous abortion (RSA) was significant obstetrical 

complications that may occur during pregnancy. Various studies in recent 

years have indicated that two common mutations (C677T and A1298C) of 

the methylenetetrahydrofolate reductase (MTHFR) gene were risk factor for 

RSA. This study was carried out to determine the influence of (C677T and 

A1298C) of the methylenetetrahydrofolate reductase (MTHFR) gene 

mutations in Iraqi women with RSA. A total of 80 women were included in 

this study: fifty women with two or more consecutive miscarriages and 30 

healthy controls. Total genomic DNA was isolated from blood leukocytes 

and the frequency of the two common C677T and A1298C MTHFR gene 

mutations in the patients and controls was determined used PCR-restriction 

fragment length polymorphism (PCR-RFLEP).There was no significant 

difference in the prevalence of 677T/T genotype among women with RSA 

and healthy controls (P = 0.37). Also no statistically significant difference in 

the frequency of A1298C MTHFR gene mutation was detected between the 

two groups (P=0.23). In conclusion, the results indicated no significant 

difference in MTHFR C677T/A1298C genotype distribution among the two 

groups; therefore, further studies on larger population and other genetic 

variants to better understand the pathobiology of RSA were needed.  

  

.  
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INTRODUCTION 
     The methylenetetrahydrofolate reductase (MTHFR, EC 1.5.1.20) enzyme plays important roles in metabolism of 

folate, remethylation of homocysteine to methionine and reduces 5, 10-methylenetetrahydro folate to 5-

methyltetrahydrofolate (Eckfeldt et al.,1996).It has been established that MTHFR enzyme activity is associated with 

mutations within the MTHFR gene. The two most defined mutations of the MTHFR gene are missense mutations 

that include substitution of cytosine to thymine at nucleotide 677 which results in the conversion of alanine to valine 

(Frosst et al .,1995; van der et al .,1998).Another mutation is the transversion of adenosine to cytosine at nucleotide 

1298 which results in the conversion of glutamate to Alanine. The influence of theses mutations varies in degree 

from mild to severe regarding the deficiency of MTHFR enzyme activity. Folate, as a universal methyl donor, 

contributes to the synthesis of nucleic acids, repair and methylation, and gene expression (Frosst et al .,1995; 

Christensen et al .,1997; Friso et al .,2005). This function implies that gene-nutrient interactions mainly influence the 

pattern of DNA polymorphisms (Stern  et al .,2000;Friso et al .,2002). MTHFR C677T and A1298C SNPs have been 

associated with human disorders cardiovascular and cerebrovascular disease (Kluijtmans et al .,1997; Nakata et al 

.,1998), psychiatric diseases (Bönig et al .,2003;, Bjelland et al .,2003) arteriosclerosis (van der et al .,1995; 

Christensen et al .,1997; Nelen et al., 1997; Sarig et al .,2002) male infertility (Nelen et al .,2002) 
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hyperhomocysteinemia (Frosst et al.,1995), recurrent pregnancy loss (RPL) and related complications (Naushad et 

al.,2010;Agodi et al .,2010). Within our population, no studies have addressed distribution of the C677T and 

A1298C mutations in the MTHFR gene in Iraqi women with recurrent abortion (RA) and healthy controls. 

Therefore, we carried out the present study to evaluate whether C677T and A1298C mutations in the MTHFR gene 

are associated with a predisposition for RA. 

 

Materials and Methods 
     Totally, 50 cases with unexplained RA and 30 healthy controls voluntarily entered into the present study. Cases 

had a history of at least three consecutive fetal losses before 20 weeks of gestation from the same partner. Cases were 

diagnosed and sequentially selected among patients referred to the Department the Obstetrics and Gynecology at Al-

yarmouk teaching hospital. The control group consisted of fertile females from the general population who had at 

least one uncomplicated pregnancy and no history of abortion. They were selected with regard to their past medical 

history and exclusion of any specific disorders such as genetic, congenital diseases and history of pregnancy loss. 

Patients and controls with vascular disease, obesity, and chromosomal, hormonal, immunological and anatomical 

abnormalities as confounding factors were excluded. All individuals (patients and controls) were matched for age, 

body mass index (BMI), written informed consent was obtained from patients and controls. DNA was isolated with 

the standard method from 3 ml EDTA-blood of samples (Miller et al .,1988). MTHFR C677T alleles and genotypes 

were determined by RFLP-PCR using primers 5'-CAT CCC TAT TGG CAG GTT AC-3' and 5'-GAC GGT GCG 

GTG AGA GTG-3'. The reaction profile was: denaturation at 94°C for 30 seconds, annealing at 59°C for 30 seconds, 

extension at 72°C for 30 seconds for 35 cycles and 72°C for 5 minute (Yang et al .,2007). MTHFR A1298C alleles 

and genotypes were determined by RFLP-PCR using primers 5'-CTTCTACCTGAAGAGCAAGTC-3' and 5'-

CATGTCCACAGCATGGAG-3' and their reaction program was as follows: denaturation at 94°C for 30 seconds, 

annealing at 51°C for 30 seconds, extension at 72°C for 30 seconds for 35 cycles and 72°C for 5 minute (Donnelly et 

al .,2000). Restriction digestion with HinfI (Fermentas Life Sciences, Germany) and MboII enzymes (Fermentas Life 

Sciences, Germany) was used for MTHFR C677T and A1298C genotyping, respectively. Digestion of the PCR 

products was performed at 37°C for two hours. Separation of fragments was done by electrophoresis on 3% agarose 

gel containing ethidium bromide. Presence or absent of different fragments were visualized under UV 

transilluminator. 

      The presence of T allele at nucleotide 677 of the MTHFR gene naturally produces a restriction site for the HinfI 

enzyme. Individuals homozygous for the T allele show two bands of 175 and 23 bp. Individuals homozygous for the 

C allele show a single un-cut band of 198 bp. Those heterozygous for both the C and T alleles show three bands of 

198,175, and 23 bp (Yang et al .,2007).The presence of A allele at nucleotide 1298 of the MTHFR gene naturally 

produces a restriction site for MboII enzyme. Individuals homozygous for A allele show two bands of 204,176 bp. 

Individuals homozygous for C allele show a single un-cut band of 256 bp. Individuals heterozygous for C and A 

alleles show two bands of 204 and 176 bp (Donnelly et al .,2000). The frequencies of alleles and genotypes of 

MTHFR gene were determined via direct counting in the studied groups. Cases and healthy controls were tested for 

their fit to the Hardy-Weinberg equilibrium regarding allelic and genotypic frequencies. For every group, the 

expected values were calculated and then data were compared to the observed genotype frequencies. All frequencies 

of the MTHFR gene in cases versus healthy controls were compared using either the χ2 test or Fisher’s exact test. 

For all statistical analysis, the χ2 and p value, odds ratio (OR) and 95% confidence interval (CI) were calcu lated by 

SPSS v.16.0 and Microsoft Excel 2003. Two-sided tests were performed and for statistical analysis, a p value less 

than 0.05 were considered significant. 

 

Results  

   PCR amplification the region containing   the C677T mutation resulted n a single specific product of 198bp 

without primer dimmers or any non specific product.  The inclusion of a negative control that all components of the 

PCR except genomic DNA was used to exclude the presence of contamination by endogenous DNA .The final PCR 

reaction volume was 15 µl and successful amplifications was achieved with 100 ng/ml.The is sufficient for 

successful restriction enzyme digestion and genotype analysis. The 198 bp PCR products was digested overnight 

with Hinf1 and the digestion products were separated by polyacrylamide gel electrophoresis. Staining with EtBr and 

UV visualization resulted in the identification of the different genotypes. The absence of the C677T mutation 

resulted in a PCR product without a digestion site for Hinf1 and these individuals were identified as homozygote 

normal (figure 1).The presence of one allele with the C677T mutation and one normal allele in an individual that is 

heterozygote is observed following electrophoresis as two bands of 198 and 175 bp .In an individual that is 
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homozygote, both alleles are affected and a single band of 175 bp is observed (Figure 2). The small fragment of 23 

bp that formed as a result of digestion of the 198 bp fragment is eluted together with the primers from the gel  

 
 

Figure 1: Eighteen samples were analyzed for MTHFR C677T mutation using HinfI based RFLP-PCR by 

electrophoresis on a 3% agarose gel. C/C: homozygous for wild allele; C/T: heterozygous for wild allele and mutant 

allele; T/T: homozygous for mutant allele). (Lane M Marker, 50 bp DNA ladder; Lanes 1-[198 bp un-cut]; Lanes 2, 

4,7,9,12,13,14,15: heterozygous for mutant allele C/T genotype-(198,175-bp);Lane 5,18:T/T homozygous for mutant 

allele genotype-(175 bp).3,6,8 bp)3,6,8 ,11,12,16,17,19 Normal(C/C). 

 
 

Fig 2: Eighteen samples were analyzed for MTHFR A1298Cmutation using MboII based RFLP-PCR by 

electrophoresis on a 3% agarose gel. (A/A: homozygous for wild allele; C/A: heterozygous for wild allele and 

mutant allele; C/C, homozygous for mutant allele). (Lane M: Marker, 50 bp DNA ladder; Lanes 3, 6, 8, 13,14,16,18: 

A/A genotype-(176-bp); Lanes 2,4,5,12,15,17,19: C/A genotype-(204,176-bp); Lane 7, 9, 11: C/C  genotype-(204-

bp). 

 

 Genotype Distribution of C677T and A1298C MTHFR Gene Mutations  
    Analyzing MTHFR gene mutations among RSA and controls are done using PCR-RFLP method and the results 

are summarized in table (1): The genotype distribution of each MTHFR mutations in patients and controls are shown 

in (Figure 3).The frequency of 677C/T genotype MTHFR gene was 36% in patients and 40% in controls while the 

frequency of 677T/T genotype was 10% in patients and 13.3 % in controls The frequency of 677T allele was 34 % in 

patients and 28.3 % in controls. 

 

The frequencies of 1298C allele were 37% in patients and 38.3% in controls. No statistically significant difference in 

the frequency of A1298C MTHFR gene mutation was detected between the two groups (P>0.05). The frequencies of 

MTHFR 677T and MTHFR 1298C alleles were (36%, 50%) in patients and (40%, 20%) in controls, respectively 

(Figure 4). The total mutant allele frequencies were 27% in women experiencing RSA and 29% in fertile controls. 

The frequencies 677CT/1298AC combined heterozygosity in patients was 15.73% and 32% in the control group. Our 

findings indicated that combined MTHFR C677T/A1298C genotype distribution has no statistically significant 

differences. The odds ratios (ORs) of the MTHFR 677C/T (OR = 0.69; 95% confidence interval (CI) = 0.33– 1.42) 

and the MTHFR 1298A/C (OR = 0.50; 95% CI = 0.23–1.09). 
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Table 1: MTHFR C677T and A1298C genotypes and alleles frequencies among Iraqi women with RSA 

compared with fertile control women 

   

Genotype/allele (RSA )N= 50 Control)N= 30 OR  (95   CI) X
2
 P value 

MTHFR C677T      

 T/T  5 (10%) 4 (13.3) 0.85(0.22-3.13) 0.05425 0.82 

C/T 18(36%) 12(40%) 0.87(0.4-1.82) 0.15275 0.70 

C/C 27(54%) 14(46.6%) 1.22(0.56-2.52) 0.26203 0.61 

 T 34 (34%) 17(28.3%) 0.85(0.46-1.53) 0.25797 0.61 

 C 66(66%) 43(71.6%) 1.14(0.63-2.09) 0.25797 0.61 

MTHFR A1298C     

C/C 9(18%) 4(13.3%)  0.95(0.33-2.69) 0.003 0.96 

A/C 25(50%) 6(20%) 1.02(0.52-2.13) 0.004 0.94 

A/A 16(32%) 20(66.6%) 0.96(0.46-2.14) 0.001 0.97 

C 37(37%) 23(38.3%) 1(0.57-1.73) 0.0001 0.99 

A 63(63%)  37(61.6%) 1(0.57-1.72) 0.0001 0.99 

 

       

          

                
 

 

Figure 3 : Distribution of the MTHFR C677T gene mutations genotypes among Iraqi women with RSA 

compared with fertile control women .In each graph columns show wild type C/C, heterozygote C/T, 

homozygote T/T and total mutant allele frequencies respectively 
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Figure 4: Distribution of the MTHFR A1298C gene mutations genotypes among Iraqi women with RSA 

compared with fertile control women .In each graph columns show wild type A/A, heterozygote A/C, 

homozygote C/C and total mutant allele frequencies respectively 

          

              

 

                   
 

 

 

Figure 5: Frequency of heterozygous genotype for MTHFR C677T and MTHFR A1298C among Iraqi women 

with RSA compared with fertile control women. 
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Figure 6: Frequency of homozygous genotype for MTHFR C677T and MTHFR A1298C among Iraqi women 

with RSA compared with fertile control women. 

 

                                     
 

Figure 7: Frequency of mutant alleles for MTHFR (677T and 1298C) and total   mutant allele among Iraqi 

women with RSA compared with fertile control women. 

   

   Discussion  
    Many pieces of literature have discussed the matter that MTHFR gene mutations might be a risk factor for 

recurrent spontaneous abortions (Unfried  et al .,2002;Mtiraoui  et al .,2006; Goodman, et al .,2006; Behjati et al 

.,2006 Stonek, et al 2007; Jeddi-Tehrani et al .,2011) hence, we investigated the prevalence of C677T and A1298C, 

two common MTHFR gene mutations in Iraqi population especially at Baghdad region to determine whether these 

mutations related with RSA. The genotypes distribution of C677T MTHFR gene mutation was compared in the two 

studied groups. It is clear from Table 1 and Figure 3 that the heterozygosity in nucleotide 677th of the MTHFR gene 
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has no statistically significant difference among the two groups. However, homozygosity for 677T allele of the 

MTHFR gene in women with RSA was higher than healthy controls, which were concordant with previous reports 

(Unfried  et al .,2002;Mtiraoui et al .,2006). The total frequency of 677T alleles for MTHFR gene 677T was also 

compared between women experiencing RSA with fertile control women (34%, 28.3%), respectively. On the whole, 

our data has indicated no statistically significant difference in the prevalence of mutation between the two groups. 

These data which was observed in our study was in contrast with a previous report on the literature (Park  et al., 

1997;Carp et al.,2002). This difference may be explained by differences in the populations or by using low numbers 

of samples. On the other hand, our findings suggest that C677T mutation probably has no significant role in the 

etiology of first trimester RSA in Iraqi patients in Baghdad region or that other hyper coagulant gene mutations may 

have a role in RSA. Furthermore, the frequency of A1298C MTHFR gene mutation was also compared in patients 

and healthy women. 

    As shown in Table 1 and Figure 4, the frequency of 1298A/C genotype MTHFR gene in control was more than the 

patients group, while  the frequency of 1298C/C genotype was higher in patients with RSA compared with the 

control group(18% and 13.3% respectively), in contrast with the homozygote genotype. The total frequency of 1298 

alleles and 677T for MTHFR gene were also compared between women experiencing RSA compared with the fertile 

women in the control group (34.83%, 40%),respectively. This was in accordance with earlier investigations 

(Goodman  et al .,2006; Yenicesu  et al .,2010) which reported no association between MTHFR 1298A/C and RSA. 

Findings of previous studies have shown that the presence of combined C677T/A1298C genotypes highly increased 

the risk of RSA (Zetterberg et al.,2002).Therefore, prevalence comparison of 677CT/1298AC compound 

heterozygosity in patients and healthy controls showed no significant difference. 

     In conclusion, our results showed no significant variations in MTHFR C677T and A1298C genotype distribution 

among patients who suffered from RSA and controls. Further studies on larger population may be needed. To better 

understand the pathobiology of RSA disease, we need to identify novel genetic variants and the interactive effects of 

these variants with each other and the environment. Due to the fact that, it is possible to detect a large number of 

samples and low costs, we proposed ARMS-PCR as a useful method that could be used for identification of these 

mutations. 
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