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Abstract

Methylenetetrahydrofolate reductase is an important enzyme in folate
metabolism pathway. There are some studSome studies investigateding
the correlation of a common gene variation (A1298C) with male
infertility in a specific Caucasian population (Iran), but the outcomes
are controversial. SoThus, the current study employed a meta-analysis
to determine the association of mentioned variation with male
infertility in the above-mentionedIranian population. PubMed, Google
Scholar, EMBASE, SID, and Magiran databases were searched to
recognize eligible publications. The odds ratios (ORs) was used with
corresponding 95% confidence intervals (95% Cls) to assess the strength
of genetic association analysis. The data were analyzed through
Metagenyo software. In overallGenerally, three qualified papers were
found and included in the quantitative synthesis (meta-analysis). The
obtained data displayed that the variation is not correlated with male
infertility in co-dominant genetic models. Also, the results showed no
significant heterogeneities among eligible included studies. Moreover,
publication bias did was not observe detected in the current analysis.
This meta- analysis proposes that A1298C polymorphism in MTHFR
gene is not correlated with male infertility in Iranian population, and it
could not be counted considered as a risk factor for male infertility.
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Introduction

Infertility is the incapability to attain gestation after one year of unprotected sexual intercourse and could
involve about 15% of couples (1). About 50% of infertility reasons are related to male aspects. Some male
infertility factors are considered anatomical aberrations such as ductal obstructions, varicoceles, or ejaculatory
disorders (2). However, some other factors of male infertility are related to genetic factors (3). Impairments in
genes and proteins involved in the production of sperm can be a source of infertility in men (4). Genes that are
considered as risk factors for spermatogenesis include genes encoding protamines (5), telomere processing
genes (6), genes involved in detoxification (7), and numerous other genes. However, an important group of
these genes, which are considered serious spermatogenesis options, are folate metabolizing genes (8).

There are three significant genes in the folate pathway: methylenetetrahydrofolate reductase (MTHFR),
methionine synthase (MS), and methionine synthase reductase (MTRR). These three enzymes play a crucial role
in DNA methylation and synthesis (8). MTHFR reductase is one of the main enzymes in DNA synthesis and re-
methylation (9). The MTHFR gene converts 5, 10 methyl THF to 5-methyl THF. Methionine synthase catalyzes
the transfer of a methyl group from 5-methyl THF to homocysteine, resulting in methionine production. In this
pathway, 5, 10 methyl THF is involved in DNA synthesis by converting dUTP to dTTP (10). However, the
MTRR enzyme is involved in converting methionine to homocysteine, so it is a methylation agent (11).

The A1298C genetic variation is an exonic polymorphism positioned on the eighth exon of the MTHFR gene,
and it might influence the synthesis of DNA methylation of DNA and repair of DNA (12). Many papers are
studying the correlation of A1298C polymorphism with male infertility worldwide (13). However, some limited
studies are evaluating the correlation of the mentioned gene variation with the risk of male infertility in Iranians
(14). This study aimed to evaluate the association of rs1801131 gene polymorphism with male infertility in the

Iranian population, based on an approach of systematic review and meta-analysis (15).

Materials and Methods
Search strategy, inclusion criteria, and dataextraction

Related papers were recognized by conducting a regular search in Google Scholar, PubMed, EMBASE, SID,
and Magiran datasets by the following keywords: MTHFR, variation or single nucleotide polymorphism or SNP
or mutation or A1298C, and male infertility and Iran. The electronic search was updated on October 10, 2020.
Also, the citations of the recognized papers and reviews were screened to discover possible additional suitable
publications.

The following inclusion principles were considered for study choice: 1) studies evaluating the correlation of
MTHFR-A1298C variation and male infertility 2) case-control studies, and 3) adequate genotype information
was reported to calculate the odds ratio (OR) and 95% confidence interval (CI). Exclusion principles were as
follows: 1) reviews; meta-analysis, case reports 2) duplicate papers, and 3) inadequate information for OR and
95% ClI calculation.

Two colleagues dependently studied the papers and extracted the following data from each qualified study:
the author name, date of publication, number of controls and cases; genotype and allele frequency, the status of

Hardy-Weinberg equilibrium (HWE) in control groups; and method of genotyping.

Statistical analysis
The test of Chi square assessed the HWE. The strength of the correlation between MTHFR-A1298C gene

variation and the male infertility risk was calculated by OR with 95% CI in two genetic models, including
homozygote co-dominant (CC vs. AA) and heterozygote co-dominant (AC vs. AA) genetic models. A statistical
way to define heterogeneity among the included studies was done using Q-test and I? score (16). In
the mentioned test, a P-value of more than 0.10 shows the lack of heterogeneity, and then the pooled ORs were
assessed using the fixed-effect model (17). Otherwise, a model of random-effect was used to calculate ORs (18).
Possible publication bias was qualitatively diagnosed using Begger's funnel plots, and Egger's test was done to

detect the funnel plot's asymmetry (19, 20).
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Results
Characteristics of eligible included studies

The extracted data from included studies in a meta-analysis are detailed in Table 1. , The distribution of
defined genotypes frequencies in all of studies has not deviated from the Hardy-Weinberg equilibrium in
control groups. All three included studies were used the PCR-RFLP (Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism) method for A1298C polymorphism genotyping (12). The control groups were
in Hardy Weinberg equilibrium.

Table 1. Distribution of A1298C in included studies.

Genotype frequencies HWE Genotyping  Reference
Control Case pa method
AA  AC CcC AA AC CcC
149 141 38 75 70 19 0.60 PCR-RFLP Safarinejad et al., (12)
70 48 14 59 44 15 0.29 PCR-RFLP Karimian and Colagar, (10)
46 72 12 55 53 23 0.09 PCR-RFLP Floris et al., (11)

Association analysis of rs1801131 with maleinfertility

The association and heterogeneities results are summarized in tables 2-5. As mentioned above, there was no
any deviation from HWE in control groups of all three included studies (Puwe> 0.05). The quantitative synthesis
regarding the correlation of A1298C SNP with male infertility displayed that there is no substantial correlation
between the mentioned variation and risk of male infertility in both CC vs. AA (OR=1.209, 95%Cl= 0.80-1.84, p=
0.373) and AC vs. AA (OR= 0.892, 95%ClI= 0.68-1.17, p= 0.411) genetic models. Moreover, heterogeneity
examination displayed no substantial heterogeneity in both CC vs. AA (I>= 0%, Pheterogencity= 0.643) and AC vs. AA
(I2=24.83%, Preterogeneity= 0.264) genetic models (Figure1).

A)
Experimental Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed) W(random)
Safarinejad et al., 2011 19 94 38 187 — 0.99 [0.54;1.84] 45.9% 45.9%
Karimian and Colagar, 2016 15 74 14 84 —t % 1.27 [0.57;2.85] 26.8% 26.8%
Momenzadeh, 2016 23 78 12 58 =5 1.60 [0.72;3.57] 27.3% 27.3%
Fixed effect model 246 329 j; 1.21 [0.80;1.84] 100% -
Random effects model . 1.21 [0.80; 1.84] - 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.6433 !
1 1
0.5 1 2
B)
Experimental Control Odds Ratio

Study Events Total Events Total . OR 95%-Cl W(fixed) W(random)

)

bl
Safarinejad et al., 2011 70 145 141 290 —— 0.99 [0.66;1.47] 47.1% 43.3%
Karimian and Colagar, 2016 44 103 48 118 i 1.09 [0.64;1.86] 26.1% 28.1%
Momenzadeh, 2016 53 108 72 118 = 0.62 [0.36;1.04] 26.8% 28.7%
Fixed effect model 356 526 i 0.89 [0.68;1.17] 100% -
Random effects model : 0.89 [0.64; 1.22] - 100%
Heterogeneity: I-squared=24.8%, tau-squared=0.0202, p=0.2644 )

I 1
0.5 1 2

Figure 1. Forest plot. Results of meta-analysis in CC vs. AA (A) and AC vs. AA (B)models.
Table 2. Association results for CC vs. AA model.
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Model OR 95%-CI P-value Adjusted p-value
Fixed effect 1.2092 [0.7962; 1.8363] 0.3729175355 1
Random effect 1.2092 [0.7962; 1.8363] 0.3729175355 1

Table 3. Heterogeneity tests for CC vs. AA model.
tau”2 H "2 Q P-value
0 1 0 0.8821 0.6433

Table 4. Association test results for AC vs. AA model.

Model OR 95%-CI P-value Adjusted p-value
Fixed effect 0.8916 [0.6781; 1.1723] 0.4111279161 1
Random effect 0.8855 [0.6430; 1.2194] 0.4563002267 1

Table 5. Heterogeneity tests for AC vs. AA model.
tau”"2 H "2 Q P-value
0.0202 1.1534 0.2483 2.6607 0.2644

Publication bias analysis
Also, the publication bias assessment showed no significant publication biases in the present meta-analysis.
The data from publication bias as funnel plots has been shown in Figure 2. The Egger's test was assessed for CC

vs. AA as p-value= 0.296, while this was evaluated as p-value=0.752 for AC vs. AA genetic model.
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Figure 2. Funnel plot. Results of meta-analysis in CC vs. AA (A) and AC vs. AA (B) models.

Discussion

The folate pathway contains many key genes that the genetic variations in these genes may alter the male
infertility risk. In the present project, the correlation of MTHFR-A1298C gene variation with male infertility in
Iranian men was evaluated using a quantitative synthesis approach. In this analysis, three eligible papers were
included (12). After analysis, it is found that there are no true correlations between the above-mentioned SNP
and male infertility in both genetic models within Iranian men. Therefore, the A1298C gene variation may not
be counted as a genetic risk factor for male infertility in Iranian population (14). Heterogeneity analysis also
showed no true heterogeneities among included studies. Publication bias also showed no publication bias in

current meta-analysis. Therefore, the data could be reliable and robust (15).
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Folate and its cofactors, such as vitamins B2, B6, and B12, maintain intracellular nucleotides balance.
Impaired folate levels can replace uracil with thymine in the DNA structure, leading to point mutations in DNA
(21). The presence of uracil in the genome disrupts the DNA repair process, resulting in chromosome
breakdown. Incomplete methylation resulting from disruption of the folate cycle can activate inactive
transposons, resulting in genome instability (22). The DNA stability of sperm and its chromosome structure of it
in fertilization process were well identified. Infertile men often have broken DNA (23).

On the other hand, the genome in the sperm head is highly compressed. This compression results from the
formation of disulfide bonds between the protamine's oxidized cysteine residues (24). After fertilization, the
sperm nucleus loses its compactness and forms a pre-nucleus. Low levels of free cysteine cause protamine
disulfide bonds, resulting in loss of sperm nucleus compression. Thus, folate and homocysteine levels play a
vital role in preserving sperm DNA (25).

Homocysteine is an amino acid containing sulfur. The metabolism of homocysteine, folate, and methyl
groups is an interrelated process (26). The impaired function of enzymes in the folate cycle causes homocysteine
to accumulate. Accumulation of homocysteine leads to the induction of inflammatory cytokines, which cause
abnormal sperm parameters (27). Homocysteine also reduces nitric oxide (NO). Nitric oxide is an endothelium-
dependent vasodilator produced by the endothelial isoform of nitric oxide synthase (28). The NO signaling
pathway plays a crucial role in sperm motility, acrosome response, and fertilization (29). Thus, disruption of the
folate pathway causes infertility in men in various ways (30). Therefore, it should not be overlooked that
polymorphisms in genes involved in folate metabolism, including the MTHER gene, are associated with altered
infertility risk (31).

Conclusion

Folate has vital roles in the synthesis of DNA, genome methylation, and synthesis of protein. Folate shortage
could damage the action of the mentioned procedures and lead to the accumulation of homocysteine, resulting
in extreme oxidative stress. This sequence of procedures is intricate in some disorders, such as failure in male
fertility. Methylenetetrahydrofolate reductase and some other key enzymes have the main role in homocysteine
pathways and folate metabolism. The studied variation may not be a molecular risk factor for male infertility in
the Iranian population. However, this study's main limitation was the limited number of studies included in
the quantitative synthesis. Then, more experimental studies are essential to gain more truthful outcomes.

Moreover, in vivo and in vitro studies could be helpful for providing molecularevidence.

References
1. Goyette P, Sumner ]S, Milos R, Duncan AM, Rosenblatt DS, Matthews RG, Rozen R. Human

methylenetetrahydrofolate reductase: isolation of cDNA, mapping and mutation identification. Nat Gen
1994; 7(2): 195-200. https://doi.org/10.1038/ng0694-195

2. Kakkoura MG, Demetriou CA, Loizidou MA, Loucaides G, Neophytou I, Marcou Y, Hadjisavvas A,
Kyriacou K. Single-nucleotide polymorphisms in one-carbon metabolism genes, Mediterranean diet and
breast cancer risk: a case—control study in the Greek-Cypriot female population. Gen Nutr 2015; 10(2): 1-11.
https://doi.org/10.1007/s12263-015-0453-7

3. Friso S, Choi SW, Girelli D, Mason ]B, Dolnikowski GG, Bagley PJ, Olivieri O, Jacques PF, Rosenberg IH,
Corrocher R, Selhub J. A common mutation in the 5, 10-methylenetetrahydrofolate reductase gene affects
genomic DNA methylation through an interaction with folate status. Proc Natl Acad Sci 2002; 99(8): 5606-
5611. https://doi.org/10.1073/pnas.062066299

4. Rehman T, Shabbir MA, Inam-Ur-Raheem M, Manzoor MF, Ahmad N, Liu ZW, Ahmad MH, Siddeeg A,
Abid M, Aadil RM. Cysteine and homocysteine as biomarker of various diseases. Food Sci. Nutr 2020; 8(9):
4696-4707. https://doi.org/10.1002/fsn3.1818

19


https://www.researchgate.net/profile/Rowena_Matthews/publication/15248569_Erratum_Human_methylenetetrahydrofolate_reductase_Isolation_of_cDNA_mapping_and_mutation_identification_Nature_Genetics_1994_7_195-200/links/09e414fc11b0e30167000000.pdf
https://www.researchgate.net/profile/Rowena_Matthews/publication/15248569_Erratum_Human_methylenetetrahydrofolate_reductase_Isolation_of_cDNA_mapping_and_mutation_identification_Nature_Genetics_1994_7_195-200/links/09e414fc11b0e30167000000.pdf
https://doi.org/10.1038/ng0694-195
https://link.springer.com/content/pdf/10.1007%2Fs12263-015-0453-7.pdf
https://link.springer.com/content/pdf/10.1007%2Fs12263-015-0453-7.pdf
https://doi.org/10.1007/s12263-015-0453-7
https://doi.org/10.1073/pnas.062066299
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/fsn3.1818
https://doi.org/10.1002/fsn3.1818

Cent Asian J Med Pharm Sci Innov 1(1): 15-21 (2021) Hassanpour

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Shen W, Gao C, Cueto R, Liu L, Fu H, Shao Y, Yang WY, Fang P, Choi ET, Wu Q, Yang X. Homocysteine-
methionine cycle is a metabolic sensor system controlling methylation-regulated pathological signaling.
Redox Boil 2020; 28: 101322. https://doi.org/10.1016/j.red0x.2019.101322

Smulders YM, Smith DE, Kok RM, Teerlink T, Gellekink H, Vaes WH, Stehouwer CD, Jakobs C. Red blood
cell folate vitamer distribution in healthy subjects is determined by the methylenetetrahydrofolate reductase
C677T polymorphism and by the total folate status. ] Nutr Biochem 2007; 18(10): 693-699.
https://doi.org/10.1016/j.jnutbio.2006.11.010

Koury M]J, Horne DW, Brown ZA, Pietenpol JA, Blount BC, Ames BN, Hard R, Koury ST. Apoptosis of late-
stage erythroblasts in megaloblastic anemia: association with DNA damage and macrocyte production.
Blood ] Am Soc Hematol 1997; 89(12): 4617-4623. https://doi.org/10.1182/blood.V89.12.4617

Ganji V, Kafai MR. Frequent consumption of milk, yogurt, cold breakfast cereals, peppers, and cruciferous
vegetables and intakes of dietary folate and riboflavin but not vitamins B-12 and B-6 are inversely associated
with serum total homocysteine concentrations in the US population. Am J Clin Nutr 2004; 80(6): 1500-1507.
https://doi.org/10.1093/ajcn/80.6.1500

Friso S, Choi SW. Gene-nutrient interactions in one-carbon metabolism. Curr Drug Metab 2005; 6(1): 37-46.
https://doi.org/10.2174/1389200052997339

Karimian M, Colagar AH. Association of C677T transition of the human methylenetetrahydrofolate
reductase (MTHFR) gene with male infertility. Reprod Fertil Dev 2016; 28(6): 785-794.
https://doi.org/10.1071/RD14186

Floris M, Sanna D, Castiglia P, Putzu C, Sanna V, Pazzola A, De Miglio MR, Sanges F, Pira G, Azara A,
Lampis E. MTHFR, XRCC1 and OGGI genetic polymorphisms in breast cancer: a case-control study in a
population from North Sardinia. BMC Cancer 2020; 20(1): 1-5. https://doi.org/10.1186/s12885-020-06749-w
Safarinejad MR, Shafiei N, Safarinejad S. Relationship between genetic polymorphisms of methylenetetra
hydrofolate reductase (C677T, A1298C, and G1793A) as risk factors for idiopathic male infertility. Reprod
Sci 2011; 18(3): 304-315. https://doi.org/10.1177/1933719110385135

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Br Med ] 2003;
327(7414): 557-560. https://doi.org/10.1136/bm].327.7414.557

Mantel N, Haenszel W. Statistical aspects of the analysis of data from retrospective studies of disease. ] Natl
Cancer Inst 1959; 22(4): 719-748. https://doi.org/10.1093/jnci/22.4.719

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. Br
Med ] 1997; 315(7109): 629-634. https://doi.org/10.1136/bmj.315.7109.629

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias. Biometrics
1994; 1088-1101. https://doi.org/10.2307/2533446

Babakhanzadeh E, Nazari M, Ghasemifar S, Khodadadian A. Some of the Factors Involved in Male
Infertility: A Prospective Review. Int ] Gen Med 2020; 13: 29-41. https://doi.org/10.2147/IJGM.5241099

Xavier M], Salas-Huetos A, Oud MS, Aston KI, Veltman JA. Disease gene discovery in male infertility: past,
present and future. Hum Genet 2020: 1-3. https://doi.org/10.1007/s00439-020-02202-x

Vockel M, Riera-Escamilla A, Tiittelmann F, Krausz C. The X chromosome and male infertility. Hum Genet
2019: 1-3. https://doi.org/10.1007/s00439-019-02101-w

Ren Z], Zhang YP, Ren PW, Yang B, Deng S, Peng ZF, Liu LR, Wei W, Dong Q. Contribution of MTR
A2756G polymorphism and MTRR A66G polymorphism to the risk of idiopathic male infertility. Medicine
2019; 98(51). https://doi.org/10.1097/MD.0000000000018273

Bailey LB, Gregory III JE. Folate metabolism and requirements. ] Nutr 1999; 129(4): 779-782.
https://doi.org/10.1093/jn/129.4.779

Messerschmidt DM, Knowles BB, Solter D. DNA methylation dynamics during epigenetic reprogramming
in the germline and preimplantation embryos. Genes Dev 2014, 28(8):  812-828.
https://doi.org/10.1101/gad.234294.113

20


https://doi.org/10.1016/j.redox.2019.101322
https://doi.org/10.1016/j.jnutbio.2006.11.010
https://watermark.silverchair.com/4617.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA68wggOrBgkqhkiG9w0BBwagggOcMIIDmAIBADCCA5EGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMasMawORAScuxn8-wAgEQgIIDYoORemw5SS_9RnK767F0_gOu0MPlpxQR_3eL7t0CXuCmayUjW15pnLV6xw0e0OceVWHCx8XyeNcxwuXzWda0dE3dzMFGs9CtEBvfw-_72I3OzpjmvqB3JfQEZ_EqiR-cVCZRf2YgwdRbq_Wwb4SFBfhpc-452yAlbZz6FxI3NUVWz3YRZiKbyRTIn9cuVx0iVh3V6qjnHf620_emclVkn3Up2Q5EBwKFyoWmE9oN4ENRF6zIRJWJ0UkeYhIH5jdK7y-3_DQ-PCxRYVsCEY4wmS0AM6m7mAOQGqAc9DbZAxgrzrbeAA5GTHzuTCmETcGiHBHM24FGZ2ubPZubdDk1gemb_fQVx_Ll5L3J05A71g-O9gwuXb0jWmNM9pGDg0ZF50glSXdHonmcRLom4uiplMzs6Pe1mgto5pQBa_4MsGDifSxkxHqEfUvXfs2NYfRcGxFts3M0dxcwD925gganVaYEotYtprksa2BzeG2qknrE9Xx7re3zigRdAzCbA6E-878p_qnXUBMz_SmD0KC-cm6ykajs5s09Tbbf9nFA_JAiNUi3B5kx3gOw5UhWCxC_Efu1r9GeB_YclXbZ2YoEd-vFIagr51mFsxUMlmtIExF-e_9OUEqy_soTlxIZJBj37IW8fSYfTaRePovzy0W-9Goi-WScQIDpyYejRBrxudyFH6tJSOVyfxtfFvjW9R56fbzTfTc01fqnti9r_T6jx3YtRH14JTI4aUOwZPStxCi1l8QsvW30TKwsvW5vVceMZz8jx7ZHERUl0_JlqOvtXUMvGl_DatscqU-y5BDOggGHg3P1Q2rrbBMgSY7E
https://watermark.silverchair.com/4617.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA68wggOrBgkqhkiG9w0BBwagggOcMIIDmAIBADCCA5EGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMasMawORAScuxn8-wAgEQgIIDYoORemw5SS_9RnK767F0_gOu0MPlpxQR_3eL7t0CXuCmayUjW15pnLV6xw0e0OceVWHCx8XyeNcxwuXzWda0dE3dzMFGs9CtEBvfw-_72I3OzpjmvqB3JfQEZ_EqiR-cVCZRf2YgwdRbq_Wwb4SFBfhpc-452yAlbZz6FxI3NUVWz3YRZiKbyRTIn9cuVx0iVh3V6qjnHf620_emclVkn3Up2Q5EBwKFyoWmE9oN4ENRF6zIRJWJ0UkeYhIH5jdK7y-3_DQ-PCxRYVsCEY4wmS0AM6m7mAOQGqAc9DbZAxgrzrbeAA5GTHzuTCmETcGiHBHM24FGZ2ubPZubdDk1gemb_fQVx_Ll5L3J05A71g-O9gwuXb0jWmNM9pGDg0ZF50glSXdHonmcRLom4uiplMzs6Pe1mgto5pQBa_4MsGDifSxkxHqEfUvXfs2NYfRcGxFts3M0dxcwD925gganVaYEotYtprksa2BzeG2qknrE9Xx7re3zigRdAzCbA6E-878p_qnXUBMz_SmD0KC-cm6ykajs5s09Tbbf9nFA_JAiNUi3B5kx3gOw5UhWCxC_Efu1r9GeB_YclXbZ2YoEd-vFIagr51mFsxUMlmtIExF-e_9OUEqy_soTlxIZJBj37IW8fSYfTaRePovzy0W-9Goi-WScQIDpyYejRBrxudyFH6tJSOVyfxtfFvjW9R56fbzTfTc01fqnti9r_T6jx3YtRH14JTI4aUOwZPStxCi1l8QsvW30TKwsvW5vVceMZz8jx7ZHERUl0_JlqOvtXUMvGl_DatscqU-y5BDOggGHg3P1Q2rrbBMgSY7E
https://doi.org/10.1182/blood.V89.12.4617
https://watermark.silverchair.com/1500.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqEwggKdBgkqhkiG9w0BBwagggKOMIICigIBADCCAoMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMde5Gn7Onkjdk5CTgAgEQgIICVHU0enOhB-0IDCAM8BpksF2e1JEskjaDGkU5WB8-Q_6UsYHaO3ELgOGa9eBBsSwZ3rudinxsh7DRckMisrP2sGbEdHReinwdHuPg6MOPx4haq5xm9WoEXxf8_MVjSRI3IR3n96qT0kZS0S_27uYjQrwBLsk7TVD9PmpNjwsej0_KWgq6T0cY6Sa-hvLFH54btXQ-neE6YnM5TM7qioMVzlizlX3W0pOmU25jLX367C5H-34G8q2dzBt_xX4FYjfoBusWQH8RwvRKLI5lO6PmUFFRvMzIiOsWp-_Mx8fa41dvDOEjsU3uMRF9342iM8qRKQhtsbz8BjY4e1EVGQlqNZH2pFvmwtM25tBvaR_xxoW379Fhejehv28RQsweHx8UlQKMHy-W_8W-z_KBxRcbhEEze7FrlrBn3UCsPjb7QD9SlCirX2_i1Gb5lYzFTYHkGJ9F6ZYbXFaqkfVXLbdXvBhiIiRO-3zJ8utT11qEdvURvLwE9lGgcfJcNfP4lZCL2v1NyAR6KDqtBqvGR7uPu5LXgVsCw6Qyrld4cJgeuvChEM-4O7QsNh6ZhIU6t-Y0Udwfr-vxLjGp4SYrauBQHRurwcZSSrfuVWJDz8y8gFgV4XqtEy6ycSIZWj4CR2oss626xXK_ZrIkmCR98HDX-SyPtfnQXL-5subTd2LyFKxhakFEwtVwbsQ4WBT-aWDX6OjqL9PU0Ldpkt4Ccu3q50rOtTgtCjd3-K6C7VXbQIITj1-TcIyf7U9vxcPG7y26VYtVyhd5hNpJnVjCb2XvZlvOt9g3
https://watermark.silverchair.com/1500.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqEwggKdBgkqhkiG9w0BBwagggKOMIICigIBADCCAoMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMde5Gn7Onkjdk5CTgAgEQgIICVHU0enOhB-0IDCAM8BpksF2e1JEskjaDGkU5WB8-Q_6UsYHaO3ELgOGa9eBBsSwZ3rudinxsh7DRckMisrP2sGbEdHReinwdHuPg6MOPx4haq5xm9WoEXxf8_MVjSRI3IR3n96qT0kZS0S_27uYjQrwBLsk7TVD9PmpNjwsej0_KWgq6T0cY6Sa-hvLFH54btXQ-neE6YnM5TM7qioMVzlizlX3W0pOmU25jLX367C5H-34G8q2dzBt_xX4FYjfoBusWQH8RwvRKLI5lO6PmUFFRvMzIiOsWp-_Mx8fa41dvDOEjsU3uMRF9342iM8qRKQhtsbz8BjY4e1EVGQlqNZH2pFvmwtM25tBvaR_xxoW379Fhejehv28RQsweHx8UlQKMHy-W_8W-z_KBxRcbhEEze7FrlrBn3UCsPjb7QD9SlCirX2_i1Gb5lYzFTYHkGJ9F6ZYbXFaqkfVXLbdXvBhiIiRO-3zJ8utT11qEdvURvLwE9lGgcfJcNfP4lZCL2v1NyAR6KDqtBqvGR7uPu5LXgVsCw6Qyrld4cJgeuvChEM-4O7QsNh6ZhIU6t-Y0Udwfr-vxLjGp4SYrauBQHRurwcZSSrfuVWJDz8y8gFgV4XqtEy6ycSIZWj4CR2oss626xXK_ZrIkmCR98HDX-SyPtfnQXL-5subTd2LyFKxhakFEwtVwbsQ4WBT-aWDX6OjqL9PU0Ldpkt4Ccu3q50rOtTgtCjd3-K6C7VXbQIITj1-TcIyf7U9vxcPG7y26VYtVyhd5hNpJnVjCb2XvZlvOt9g3
https://watermark.silverchair.com/1500.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqEwggKdBgkqhkiG9w0BBwagggKOMIICigIBADCCAoMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMde5Gn7Onkjdk5CTgAgEQgIICVHU0enOhB-0IDCAM8BpksF2e1JEskjaDGkU5WB8-Q_6UsYHaO3ELgOGa9eBBsSwZ3rudinxsh7DRckMisrP2sGbEdHReinwdHuPg6MOPx4haq5xm9WoEXxf8_MVjSRI3IR3n96qT0kZS0S_27uYjQrwBLsk7TVD9PmpNjwsej0_KWgq6T0cY6Sa-hvLFH54btXQ-neE6YnM5TM7qioMVzlizlX3W0pOmU25jLX367C5H-34G8q2dzBt_xX4FYjfoBusWQH8RwvRKLI5lO6PmUFFRvMzIiOsWp-_Mx8fa41dvDOEjsU3uMRF9342iM8qRKQhtsbz8BjY4e1EVGQlqNZH2pFvmwtM25tBvaR_xxoW379Fhejehv28RQsweHx8UlQKMHy-W_8W-z_KBxRcbhEEze7FrlrBn3UCsPjb7QD9SlCirX2_i1Gb5lYzFTYHkGJ9F6ZYbXFaqkfVXLbdXvBhiIiRO-3zJ8utT11qEdvURvLwE9lGgcfJcNfP4lZCL2v1NyAR6KDqtBqvGR7uPu5LXgVsCw6Qyrld4cJgeuvChEM-4O7QsNh6ZhIU6t-Y0Udwfr-vxLjGp4SYrauBQHRurwcZSSrfuVWJDz8y8gFgV4XqtEy6ycSIZWj4CR2oss626xXK_ZrIkmCR98HDX-SyPtfnQXL-5subTd2LyFKxhakFEwtVwbsQ4WBT-aWDX6OjqL9PU0Ldpkt4Ccu3q50rOtTgtCjd3-K6C7VXbQIITj1-TcIyf7U9vxcPG7y26VYtVyhd5hNpJnVjCb2XvZlvOt9g3
https://doi.org/10.1093/ajcn/80.6.1500
https://doi.org/10.2174/1389200052997339
https://www.publish.csiro.au/RD/RD14186
https://www.publish.csiro.au/RD/RD14186
https://doi.org/10.1071/RD14186
https://bmccancer.biomedcentral.com/track/pdf/10.1186/s12885-020-06749-w.pdf
https://bmccancer.biomedcentral.com/track/pdf/10.1186/s12885-020-06749-w.pdf
https://doi.org/10.1186/s12885-020-06749-w
https://srv2.freepaper.me/n/b3PfAEmCR64XM7CtORlIyA/PDF/bb/bb64e3aee7c5ee1bc8331b8124d23313.pdf
https://srv2.freepaper.me/n/b3PfAEmCR64XM7CtORlIyA/PDF/bb/bb64e3aee7c5ee1bc8331b8124d23313.pdf
https://doi.org/10.1177/1933719110385135
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/146897/anec12589.pdf%3Bjsessionid%3D73C0FBCF7F9DD711B88F89535312CABB?sequence=2
https://doi.org/10.1136/bmj.327.7414.557
http://pdfs.semanticscholar.org/ae80/5b87cff9e92472f537fe1b26506c2426fbcc.pdf
https://doi.org/10.1093/jnci/22.4.719
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC2127453&amp;blobtype=pdf
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://www.dovepress.com/front_end/cr_data/cache/pdf/download_1608800457_5fe458c99f0ac/ijgm-241099-some-of-the-factors-involved-in-male-infertility-a-prospect.pdf
https://www.dovepress.com/front_end/cr_data/cache/pdf/download_1608800457_5fe458c99f0ac/ijgm-241099-some-of-the-factors-involved-in-male-infertility-a-prospect.pdf
https://doi.org/10.2147/IJGM.S241099
https://doi.org/10.1007/s00439-020-02202-x
https://link.springer.com/content/pdf/10.1007/s00439-019-02101-w.pdf
https://doi.org/10.1007/s00439-019-02101-w
https://journals.lww.com/md-journal/Fulltext/2019/12200/Contribution_of_MTR_A2756G_polymorphism_and_MTRR.32.aspx
https://journals.lww.com/md-journal/Fulltext/2019/12200/Contribution_of_MTR_A2756G_polymorphism_and_MTRR.32.aspx
https://doi.org/10.1097/MD.0000000000018273
https://watermark.silverchair.com/4w049900779.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqMwggKfBgkqhkiG9w0BBwagggKQMIICjAIBADCCAoUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMMOywzR5y_WPsCfL0AgEQgIICVmEoTrs7u-iCzo3p3Wazc6dg8I6FT84a4EVJYv7hs_AZi9HgAUO45NKlbd0dG8uFBtqb9mZQSA10ARUDSjvKxLHqHIAPn0J1F-m-eJIYaGpX2mZp4mEiObUp6TWETuoeN-QGZTx5epxsQZSr3s2AxZTzhdDPUXYF4aF7qfNmVXlvIr72nqZa04KERH5nvGZebDshCqsW1XQwUeAd7mbDAsmbkd0ZtfuzUPtydd5_YIcSsFukLol1g2OVeO3oVUtqAoH41r1CHAjQtjPd_f6bpxguFTDTVAsdkasPbkwghArICYw0PmjwtBol_SyOwGaXtM5ib05h52obm5OOndGhn8P0bNaxz7D56BIn2p_Y7_GEr4zV3hBwi_w7gPgZIoWFdqld1Hp8nwtk_6MJXuN4_sWI-frHkUAQfkinMcUKkDMTBgZycEF3gVZpALwAZ9EXqlaaSyEoXVGt_G_Xpzp-6wFQ2nyKBu9UCyhHHzXl2Zdni_SqtXFWZci_RnkgD-a9PyEyRo4ceO2cmyDSJSXmiQA91oK9-2mqDlQWQ1x_2ZVel0GAA9M2WjXfLdLXdDCT8AzMybvE_hTesbllTJM2_ZC2I_NOeHQjlHyVFEZYWzfwRorOV4JYFIDBj568OA6HqRsQXD7STPCnQlg9toUPjQgVVnkXiJ1Bc8j21lh_VLZVG3D1wtNQLHBO6iaaXf8RtTMLfyFfT0XPYk4HyNAmiJzsCBz_jBdKmVWdvJfTQQPCEIUTy6wuUe2ChQPJXB7ZbweFRPKqWkSLiC37AaWWLkZR4OmbRdk
https://doi.org/10.1093/jn/129.4.779
http://genesdev.cshlp.org/content/28/8/812.full.pdf
http://genesdev.cshlp.org/content/28/8/812.full.pdf
https://doi.org/10.1101/gad.234294.113

Hassanpour Cent Asian J Med Pharm Sci Innov 1(1): 15-21 (2021)

23.

24.

25.

26.

27.

28.

29.

30.

31.

Montjean D, Benkhalifa M, Dessolle L, Cohen-Bacrie P, Belloc S, Siffroi JP, Ravel C, Bashamboo A,
McElreavey K. Polymorphisms in MTHFR and MTRR genes associated with blood plasma homocysteine
concentration and sperm counts. Fertil Steril 2011; 95(2): 635-640.
https://doi.org/10.1016/j.fertnstert.2010.08.054

Ravel C, Chantot-Bastaraud S, Chalmey C, Barreiro L, Aknin-Seifer I, Pfeffer ], Berthaut I, Mathieu EE,
Mandelbaum J, Siffroi JP, McElreavey K. Lack of association between genetic polymorphisms in enzymes
associated with folate metabolism and unexplained reduced sperm counts. PloS one 2009; 4(8): e6540.
https://doi.org/10.1371/journal.pone.0006540

Benchaib M, Ajina M, Lornage J, Niveleau A, Durand P, Guérin JF. Quantitation by image analysis of global
DNA methylation in human spermatozoa and its prognostic value in in vitro fertilization: a preliminary
study. Fertil Steril 2003; 80(4): 947-953. https://doi.org/10.1016/S0015-0282(03)01151-8

Abd-Elmoaty MA, Saleh R, Sharma R, Agarwal A. Increased levels of oxidants and reduced antioxidants in
semen of infertile men with varicocele. Fertil Steril 2010; 94(4): 1531-1534.
https://doi.org/10.1016/j.fertnstert.2009.12.039

Ross C, Morriss A, Khairy M, Khalaf Y, Braude P, Coomarasamy A, El-Toukhy T. A systematic review of the
effect of oral antioxidants on male infertility. Reprod Biomed Online 2010; 20(6): 711-723.
https://doi.org/10.1016/j.rbmo.2010.03.008

Belkadi A, Thareja G, Halama A, Mahmoud Y, Jones D, Agnew S, Malek ], Suhre K. Identification of genetic
variants controlling RNA editing and their effect on RNA structure stabilization. Eur ] Hum Gen 2020; 1-0.
https://doi.org/10.1038/s41431-020-0688-7

Vohra M, Adhikari P, Nagri SK, Umakanth S, Satyamoorthy K, Rai PS. CpG-SNP site methylation regulates
allele-specific expression of MTHFDI1 gene in type 2 diabetes. Lab Invest 2020: 1-2.
https://doi.org/10.1038/s41374-020-0422-7

Tee WV, Guarnera E, Berezovsky IN. On the allosteric effect of nsSNPs and the emerging importance of
allosteric polymorphism. ] Mol Boil 2019; 431(19): 3933-3942. https://doi.org/10.1016/j.jmb.2019.07.012

Emadi E, Akhoundi F, Kalantar SM, Emadi-Baygi M. Predicting the most deleterious missense nsSNPs of
the protein isoforms of the human HLA-G gene and in silico evaluation of their structural and functional
consequences. BMC Gen 2020; 21(1): 1-27. https://doi.org/10.1186/s12863-020-00890-y

Copyright © 2021 by CAS Press (Central Asian Scientific Press) + is an open access article distributed under the
Creative Commons Attribution License (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

How to cite this paper:
Hassanpour O. The study of A1298C variation in MTHFR gene as a molecular risk factor for male infertility
in Iran. Cent Asian ] Med Pharm Sci Innov 2021: 1(1): 15-21.

21


https://srv2.freepaper.me/n/3VGCTbYXQfhhgsvq0EIfaA/PDF/97/971e1ff6822061859e3d36968e3f25a0.pdf
https://srv2.freepaper.me/n/3VGCTbYXQfhhgsvq0EIfaA/PDF/97/971e1ff6822061859e3d36968e3f25a0.pdf
https://doi.org/10.1016/j.fertnstert.2010.08.054
https://www.scienceopen.com/document_file/0263f4b9-f545-4f32-842a-2c1ee0a5f9f4/PubMedCentral/0263f4b9-f545-4f32-842a-2c1ee0a5f9f4.pdf
https://www.scienceopen.com/document_file/0263f4b9-f545-4f32-842a-2c1ee0a5f9f4/PubMedCentral/0263f4b9-f545-4f32-842a-2c1ee0a5f9f4.pdf
https://doi.org/10.1371/journal.pone.0006540
https://doi.org/10.1016/S0015-0282(03)01151-8
https://ccf.org/reproductiveresearchcenter/docs/agradoc358.pdf
https://ccf.org/reproductiveresearchcenter/docs/agradoc358.pdf
https://doi.org/10.1016/j.fertnstert.2009.12.039
http://www.centaxpharma.com.tr/img/products/documents/1524747088.P%20MEN%20Antioxidants%20on%20male%20infertility.pdf
http://www.centaxpharma.com.tr/img/products/documents/1524747088.P%20MEN%20Antioxidants%20on%20male%20infertility.pdf
https://doi.org/10.1016/j.rbmo.2010.03.008
https://doi.org/10.1038/s41431-020-0688-7
https://doi.org/10.1038/s41374-020-0422-7
https://doi.org/10.1016/j.jmb.2019.07.012
https://bmcgenet.biomedcentral.com/track/pdf/10.1186/s12863-020-00890-y.pdf
https://bmcgenet.biomedcentral.com/track/pdf/10.1186/s12863-020-00890-y.pdf
https://bmcgenet.biomedcentral.com/track/pdf/10.1186/s12863-020-00890-y.pdf
https://doi.org/10.1186/s12863-020-00890-y
https://creativecommons.org/licenses/by/4.0/
http://www.cajmpsi.com/article_126764.html
http://www.cajmpsi.com/article_126764.html

