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Abstract: Problem statement: Glutathione S-transferase is super family genes that encode enzymes
which involve in the detoxification of the cell and protects DNA from damage. Conflicting results was
found in several studies in association with GSTT1 and GSTM1 gene polymorphisms and prostate
cancer. In this study, we determined the association between the GSTT1 and GSTM1 gene polymorphism
and prostate cancer in Iranian subjects as control with control subjects. Approach: Sixty number of
sample were collected from both case and control at Milad hospital, Tehran, Iran who were above
40 years of old. Genomic DNA was extracted from blood and the detection of GSTT1 and GSTM1
genotypes was done using multiplex PCR method. Results: The frequency of the null alleles in GSTT1
and GSTM1 was 15 and 41.66% respectively in prostate cancer patients and 21.66 and 56.66%
respectively in control subjects. There was no association was found between the polymorphism and
prostate cancer among Iranian subjects (p>0.05). Conclusion: This study failed to show an association
with GSTT1 and GSTM1 gene polymorphisms and prostate cancer and has no susceptibility to Iranian
prostate cancer subjects.
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Both genetic and environmental factors could affect the
risk of prostate cancer which seems to influence the
metabolism of carcinogens[2]. However, other factors
such as diet and life style, although there is strong
evidence to show that genetic alterations play a major
role in prostate cancer etiology[5] The Phase II
metabolizing enzymes such as Glutathione Stransferase, N-accetyltransferase and epoxide hydrolase
are involved in detoxification of chemical
carcinogens[6]. The glutathione S-transfrase is a super
family of genes which include A, T, M and P, encoding
the enzymes that are interfering in detoxification of
cells and protecting DNA from any damage[7,8].
Glutathione (GST) is a tripeptide including an unusual
peptide linkage between the amine group of cysteine
and the carboxyl group of the glutamate side chain[8].

INTRODUCTION
Prostate cancer is one the most common cancer in
men all over the world[1]. The incidence of prostate
cancer in Asian countries is 2.3-9.8 cases in 100,000
persons-year[2], while in Iran it is 5.1 in 100,000
persons-year[3]. Prostate cancer is moderately
aggressive neoplastic process and age plays an
important role in the development of prostate cancer[4].
The older individuals are at greater the risk to develop
the disease. Eighty-five percent of prostate cancer
patients are diagnosed after age 65, but it can occur
even in younger patients although it is less common in
men under 50. The latest global estimation shows that
the incidence of prostate cancer in developing and
developed countries was 5.3 and 19%, respectively[1].
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Table 1: Primer sequences used in multiplex PCR for GSTT1 and
GSTM1 genes

Several studies have been conducted to show the
risk of developing prostate cancer can be affected by
polymorphism of glutathione S-transferase[9]. The null
genotypes of GSTT1 and GSTM1 have been reported to
be associated with higher risk of bladder, breast,
colon[10], oral[11] and prostate cancer[13-15]. However,
some studies have shown that GSTs polymorphisms are
associated with higher risk of prostate cancer[15,16] while
some have not[17,18]. The conflicting results initiated us to
determine the presence/absence of GSTT1 and GSTM1
gene frequencies in Iranian prostate cancer patients and
healthy individuals by multiplex-PCR method.

Gene
GSTT1
GSTM1
CYP1A1
(Positive
control)

Primer sequence
Forward primer 5´-TTCCTTACTGGTCCTCACATCTC-3´
Reverse primer 5´-TCACCGGATCATGGCAGCA-3´
Forward primer 5´-GAACACCCTGAAAAGCTAAAGC-3´
Reverse primer 5´ CTTGGGCTCAAATATACGGTGG-3´
Forward primer 5´-GAACTGCCACTTCAGCTGTCT-3´
Reverse primer 5´-CAGCTGCATTTGGAAGTGCTC-3´

California, USA). Cycling conditions were set up as
follows: 94°C for 3 min as initial denaturation, 94°C for
1 min, 57°C for 1 min and 72°C for 2 min for 30 cycles
and 72°C for 10 min as final extension. The size of the
multiplex PCR products was clearly resolved at 2%
agarose gel (Bioline, London, UK), 3-5 µL of DNA
marker (iDNA, Singapore) was added at each time in
the gel as a reference for the amplified PCR products.
After the gel was stained in ethidium bromide for
10 min, the gel was viewed under the UV light using
Alpha Imager (Alpha Innotech, San Leandro, CA).

MATERIALS AND METHODS
Subjects: The study protocol was approved by the
Ethical Committee of Faculty of Medicine, Tonekabon
Islamic Azad University, Tonekabon, Mazandaran,
Iran. In this study, total of 120 subjects comprised
60 subjects with prostate cancer and 60 unrelated
healthy individuals. The criteria for selecting patients
were based on diagnosis by specialist physician and
those who were 40 years old and above. All the patients
were in advance level of cancer that was referred to the
hospital for treatment in 2008. For the controls, men
over 40 with the PSA level <2 ng mL−1 were selected
and they did not have prostate cancer. Informed consent
was obtained from the both subject.

Statistical analysis: Statistical analysis was carried out
using SPSS (Chicago, IL, USA) software version 14.0
for Microsoft Windows®. The results were processed
statistically using the Chi square test to assess
differences in genotype prevalence and association
between case and control groups. The Odds Ratio (OR)
and its 95% Confidence Interval (CI) were used to
illustrate the association, with p<0.05 considered in all
tests to be statistically significant.

Methods: Blood samples were collected from both
groups of patients and controls and were kept in vials
containing EDTA. DNA was extracted by Genomic
DNA extraction kit (Bioneer, South Korea). The purity
and the concentration of the extracted DNA were
quantified by spectrophotometry, using biophotometer
UVette (Eppendorf, Hamburg, Germany). Multiplex
PCR technique was used to detect the presence or
absence of GSTT1 and GSTM1 genes in the genomic
DNA samples. The PCR forward and reverse primers
sequences for both genes were those described by[6].
Exon 7 of the CYP1A1 gene was co-amplified as
positive internal control. The Multiplex PCR was
performed in a volume of 25 µL including 60-100 ng of
genomic DNA, 20 pmol of each of primers (Table 1),
5 µL of i-PCR 5X Master Mix (iDNA, Singapore) in
which containing of 0.1 unit µL−1 of Taq DNA
Polymerase, 1 mM of dNTP’s, 10% of glycerol and
7.5 mM of MgCl2. Then, 2 µL of genomic DNA was
added into 0.2 mL PCR tube after adding 23 µL of PCR
mixture into it and 14.5 µL distilled water in a single
reaction tube. Negative control was added without the
template DNA. The PCR cycling conditions were
carried out on iCycler (BioRad Laboratories, Hercules,

RESULTS AND DISCUSSION
To our knowledge, there was no previous record
found in relation to GSTT1 or GSTM1 polymorphisms
in Iranian subjects. This is the first study to show the
presence/absence of GSTT1 and GSTM1 genotypes in
Iranian prostate cancer subjects. In this study, a total of
120 Iranian subjects were recruited and the association
was analyzed between the case and control subjects for
the contrast of the null (homozygous deletion of the
gene) versus the non-deleted genotypes (heterozygous
or homozygous presence of the gene) of GSTT1 and
GSTM1 genes. The DNA band for positive genotypes
of GSTM1, GSTT1 and internal positive control
corresponded to 215bp, 480bp and 312bp, respectively.
Table 2 shows the frequency of GSTM1 and GSTT1
alleles and genotypes by case-control status and the
association of GST genotypes with prostate cancer
risk. The frequency of GSTM1 and GSTT1 null alleles
was 41.66 and 15% respectively in cases and controls.
The distribution of genotypes was in agreement
with the Hardy-Weinberg equilibrium. Accordingly,
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study which was carried out by[11] in USA suggested
that the GSTM1 genotype distribution did not
significantly differ between prostate cancer patients and
controls. However, GSTT1-1 genotypes were
significantly more common among cases than controls
(adjusted OR = 1.83; 95% CI 1.19-2.80). When GSTM1
and GSTT1 were simultaneously considered, cases
were more likely to have at least one GSTM1-1 or
GSTT1-1 genotype with an adjusted (OR = 1.46; 95%
CI 1.00-2.14). There was no statistical significance in
the association of homozygous deletions at both loci
(OR = 1.53; 95% CI 0.85-2.73) with prostate cancer
status. This is perhaps due to limitations of sample size
in the study. On the contrary, a similar study was done
by[6] which showed an association between GSTT1 and
GSTM1 (0.026 and 0.001 respectively) with higher risk
of prostate cancer. The prevalence rate of null alleles of
GSTT1 and GSTM1 in prostate cancer patients (32.3
and 55.1% respectively) was different from those in
control group (20.1 and 35.4% respectively). Thus both
GSTT1 (OR = 1.89; 95% CI 1.09-3.28) and GSTM1
(OR = 2.24; 95% CI 1.37-3.65) were associated with
higher risk of prostate cancer in Indian subjects.
Therefore, it appears that the null allele of GSTT1
and GSTM1with the risk of prostate cancer vary in
different population (Table 3). The GSTs genes are
involved in detoxification of carcinogenic electrophiles
and toxic compound (industrial chemicals, tobacco
products, drugs, environmental carcinogens by
conjugating with glutathione [19]. In the null genotype of
GSTT1 and GSTM1 there are inactive forms of the
GSTs enzymes, thus detoxification of activated
carcinogen is reduced and this will be followed by
progression to cancer[20]. Many studies have shown that
GSTs are important for maintaining cellular genome
(DNA) from damage and their absence may result in
cancer susceptibility[2,6,15,22]. Our results did not provide
the information that showed the null genotype of
GSTT1 and GSTM1 increase the risk of prostate cancer
in Iranian subjects. Prostate cancer is a multi-factorial
disease influenced by complex genetic as well as
environmental factors as noted by[26]. The differences in
results obtained by studies on different populations can
be attributed to their different ancestries which can
influence their whole genome as well as environmental
conditions and life styles that can affect their level of
gene expressions. Some studies have shown that
improved nutrition, stress management techniques,
exercise and psycho-social support actually changed the
expression of over 500 genes in men with early-stage
prostate cancer[23]. The present study has to be
interpreted within the context of its limitations.

Table 2: The distribution of GSTT1 and GSTM1 genotypes between
case and controls
Genotypes
Controls
Case
p-value
N = 60
N = 60
or (95% CI)
GSTT1
51
47
Non-null
(85%)
(78.33%)
0.345*
GSTT1
9
13
1.567(0.614-4.003)
Null
(15%)
(21.66%)
GSTM1
Non-null
35
26
(58.33 %)
(43.33%)
0.12*
GSTM1
25
34
1.78(0.860-3.676)
Null
(41.66%)
(56.66%)
*: p-value>0.05

Fig. 1: GSTT1 and GSTM1 gene polymorphism in
15 case subjects. Multiplex PCR product
analyzed at 2% agarose. Lane M-100bp stands
for DNA marker, Lane N: negative control.
Lane 1-4, 9, 11, 12, 14, 15 shows GSTM1
(215 bp) and GSTT1 (480 bp) both positive
genotype. Lane 5- 8, 10 shows GSTT1 positive
genotype (480 bp) with null allele for GSTM1
(215 bp). Lane 13 shows the null allele for both
GSTT1 and GSTM1 genes and a band at 312 bp
corresponding to internal control (CYP1A1
gene fragment)
a comparison between prostate cancer patients and noncancer controls showed that there was no statistically
significant association between null alleles of both
GSTM1 (odds ratio 1.78, 95% confidence Internal
0.860-3.676) and GSTT1 (odds ratio 1.567, 95%
confidence internal 0.614-4.003) and risk of prostate
cancer in Iran. Our study suggests that null allele of
GSTT1 and GSTM1 is not associated with higher risk
of prostate cancer in Iranian patients as compared with
controls (Table 2).
There are many studies conducted on prostate
cancer with some of the studies indicated that GSTs
polymorphism are associated with prostate cancer,
while others do not. Our findings are consistent with
that of Gsur et al.[21] which found no association
between null alleles of GSTT1 and GSTM1 with the
risk of prostate cancer. In the current study, neither the
GSTM1 genotype (OR = 0.86; 95% CI 0.55-1.36) nor
the GSTT1 genotype (OR = 0.78; 95% CI 0.43-1.42)
were associated with prostate-cancer risk. Another
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Table 3: The association of genetic polymorphisms of GSTM1, GSTT1 and prostate cancer risk according to nationality
Gene
Country
Case
Controls
Genotypes
OR
GSTT1
Iran
60
60
Null Vs non-null
1.57 (0.61-4.00)
North India
127
144
Null Vs non-null
1.89 (1.08-3.28)
America
276
499
Non-null Vs null
1.61 (1.14-2.28)
Danish
153
288
Null Vs non-null
1.3 (0.80-2.20)
German
91
127
Null Vs non-null
2.31 (1.17-4.59)
Brazil
125
100
Null Vs non-null
1.6 (0.84-2.99)
Caribbean (African descent)
134
134
Non-null Vs null
2.6 (1.40-4.90)
GSTM1
Iran
60
60
Null Vs non-null
1.78 (0.86-3.67)
North India
127
144
Null Vs non-null
2.2 (1.37-3.65)
America
276
499
Null Vs non-null
1.0 (0.73-1.36)
Japanese
115
204
Null Vs non-null
1.6 (0.84-2.99)
Danish
153
288
Null Vs non-null
1.3 (0.90-1.90)
German
91
127
Null Vs non-null
1.2 (0.71-2.05)
Austrian
166
166
Non-null Vs null
0.86 (0.55-1.36)

4.

First, this study shows only the genotypic frequency of
GSTT1 and GSTM1 polymorphisms and we did not
address the function and the mechanism of the GSTT1
and GSTM1 gene polymorphisms on the clinical
behavior of prostate cancer. Second, the control
subjects are not age matched controls as compared to
the case subjects. We also failed to analyze the
interaction between GSTT1 and GSTM1 gene
polymorphisms with environmental factors. However,
the association of null versus non-deleted genotypes
GSTT1 and GSTM1 genes and the possibility of other
polymorphisms of GSTT1 and GSTM1 genes in Iranian
prostate cancer subjects have to be confirmed with
larger number of samples are recommended.

5.

6.

CONCLUSION

7.

This study shows that, the GSTT1 and GSTM1
gene polymorphisms were not significantly associated
in Iranian prostate cancer subjects.
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