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Association of single-nucleotide polymorphisms in
antioxidant genes and their gene-gene interactions with
risk of male infertility in a Chinese population
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Abstract. The antioxidant defense system protects DNA from
the damaging effects of oxidative stress and is hypothesized
to be associated with an increased risk of male infertility.
Polymorphisms in antioxidant genes and the gene-gene interac-
tions associated with the antioxidant system may increase the
potential risk of male infertility. In the present case-controlled
study, the individual link between seven gene polymor-
phisms (NQOI rs1800566, SOD?2 rs4880, GSTM3 rs1571858,
rs3814309, rs7483, GSTM5 rs11807 and GSTPI rs1695) and the
risk of male infertility was investigated. A total of 248 idio-
pathic infertility patients and 310 fertile controls were selected,
and genotyping was performed using the Mass ARRAY
platform. There were no significant associations between the
seven polymorphisms and risk of male infertility. However,
the analysis of gene-gene interactions showed a decreased
risk of male infertility in GSTM3 rs3814309/NQO! rs1800566
[CC x CT/TT; odds ratio (OR)=0.56, 95% confidence interval
(CI)=0.34-0.92; P=0.022), and a significant association
between a gene-gene interaction in GSTM3 rs1571858/NQOI
rs1800566 and azoospermia (AG/GG x CC; OR=3.84,
95% CI=1.25-11.81; P=0.019).

Introduction

Infertility is a complex disease and is defined as a couple's
inability to have children with unprotected regular intercourse
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gene-gene

after one year; ~15% of couples suffer from infertility world-
wide, amounting to 48.5 million couples (1). Several causes
contribute to infertility, and male infertility is responsible for
50% of the total number of cases (2). Despite there being several
causes of male infertility discussed by previous studies (3.4),
the cause of 50% of cases of abnormal spermatogenesis are
still unknown. Previous studies have shown that 30-80% of
male infertility cases are caused by the damaging effects of
oxidative stress (5,6).

In vitro experiments have shown that normal quantities
of reactive oxygen species (ROS) are sufficient to induce
mutations, capacitation and ultimately fertilization (6-10).
Oxidative stress occurs when there is an imbalance between
the production of ROS and the natural antioxidant defense
mechanisms (11-13). Several studies have also shown that
the levels of ROS in infertile sperm samples are significantly
higher compared with the levels from fertile samples (14). The
damaging effects of oxidative stress cause DNA damage and
lead to the loss of sperm integrity and function (Fig. 1) (11). If
balance between ROS production and antioxidant mechanisms
is disturbed, the emergent oxidative stress results in DNA
damage and affects spermatogenesis (15).

Generally, the antioxidant defense system is able to
effectively neutralize ROS in the body (16,17). This precise
system is regulated by several enzymes, such as glutathione
S-transferase (GST), paraoxonase, superoxide dismutase
(SOD) and NAD(P)H dehydrogenase quinone (12,18). When
the genes encoding these enzymes are mutated or abnormally
expressed, the antioxidant system may be disrupted, resulting
in damage to sperm DNA. Therefore, polymorphisms in these
antioxidant genes and their gene-gene interactions have been
studied to investigate a possible association with an increased
risk of male infertility (19-23). However, there may be several
antioxidant genes or polymorphisms that may be potential
risk factors for male infertility that have not been discovered.
To fill this gap, the association between seven potential
functional polymorphisms in five enzyme genes (NQOI
rs1800566, SOD2 rs4880, GSTM3 rs1571858, rs3814309,
rs7483, GSTMS5 rs11807 and GSTPI rs1695) in the oxidative
stress pathway and the risk of male infertility in 248 cases
and 310 controls were assessed.
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GSTM3 is a member of the GST family and is located
on chromosome 1pl3. Polimanti ef al (24) showed that GST
SNPs may be associated with complex diseases including male
infertility and embryotoxicity. Reactive oxygen metabolites
can damage the DNA of sperm, and GSTM3 may function to
protect sperm through its molecular mechanism of inactivating
cytotoxic substances. Thus, three SNPs of GSTM3 (rs1571858,
rs38143009, rs7483) were selected and tested for any association
with male infertility.

NAD(P)H: quinone oxidoreductasel (NQOI) serves
an important role in protecting against oxidative stress by
functioning as a cytoplasmic2-electron reductase (25,26).
Several studies have reported that polymorphisms in NQO!
are associated with male infertility (12,22,27,28); thus one
polymorphism of NQOI was chosen and investigated for asso-
ciation with male infertility.

Ji et al (22) found a significant association between SOD2
rs4880 and male infertility. Furthermore, Yan er al (23) also
found that the SOD2 rs4880 variant genotype was associated
with a low level of SOD activity.

Materials and methods

Subjects and population. The present study was performed
in accordance with the Declaration of Helsinki (29), and was
approved by the Ethics Committee of Jinling Hospital (Nanjing,
China). Written informed consent was obtained from all partic-
ipants. Samples were collected from a total of 636 patients of
Han-Chinese ethnicity that had been diagnosed with unex-
plained male factor infertility by the Laboratory Medicine,
Jinling Hospital, Nanjing University School of Medicine,
between April 2013 and July 2015. At least two semen analyses
were performed for all patients, and those that were found to
have genetic factors (chromosomal anomalies), AZF micro-
deletions of the Y chromosome, clinical factors (varicocele,
cryptorchidism or orchitis) or infections were excluded from
the present study. In the final analysis, 248 men with idiopathic
infertility were included, including 146 men with azoospermia
or severe oligozoospermia (0< sperm concentration <5x10%/ml;
mean age, 28.5+4.3 years; range, 19-39 years) and 102 men with
oligozoospermia (sperm concentration: 5-15x10%/ml; mean age,
28.8+4.9 years; range, 19-38 years).

A total of 310 fertile men (mean age, 28.3+4.3 years; range,
19-40 years) were enrolled in the control group. These men
had at least 1 child as reported by direct survey and lacked any
history of requiring assisted reproduction technology. All of
the controls were selected from the same hospital. The semen
analysis for sperm concentration, motility and morphology
was performed according to the World Health Organization
criteria (2010) (30).

SNP selection. SNP selection as performed through extensive
mining of the International HapMap Project and dbSNP.
HapMap is a catalog of common genetic polymorphisms in
the human genome, which describes the forms of these muta-
tions, their location in the DNA, and their distribution within
the same population and between different populations (ncbi.
nlm.nih.gov/variation/tools/1000genomes). dbSNP is world's
largest database for nucleotide variations, which also contains
human single nucleotide variations, microsatellites, and
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Figure 1. The antioxidant defense system and its impact on male infertility.
The regulatory processes involved in alterations of the antioxidant defense
system results in abnormalities in spermatogenesis and may lead to infer-
tility. GST, glutathione S-transferase; PON, paraoxonase; SOD, superoxide
dismutase; NQO, NAD(P)H dehydrogenase quinone.

small-scale insertions and deletions along with the original
publications (ncbi.nlm.nih.gov/SNP/). A total of 7 potential
functional polymorphisms were identified in the genes of five
enzyme involved in oxidative stress response.

Genomic DNA extraction and genotyping. Genomic DNA
was extracted from the leukocytes in venous blood from each
patient and controls using a blood DNA extraction kit (Tiangen
Biotech Co., Ltd.). The DNA was purified using a Genomic
DNA Purification kit (DU5S30UV/VIS spectrophotometer;
Beckman Coulter, Inc.). Genotyping was performed using the
Mass ARRAY platform. Briefly, SNPs were detected using
a Sequenom Mass ARRAY RS1000 according to the manu-
facturer's protocol. The multiplexed SNP Mass EXTENDED
assay was designed by Sequenom Mass ARRAY Assay
Design software version 3.0 (Sequenom). Data management
and analysis were performed using a Sequenom Mass ARRAY
Analyzer 4.0 system (Sequenom).

Statistical analysis. The expected frequencies of genotypes in
the control group were tested for Hardy-Weinberg equilibrium
(HWE) using the exact test. The allele and genotype frequen-
cies of the controls and patients were directly calculated
by counting. To examine the associations between genetic
polymorphisms and male infertility, the odds ratio (OR)
and 95% confidence intervals (CI) were calculated using a
logistic regression model with SPSS version 11.0 (SPSS, Inc.).
Two-tailed P<0.05 was considered to indicate a statistically
significant difference. Haplotype analysis was performed
using SHEsis (analysis.bio-x.cn/myAnalysis.php).

Results

Clinical characteristics of the study population. The present
case-controlled study contained 248 infertility patients and
310 fertile controls. The position and minor allele frequency of
the seven functional SNPs found in the Chinese population in
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Table I. Primary information on the seven assessed SNPs in antioxidant genes.

Gene: SNP Location or amino acid change MAF in Chinese population®
NQOI1: rs1800566 C-T nsSNP/P187S 0.5

SOD2: rs4880 T-C nsSNP/V16A 0.117

GSTM3: 151571858 A-G Intronic 0.252

GSTM3: 13814309 C-T 3-UTR 0.243

GSTM3: 157483 A-G nsSNP/V2241 0.243

GSTMS 1511807 A-G 3'-UTR 0.146

GSTP1: rs1695 A-G nsSNP/1105V 0.185

“Based on Han Chinese population in Beijing as reported in the dbSNP database. dbSNP, the NCBI database of genetic variation; SNP, single
nucleotide polymorphism; MAF, minimum allele frequency; nsSNP, nonsynonymous SNP; UTR, untranslated region.

Table II. Distribution of the control and case groups by genotype.

Genotype All cases Azoospermia Oligozoospermia Control Pywe

rs4880 0.086
TT:TC:CC 188:55:05 112:32:02 76:23:03 240:69:1
MAF 13% 22% 25% 11.50%

rs1571858 0.576
AA:AG:GG 139:92:17 81:53:12 58:39:05 174:114:22
MAF 26% 26% 24% 26%

rs3814309 0.733
CC:.CT:TT 139:92:17 81:53:12 58:39:05 180:111:19
MAF 26% 26% 24% 24%

rs7483 0.798
AA:AG:GG 142:89:17 82:52:12 60:37:05 82:110:18
MAF 25% 26% 23% 24%

rs11807 0.642
AA:AG:GG 176:66:6 103:41:02 73:25:04 0.97302083
MAF 16% 15% 16% 16%

rs1695 0.729
AA:AG:GG 147:95:6 85:58:03 62:37:03 197:99:14
MAF 22% 22% 21% 21%

rs1800566 043
TT:CT:CC 54:124:70 33:76:37 33:48:21 84:148:78
MAF 53% 37% 44% 49%

MAF: minor allele frequency; P-value for Hardy-Weinberg Equilibrium. Ratios; genotypes of the control and case groups: (azoospermia or

severe oligozoospermia and oligozoospermia): MAF.

the HapMap database are presented in Table I. The genotypes
of seven polymorphisms in antioxidant genes were determined
in the control group and case groups (azoospermia or severe
oligozoospermia and oligozoospermia; Table IT). The genotype
frequencies of all investigated polymorphisms were found to
be in HWE in all of the control groups.

Association between polymorphisms in oxidative stress genes
and risk of male infertility. The associations of polymorphisms
in oxidative stress genes and risk of male infertility are shown

in Table III. There were no significant associations found
between the seven polymorphisms and risk of male infertility
using a logistic regression model. Haplotype analysis for the
three GSTM3 SNPs was performed; there were no significant
associations between these three SNPs and male infertility. It
was hypothesized that gene-gene interactions may contribute
to male infertility. To test this hypothesis, statistical analysis
of gene-gene interactions between NQOI, SOD2, GSTM3,
GSTM5 and GSTPI was performed. There was a decreased
risk in male infertility with a gene-gene interaction between
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Table III. Association between SNPs in antioxidant genes and risk of male infertility in subjects.

All subjects, n=558

Azoospermia, n=456

Oligozoospermia, n=412

SNP n P-value OR (95% CI) n  P-value OR (95% CI) n P-value OR (95% CI)
GSTPI rs1695

AA 344 0.161 Ref 282 0.155 Ref 259 0611 Ref

AG 194 0.163 1.29(092-1.83) 157 0.146 1.36(0.90-2.05) 136 0477 1.19 (0.74-1.91)

GG 20 0.267 0.57(0.22-1.53) 17 0281 0.50(0.14-1.77) 17 0556  0.68 (0.19-2.45)

AG/GG 214 0302 1.20(0.85-1.69) 174 0.275 1.25(0.84-1.87) 153 0.616 1.13(0.71-1.78)
GSTM3 rs1571858

AA 313 0.992 Ref 255 0914 Ref 232 0.738 Ref

AG 206 0955 1.01(0.71-144) 167 0995 0.99(0.66-1.52) 153 0914 1.03 (0.64-1.64)

GG 39 0923 097049-1.89) 34 0.679 1.17(0.55-248) 27 046 0.68 (0.24-1.88)

AG/GG 245 0985 1.00(0.72-141) 201 0896 1.03(0.69-1.53) 180 0.897 0.97 (0.62-1.53)
SOD2 rs4880

TT 428  0.242 Ref 352 0495 Ref 316  0.153 Ref

TC 124 0932 1.02(0.68-1.52) 101 098 0.99 (0.62-1.60) 92 0.743  0.93 (0.60-1.43)

CcC 6 092 684(0.74-55.10)0 3 0237 429(0.39-47.76) 4 0.147 5.37(0.55-52.11)

TC/CC 130 0.654 1.09(0.74-1.62) 104 0.867 1.04(0.65-1.66) 96 0952  0.99 (0.65-1.51)
GSTMS rs11807

AA 396 0.936 Ref 323 0.587 Ref 293 0447 Ref

AG 147 0925 1.02(0.70-149) 122 0.73 1.08 (0.70-1.68) 106  0.211 0.76 (0.50-1.17)

GG 15 0.734 0.83(0.29-2.39) 11 0346 048(0.10-224) 13  0.75 0.84 (0.28-2.50)

AG/GG 162 1 1.00 (0.69-1.45) 133 0927 1.02(0.66-1.57) 119 0208 0.77 (0.51-1.16)
GSTM3 rs7483

AA 324  0.862 Ref 264  0.612 Ref 242 0.618 Ref

AG 199 0841 1.04(0.73-148) 162 0.823 1.05(0.69-1.60) 147 0991 0.99 (0.68-1.47)

GG 35 0592 121(0.60-243) 30 0322 148(0.68-321) 23 0.339 1.40 (0.70-2.80)

AG/GG 234 073 1.06(0.76-149) 192  0.608 1.11 (0.75-1.65) 170  0.758 1.06 (0.74-1.52)
GSTM3 rs3814309

CcC 319 0.872 Ref 261  0.685 Ref 238 0.7 Ref

CT 203  0.695 1.07(0.75-1.53) 164 0.782 1.06(0.70-1.61) 150 0.984 1.00 (0.68-1.48)

TT 36 0.676 1.16(0.58-2.31) 31 0387 140(0.65-3.03) 24 0407 1.34 (0.67-2.66)

CT/TT 239  0.633 1.09(0.78-1.52) 195 0.603 1.11 (0.75-1.65) 174  0.768 1.06 (0.74-1.52)
NQOI1 rs1800566

CcC 148 0.332 Ref 115 0561 Ref 111 0.699 Ref

CT 272 0.737 093(0.63-140) 224 0.746 1.08(0.67-1.74) 196  0.293  0.94 (0.62-1.45)

TT 138 0.164 0.72(0.45-1.15) 117 051 0.83(047-145) 105 0413  0.88(0.49-1.34)

CT/TT 410 0415 0.86(0.59-1.25) 341 0967 0.99 (0.63-1.58) 301 0.598  0.90 (0.60-1.34)

OR, odds ratio; CI, confidence interval; Ref, reference genotype.

GSTM3 rs3814309 and NQOI 151800566 (CC x CT/TT,
OR=0.55, 95% CI=0.34-0.92; P=0.022; Table IV). There was
also a significant association between gene-gene interactions
of GSTM3 rs1571858 and NQO! rs1800566 and azoospermia
(AG/GG x CC; OR=0.42, 95% CI=0.18-0.97; P=0.043).

Discussion

Male infertility is a complex disease that is caused by several
factors (31-34). Sperm DNA integrity and expression is

regulated by a precise system in body, and any damage to
sperm DNA may result in spermatogenesis failure and thus
male infertility. Previously, several studies have shown that
oxidative stress is associated with male infertility through
damaging sperm DNA (7,35). SNPs have been shown to be
associated with the activities of antioxidant defense system
enzymes. In the present study, a case-controlled study to
investigate the association of seven SNPs (NQO! rs1800566,
SOD?2 rs4880, GSTM3 rs1571858, 1s3814309, rs7483, GSTM5
rs11807 and GSTPI rs1695) in antioxidant genes with male
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Table IV. Association between SNPs in antioxidant gene-gene interactions and male infertility risk.

Groups Gene-Gene Genotypes n OR (95% CI) P-value

All subjects, n=558 rs3814309/rs1800566 CcC CcC 87 Ref 0.058
CC CT/TT 232 0.55 (0.34-0.92) 0.022
CT/TT CT/TT 178 0.80 (0.48-1.33) 0.085
CT/TT CC 61 0.52 (0.26-1.00) 0.052

Azoospermia, n=456 rs1571858/rs1800566 AA CC 65 Ref 0.116
AA CT/TT 190 0.61 (0.34-1.01) 0.1
AG/GG CT/TT 161 0.84 (0.46-1.52) 0.554
AG/GG CC 50 0.42 (0.18-0.97) 0.043

OR, odds ratio; CI, confidence interval; Ref, reference genotype.

infertility in Chinese individuals was performed. The results
showed there were no associations between the seven SNPs
and male infertility. Haplotype analysis of three GSTM3 SNPs
and gene-gene interaction analysis of the seven SNPs was also
performed. There were no significant associations identified
using haplotype analysis; however there was a decreased risk for
male infertility with a gene-gene interaction between GSTM3
rs3814309 and NQO! rs1800566 (CC x CT/TT) in all subjects
and a significant interaction between GSTM3 rs1571858 and
NQOI 151800566 (AG/GG x CC) in azoospermia.

GSTM3 rs1571858 is located in the intronic region, and
rs3814309 is located on the 3'-untranslated region of GSTM3.
However, no previous studies have investigated the effect of
rs3814309 and rs1571858 on GSTM3 function, to the best of
our knowledge. rs7483 is a missense mutation, which results
in a substitution of the expected Val amino acid with Ile.
There was no association between the three SNPs (rs1571858,
rs3814309 and rs7483) of GSTM3 and a risk of male infertility.
However, a gene-gene interaction between GSTM3 rs3814309
and NQOI rs1800566 (CC x CT/TT) was associated with a
decreased risk for male infertility in all subjects. In the present
study, the genotype RR (homozygous mutation) was of low
abundance in the case group, which may have affected the true
result. Therefore, a larger sample size of patients with the three
SNPs (rs3814309, rs1800566 and rs7483) who suffer from male
infertility is required to confirm these results.

NQOI rs1800566 is a missense mutation (P187S), which is
hypothesized to influence the enzymatic activity and concen-
tration of NQOI. However, there was no association between
NQOI rs1800566 and risk of male infertility. This result is
consistent with a previous report by Ji et al (22), who also
found no significant association between this polymorphism
and male infertility, suggesting that NQO! rs1800566 is not a
risk factor for male infertility. A gene-gene interaction between
GSTM3 rs1571858 and NQOI rs1800566 (AG/GG x CC)
was a significant factor for male infertility in patients with
azoospermia. Although the rs1571858 SNP is located in the
intronic region of GSTM3, it was hypothesized that rs1571858
may affect GSTM3 function via an unknown mechanism.

The present study has some limitations. Gene-environment
interaction analysis for male infertility was not performed.
The lifestyles of patients including smoking, drinking or other
potentially detrimental habits contribute to male infertility.

Additionally, the demographic characteristics of enrolled
participants, including clinical data, profession, health status
index are not presented. As in all case-controlled studies, a
selection bias may exist, which may influence the discovery
of real associations. Finally, the association of polymorphisms
in antioxidant genes and male infertility in other ethnicities
were not assessed. Therefore, any associations, or lack thereof,
demonstrated in the present study, should be confirm with a
larger more diverse cohort.
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