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Glutathione S-Transferase Polymor-
phisms (GSTM1, GSTT1, GSTP1) and Male

Factor Infertility Risk
A Pooled Analysis of Studies

Mohammad Reza Safarinejad,’ Farid Dadkhah,z Majid Ali Asgari,2 Seyed Yousef Hosseini,2
Ali Asgar Kolahi,3 Elham Iran-Pour’

Purpose: To determine the role of glutathione S-transferases (GSTs; GSTM1, GSTT1, and GSTP1)
gene polymorphisms in susceptibility to male factor infertility.

Materials and Methods: We report a pooled analysis of 11 studies on the association of GSTM1,
GSTTI, and GSTP1 polymorphisms and male factor infertility, including 1323 cases and 1054

controls.

Results: An overall significant association was determined between the GSTM1 null genotype
[odds ratio (OR), 2.74; 95% confidence interval (CI), 1.72 to 3.84; P=.003], GSTT1 null genotype
(OR, 1.54; 95% CI, 1.43 to 3.47; P = .02), and male factor infertility. The GSTP1 Ile/Val genotype
had overall protective effect against development of infertility (OR, 0.48; 95% CI, 0.27 to 0.77),
while there was significant heterogeneity between studies. In sensitivity analysis, two studies were
excluded; the association and direction between GSTM1 and GSTT1 null genotypes and GSTP1
Ile/Val genotype and male infertility remained unchanged. There was no significant interaction

between smoking status and studied genotypes on male infertility risk (P = .26).

Conclusion: These results demonstrated that amongst populations studied to date, GSTM1 and
GSTT1 null genotypes are associated with strong and modest increase in the risk of male infertility,

respectively. On the contrary, GSTP1 Ile/Val genotype has protective effect.

Keywords: glutathione S-transferase, single-nucleotide polymorphisms, infertility, male, genetic,

risk assessment
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INTRODUCTION

orldwide, roughly 1 of 10 couples suffers

from primary or secondary infertility.") The

cause of infertility is still not determined in
at least 30% of cases, which are considered as idiopathic
infertility.®) The overall prevalence of infertility in Iran
is 8%.%) In half of infertile couples, a male factor is im-
plicated.®” There is growing evidence that a significant
number of male infertility is due to gene mutations and
single-nucleotide polymorphisms (SNP).®)
An increasing number of studies are determining the as-
sociations between candidate genes polymorphisms and
male factor infertility risk,”"'? which has also a practical
implication. By determining the underlying genetic basis
of infertility, it would be possible to diagnose the causes
of infertility and provide effective treatment modalities. In
this review, we address and discuss the evidence reported
up to date on the association between male factor infertil-
ity and genetic polymorphisms of GST genes.
Gene and Gene Function
Glutathione S-transferases (GST, EC 2.5.1.18) constitute
a superfamily of multifunctional enzymes that detoxify
products of oxidative stress, environmental substances,
and reactive electrophiles.!'>!'¥) Glutathione S-transferases
also inactivate carcinogens by catalyzing the conjugation
of electrophiles to glutathione.!'> DNA damage due to en-
dogenously formed lipid peroxidase can be prevented by
GSTs.!'
GST isoenzymes have been assigned to eight separate
classes, including a (Alpha), 4 (Mu), « (kappa), @ (Ome-
ga), = (Pi), o (Sigma), @ (Theta), and { (Zeta), which are
encoded by the GSTA, GSTM, GSTK, GSTO, GSTP,
GSTS, GSTT, and GSTZ genes, respectively.!”"!® In ad-
dition, each class includes several genes and isoenzymes.
(19 Polymorphisms have been reported in the GSTMI,
GSTTI, and GSTPI1 genes coding for GSTs enzymes in
the Mu, Theta, and Pi classes, respectively.
In humans, the GSTM1 gene is polymorphic and mapped
on chromosome 1p13.3.%? GSTM1 has a common func-
tional variant (null versus present). The frequency of this
null varies between 23% and 63%, depending on the pop-

ulation studied.®? Individuals with homozygous deletion

of the GSTM1 locus have no enzymatic functional activity
of the cytosolic enzyme GST-p1.?» The homozygous dele-
tion of GSTMI has been shown to be associated with an
increased risk of male infertility.?3-29)

The human Theta class of GSTs (GSTT) is comprised of
two subunits, GSTT1 and GSTT2, both of which are lo-
cated on chromosome 22q11.%% The polymorphism in the
GSTTI gene loci is also caused by a gene deletion and
brings about in virtual absence of enzyme activity in per-
sons with the null genotype.?” The association between
both GSTT1 null genotype®?¥ and nondeletion genotype
of the GSTT1 gene®® has also been reported.

GSTP1 is a 2.8-kb gene located on chromosome 11q13.
29 Two genetic variants have been reported in GSTP1
gene. A single-nucleotide polymorphism at position 313 in
GSTP1 converts an adenine to a guanine (A—G).®” The
resulting isoleucine to valine substitution in codon 105 of

105 _,Val'%®) significantly lowers GST enzyme

exon 5 (Ile
activity.®! Another SNP at codon 114 leads to alanine
(Ala) to Val transition, which results in a significant dif-
ference in catalytic activity.®? In a study by Safarinejad
and colleagues, GSTP1 Ile/Val genotype had significant
negative association with male infertility.>® But in a study
by Tang and associates, GSTP1 allelic variation was not
significantly different between the cases and controls.®¥
GST and Male Infertility Risk

Excessive reactive oxygen species (ROS) have been sug-
gested to be one of the major contributory factors resulting
in male infertility via oxidative DNA damages.®* Glu-
tathione S-transferase is one of the human defense mecha-
nisms opposing the deleterious effects of oxidative stress.
(3 Glutathione S-transferases gene polymorphisms could
impair the capability of defense against oxidative stress
and result in the development of some cancers.®® One of
the determinant factors of susceptibility of spermatozoa to
oxidative damage is GSTM1 polymorphism.?> DNA frag-
mentation in human sperm can be modulated by GSTM1
gene polymorphism.©®”)

Objective

There have been various studies in the literature regarding
the association of GST (M1, T1, and P1) polymorphisms

with male infertility®3-2327-333843) (Table 1). There is sig-
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Table 1. Summary of published studies on the association between GSTM1, GSTT1, and GSTP1 polymorphisms and male infertility.

First author (Refro) Publication year = Cases Controls Country Ethnicity Studied gene(s)
Tang ¥ 2012 65 30 China Asian GSTM1, GSTT1, GSTP1
Safarinejad® 2010 166 166 Iran Asian GSTM1, GSTT1, GSTP1
Tirumala“® 2010 42 43 India Asian GSTM1
Polonikov®® 2010 203 227 Russia Caucasian GSTM1, GSTT1
Ichioka®“" 2009 274 101 Japan Asian GSTM1, GSTT1
Wut2 2009 63 54 China Asian GSTT1
Finotti®¥ 2009 128 105 Brazil Caucasian GSTM1, GSTT1
Aydos®® 2009 110 105 Turkey Caucasian GSTM1

Wut3 2008 78 103 China Asian GSTT1
Aydemir@ 2007 52 60 Turkey Caucasian GSTM1
Chen® 2002 142 60 China Asian GSTM1

nificant heterogeneity among the studies, and no pooled
analysis was performed. We carried out a pooled analysis
to determine the overall effect of GST (M1, T1, and P1)

polymorphisms on male infertility risk.

MATERIALS AND METHODS

Data Collection

A MEDLINE literature search for case—control studies
published between 1972 and May 1, 2012 on the asso-
ciation of GST polymorphisms (GSTM1, GSTTI, and
GSTP1) and male factor infertility was conducted using
the search terms of “GST OR Glutathione S-transferase
AND polymorphism OR polymorphisms AND variant OR
variants AND infertility OR infertile AND male”, yielding
11 results.

Statistical Analysis

Adjusted odds ratios (OR) and 95% confidence intervals
(CI) for GSTM1, GSTTI, and GSTP1 were calculated
using unconditional logistic regression model, including

study, age, and smoking status as covariates. Interactions

were examined between GSTMI1, GSTT1, and GSTPI1
genotypes and smoking status. Heterogeneity was deter-
mined with a Q-statistic and P values < .05 were calculat-
ed using ORs from the individual included studies. To as-
sess publication bias between the pooled studies, Egger’s
and Begg’s tests were carried out. When there is heteroge-
neity between studies, the pooled analysis was restricted
to those studies without significant heterogeneity and then
sensitivity analysis was done.

All statistical analyses were performed using STATA sta-

tistical software, version 8.0, random effects model.

RESULTS

The results of the pooled analysis are summarized in Ta-
bles 2 to 4. There was a significant positive overall associ-
ation between GSTMI null genotype (OR, 2.47; 95% CI,
1.72 to 3.84; Trend P = .003), GSTT1 null genotype (OR,
1.54;95% CI, 1.43 to 3.47; Trend P = .02), and male infer-
tility. The association between GSTM1 null genotype and

male infertility was stronger. However, significant hetero-
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Table 2. Association between GSTM1 and male infertility in the
pooled analysis.

Table 3. Association between GSTT1 and male infertility in the
pooled analysis.

Genotype Adjusted Odds Ratio* Trend P Genotype Adjusted Odds Ratio* Trend P
Overall .003 Overall .02
Present 1.00 (Ref) Present 1.00 (Ref)
Null 2.47 (1.72 t0 3.84) Null 1.54 (1.43 to 3.47)
Never smoker .004 Never smoker .03
Present 1.00 (Ref) Present 1.00 (Ref)
Null 2.21(1.52t03.57) Null 1.36 (1.57t0 3.12)
Ever smoker .002 Ever smoker .01
Present 1.00 (Ref) Present 1.00 (Ref)
Null 2.88(1.91 to 4.16) Null 1.72(1.63 to 3.74)
Infertility .002 Infertility .01
Present 1.00 (Ref) Present 1.00 (Ref)
Null 2.71(1.84t0 3.92) Null 1.68 (1.57 to 3.69)

*Odds Ratios are adjusted for study, age, race, and smoking
history.

geneity was observed for both GSTMI1 null genotype (P =
.007) and GSTT1 null genotype (P =.02). No evidence of
publication bias was detected for the GSTM1 genotype (P
=.62) nor for the GSTM1 genotype (P = .24).

On the other hand, GSTP1 polymorphism had overall
protective effect against development of male infertility,
with an overall trend P value of .002. Men with Ile/Val
genotype had overall 52% decreased risk for development
of infertility (OR, 0.48; 95% CI, 0.27 to 0.77; Trend P
= .002). Significant heterogeneity was also observed for
GSTPI1 (P =.01), with no evidence of publication bias (P
=.12).

The sensitivity analysis demonstrated that exclusion of
two studies (Tang and colleagues®® and Ichioka and as-
sociates®) from the analysis decreased the evidence of
heterogeneity (GSTM1: P = .02; GSTT1: P = .04; and

*Odds Ratios are adjusted for study, age, race, and smoking
history.

GSTPI1: P = 1.0). After performing sensitivity analysis,
there was still no evidence of publication bias for GSTM1
null genotype (P = .81) and GSTP1 Ile/Val genotype (P =
1.0), but there was evidence of publication bias for GSTT1
null genotype (P = .04).

The analysis was then restricted to infertility; similar re-
sults were obtained for the GSTM1 null genotype (OR,
2.71; 95% CI, 1.84 to 3.92), GSTT1 null genotype (OR,
1.68; 95% CI, 1.57 to 3.69), and the GSTP1 Ile/Val geno-
type (OR, 0.54; 95% CI, 0.37 to 0.81).

A significant positive association between the GSTMI1
null genotype and infertility was observed in both nev-
er-smokers (OR, 2.21; 95% CI, 1.52 to 3.57; Trend P =
.004) and ever smokers (OR, 2.88; 95% CI, 1.91 to 4.19;
Trend P = .002). Among never and ever-smokers, there

was also significant association between the GSTT1 null
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Table 4. Association between GSTP1 and male infertility in the

pooled analysis.

Genotype Adjusted Odds Ratio*  Trend P
Overall .002
lle/lle 1.00 (Ref)
lle/Val 0.48(0.27 t0 0.77)
Val/Val 1.81(0.34 to 7.85)
lle/Val or Val/Val 0.52(0.31t0 0.81)
Never smoker .03
lle/lle 1.00 (Ref)
lle/Val 0.52 (0.33 to 0.80)
Val/Val 1.84(0.37 t0 7.42)
lle/Val or Val/Val 0.58 (0.38t0 0.87)
Ever smoker .01
lle/lle 1.00 (Ref)
lle/Val 0.50(0.31 t0 0.79)
Val/Val 1.82 (0.35 to 37.66)
lle/Val or Val/Val 0.54 (0.34 to0 0.84)
Infertility .01
lle/lle 1.00 (Ref)
lle/Val 0.54 (0.37 t0 0.81)
Val/Val 1.80(0.41t07.12)
lle/Val or Val/Val 0.57 (0.36 to 0.86)

* Odds Ratios are adjusted for study, age, race, and smoking

history.

genotype and infertility (Never: OR, 1.36; 95% CI, 1.57
to 3.12; Trend P = .03, Ever: OR, 1.72; 95% CI, 1.63 to
3.74; Trend P = .01). The direction and significance re-
mained unchanged for GSTP1 genotypes when examining

the interactions between different genotypes and smoking

status (Table 4). No significant interaction was observed
between smoking and the GSTM1 and GSTT1 null geno-
types in both the analysis restricted to the homogeneous

studies and in the full-pooled analysis.

DISCUSSION

This pooled analysis, containing 1054 controls and 1323
cases from 11 studies, demonstrates an overall association
between GSTM1 and GSTT1 null genotypes and GSTP1
Ile/Val genotype and male factor infertility. We did not
find publication bias; however, there was some heteroge-
neity between included studies.

This pooled analysis demonstrated significant positive as-
sociations between GSTM1 and GSTT1 null genotypes
and male infertility; while significant inverse association
was observed for GSTP1 Ile/Val genotype. Furthermore,
we did not find a significant interaction between smoking
and GSTM1 and GSTT1 null genotypes. The direction of
the interaction is the same to the expected effect.

Strength of our pooled analysis is that the collection of
data from various studies may well provide better statisti-
cal power necessary to detect any presence of association.
Blettner and coworkers believe that the pooled analysis
has advantages over meta-analysis.*? Meta-analysis al-
lows adjustment for potential confounding factors, evalu-
ation of interactions, and testing for stratification. Using
meta-analysis, we can adjust for potential confounding
factors, assess the interactions, and examine for stratifi-
cation. Pooled analysis has also its own advantages, in-
cluding higher study power, which allows a full evalua-
tion of effect modification within the specific data set,*>
adequate numbers of patients with sufficient follow-up,
enough power essential to draw conclusions,*® and being
a powerful tool for human population studies.”

In the present study, we were able to adjust for age, ethnic-
ity, and smoking status. Furthermore, we tested for inter-
actions between smoking status and GSTM1, GSTT1, and
GATP1 genotypes; and stratified our results by smoking
history, which might not be possible with meta-analysis.
However, this pooled review is not without limitations.
First, this study contains 11 studies; 7 of which report on

Asian populations®***343) and 4 on Caucasian subjects.
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(24.25.28.38) Cyrrently, there is no published literature inves-
tigating the association between the GSTM1, GSTTI, and
GSTPI1 polymorphisms and male infertility in ethnicities
other than Asian and Caucasian. Second, there were only
two studies addressing the association between GSTP1

genotypes and male infertility.

CONCLUSION

We demonstrated an association between GSTM1, GSTT]1,
and GSTP1 polymorphisms and male factor infertility, and
no interaction between smoking history and studied geno-
types. Further population-based studies are warranted to
confirm the conclusion on the role of GSTMI1, GSTTI,
and GSTP1 in male infertility risk.
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