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Ab s t r Ac t 
Background: Folate metabolism plays an important role in appropriate cellular function, DNA methylation, repair, and synthesis. C677T and 
A1298C variants of methylenetetrahydrofolate reductase (MTHFR) play a role in reduced plasma folate and increase the susceptibility to various 
multifactorial disorders.
Aim and objective: The present study was aimed to detect the association of C677T polymorphism and A1298C polymorphism in the MTHFR 
gene with male infertility.
Materials and methods: In the current study, we analyzed a group of 50 infertile men with a clinical history of nonobstructive azoospermia 
or severe oligozoospermia. For the control group, we also analyze 50 fertile men. Cytogenetic analysis revealed a normal male karyotype in 
50 cases of infertile men, which further subjected to molecular analysis. The expected genotype and allele frequencies were calculated for 
both infertile men and controls. These frequencies were tested when the study group followed Hardy–Weinberg equilibrium. The interaction 
between the MTHFR genotypes was calculated using the odds ratio for mutant genotypes as compared to the wild types. To evaluate the risk 
of the different genotypes, 95% confidence intervals (CI) were calculated.
Results: The A1298C polymorphism of the MTHFR gene was present at a statistically increased significance in infertile men.
Interpretation and conclusion: We concluded that MTHFR C677T gene polymorphism is not associated with male infertility whereas A1298C 
gene polymorphism showed a significant increase in male infertility. To better understanding the causes of male infertility, future studies to be 
conducted in a large population to obtain a better understanding of the complex gene-to-gene interactions.
Keywords: Case–control study, DNA methylation, Karyotyping, Male infertility, Nonobstructive azoospermia, Severe oligozoospermia, Single-
nucleotide polymorphism.
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In t r o d u c t I o n 
Male infertility is a complex problem that commonly occurs due 
to a deficiency in semen. Around 15% of the couples are unable to 
conceive after 1 year of unprotected intercourse.1,2 Many studies 
show that male infertility has an important role in genetic factors.3 
In the folic acid metabolism pathway, abnormal spermatogenesis 
is associated with genetic variants.4

Male infertility occurs due to hypogonadism, testicular 
maldescence, and structural abnormalities of the male genital 
tract varicoceles, chronic illness, medications, and exposure to 
chemicals. About 40% of cases were showing no causes associated 
with male infertility problems. Several studies have reported that 
genetic factors are associated with idiopathic male infertility cases. 
Deletion or translocation in the region of azoospermia factor (AZF) 
in the Y chromosome were identified in men with unexplained 
oligozoospermia and azoospermia.5,6 Most of the abnormalities 
like chromosomal disorder and AZF deletions are de novo in the 
parental germ cells.

Folic acid metabolism is important for the integrity and 
stability of the genome.7 Deficiency in folate metabolism may lead 
to damage in the function of the metabolic pathway resulting in 
abnormal DNA synthesis and methylation.

Methylenetetrahydrofolate reductase (MTHFR) is an important 
enzyme that is present in the metabolism of methionine folate 
and involved in the process of DNA synthesis and regulation 
of homocysteine levels in vivo, which is closely related to 
spermatogenesis.8 The MTHFR gene is located in the short arm 
of chromosome 1 (1p36.3) and is composed of 11 exons.9,10 Based 
on the previous reports, C677T (rs1801133) and A1298C (rs1801131) 

polymorphic variants are two common variants in the gene 
encoding MTHFR.

The diminishing activity of MTHFR can cause several disorders, 
including male infertility.11,12 A1298C polymorphism of MTHFR 
causes the conversion of glutamine to alanine at codon 429 of 
the protein which is located at exon 7 resulting in a decrease in 
enzymatic activity. C677T variants replace alanine with valine which 
results in increased thermolability and reduced MTHFR specific 
activity.9 Our study was aimed to detect the association of C677T 
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polymorphism and A1298C polymorphism in the MTHFR gene with 
male infertility.

MAt e r I A l s A n d Me t h o d s 
The current investigation was studied among cases and control 
which is executed on 50 infertile patients in those 35 cases 
with severe oligozoospermia and 15 cases with nonobstructive 
azoospermia, and a control group of 50 fertile men who had at 
least one or two children. Peripheral blood samples were collected 
from Reproductive Medicine and Surgery (SMART) clinic, Sri 
Ramachandra Institute of Higher Education and Research (Deemed 
to be University), and Kanmani Fertility Center, T. Nagar, Chennai, 
respectively, were included in the study.

The study was approved by the Sri Ramachandra Institutional 
Ethics Committee (Ref. No.: IEC-NI/12/OCT/30/47). The study was 
conducted at the Department of Human Genetics, Sri Ramachandra 
Institute of Higher Education and Research (Deemed to be 
University). Peripheral blood samples were collected from both 
the patients and controls after obtaining an informed consent duly 
signed by the subjects who were agreeable to take part in the study.

In our case–control study, genetic analysis was performed on 
both the cases and controls, and the variation between the cases 
and controls was utilized for the calculation of relative risk.

The inclusion criteria for cases are infertile men with non-
obstructive azoospermia and severe oligozoospermia, whereas men 
with secondary infertility were exclusion criteria for case subjects. 
The inclusion criteria for control subjects are men who had fathered 
at least two children after 1 or 2 years of marriage.

Cytogenetic Analysis
Chromosomal studies are performed by collecting 3 mL of 
peripheral blood in a sodium heparin vacutainer. Blood cultures 
were set up in RPMI 1640 media with 20% fetal bovine serum. The 
cultures were stimulated with phytohemagglutinin (PHA-M) and 
incubated for 72 hours at 37°C in a CO2 incubator. The colchicine 
(1 mg/mL) was added to the culture to arrest the cells at the 
metaphase stage at the 67th hour, followed by incubation of 1 
hour, and were treated with 0.075 M potassium chloride (KCl). The 
cell pellet was fixed with Carnoy fixative (methanal:acetic acid, 
3:1). The chromosomes were prepared on prechilled slides and 
incubated for the aging of the slides. The chromosome preparations 
were subjected to GTG-banding using standard procedure.13 At 
least 25 metaphase chromosomes per case/slide were analyzed 
microscopically for structural and/or numerical abnormalities were 
detected and three metaphases per case were karyotyped using 
the Cytovision 2.7 Version software.

Cases with numerical and structural abnormalities were 
excluded from the study subject. Only the normal karyotype 
subjects were included for the molecular analysis.

Molecular Analysis
Genomic DNA extraction was performed using standard salting 
out the procedure by collecting blood samples (3 mL) in vacutainer 
EDTA tubes and 0.8% agarose gel electrophoresis is used to check 
the qualities of DNA.

The thermocycler was used to perform PCR reactions 
b y  u s i n g  t h e  f o l l o w i n g  p r i m e r s  f o r  C67 7 T  f o r w a r d 
5 ′ -T G A A G G A G A A G G T G T C T G C G G G A - 3 ′  a n d  r e v e r s e 
5′-AGGACGGTGCGGTGAGAG TG-3′ and primers for A1298C 
forward 5′-CTTTGGGGAGCTGAAGGACTACTAC-3′ and reverse 

5′-CACTTTGTGACCATTCCGGTTTG-3′. PCR conditions were set up as 
followed, initial step consisting initial denaturation for 5 minutes at 
95°C, denaturation for 45 seconds at 94°C, annealing for 1 minute 
at 65°C, extension for 1 minute at 72°C, followed by 30 cycles of 
denaturation for 45 seconds at 94°C, extension for 1 minute at 
72°C, and a final extension time of 5 minutes at 72°C and bring it 
to 4°C. By using a 2% agarose gel, the obtained PCR product was 
validated and visualized using a gel documentation system (Bio-
Rad Laboratories India Pvt. Ltd). Thus, in vitro amplification of the 
gene of interest by PCR was performed.

The PCR products were then added to the wells and subjected 
to the sequencing PCR reaction. Sequencing PCR was performed 
using GeneAmp 9600 thermal cycler (Perkin-Elmer Applied 
Biosystems GeneAmp 9600 PCR System). The reaction conditions 
are as follows: 95°C for 10 seconds, 50°C for 5 seconds, and 60°C for 
4 minutes. The conditions were repeated for 30 cycles, following 
which they were subjected to sequencing (ABI 3730).

stAt I s t I c A l An A lys I s 
The expected genotype and allele frequencies were calculated 
for the cases and controls. These frequencies were used to test 
when the study group followed Hardy–Weinberg equilibrium. The 
interaction of the MTHFR genotypes was evaluated by calculating 
the odds ratio for mutant genotypes as compared to the wild types. 
To evaluate the risk of the different genotypes, 95% confidence 
intervals (CI) were calculated. The analysis was done using SPSS 
(Statistical Package for the Social Sciences v 16.0).

re s u lts 
In the present study, C677T and A1298C variants of MTHFR gene 
polymorphisms were analyzed in a case group of 50 infertile men 
with nonobstructive azoospermia or severe oligozoospermia and 
a control group of 50 fertile men who had fathered at least two 
children. Cytogenetic analysis of case subjects showed a normal 
karyotype of 46, XY (Fig. 1).

After performing cytogenetic studies, DNA was isolated 
successfully using the high salting out protocol. After checking 
the quality of DNA, the PCR amplicons were confirmed by agarose 
gel electrophoresis.

Sequence Analysis
The PCR products were subjected to DNA sequencing for identifying 
the genotypes. The genotypes were assigned using the Chromas 
LITE software v2.1. All three possible genotypes were observed in 
the present study.

Figure 2 represents the genotype of C677T gene polymorphism 
and Figure 3 represents the genotype of A1298C gene polymorphism.

Table 1 represents the three different genotypes for the 
polymorphisms of the MTHFR gene that have been analyzed in 
the present study.

Genotype distribution of MTHFR C677T gene polymorphism in 
cases–controls is shown in Table 2.

The expected genotype frequencies were calculated and the 
distributions of genotypes follow the Hardy–Weinberg equilibrium 
among both the cases and the controls. Analysis of the samples 
revealed that the CT (T allele and C allele) genotype was found 
to be higher (30%) in cases when compared to the controls (12%). 
However, in both the cases and controls, two mutant TT alleles 
(6.67%) were also present.
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Genotype distribution of MTHFR A1298C gene polymorphism 
in the case–control study is shown in Table 3. For both cases and 
controls, the distributions of genotypes were followed the Hardy–
Weinberg equilibrium. Analysis of the samples revealed that the AC 
genotype was found to be higher (60%) in cases when compared to 
the controls (52%). However, in both the cases and controls, mutant 
CC alleles were also present.

Analysis of MTHFR C677T gene polymorphism in cases–controls 
is shown in Table 4. With CC as the reference genotype, the OR 

Fig. 1: Normal male karyotype

Fig. 2: MTHFR genotypes observed in the present study for C677T 
polymorphism

Fig. 3: MTHFR genotypes observed in the present study for A1289C 
polymorphism
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(95% CI) for heterozygosity and homozygosity of the T allele was 
determined. The results revealed no significant increase (p value: 
0.048) in the frequency of CT allele among the cases and controls 
(OR: 3.1; 95% CI: 1.11–9.10). Similarly, the TT allele frequency among 
the cases and controls was not significant (p value: 1.00). The results 
suggest that the two study groups were statistically non-significant.

Analysis of MTHFR A1298C gene polymorphism in cases–
controls is shown in Table 5. With AA as the reference genotype, 
the OR (95% CI) for heterozygosity and homozygosity of the C 

allele was determined. The results revealed no significant increase 
(p value: 0.63) in the frequency of the CA allele among the cases 
and controls (OR: 0.66; 95% CI: 0.23–1.92). But, CC allele frequency 
among the cases and controls revealed significant (OR: 0.19; 95% 
CI: 0.04–0.793: p value: 0.042). The results suggest a statistically 
significant increase.

dI s c u s s I o n 
In the current study, we aimed to evaluate the possibility of an 
association between MTHFR gene polymorphisms [two single-
nucleotide polymorphisms (SNPs)—the C677T and A1298C 
polymorphisms] and male infertility. A few previous studies have 
shown the association of MTHFR C677T polymorphism in infertile 
patients from Germany, Netherlands, Italy, India, South Korea 
and China,14–20 five of them14,17–19 have reported an association 
between the polymorphism in the MTHFR gene and male infertility. 
However, the MTHFR A1298C SNP has been studied less. Varinderpal 
et al.21 reported that there is no association between the A1298C 
SNP and male infertility in an Indian study group; while another 
study done on Chinese infertile men also19 concluded that there 
is no association between this SNP and the idiopathic cases 
of male infertility. A previous study reported increased sperm 

Table 1: Different genotypes analyzed in the present study for both 
C677T and A1298C gene polymorphism

C677T gene polymorphism
 C/C (G/G) Wild type
 C/T (G/A) Heterozygous
 T/T (A/A) Mutant allele
A1298C gene polymorphism
 A/A(T/T) Wild type
 A/C (T/G) Heterozygous
 C/C (G/G) Mutant allele

Table 2: Genotype distribution of MTHFR C677T gene polymorphism in cases–controls

Genotypes Allele frequency p value
C677T (rs1801133) CC CT TT C T
Controls (N = 50) Observed 42 6 2 0.90 0.10 0.018

Expected 40.5 9.0 0.5
Cases (N = 50) Observed 33 15 2 0.81 0.19 0.85

Expected 32.8 15.4 1.8

Table 3: Genotype distribution of MTHFR A1298C gene polymorphism in cases–controls

Genotypes Allele frequency p value
A1298C (rs1801131) AA AC CC A C
Controls (N = 46) Observed 8 24 14 0.43 0.57 0.6

Expected 8.7 22.6 14.7
Cases (N = 40) Observed 12 24 4 0.60 0.40 0.11

Expected 14.4 9 6.4

Table 4: Analysis of MTHFR C677T gene polymorphism in cases–controls

Genotypes Controls (N = 50) Cases (N = 50) OR CI p value
C677T (rs1801133)
CC 42 33 1.0
CT 6 15 3.1 1.11–9.10 0.048
TT 2 2 1.27 0.17–9.52 1.00

OR, odds ratio; CI, confidence interval

Table 5: Analysis of MTHFR A1298C gene polymorphism in cases–controls

Genotypes Controls (N = 46) Cases (N = 40) OR CI p value
A1298C (rs1801131) 
AA 8 12 1.0
AC 24 24 0.66 0.23–1.92 0.63
CC 14 4 0.19 0.04–0.793 0.042

OR, odds ratio; CI, confidence interval
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concentration by folic acid and zinc sulfate treatment.15 This altered 
folate status occurred due to reduced MTHFR enzyme activity, so 
important etiological factors are epigenetic alterations in DNA. DNA 
methylation typically occurs in CpG dinucleotide (i.e., a cytosine 
directly followed by a guanine) rich regions, CpG islands, highly 
conserved sequences in promoter regions or first exons of genes.22 
Because of the strong correlation between DNA methylation in 
promoter regions and transcriptional repression,22 for epigenetic 
control of gene expression, DNA methylation plays a vital role 
in fundamental as well as potentially reversible mechanisms. 
There is a piece of evidence that hypermethylation is involved in 
carcinogenesis meanwhile this phenomenon contributes to the 
suppression of gene transcription.23 Another study also reported 
the association of MTHFR A1298C gene polymorphism with male 
infertility which is correlating with our present study.24

In the present study, cytogenetic analysis on 50 infertile 
males including nonobstructive azoospermia and severe 
oligozoospermia has shown a normal karyotype of 46, XY. A 
significant number of infertile men; however, present with a 
history associated with fertility problems had normal findings 
on cytogenetics testing.

After confirmation of the cytogenetic analysis as normal for 
50 cases, the molecular study was carried out on both the cases 
and controls to identify the association of C677T polymorphism 
and A1298C polymorphism in MTHFR with male infertility. PCR-
amplified DNA using genomic DNA was carried out in direct 
sequencing. The PCR-amplified 198 bp DNA fragment of SNP 
C677T and amplified fragment of 163 bp of SNP A1298C were 
subjected to DNA sequencing that identified the genotypes. We 
performed association tests for both SNPs. The observed genotype 
frequencies among the case groups were in agreement with the 
Hardy–Weinberg equilibrium. Likewise, the genotype frequencies 
of controls were in agreement with Hardy–Weinberg equilibrium. 
Also, for all the association tests the value of odds ratios around 1.0, 
revealing that 677 C>T SNP in the MTHFR gene is distributed equally 
in infertile and fertile males. In our study, we have obtained allelic 
frequency for C677T (TT value is 0.10 for cases and for controls TT 
value is 0.19) and allelic frequency for A1988C (CC value is 0.40 for 
cases and for controls CC value is 0.57).

co n c lu s I o n 
In our present study, the genotype and allelic distribution of the 
MTHFR gene polymorphisms observed were not significant for 
C677T gene polymorphism whereas A1298C showed a significant 
increase in male infertility. We conclude that MTHFR A1298C gene 
polymorphism supports the hypothesis that it may have a close 
relationship with male infertility. To better understanding of causes 
of male infertility, future studies need to be conducted on the large 
population to focus on identifying new candidate genes to obtain 
a better understanding of the complex gene-to-gene interactions 
which have a profound effect on male infertility.
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