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INTRODUCTION 
RSA is a multifactorial distressing disease defined as the miscarriage 
of  two or more consecutive pregnancies before 20 weeks of 
gestation and affects approximately one percent of fertile couples 
with a significant clinical problem [1].  World Health Organization 
defined miscarriage as loss of the fetus or embryo weighing less 
than 500g, which would normally be at 20-22 complete weeks 
of gestation. However, in recent times, RSA is considered as 
the spontaneous loss of two or more consecutive pregnancies 
before 20 wk of gestation [2]. The RSA affected couples undergo 
psychological and emotional mental distress [3,4].

As per the report of International Federation of Gynecology and 
Obstetrics, an overall fetal wastage 10-12% on couples by means 
of clinically recognized or unrecognized pregnancies results with 
miscarriage [5]. There is a direct relationship between recurrent risk 
and the number of abortions. The percentage of recurrent risk for 
women with at least one abortion is 24%, with two abortions are 
26% and three abortions is 32%. Nearly 40-45% of recurrent risks 
are reported in women with no live birth, infants and with two or 
more fetal losses [6].

Several factors are associated with RSA in terms of maternal or 
fetal or paternal gene polymorphisms. The various factors affecting 
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ABSTRACT
Introduction: Recurrent spontaneous abortion (RSA) is a 
multifactorial clinical obstetrics complication commonly 
occurring in pregnancy. Many research studies have noted the 
mutations such as C677T in N5, N10 - Methylenetetrahydrofolate 
reductase (MTHFR)gene  which is regarded as RSA risk factor. 
This study was carried out to determine the occurrence of 
frequency of C677T of the MTHFR gene mutations with RSA.  
Aim: The purpose of present study is to determine the frequency 
of MTHFR C677T polymorphisms in couples with recurrent 
pregnancy loss and the impact of paternal polymorphisms of 
MTHFR C677T in recurrent pregnancy loss in population of 
couples living in Kolar district of Karnataka with RSA.

Design: A total of 15 couples with a history of two or more 
unexplained RSA were enrolled as subjects in the study and a 
total of 15 couples with normal reproductive history, having two 
or more children and no history of miscarriages were enrolled 
as controls.

Materials and Methods: DNA extraction from samples case 
and control group couples and its quantification by Agarose 
gel electrophoresis, assessment of DNA purity, MTHFR C 677T 
gene mutation detection by PCR-RFLP method.

Statistical analysis: Carried out by   web based online SPSS tool. 

Results: The frequency of C677T genotype showed 
homozygous wild type CC (80%), heterozygous CT type 
(13.3%) and homozygous mutation TT type (6.67%) observed 
in males. Similarly from female’s homozygous wild type CC 
(86.6%), heterozygous type (13.3%), and homozygous type 
mutations TT (0%) was recorded. In couple control groups, we 
observed homozygous wild type CC (86.6%), heterozygous CT 
type (13.3%) and homozygous type mutations TT type (0%). 

Conclusion: We noticed a high frequency of MTHFR specifically 
T allele associated with paternal side.Therefore, the present study 
indicated the impact of paternal gene polymorphism of MTHFR 
C677T on screening in couples with recurrent pregnancy loss.
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the maternal polymorphism are genetic causes, connective tissue 
disorders, hematological abnormalities, anatomical and endocrine 
abnormalities. Similarly, the fetal causes of RSA are Autosomal 
dominant lethal skeletal dysplasias, Autosomal recessive disorders 
and X-linked Disorders [7]. Karyotyping of couples with RSA has 
revealed that parental chromosomal abnormalities occur in one of 
the partners with approximate 5 to 7% of couples [8] from where 
half of the cases remain unexplained. Currently, there are only 
limited data on a possible male cause. Hence, parental cytogenetic 
karyotype screening in RSA couples probably fetches the useful 
scientific information for identifying the gene polymorphisms. 

MTHFR is one of the main regulatory enzymes in the metabolism 
of homocysteine that catalyses the reduction of 5,10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate [9]. 
Mutations in the MTHFR gene lead to decreased activity of enzyme 
and hyperhomocysteinemia, which induces platelet aggregation 
through promotion of endothelial oxidative damage [10]. Although 
several mutations within the MTHFR gene were described, C677T 
and A1298C mutations are the two most common mutations [11]. 
MTHFR C677T gene polymorphism is associated with fetal loss at 
early stages of pregnancy [12].

As a consequence of homozygous C677T polymorphism missense 
mutation that leads to hyper homocystenemia due to lack of 
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MTHFR activity. However, a second polymorphism in the MTHFR 
gene “A1298C” results polymorphic variant inducing a decrease 
in MTHFR activity. The C677T polymorphism occurs in exon 4 
and is characterized by an alanine-to-valine substitution at codon 
222, whereas the A1298C polymorphism occurs in exon 7 and 
is characterized by a glutamate-to-alanine substitution at codon 
429 by transverse mutation. So, it has no impact on plasma 
homocysteine levels, because elevated levels of homocysteine 
that causes vasculopathy in the placental vasculature and leads to 
spontaneous abortions [13].

In inherited defects within the methionine-homocysteine pathway, 
such as MTHFR C677T gene polymorphism, hyperhomocysteinemia 
and TT genotype have been associated with preeclampsia, 
spontaneous abortions etc. Compound heterozygosity for C677T 
that is 677C/T will have a similar clinical impact as C677T/T 
homozygosity and individuals with the 677 T/T genotype is always 
reported with 1298 A/A genotype and vice versa [14].

Occurrence of about 2-5% of the genetic cause of RSA is due to 
chromosomal abnormalities. However, the majority is unexplained 
with respect to RSAs. RSA affects 1-3% of couples. So far, 
screening procedures performed only in the women of affected 
couple. Studies were done at the RSA screening in couples and also 
literature suggests that paternal mutations probably lead to RSA [15]. 
The association between MTHFR C677T gene polymorphism with 
RSAs has been reported in women with RSA but with controversial 
results. 

Although MTHFR C677T and A1298C mutations are observed in 
RSA, a meta-analysis report implies non significance with respect 
to MTHFR A1298C gene mutation [16]. Therefore, the present 
study focused to evaluate frequency of MTHFR C677T gene 
polymorphisms in couples with recurrent pregnancy loss and the 
impact of paternal polymorphisms of MTHFR C677T in recurrent 
pregnancy loss with RSA.

MATeRIAlS AND MeThODS
Patients: A total number of 30 couples were enrolled in the present 
study. Amongst, 15 couples (male n=15 and female n=15) with a 
history of two or more consecutive miscarriages with or without 
normal child termed as cases of RSA. Similarly 15 normal, healthy 
couples (male n=15 and female n=15) with minimum one or more 
normal live births without any history of abortions were included in 
the study. These patients were clinically diagnosed in Department 
of Obstetrics and Gynecology and were allowed to participate in 
the study after obtaining the patient consent form. After performing 
the karyotype for all the couples, those couples with chromosomal 
abnormality and uterine anomalies, genital infections, and 
endocrinological disorder were excluded from the present study.

extraction of genomic Dna: Blood samples were collected from 
couples belonging to the RSA group and the control group into 
sterile EDTA vaccutainer and were stored at 4°C until processing. 
Genomic DNA was isolated from the peripheral blood as per 
the standard procedure [15] that consists of erythrocyte lysis by 
Erythrocyte Lysis Buffer (ELB) till a white pellet free of heme was 
obtained. Leukocytes /lymphocytes lysis carried out by suspending 
white pellet in ELB and on mixing with 270µl of 20% SDS and 30µl 
of proteinase K (10mg/ml) were added and mixed. Samples were 
incubated at 370C, in water bath for overnight. 

After 16 h of incubation, DNA was precipitated by isopropyl 
alcohol. The total precipitated DNA appeared as a white thread like 
structure was completely transferred to a sterile micro centrifuge 
tube containing 500µl of 80% alcohol and incubated at room 
temperature for 15 min. It was centrifuged at 12000 rpm for 5 min. 
The supernatant obtained was discarded and this step was repeated 
for three times to obtain purified form of DNA. The DNA was then air 
dried and dissolved in 500µl of Tris-EDTA buffer and then incubated 
at 65°C for 30 min. The dissolved fraction was refrigerated at 4˚C for 
one day and stored at -20oC until use. 

DNA qUANTIfICATION By AgAROSe gel 
eleCTROphOReSIS
The quantity of the DNA samples was checked in a 1% agarose 
gel. The solution was allowed to become lukewarm and 0.1mg/
ml ethidium bromide was added. The gel was then poured on a 
gel-casting tray and allowed to solidify. The gel was placed in an 
electrophoresis tank with 1X TAE buffer. The DNA samples were 
mixed with 6X DNA loading dye and loaded on the gel. The gel was 
electrophoresed at 2 volts/cm and images were captured in a gel 
documentation system (Bio Rad Gel Doc) [17].

DNA pURITy – SpeCTROphOTOMeTRIC 
MeThOD
The quality and quantity of the DNA samples were assessed by 
spectrophotometric method by using Perkin Elmer Lambda 35 
model. 50µl of TE buffer was pipetted into quartz cuvette and 
subjected for auto zero correction. 48µl of TE buffer and 2 µl of 
DNA sample were added in quartz cuvette, the absorbance was 
measured at 260 and 280nm. The absorbance at 260nm gives 
DNA concentration and the ratio between 260/280 gives the purity 
of DNA. DNA sample with 260/280 absorbance ratio between 1.7-
1.9 were considered for PCR procedure. However, DNA samples 
with absorbance ratio less than 1.7 were subjected for precipitation 
until the desired absorbance was obtained. Then after, DNA sample 
of expected purity was used for PCR procedure.

genotype Screening: For identification of MTHFR C677T gene 
mutation PCR-RFLP was performed in the present study.

PCr-rFlP –Based Screening:  PCR amplification of the MTHFR 
C677T gene was amplified by polymerase chain reaction using 
primers as shown in [Table/Fig-1]. 

PCR was carried out on 50µl volume, in an Eppendorf thermal 
cycler and subjected to standardized PCR. Initial denaturation at 
950C for 5 min followed by 35 cycles of denaturation at 950C for 
1 min; annealing at 610C (MTHFR C677T) and extension at 720C 
for one minute and final extension at 720C for seven minutes were 
performed. PCR Amplification was confirmed by 2% agarose gel 
electrophoresis. 100bp DNA molecular weight marker was used to 
confirm the amplicon size. Electrophoresis was carried out at 80V 
for one hour and the gel was visualized in the gel documentation 
system as shown in [Table/Fig-2]. Finally, the amplified products 
were digested with 10U Hinf 1 restriction enzyme as shown in 
[Table/Fig-1] and digested products were separated on 2% agarose 
gel stained with Ethedium Bromide and visualized in the Gel Doc 
System.

STATISTICAl ANAlySIS
The percentage genotype distributions of each mutation, the 
frequency of heterozygous and homozygous were compared 
between the couples with RSA and healthy couples. 

[Table/fig-1]: Sequence of primers, PCR product size, restriction enzymes and size of digested fragments that are used for screening by PCR-RFLP

Mutation Sequence of primers PCr Product 
(bp)

restriction
enzyme

Wild type heterozygote Mutant

MTHFR C677T
F-TGAAGGAGAAGGTGTCTGCGGGA 198 Hinf1 198 198/175/23 175/23

R- AGGACGGTGCGGTGAGAGTC
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maternal genome risk of RSA in control groups showing no 
homozygous mutations of TT form.

DISCUSSION
Despite a controversy reported on C677T gene polymorphism 
and miscarriage [16]. Few studies supported the direct evidence 
between C677T gene mutation and RSA across the globe [18-
20]. Similarly, our study results also support the genetic analysis of 
MTHFR C677T gene polymorphism and clinically correlated with 
increased risk of miscarriage.

In one RSA couple, we observed a male patient with a homozygous 
TT mutation and a female with heterozygous CT mutation. The 
obstetric history reveals that they had four spontaneous abortions and 
a congenital anomalous baby. Since the MTHFR enzyme deficiency 
is autosomal recessive type, when both parents are carrying mutant 
allele the chance of inheritance of the offspring is much higher which 
may increase the risk of abortion by increasing the homocysteine 
levels in the mother as well as in the fetus and thereby increasing the 
thrombotic activity at the feto-placental interphase. Genetic analysis 
of this case is shown in the agarose gel electrophoretic pattern in 
[Table/Fig-7]. Line one showing the homozygous TT mutation in the 
affected male partner of the affected couple which is in agreement 
with a report of a study [21]. Line 3 showing the heterozygous CT 
mutation in female partner of affected couple.

Ahmed et al., stated that woman with RSA has the C677T mutation 
identified by PCR – RFLP. Accordingly, our study also identified 
C677T mutation in RSA couple in comparison with control couples. 
In addition to this, in line one 198bp PCR product was chopped 
out by restriction enzyme into 175bp and 23bp fragments in both 
chromosomes. So198bp band cannot be seen in homozygous TT 
mutation. Only 175bp band and can be observed. In addition to 
homozygous TT mutation, in a male patient of RSA group we found 
another two males and one female patients carrying heterozygous 
mutant [22]. Genetic analyses of these cases are shown in [Table/
Fig-8].

[Table/fig-4]: Gender wise allele frequency in control and patient group

group C allele t allele 

Control female (n= 15) 0.93 0.07

Control male (n= 15) 0.93 0.07

RSA female (n= 15) 0.93 0.07

RSA male (n= 15) 0.87 0.13

ReSUlTS
The genotype distribution of each MTHFR mutation in RSA and 
healthy couples is shown in [Table/Fig-3-6]. Accordingly, the 
frequency of C677T genotype MTHFR gene in RSA Couples 
showed homozygous wild type CC (80% men  &  86.6% women), 
heterozygous CT type (13.3% men & 13.3% women) and 
homozygous mutation TT type (6.67% men & 0% women). There 
was no difference observed in healthy couples with homozygous wild 
type CC 86.6%, heterozygous CT type 13.3%, and homozygous 
mutation TT type 0%. These results clearly indicate the decreased 

[Table/fig-3]: Showing MTHFR C677T Genotypes

genotypes of
MthFr C677t

Couples with rSa (n=15) healthy Couples (n=15)

Males Females Males Females

Homozygous Wild CC 80% (12) 86.6% (13) 86.6% (13) 86.6% (13)

Heterozygous CT 13.3%  (2) 13.3% (2) 13.3%(2) 13.3% (2)

Homozygous Rare TT 6.67% (1) Nil Nil Nil

[Table/fig-2]: Showing the PCR based amplified product of MTHFR gene (198bp)

[Table/fig-5]: Showing homozygous CC genotype in control subjects [Table/fig-6]: Showing heterozygous CT genotype in control subjects
[Table/fig-7]: RFLP analysis after digestion with Hin f 1 enzyme showing heterozygous C/T (female) & homozygous T/T (Male) mutant genotype in a couple.
Line 1 showing homozygous T/T mutation with fragment length 175bp. Line 3 showing heterozygous C/T genotype with 198bp and 175bp length fragments. Line 5, 7, 9, 11 are 
homozygous C/C type with 198bp fragments. Line 2, 4, 6, 8, 10, 12 are uncut products to compare with the digested products. Line 13 is a 50bp DNA ladder

[Table/fig-8]: RFLP analysis after digestion with Hinf 1 showing heterozygous C/T, 
homozygous C/C genotype variants Line 1, 3, and 5 showing heterozygous C/T 
mutation. Line 7 is homozygous CC wild type which is normal. Lines 2,4,6,8 are 
undigested PCR products. Line 9 is a 100 bp DNA ladder [Table/fig-9]: Showing the allele frequency in control and RSA groups
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PCR product size is 198bp. After restriction digestion with Hinf 
1 restriction enzyme for six hours at 370C, the mutant allele was 
digested into 175bp and 23bp fragments. In heterozygous (CT) two 
bands were observed with the base length of 198bp and 175bp. 
In case of normal homozygous (CC) only one band with 198bp 
length is observed. Allele frequency of MTHFR C677T gene in the 
population was calculated based on Hardy-Weinberg equilibrium. 
Allele frequency for T allele f (T) = CT + 2 X TT / 2 X CC + 2 X CT + 
2 X TT: Allele frequency for C allele f (C) = CT+ 2 X CC / 2 X CC + 
2 XCT + 2 X TT.

Increased frequency of mutant allele was observed in RSA couples 
when compared to healthy fertile couples. Mutant T allele frequency 
in the control group is 7%, whereas in RSA group it is 10%.  The 
frequency of the C allele in control was observed as 93% and in 
the RSA group as 90% [Table/Fig-4,9,10]. This data shows that the 
frequency of occurrence of the mutant allele is much more in male 
partners of RSA cases. The distribution of allele frequency in normal 
women and women with RSA was identical. 

CONClUSION
Our research findings showed no significant variations in the MTHFR 
C677T genotype distribution among women who suffered from 
RSA and in controls. We also observed T allele frequency higher in 
the RSA group compared to control group and found variations in 
the MTHFR C677T genotype distribution among men who suffered 
from RSA impact. In one couple, we found a heterozygous mutation 
in female partner and homozygous mutation in the male partner. 
Increased frequency of T allele is also observed in paternal side 
in RSA couple. This study concludes that paternal screening is 
also essential along with maternal screening. However, there is a 
necessity to carry out similar studies with large sample size.
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[Table/fig-10]: Gender wise Allele frequency in control and patient groups


