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Abstract

Objective: To investigate the relationship between glutathione S-transferase enzyme (GSTMI,
T1, and PI) genetic variants and semen quality in men with idiopathic infertility.

Methods: Sperm characteristics were measured using computer-assisted sperm analysis. The
malondialdehyde (MDA), nitric oxide (NO), and total antioxidant capacity (TAC) activities were
detected by spectroscopic analysis, and 8-hydroxy-2'-deoxyguanosine (8-OHdG) was detected
by enzyme-linked immunosorbent assay.

Results: This study included 246 idiopathic infertile men and 117 controls. The GSTMI(—),
TI(—), and MI/TI(—/—) genotype frequencies significantly differed between the groups. The
GSTMI(—) and TI/(—) genotypes in idiopathic infertile men negatively correlated with sperm
concentration, motility, mitochondrial membrane potential, and other parameters. However,
these genotypes positively correlated with the amplitude of the lateral head displacement and
NO and 8-OHdG levels. The GSTTI(—) genotype positively correlated with mean angular dis-
placement and MDA activity. GSTMI(—) and T/(—) had a synergistic effect on semen quality.
Sperm motility, normal morphology, straightness, and TAC were lower and amplitude of lateral
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head displacement and MDA were higher in the GSTPI(A/G + G/G) group than in the GSTPI(A/A)

group among men with idiopathic infertility.

Conclusions: GSTMI, Tl, and Pl genetic variants may be risk factors for infertility by affecting
the semen quality men with idiopathic oligoasthenospermia.
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Introduction

Male infertility is a complex condition
observed globally that is defined as the fail-
ure of a couple to achieve pregnancy after
at least one year of unprotected, regular
sexual intercourse. This condition is esti-
mated to affect 10% to 15% of couples.'
In these cases, the only abnormality is
observed by semen analysis, and this phe-
nomenon occurs in approximately 30% of
all male infertility cases.* ® Moderate reac-
tive oxygen species (ROS) production is
essential for sperm—oocyte fusion and
normal sperm function, but excessive ROS
generation can lead to oxidative stress (OS).
This may result in damage to sperm DNA
and impair fertilization.”®

Glutathione S-transferases (GSTs) com-
prise a superfamily of ubiquitously
expressed multifunctional enzymes that
play very important roles in phase II cellu-
lar detoxification and bioactivation reac-
tions, as well as in protecting cells against
OS. Therefore, these enzymes have been
considered antioxidant enzymes. The
GSTMI, TI, and PI genes are located on
chromosomes 1p13.3, 22ql1, and 11ql3,
respectively.”'® GSTM1, T1, and PI var-
iants can affect the binding affinity
or cellular activity of these enzymes.

The genotype notations for GSTMI1/TI
are (—/—) for homozygotes, (+/—) for het-
erozygotes, and (4/4+) for wild-type.
The genotype notations for GSTPI are
(G/G) for homozygotes, (A/G) for heterozy-
gotes, and (A/A) for wild-type.'"'? Genetic
variants in GST genes may influence the
activity of these enzymes and further disturb
the balance of the detoxification system,
thereby increasing individual host suscepti-
bility to OS damage and possibly lead to
male infertility.'*'

Research has shown that men in Iran or
India with the GSTMI(—) and/or GSTT]I
(—) genotypes displayed an increased risk
of developing infertility.'®!” The GSTTI
(=) genotype was related to a reduced
sperm count and concentration in semen
in men from the USA.'" Our past studies
found that the GSTT1(—) genotype led to a
predisposition to sporadic idiopathic oligo-
spermia or azoospermia, and that the
GSTMI1(—) and GSTTI(—) genotypes may
lead to increased oxidative damage in sperm
in male infertility cases associated with var-
icoceles.'” !

The purpose of this study was to prospec-
tively examine the effect of metabolic enzyme
gene polymorphisms on semen quality in
patients with idiopathic male infertility.
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Materials and methods

Subjects

The present case—control study included
male patients diagnosed with primary idio-
pathic infertility from November 2014 to
December 2018 in the First Affiliated
Hospital of the Medical College of Xi’an
Jiaotong University. These diagnoses were
based on the failure to conceive after | year
of unprotected intercourse and abnormal
semen parameters according to the guide-
lines of the World Health Organization
(WHO).*> The patients were required to
provide evidence that their wives were
healthy and had no specific characteristics
associated  with  delayed conception.
Healthy men whose wives had a history of
giving birth in the previous 2 years served as
the control group. All individuals provided
written informed consent prior to the study.
Participants were instructed to complete a
brief questionnaire addressing lifestyle var-
iables, any history of disease, and age.
According to the medical records and
chromosomal examinations, men with
varicoceles, sex chromosomal anecuploidy/
mosaicism, or Yq microdeletion were
excluded. Patients were excluded from this
research if they reported drug consumption,
excessive alcohol intake (defined as drink-
ing more than 50 mL of alcohol per day for
at least 6 months), smoking, urogenital
infections, hypogonadism, or leukocyto-
spermia.’’ This research was approved
by the Ethics Committee of the First
Affiliated Hospital of the Medical College
of Xi’an Jiaotong University (Trial registra-
tion: Current Controlled Trials ChiCTRIP
R 14005580, 23 November 2014).

Sperm collection and analysis

Semen samples were collected by masturba-
tion after sexual abstinence for 3 to 5 days.

Leukospermic or viscous semen was exclud-
ed. Sperm characteristics were measured by
computer-assisted semen analysis (CASA)
(WLJY-9000, Weili New Century, Beijing,
China) for all participants. Spermatozoa
were separated by centrifugation at
300x g for 10 minutes, and seminal
plasma was used for biochemical assays.*

GST gene variants

An AxyPrep TM Genomic DNA Miniprep
Kit (Axygen Biosciences, Union City, CA,
USA) was used to isolate genomic DNA
from blood samples. The GSTMI! and
GSTTI genotypes were identified by multi-
plex polymerase chain reaction (PCR) using
published primer sequences as follows:
GSTM1 (forward, 5-GAA CTC CCT
GAA AAG CTA AAG C-3; reverse, 5-
GTT GGG CTC AAA TAT ACG GTG
G-3) and GSTT! (forward, 5-TTC CTT
ACT GGT CCT CAC ATC TC-3'; reverse,
5-TCA CCG GAT CAT GGC CAG CA-
3’). The PCR products for GSTMI and
GSTTI were 215 bp and 480 bp, respective-
ly. Additionally, a 400-bp fragment for the
B-actin gene (forward, 5-ACT CCC CAT
CCC AAG ACC-3; reverse, 5-CCT TAA
TGT CAC GCA CGA T-3') was used as an
internal control for DNA amplification.
The GSTPI genotype was identified by
polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP).
The GSTPI primers were as follows: for-
ward, 5-ACC CCA GGG CTC TAT
GGG AA-3/; reverse, 5-TGA GGG CAC
AAG CCC CT-3'. The PCR product was
digested with BsmAI. Homozygous lle-Ile
(A/A) individuals had a single 177-bp frag-
ment, homozygous Val-Val (G/G) individ-
vals had 85- and 92-bp fragments, and
heterozygous Ile-Val (A/G) individuals
had 85-, 92-, and 177-bp fragments, as
described previously.”® Blank control
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samples used double distilled water in place
of DNA in the reactions.

Measurement of nitric oxide (NO),
malondialdehyde (MDA), and total
antioxidant capacity (TAC)

MDA and NO activities and the TAC of
seminal plasma were measured using com-
mercial assay kits (Jiancheng, Nanjing,
China) and by spectroscopic analysis, as
described previously.?**?

Detection of 8-hydroxy-2'-deoxyguanosine
(8-OHdG) levels

The total sperm DNA was extracted by the
Chelex method: 200 pL of sperm suspension
from each of the patients was extracted by
adding 150 pL 5% Chelex-100 resin (Sigma-
Aldrich, St Louis, MO, USA). Samples
were vortexed for 10 minutes and spun for
3 minutes at 12,000 rpm. The mixture was
incubated at 56°C for 3 to 6 hours, then
vortexed for 10 minutes and spun for
3 minutes at 12,000 rpm. Samples were
incubated at 100°C for 10 minutes and
spun for 3 minutes at 12,000 rpm, then col-
lected and stored at 4°C for a follow-up
experiment. Quantitation of total sperm
DNA was determined by an ultra-micro
microporous  plate  spectrophotometer
(BioTek Epoch Company, Winooski, VT,
USA). The levels of 8-OHdG were evaluat-
ed using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (Highly
Sensitive 8-OHdG Check ELISA; Fukuroi,
Shizuoka, Japan), as previously
described.** %

Sperm chromatin structure assay (SCSA)

SCSA measures the susceptibility of sperm
DNA to acid-induced denaturation in situ
by using the metachromatic properties of
acridine orange (AO). By quantifying this
metachromatic shift of AO from green to

red after acid treatment using flow cytome-
try, the extent of DNA denaturation can be
determined. The sperm DNA fragmenta-
tion index (DFI) was determined by SCSA
as previously described.?*?’

Sperm mitochondrial membrane potential
(MMP)

MMP regulates the intact functional mito-
chondria and is directly associated with the
motility of spermatozoa. The sperm MMP
was detected by flow cytometry using
5,5,6,6'-tetrachloro-1,1’,3,3'-tetracthyl-ben-
zimidazolyl-carbocyanine iodide (JC-1)
molecular probes.?®

Statistical analysis

All data are expressed as the mean =+ stan-
dard deviation (SD). Data on general sperm
parameters, sperm motility parameters, oxi-
dative stress parameters, the DFI, and the
8-OH-dG levels were analyzed using a
t-test. The differences in the frequencies of
the GST genotypes between groups were
analyzed using the chi-square test and the
correlations between the GSTs genotypes
and semen parameters were examined
using regression analysis. The odds ratios
(OR) with 95% confidence intervals (CI)
are reported. A two-tailed P-value <0.05
was considered statistically significant. All
analyses were performed using SPSS soft-
ware version 20.0 (IBM Corp., Armonk,
NY, USA).

Results

The present case—control study included
246 male patients diagnosed with primary
idiopathic infertility. A total of 117 healthy
men were included in the control group.
The mean age of the patients was 27.2 +
3.6 years. The mean age of the control
group was 26.7 +4.8 years. No distinct dif-
ferences were found between the patients
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and the controls concerning age, lifestyle, or
environmental exposure. In this study, the
levels of testosterone, follicle-stimulating
hormone (FSH), and luteinizing hormone
(LH) were not noticeably different between
the patients and healthy controls. The
results show that all genotypes examined
were consistent with Hardy—Weinberg equi-
librium (HWE). The frequencies of alleles
GSTMI(+) and GSTM I(—) were consistent
with p and q (=1-p). The GSTT! and
GSTPI genotypes also followed this rule
(Table 1).

Genetic variants of GSTMI, T, and Pl

The frequencies of the various GSTM 1, T1,
and P/ polymorphism genotypes in patients
and controls are displayed in Table 1. The
frequency of the GSTMI(—) genotype was
41.88% in the control group and 60.57% in
the patient group (P=0.001; OR=2.132;
95% CI=1.363-3.335). The frequency of
the GSTTI(—) genotype was 47.86% in
the control group and 62.60% in the patient
group (P=0.008; OR=1.832; 95%
CI=1.168-2.846). The frequency of the
GSTM1|TI(—/—) genotype was 14.53% in
the control group and 38.62% in the patient

group (P <0.0001; OR=3.701; 95%
CI=2.083-6.575). The frequency of the
GSTPI(A/G + G/G) genotype was 27.35%
in the control group and 32.11% in the
patient group (P=0.847; OR=1.257; 95%
CI=0.772-2.0445).

Associations between GST variants and
general and motility parameters in sperm

The sperm concentration, motility, and via-
bility were lower in the GSTMI(—) and T
(—) genotype groups than in the GSTM I(+)
and T1(+) genotype groups (P <0.01 for
both). The percentage of sperm cells with
normal morphology was lower in the
GSTMI(—) genotype group than in the
GSTMI(+) genotype group (P<0.01).
Furthermore, sperm concentration, sperm
motility, sperm viability, and percentage
of sperm with normal morphology were
conspicuously lower in the GSTMI/TI
(—/-) group compared with the GSTM]I/
TI(+/+) genotype group (P<0.01).
Sperm motility was lower in the GSTPI
(A/G + G/G) group than in the GSTPI(A/
A) group (P=0.015). Linearity (LIN), cur-
vilinear velocity (VCL), path velocity

Table I. The distribution of the glutathione S-transferase (GST) genotypes in patients and controls.

Controls Cases

Number (%) Number (%)
Group of subjects of subjects 12 P-value OR (95% ClI)
Number 17 246 — — —
GSTM I (+) 68 (58.12) 97 (39.43) — — —
-) 49 (41.88) 149 (60.57) 11.170 0.001 2.132 (1.363-3.335)
GSTTI (+) 61 (52.14) 92 (37.40) - — -
=) 56 (47.86) 154 (62.60) 7.063 0.008 1.823 (1.168-2.846)
GSTMIITI(+/+) 29 (24.79) 38 (15.45) - - -
(+/-) 39 (33.33) 59 (23.98) — — —
(—/4) 32 (27.35) 54 (21.95) — — —
(—=/-) 17 (14.53) 95 (38.62) * 21.564 <0.001 3.701 (2.083-6.575)
GSTPI(A/A) 85 (72.65) 167 (67.89) - - -
(A/G+GIG) 32 (27.35) 79 (32.11) 0.847 0.357 1.257 (0.772-2.044)

+, wild-type genotype; —, homozygote genotype; a, compared with GSTMI/TI(+/+); OR, odds ratio; 95% Cl, 95%

confidence interval; GST, glutathione S-transferase.
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(VAP), straight-line velocity (VSL), beat
cross frequency (BCF), straightness (STR),
and wobble (WOB) were significantly lower
and the amplitude of lateral head displace-
ment (ALH) was higher in the GSTM1(-),
TI(—), and M1/TI(—/—) genotype groups
than in the GSTMI1(+), TI(+), and M1/
TI1(+/+) genotype groups (P<0.01 for
all). STR was lower and ALH was higher
in the GSTPI1(A/G + G/G) genotype group
compared with the GSTPI(A/A) genotype
group (P < 0.05) (Tables 2 and 3).

Associations between GST variants and
OS, MMP, and DFI of sperm

NO and 8-OHAG levels were higher in the
GSTMI(—), TI(-), and MI/TI(—/-)
genotype groups than those in the GSTM
(+), TI(+), and MI/TI(+/+) genotype
groups (P <0.01 for both). MDA activity
was higher in the GSTTI(—) and M1/T1
(—/—) genotype groups than in the GSTT!
(+) and MI1/TI(+/+) genotype groups
(P<0.05, P<0.01, respectively). TAC was
much lower in the GSTMI1/T(—/—) geno-
type group than in the GSTMI/TI(+/+)
genotype group (P <0.01). The NO and 8-
OHdG levels were higher and TAC was
lower in the GSTPI(A/G 4+ G/G) genotype
group than in the GSTPI(A/A) genotype
group (P < 0.05) (Tables 3 and 4).

The sperm MMP was lower in the
GSTMI(-), TI(—), and M1/T1(—/-) geno-
type groups than in the GSTMI(+), T1(+),
and MI/TI(+/+) genotype  groups
(P<0.01 for all). However, there was no
significant difference between the GSTPI
(A/G+G/G) genotype group and the
GSTPI(A/A) genotype group (P =0.085)
(Tables 2 and 4).

The sperm DFI was significantly higher
in the GSTTI(—) and M1/TI(—/-) geno-
type groups compared with the GSTTI(+)
and MI/TI(+/+) genotype  groups
(P<0.01 for both). However, there were
no obvious differences between the

GSTMI1(—) and PI(A/G+ G/G) genotype
groups or between the GSTMI(—) and Pl
(A/G + G/G) genotype groups (P =0.063,
P =0.347, respectively) (Tables 3 and 4).

Discussion

The underlying importance of GSTs in male
reproductive function has been demonstrat-
ed by their presence in testis, seminiferous
tubule fluid, and sperm.'®?’ Developing
and maturing sperm were also shown to
be hypersensitive to lipid peroxidative and
DNA damage caused by ROS, and this
damage has been related to male infertili-
ty.3%3! Significant differences in the distri-
bution of GST gene variants have been
demonstrated among various populations
and in patients with different diseases.’”
According to the current study, the distri-
bution of variants in the GSTMI, T1, and
MI1|TI genes were significantly different
between the patient and control groups.
Previous work suggested that the GSTTI
(=) genotype had strong effects on the
sperm concentration and count, suggesting
the importance of this enzyme.'® Other
studies have shown that participants with
the GSTMI(—) genotype had reduced
sperm motility and concentration compared
with participants with the GSTM I(+) geno-
type in both the patient and control
groups.'>!” However, sperm concentration
and motility were significantly lower in
patients with the GSTMI-null genotype
compared with patients with the GSTM
wild-type genotype, but this was not
observed in controls.'®** In this research,
the sperm concentration, motility, and via-
bility, percentage of sperm with normal
morphology, VCL, VSL, VAP, LIN, STR,
BCF, and WOB values were lower and the
ALH value was higher in patients with the
GSTMI1(—), TI(—), and M1/T1(—/—) geno-
types compared with patients with the
GSTMI(+), TI(+), and M1/TI(+/+) geno-
types. Patients simultaneously carrying the



Zhang et al.

“Aousnbauy ssoud 1eaq YoHg uswaede|dsip pesy [edaae] ‘HTY 9]9qoMm ‘GOAA ‘Aldesull ‘N7 ‘sseuaySienns
1S auswade(dsip Jeindue uesw ‘Qy|y A3120[9A Yied gyA AIDO[PA BuUl-aySIeaas “ISA AIDO[PA JBBUIJIAIND “TDA [OSEBUR)SURII-G BUOIYIRINS ‘IS {|0'0>d i« S0°0>d H

¥y 2811 #9€SF09LI 8811 FTBET ELEIFEECIT L6611 F6v6S SOTIF+86S 99501 FS0EC L06F0TIT S99'€l F00'1€
9€'SF06°CI 0L'SFT8¥%I TCIIFTYIS 166 F €65 CL6F8LE9 1901 F€8LS 06LFTI'ST  TOB8FTSET 9r'0l F S6'€E
08+ 0901 AGETFBYLI 0TI F986Y «EV'TI F68TS  +#101 F06'LS +99°LF¥L09 96 FETIT ¥I'LFSL6] *66'€1 + 6+'8C
€6y F9LCI SLYFTI9I £98F 9619 LI'I1F0T9S 6901 F0¥09 IL11F#E9S 8E0I F60¥L 0OF8FE0ET 8C 11 F6LTE
61'SFLET S’ F €86l 096 F9TCS 1L0l F6£8S LI'01 F€6'19 9¥01 78185 EF6FI109T +¥'8F99€T €891 FT6¥E
6L STFYEPI ISEFT6VI  v6'11 FT019 0T6F99°1L OF8FITHL OTIIFITYS 696FSH 1€ 8TOI F90LT 8501 FOI'l¥
*C0'SF Tl #9€GF 9691 %5901 F 1409 +£0TIF00SS  *I€01 FS¥65 +688F9L6S 956 F6LTT «LBLFSTIT  «£E€5] F680¢
EETTFIVEl 0EYF €95l ¥O'IIF0LSS  SPTIFSLT CO'IIF0199 6V 11 F9¥9S 6901 FEI'LT 8E6TF 69T 6911 FTT9¢
*96 Y FCE | #BI'SFTILL 4801 F99505 9811 F61¥S +8E01 F 1885 €56F G165 86 F I1€TC *xSLLF¥60T  +0TEl F90°0€
6V'SFrIel 19%vFSb'al  9€11F6999 TOTI +89€9 CCIIFPL99 L8O0IFT995 €66TFV9LT 0E€6TF66%C L8111 F¥TLE
€T F 0T WSFI9l SOl F89TS 94T F06°LS 8E'IIF¥6 19 €101 F51'85 6101 FI¥PT 198FHSTT 6CY| T88CE
(,-9) 409 (wri) Hv (%) aOM (%) NIT (%) YLS () avi  (spwrd) dyA  (spwr) SA (sywrl) 1DA

8V EIF+8CIY 4L86F16LC 1€01F19°LE wy+8sll 91FT¢E CTF1'8¢C 6L (©/9+9/v)

18I F 18y 8.8+ €8°0¢ €8'8 F0¢'6€ Wy F60Tl ClF0¢€ SY+69C £91 (V/¥)1d15D

*61Cl FL968 811 FH9TT 8T 11 FH0VE 6V F 066 8’1 F0¢ I'TFL9T 96 (=1-)

1091 F#9°01 89'6FL0IE 9I'Il F968¢ 6ESF Sl ' FT¢ €EFGLT ¥S (+/-)

YE9 T L8V LL6F6L0E 6101 FET8E 61'SF 11T SIFIE v'¥ 98¢ 69 (=/+)

1711+ 5009 S09 F8¥' Iy SSYFEIS YOy +79°91 60FT¢E LY F6'ST 8¢  (+/+)1L/1WLSD

HYIF99ly  SLTTF9LST €011 F+9°S€ €EI'SF¥L0l 91F0¢€ EEFSLT 11 =)

VLYI F 9%  x6L6 T LESE xC601 T 11'vh *CETF ETEN ' FT¢€ 0¥ F+89¢ 6 (011159

*€TEIF 010V *6L11 F0L'ST SV’ FT8'SE +S1'SF 6401 91F0¢€ 9TF0LT 4 (=)

9L¥1 F 069 L6'6F86VE  T90I FOV'EY I1'SF8¥'¢€l ElLFIe LY F 9L L6 () 1wi1so

6EVI F8LTUy 8611 F9€6C 1L11F188¢€ €ETTF LY FiF1¢€ 9EFTLL 9T s9sBD

(%) A3ojoyduow (%) Anow (%) Augein  (Quiys|s 01 %) (Tw) dwnjoA (saeak) =8y u dnoun

wuads [ewdoN

wuadg

wuadg

uoleJjusduod

waadg

uswag

‘dno.g yoes jo susrsweded Ajnow pue sisrsweded wuads [essusd ay| T S|qeL



Journal of International Medical Research

Table 3. Regression analysis of the GSTMI(—), TI(—), and semen quality in idiopathic oligozoospermic

infertility.
GSTMI(—) GSTTI(-) GSTMIITI(—I-)

Outcome p P-value 95% ClI p P-value 95% CI p P-value 95% ClI

Volume —0.034 0598 —-0472 0.272 —0.049 0444 -0.552 0229 —0.060 0.352 —0.550 0.196
Concentration —0.275 <0.001 —4.312 —1.672 —0.226 <0.001 —3.832 —1.131 —0.265 <0.001 —4.244 —1.567
Vitality —0.317 <0.001 —10.442 —4.722 —0.35] <0.001 —11.323 —5.681 —0.324 <0.001 —10.639 —4.912
Motility —0.379 <0.001 —12.134 —6.424 —0.389 <0.001 —12.478 —6.736 —0.445 <0.001 —13.712 —8.166
Morphology =~ —0.231 <0.001 —10.404 —3.194 —0.101 0.116 —6.709 0.738 —0.172 0.007 —8.728 —1.399
VCL —0.246 <0.001 —10.753 —3.620 —0.181 0.004 —8.989 —1.678 —0.244 <0.001 —10.737 —3.573
VSL —0.230 <0.001 —6.205 —1.890 —0.194 0.002 —5.636 —1.243 —0.257 <0.00] —6.868 —2.385
VAP —0.256 <0.001 —7.860 —2.785 —0.207 0.001 —6.942 —1.754 —0.243 <0.001 —7.625 —2.512
MAD 0.122 0.056 —0.069 5.111 0.206 0.001 1.720 6.879 0.203 0.001 1.653 5.783
STR —0.341 <0.001 —10.684 —5.176 —0.284 <0.001 —9.494 —3.818 —0.282 <0.001 —9.391 —3.747
LIN —0.361 <0.001 —12.454 —6.327 —0.295 <0.001 —10.924 —4.584 —0.312 <0.001 —11.285 —5.020
WOB —0.023 <0.001 —7.907 —2.368 —0.219 0.001 —7.789 —2.183 —0.203 0.001 —7.394 —1.804
ALH 0.162 0011 0388 2939 0.129 0044 0.039 2629 0.193 0002 0.716 3.263
BCF —0.170 0.007 —3.150 —0.494 —0.203 0.001 —3.528 —0.862 —0.233 <0.001 —3.817 —1.186
DFI 0.119 0.063 —0.155 5.696 0.207 0.001 1.964 7.787 0.194 0.002 1.639 7.441
MMP —0.286 <0.001 —13.372 —5.421 —0.265 <0.001 —12.856 —4.777 —0.404 <0.001 —17.15] —9.533
8-OH-dG 0.455 <0.001 20.130 33.330 0.347 <0.001 13.555 27.597 0.494 <0.001 22.686 35.620
MDA 0.101 0.114 —04I8 3.891 0.135 0034 0.175 4509 0.127 0046 0.035 4.345
NO 0.294 <0.001 3.022 7212 0.241 <0.001 2.083 6.380 0.310 <0.001 3.326  7.509
TAC —0.125 0.051 —3.107 0.004 —0.117 0.066 —3.046 0.099 —0.121 0.058 —3.073 0.05I

GST, glutathione S-transferase; VCL, curvilinear velocity; VSL, straight-line velocity; VAP, path velocity; MAD, mean angular
displacement; STR, straightness; LIN, linearity; WOB, wobble; ALH, lateral head displacement; BCF, beat cross frequency;
DFI, DNA fragmentation index; MMP, mitochondrial membrane potential; MDA, malondialdehyde; NO, nitric oxide; TAC,
total antioxidant capacity; 8-OH-dG, 8-hydroxy-2'-deoxyguanosine; 95% Cl, 95% confidence interval.

GSTMI(—) and TI(—) genotypes showed
effects on both the general parameters and
motility parameters of the sperm. A muta-
tion in GSTPI may cause sperm motility
and STR to decrease and ALH to increase.

Sperm viability could be easily evaluated
by determining the inner MMP in sperm
cells. The energy status of the mitochondria
is indicated by the MMP, which regulates
the function of mitochondria and is directly
related to the motility of sperm.**> In this
study, we found that the sperm MMP was
lower in the GSTM1(—), T1(—),and M1/T1
(—/—) genotype groups, which may indicate
a significant negative correlation between
the GSTM1(—) and TI(—) genotypes and
MMP.

Previous epidemiological studies have
suggested that the GSTMI(—) and TI1(—)

genotypes that give rise to a lack of func-
tional protein were related to an increased
susceptibility to diseases associated with
OS. They also indicated that sperm were
vulnerable to oxidative damage and that
excessive ROS generation may result in
male subfertility or infertility.>®>’” Barati
et al. analyzed the GSTMI and GSTTI
null genotypes that could be considered
genetic risk factors for male infertility,
interfering with some oxidative stress
markers in infertile men. Their findings
are consistent with our research results.*®
In this study, the GSTMI(—), T1(—), and
PI(A/G + G/G) genotypes were associated
with increased NO and 8-OHdG levels, and
the GSTTI(—) genotype was associated
with increased MDA levels. While patients
concurrently carrying the GSTM1 and T1
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Table 4. The oxidative stress (OS) level, mitochondrial membrane potential (MMP), and DNA fragmen-

tation index (DFl) of each group.

MDA NO TAC 8-OH-dG JC-1%(%)

Group n (nmol/mL) (nmol/mL) (units/mL) (pg/mL) (MMP) DFI (%)

Cases 246 24.34+841 3246+85I 15.83 +6.09 14425+2878 4938 £ 16.11 24.09+11.44
55.07 £ 1298 22.41+9.82

GSTMI(+) 97 23294868 2936+782  16.77+553 128.06 +£24.09  45.68 + 16.89% 25.18+ 12.29%

-) 149 25.03+8.19% 3448-+£836% 1522+637% 15479+£26.67% 5490 & 1443 21.04+9.83

GSTTI(+) 92 22884723 2981+866 1675+576 131.26 +24.46  46.09 £ 16.20% 25.91 £ 11.97*

=) 154 2522+895% 34.0548.04% [52846.23% [51.944+28.48 5680 + 1485 19.38+10.79

GSTMI/ 38 21.60+6.72 2645+9.06 1785+6.18 11647+1945 5396 + 11.62 24.36+8.69

TI(+1+)

(+/-) 59 2446+9.54 31244630 1590+5.28 135.52+2398  53.57 £ 14.12 22.20+9.01

(—/4) 54 2387+739 32184760 15.77+5.66 141.85+22.18  41.19 £ 16.76% 26.88+ 13.57*

(/=) 95 25.5848.64% 35.79+£853* 1490+6.75% 162.14+2629% 51.28 + 15.98 23.89+9.64

GSTPI(A/A) 167 23294985 30.70+10.10
(A/GH+GIG) 79 2521 +8.13% 34054756+

16.75+£5.92
14.33 £ 6.51%*

140.51 +-24.83 4751 + 16.10% 25.15+10.11%

148.04 +22.89*

#P > 0.05 vs. wild-type; *P < 0.05 vs. wild-type; **P < 0.0 vs wild-type; GST, glutathione S-transferase; MDA, malondial-
dehyde; NO, nitric oxide; TAC, total antioxidant capacity; 8-OH-dG, 8-hydroxy-2'-deoxyguanosine; JC-1, 5,5,6,6'-
Tetrachloro-1,1’,3,3'-tetraethyl-benzimidazolyl-carbocyanine iodide; DFI, DNA fragmentation index.

(=) genotypes could show evidence of
increased OS, they could also show a reduc-
tion in antioxidant substances.

Sperm DNA fragmentation may nega-
tively affect fertilization, embryogenesis,
implantation, and pregnancy.”*' In the
present study, the sperm DFI was signifi-
cantly higher in patients with the GSTTI
(=) and M1/TI(—/—) genotypes with idio-
pathic male infertility than in patients with
the GSTTI(+) and M1/TI(+/+) genotypes
without idiopathic male infertility. However,
the GSTMI(—) and PI(A/G+ G/G) geno-
types had fewer effects on idiopathic male
infertility than other genotypes.

Conclusion

Our results suggest that genetic variants in
GSTM1, T1, and PI may be risk factors for
men with idiopathic infertility by affecting
semen quality. Significant differences in
semen quality resulted from variants in
each gene. The patients concurrently carry-
ing the GSTMI(—) and TI(—) genotypes
could show increased effects. However, this
study is limited by being a single-center

study and having a relatively small sample
size. Additionally, we did not completely
exclude other genetic abnormalities that
may also result in semen abnormalities.
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