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ABSTRACT
Purpose: The role of male infertility is important in human infertility pathology.

Spermatogenesis is a complex developmental process which is regulated by a number of
genes. Methylenetetrahydrofolate dehydrogenase1 (MTHFD1) is involved in the synthesis of
purine, pyrimidine, and methionine. The aim of this study was to identify the MTHFD1,
G1958A polymorphism and its association with idiopathic male infertility in Iranian
population.
Materials and Methods: This case-control study was conducted on 200 Iranian men, 100
cases with idiopathic infertility (experimental group) and 100 normal men (control group).
The subjects were assessed for the MTHFD1 G1958A polymorphism, using the polymerase
chain reaction-restriction fragment length polymorphism technique (PCR-RFLP). The chisquare test was used to determine the association between MTHFD1 G1958A polymorphism
and male infertility, using SPSS software. P≤0.05 was considered significant.
Results: Totally, the frequency of A allele and AA homozygous genotype was found 51% and
47.3% respectively, with 52.5% and 30% in the experimental group versus 42% and 21% in
control group. There was a statistically significant correlation between the frequencies of A
allele (95 % CI = 1.028- 2.265, OR = 1.526, p = 0.035) and AA homozygous (% CI = 0.9954.494, OR = 2.114, 95 p = 0.05) genotype with the MTHFD1 G1958A polymorphism (P
≤0.05).
Conclusion: These results suggest that the polymorphism in MTHFD1 G1598A gene could
be considered as an important genetic disorder associated with the etiology of male infertility.

INTRODUCTION
Infertility is a worldwide problem and has a major impact on the quality of life. Male
infertility has an important role in this condition. Infertility of unknown reason is referred to

as idiopathic male infertility. Idiopathic male infertility may be caused by several factors,
such as chronic stress and endocrine disruption due to environmental pollution, reactive
oxygen species and genetic abnormalities (1,2). Genetic risk factors of male infertility reported
in some studies are as follows, Klinefelter’s syndrome

(3)

, Deoxyribonucleic acid (DNA)

damage by reactive oxygen species and total antioxidant capacity (4), aberrant expression of ckit

(5)

, poly(ADP-ribose) polymerase-1 (PARP-1), proliferative cell nuclear antigen (PCNA)

expression in testicular tissues (6) and Y chromosome microdeletions (7). It has been found that
folates and homocysteine are important factors in spermatogenesis (Figure 1)

(8,9)

. The

disturbance of folate metabolism may lead to spermatozoa DNA damage which reduces
semen quality, sperm concentration and motility as well as affecting sperm morphology (10,11).
Several enzymes are involved in the One-carbon metabolism pathways, including 5,10methylenetetrahydrofolate
cyclohydrolase

dehydrogenase

(MTHFD);

(CH);10-formyltetrahydrofolate

methylenetetrahydrofolate

reductase

hydroxymethyltransferase (SHMT)

(MTHFR);

5,10-methenyltetrahydrofolate
synthetase

methionine

synthase

(FS);

5,10-

(MS);

serine

(12)

. MTHFD1 is a trifunctional cytoplasmic enzyme,

which catalyzes the conversion of tetrahydrofolate to the corresponding 10-formyl, 5,10methenyl, and 5,10-methylene derivatives (figure 1). Genetic disorders like polymorphism
within the coding region of MTHFD1 could affect the activity, stability, or level of the
(12)

enzyme followed by impairment of DNA synthesis and folate metabolism

. Many

polymorphic variants have been found for the genes encoding MTHFD1. To our knowledge,
a few studies with controversial findings has been done on the association of the
MTHFD1G1958A polymorphism as a genetic risk factor with male infertility

(12)

. No study

has been performed to identify the MTHFD1 G1958A polymorphism and its correlation with
idiopathic male infertility in Iranian population. The aim of this study was to identify the
MTHFD1 G1958A polymorphism and its relationship with idiopathic male infertility in

Iranian population.

MATERIALS AND METHODS
The study was approved by the ethics committee of the AJA University of Medical Sciences
(IR.AJAUMS.REC.1396.113).
Study population
The study was conducted on a group of men between the ages 20 and 48 years (mean±SD:
35.0±4.8 years) in Iranian population. A total of 200 men who referred to Qafqaz Fertility
Center (Fertility clinic in Ardabil, Iran) were selected for this case-control study, 100
diagnosed with idiopathic infertility and 100 normal subjects. Clinical examination and
laboratory tests, including medical history analysis, physical examination and semen analysis
were done for those with idiopathic male infertility. The experiment group consisted of men
with infertility history of at least one year with their spouses with confirmed normal
gynecological assessment (normal transvaginal ultrasound examination, no history of the
pelvic inflammatory disease or abdominal operations), after at least one year of regular
unprotected sexual intercourse (2-3 times weekly). The exclusion criteria for this study was:
the history of prostatitis, urethritis, chromosome abnormality, obstructive lesions,
cryptorchidism, varicocele, diabetes mellitus and parotiditis as well as occupational hazards.
Analyses of sperm count and motility, vitality, and morphology were performed according to
the World Health Organization (WHO) guidelines

(20)

. The control group was men who had

fathered at least one healthy child.
Sample collection
Blood samples (2 ml) taken from each individual were collected in sample tubes containing
the anticoagulant, potassium ethylenediaminetetraacetic acid (EDTA K3E 15%, 0.12 ml; BD

Vacutainer, BD Vacutainer Systems, Plymouth, UK). The samples were sent to the laboratory
of Maragheh University of Medical Sciences and stored at -20°C for subsequent DNA
extraction.
Genomic DNA extraction
Frozen Samples were melted and Vortexed for 10 seconds. DNA was extracted from whole
blood using a DNA extraction kit (GeNet Bio, South Korea) according to the manufacturer’s
instructions. The DNA was quantified spectrophotometrically, and the integrity assessed via
agarose gel electrophoresis (0. 8%). Extracted genomic DNA samples were stored at -20°C in
a freezer compartment for subsequent analyses.
Primers
Polymerase chain reaction (PCR) was designed to amplify MTHFD1 DNA fragments,
containing G1958A SNPs. Two primers set used for PCR

(21)

were synthesized by CinnaGen

Company, Iran. The MTHFD1 G1958A polymorphism was detected by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) analysis using a forward
primer 5'-CCC ACTTTG AAG CAG GAT TG-3'and a reverse 5'-CAT CCC AAT TCC CCT
GAT G-3'. Expected length of the produced fragment by primer pair was 232 bp.
Genotyping and PCR-RFLP
We performed PCR in 25 μL reaction volumes containing 10 mM Tris–HCl, pH = 8.4, 50
mM KCl, 1.5 mM MgCl2, 250 μM of each dNTP, 10 pmol of each primer (Cinnagen Inc.,
Tehran, Iran), and 2.5 U Taq DNA polymerase (Fermentas; Glen Burnie, Maryland) using 4
μL of extracted DNA as template. The PCR thermal cycling conditions were as follows:
denaturation for 4 minutes at 94 °C, followed by 35 cycles of 45 seconds at 94 °C, 1 minutes
at 58 °C, and 1 minutes at 72 °C with a final extension step of 10 minutes at 72 °C.

Amplification was performed using a Bio-Rad thermocycler (Bio-Rad Laboratories Inc.,
Hercules, CA, USA). The PCR products were analyzed by agarose gel electrophoresis 1.5%
following DNA staining with Safe DNA gel stain and visualized under ultraviolet
transillumination. PCR products were digested with 2 μL MspI for 18 hours at 37°C. The
digested products were analyzed by agarose gel electrophoresis of 1.5%. Restriction products
of 125 bp and 107 bp identified the GG genotype; products of 232 bp, 125 bp, and 107 bp
represented the GA genotype; and the 232-bp product represented the AA genotype.
Statistical Analysis
Obtained data were analyzed using the SPSS statistical software (Version 22.0, SPSS Inc,
Chicago, Illinois) at the significant level of P≤0.05. Genotypes distribution and allele
frequencies in both groups were determined by direct counting and the correlation of the
polymorphism within 1958 position of MTHFD1 gen with idiopathic male infertility was
evaluated using chi-square test. Eventually, odds ratios (OR) and 95% confidence intervals
(CIs) were calculated for the effects of high risk alleles.

RESULTS
We analyzed the SNPs in MTHFD1 G1598A gene in 100 infertile and 100 fertile men by
RFLP-PCR System. PCR amplification of samples of MTHFD1 G1598A is shown in Figure
2 and Genotyping MTHFD1 G1958A polymorphism by PCR-RFLP is shown in Figure 3.
GG, GA and AA genotypes represent no polymorphism in MTHFD1 G1958A gene,
polymorphism in one allele and in both alleles, respectively.
Genotype and allelic distribution of the G1958A polymorphism have been shown in table 1.
The polymorphism within MTHFD1 G1958A was found in both groups of experiment and
control.
The results of genotypes distribution analysis within MTHFD1 G1598A gene in infertile and

control groups are listed in Table 2.
The genotype frequency of the AA compared to GG for the MTHFD1 G1958A
polymorphism was significantly higher in experimental group than control group (95 % CI =
0.995- 4.494, OR = 2.114, p = 0.05). There was no significant difference between two groups
for the GA genotype frequency compared to GG and AA for the MTHFD1 G1958A
polymorphism (P >0.05). No significant difference was found between experimental and
control groups for GA+AA genotype frequencies compared to that of GG genotype, as well
as, for AA compared to GG+GA (p=0.067), and GA compared to AA (P >0.05). There was a
statistically significant difference between the A allele frequency of infertile patients and
control group for the MTHFD1 G1958A polymorphism (P ≤0.05). Taken together, a
significant correlation was found in two genetic models of A vs G and AA vs GG and no
significant association was found for the other genetic models and when all the eligible
studies were pooled together (GA vs GG, GA vs AA, GA+AA vs GG and AA vs. GG+GA)
(Table 2).

DISCUSSION
In the present study, we evaluated the association of single nucleotide polymorphisms in
MTHFD1 G1598A gene as a risk factor of idiopathic male infertility in Iranian population.
To our best knowledge, no study has been conducted to date, on the association of
polymorphism SNPs in MTHFD1 G1598A gene and the risk of idiopathic male infertility in
Iranian population. MTHFD1 is an important gene in folate metabolism pathway. The
polymorphism SNPs of this gene has been extensively studied in other diseases. No
significant association was found between MTHFD G1258A SNP and spontaneous recurrent
abortions

(13,14)

, in some studies. The same result was found for Down syndrome,

hypertension and neural tube defects in other studies

(15-17)

Conversely, a significant

relationship was found between polymorphism of SNP in MTHFD1 gene and neural tube
defects in some population

(17,18)

. Another study showed that MTHFD1 G1958A

polymorphism might have a marginally significant association with a decreased risk of
cancers

(19)

. Many studies have been examined the association of folate metabolism genes

polymorphisms and male infertility (2,20-25). Some previous studies have identified MTHFD1
G1958A polymorphism in Iranian population

(26,27)

. They investigated the association of

MTHFD1 G1958A polymorphism with congenital heart defects and Breast Cancer in Iranian
Patients

(26,27)

. The frequency of GG and AA homozygote and GA heterozygote in patients

group was (55.9, 30%,) (12.7 and 22.5%) and (31.4 and 48%), respectively, versus (74.5 and
24%), (4.1 and 22%) and (21.4 and 55%) in control group

(26,27)

. In the present study, the

frequency of G and A alleles in infertile men was 47.5% and 52.5% compared to 58% and
42% for corresponding alleles in healthy individuals. The frequency of GG, AA and GA
genotypes in infertile group was found 25%, 30% and 45% versus corresponding genotype of
control group of 37%, 21% and 42%. In the present study, results showed that the genotype
frequency of AA compared to GG for the MTHFD1 G1958A polymorphism in idiopathic
infertile patients was significantly different from those in control group. However, the
occurrence of polymorphism homozygotes (AA genotype) was significantly higher in the
infertile patients compared to control. In addition, there was a significantly higher frequency
of A allele in infertile patients than control group for the MTHFD1 G1958A polymorphism.
The results of this study indicate that the presence of AA genotype could be considered as a
risk factor for idiopathic male infertility in Iranian population. And also, our findings
revealed that genotype frequencies of GG and GA were not significantly different between
infertile and control groups, and no association between polymorphism SNP in MTHFD1
G1598A gene with male infertility was found for these genotypes. Different results have been
reported by different studies regarding the association of SNP in MTHFD1 G1598A gene

with male infertility in different populations(12,28). In a study conducted on the Romanian
population, the reported frequency of G and A alleles in infertile group was 47.72% and
52.27% compared to 54.47% and 45.52% in control group and the frequency of GG and AA
and GA in infertile subjects was 27.27%, 31.81% and 40.90% versus 26.86%, 17.91% and
55.22% in control group

(29)

. In consistent with our finding, they realized that there is an

association between MTHFD1 1958AA homozygous genotype and male infertility and a
higher rate of polymorphism SNP in MTHFD1 G1598Agene was found in infertile men
compared to control group. In another study in the Russian population,

(12)

the frequency of

GG, AA and GA in infertile group was 33.33%, 20.74% and 45.92% in compared to
corresponding values of 25.29%, 50.58% and 24.12% in control group. In the same study,
genotype GA, genotype AA and allele A showed a reverse association with the risk of
azoospermia, indicating the role of polymorphisms in MTHFD1 G1598A in male infertility
(12)

. Conversely, in a study in the Turkish population, no significant differences were found in

the genotype frequencies or the allelic frequencies as well as no relationship between
polymorphism SNP in MTHFD1 G1598Agene with male infertility in two groups of infertile
and healthy men under the study. They reported the frequency of 58.80% and 41.20% for G
and A alleles in infertile men versus 59.60% and 40.40% in control, and the frequency of
32.40%, 14.80% and 52.80 for % GG, AA and GA in infertility group compared to 35.20%,
16.00% and 48.80% in control

(28)

Findings of their study demonstrated that genotype

frequencies or the allelic frequencies were not significantly different between infertility cases
and controls and were not any association between polymorphism SNP in MTHFD1
G1598Agene with male infertility

(28)

. Various results have been obtained regarding the

associations of the polymorphism SNP in MTHFD1 (G1598A) gene with male infertility in
different populations and studies. The role of polymorphism of other genes of folate pathway
in male infertility has been investigated in many studies. Methylenetetrahydrofolate reductase

(MTHFR), methionine synthase (MS) and MS reductase (MTRR) have been found to be
critical in DNA synthesis and remethylation

(2,30)

, and there are controversial data on the

association of polymorphisms of these genes with male infertility (2,31,32).
Nevertheless, these differences may be arisen from genetic determinants and geographic
factors effective in the distribution of the polymorphisms in folate metabolism-related
enzyme genes. Other factors including gene-nutrient/environmental and gene racial/ethnic
interactions have also been shown to impact on these genetic variants (33).

CONCLUSIONS
In summary, our data provide evidence that the polymorphism SNP in MTHFD1 G1598A
gene could be an important genetic factor predisposing to idiopathic infertility in Iranian men.
So, folate supplement therapy could be an option for men with idiopathic infertility. However,
further studies in different population are needed to confirm the association of different
polymorphisms and idiopathic male infertility risk.
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Figure 1. Folate-mediated one-carbon metabolism.
MTHFD, 5,10-methylenetetrahydrofolate dehydrogenase; CH, 5,10-methenyltetrahydrofolate
cyclohydrolase;

FS,

10-formyltetrahydrofolate

methylenetetrahydrofolate

reductase;

MS,

synthetase;

methionine

synthase;

MTHFR,

5,10-

SHMT,

serine

hydroxymethyltransferas

Figure 2. Agarose gel electerophoresis after PCR amplification of samples of MTHFD1
G1598A. “M” represents marker 100bp. The PCR product size was 232bp.
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Figure 3. Genotyping MTHFD1 G1958A polymorphism by PCR-RFLP. M: marker 100bp.
lane 1, 5: shows a 232 bp band indicating the homomutant type allele (AA genotype); Lane 2,
3 and 8: show 125 and 107bp bands denoting wild type allele (GG genotype); Lane 4, 6 and
7: show 232, 125 and 107bp bands denoting heteromutant type allele (GA genotype).
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Table 1 Allele and genotype frequencies for MTHFD1G1958A in infertile and control
groups.

infertility

Alleles frequencies, n (%)

Mutation type n (%)

G allele

A allele

GG

GA

AA

95 (47.5)

105 (52.5)

25 (25)

45 (45)

30 (30)

116 (58)

84 (42)

37 (37)

42 (42)

21 (21)

211 (52.7)

189 (47.3)

62 (62)

87 (87)

51 (51)

(n=100)
Controls
(n=100)
Total (200)

Table 2. Genotypes distribution analysis in infertile and control groups.
MTHFD1

Odds ratio

P-value

(95% CI)

A vs G

1.526

0.035

1.028- 2.265

AA vs GG

2.114

0.05

0.995- 4.494

GA vs GG

1.586

0.169

0.820- 3.065

GA vs AA

1.333

0.480

0.633- 2.681

GA/AA vs GG

1.762

0.067

0.959- 3.236

AA vs. GG/GA

1.612

0.144

0.847- 3.069

G1958A
(infertility cases
–controls)

