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ABSTRACT

We analysed glutathione S-transferase M1, T1, and P1 gene polymorphisms in a case control study to asses their susceptibility to
prostate cancer in Turkish population.  Polymorphisms were determined by PCR-based methods in 115 control subjects and 115
prostate cancer patients. The frequencies of polymorphisms were compared between patients and controls by logistic regression
analysis. Possible associations of genetic profiles with respect to the Gleason score and patient age were also investigated. Besides
GSTT1 null genotype has slightly increased prostate cancer risk (odds ratio(OR) = 1.50, 95% confidence interval (CI), 0.85-2.66), its
association with prostate cancer risk was statistically significant among smokers (OR = 3.20, 95%CI, 1.06-9.70). GSTP1 Val/Val ge-
notype was more common in cancer patients (OR = 1.63, 95%CI, 0.61-4.37). However, the combination of GSTP1 Ile/Ile and GSTT1
null genotype was associated with a higher risk (OR = 2.67, 95%CI, 1.00-7.10). Our results suggest that GSTT1 null genotype may
modify prostate cancer risk among cigarette smokers seperately, and in combination with GSTP1 Ile/Ile genotype, irrespective of the
smoking habit in Turkish population. 
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ÖZET

Türk Toplumunda GSTM1, GSTP1 ve GSTT1 Gen Polimorfizmlerinin Prostat Kanseri Riski Üzerine Etkileri

Türk toplumunda prostat kanseri riski üzerindeki etkilerini de¤erlendirmek amac› ile glutatyon S-transferaz M1, T1 ve P1 gen polimor-
fizmlerini bir vaka kontrol çal›flmas› ile araflt›rd›k. Polimorfizmler 115 kontrol ve 115 prostat kanseri hastas›nda polimeraz zincir reak-
siyonuna dayal› yöntemler ile saptand›. Kontrol ve prostat kanseri gruplar›nda polimorfizmlerin s›kl›klar› lojistik regresyon analizi ile kar-
fl›laflt›r›ld›. Ayr›ca genetik profiller ile Gleason skoru ve hasta yafllar› aras›nda bir iliflki varl›¤› araflt›r›ld›. GSTT1 null genotipin prostat
kanseri riskini hafif derecede art›rd›¤› görülmekle birlikte (odds oran› (OR) = 1.50, %95 güven aral›¤› (CI), 0.85-2.66), sigara içenlerde
prostat kanseri ile iliflkisinin istatistiksel olarak anlaml› oldu¤u saptand› (OR = 3.20, %95CI, 1.06-9.70). GSTP1 Val/Val genotipi vaka-
larda daha s›kt› (OR = 1.63, 95%CI, 0.61-4.37). Ancak, GSTP1 Ile/Ile ve GSTT1 null genotip kombinasyonunda risk anlam-
l› derecede daha yüksek olarak bulundu (OR = 2.67, %95CI, 1.00-7.10). Bu sonuçlar, Türk toplumunda GSTT1 null genotipin siga-
ra içen bireylerde prostat kanseri riskini art›rd›¤›n› göstermifltir. Ayr›ca GSTT1 null ve GSTP1 Ile/Ile genotip birlikteli¤inin sigara kulla-
n›m›ndan ba¤›ms›z olarak prostat kanseri riskini artt›rd›¤›n› göstermifltir. 
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INTRODUCTION
Prostate cancer incidence varies in a wide range
between different populations. Environmental fac-
tors and genetic polymorphisms in metabolic path-
ways are supposed to be one of the major causes for
the variable cancer development risk among diffe-
rent ethnic/social groups. Glutathione S-transferase
(GST) enzymes that play a key role in detoxificati-
on of activated carcinogens are shown to be one of
the potential modifiers of individualized risk for se-
veral cancer types.1 Polymorphisms in GST gene
family casue a decrease or loss in activity of the
corresponding enzymes and lead to the accumulati-
on of intracellular genotoxic metabolites, which re-
sulted in impairment of the cancer prevention mec-
hanisms. Three members of the GST enzymes;
GSTM1, GSTP1, and GSTT1 catalyze the reacti-
ons with common carcinogens such as polycylic
aromatic hydrocarbons and aminobiphenyls present
in tobacco, air pollutants, and grilled meat.2,3

Inherited absence of two alleles (null genotype) in
GSTM1 and GSTT1 genes result in lack of enzy-
matic activity. In addition, an A/G transition at co-
don 105 of the GSTP1 gene (rs1695) leads to the
formation of variant enzyme with decreased enzy-
matic activity.4 Besides these genotypes were found
to be associated with prostate cancer,4-7 GSTP1 ge-
ne silencing with methylation was also linked to
prostate cancer development, and suggested to be a
useful marker for noninvasive detection of tumors
from voided urine samples.8 However, GSTP1
Ile105Val polymorphism and its relation to prosta-
te cancer risk among Turkish population has not be-
en studied before. Moreover, the data about null ge-
notypes of GSTM1 and GSTT1 genes and their re-
levance to prostate cancer in our population is limi-
ted with only two studies investigating the
GSTM15,9 and one investigating the GSTT1 genoty-
pes.9 Therefore, we conducted this causative associ-
ation study to determine the modifying roles of
polymorphisms in three major xenobiotic metaboli-
zing enzymes on prostate cancer risk and contribu-
te to the emerging data with these polymorphisms.
Also the associations of these polymorphisms with
patient age and Gleason score were examined to
find out whether they have clinical utility. 

PATIENTS AND METHODS
Study Subjects
One hundred and fifteen histologically diagnosed
prostate cancer patients between years 2008 and
2011, and the same number age (± 5 years) and sex
matched cancer-free control subjects were included
in the study.  Smoking habit and family history of
cancer were obtained for all individuals. Controls
and cancer patients were dichotomised as never
smokers versus ever smokers by their smoking ha-
bit. Patients who had a history of prostate cancer in
first degree relatives were excluded in this study.
Institutional Ethics Committee approved the study
in accordance with the Declaration of Helsinki, and
appropriate informed consents were obtained from
the participants according to the institutional guide-
lines.

Genotype analysis
For control group, genomic DNA was isolated from
blood buffy coat by using QIAamp DNA Mini Kit
(Qiagen). For patients, DNA was isolated from for-
mallin fixed paraffin embedded (FFPE) nontumoral
prostate tissues by using QIAamp DNA FFPE Tis-
sue Kit (Qiagen), according to the manufacturer's
instructions. Primer sequences used in this study
are given in Table 1. Null genotypes of GSTM1
(UniGene ID Hs.301961) and GSTT1 (UniGene ID
Hs.268573) genes were determined by multiplex
PCR and subsequent melting curve analysis met-
hod as previously described with minor modificati-
ons:10 We included only primer pairs of GSTM1
and GSTT1 amplicons in PCR tubes. With this app-
roach both amplicons served as an internal control
in each tube for PCR efficiency. Whenever an amp-
lification was not observed (i.e. null and null ge-
notype), seperate PCR amplifications were perfor-
med for both genes using bcl2 as an internal cont-
rol gene to evaluate the DNA integrity. PCR ampli-
fications were carried out on RotorGene Q 5-Plex
(Qiagen) in a final volume of 20 µL containing 50
ng of genomic DNA, 1.5 mM MgCl2, 0.4 µM each
primer, 250 mM of each dNTP, 1U FjTaq polyme-
rase (Genoks), 1 µL EvaGreen dye (Biotium).
Amplification protocol was consisted of an activa-
tion step at 950C for 10 minutes and 40 cycles with
amplification steps at 950C, 620C, and 720C for 30
sec each. After amplification steps, melting curves
were generated to evaluate the PCR products. Mel-
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ting curve data was acquired between 650C to 950C,
at a ramping rate of 0.30C/sec. Melting curves were
visually compared to identify different melting pat-
terns. 

GSTP1 (UniGene ID Hs.523836) Ile105Val poly-
morphism was determined by PCR and direct sequ-
encing method by using primers previously descri-
bed.11 PCR amplifications were performed in a final
volume of 20 µL containing 50 ng of genomic
DNA, 1.5 mM MgCl2, 0.4 µM each primer, 200
mM of each dNTP, 1U FjTaq polymerase (Genoks).
Amplification protocol was consisted of an activa-
tion step at 950C for 10 minutes following with 40
cycles of amplification steps at 950C for 30 sec,
580C for 30 sec, and 720C for 60 sec. PCR products
were subjected to direct sequencing by Big Dye
Terminator Cycle sequencing kit (Applied Biosys-
tems) using forward primer on ABI Prism 3730 Se-
quencer.

Positive - negative controls and no-DNA templates
were used in each assay, and tests were randomly
repeated for 5% of samples. 

Statistical Analysis
Case and control groups were compared for age by
Student's "t" test. The genotype distributions of
GSTP1 gene among control subjects were analysed
to determine whether they were in Hardy-Weinberg
equilibrium using chi-square test. The estimates of
associations between each genotype and susceptibi-
lity to prostate cancer risk were obtained from lo-
gistic regression analysis using odds ratios (ORs)

with a confidence interval of 95%. Crude ORs we-
re performed separately for GSTM1, GSTP1, and
GSTT1 polymorphisms. GSTP1 polymorphisms
were dichotomised as major allele homozygous
(Ile/Ile) versus heterozygous and homozygous vari-
ant (Ile/Val + Val/Val) in the multivariate logistic
models where age and smoking status were used as
adjusting variables. Gleason scores were dichoto-
mised as ≤6 vs ≥7, and patient age at onset was dic-
hotomised as < 65 years vs ≥65 years for statistical
analysis. The difference of histological tumor grade
and patient age distributions in different genotype
groups were tested using Pearson's chi-square test.
Fisher exact test was also used where appropriate. 

Statistical analyses were performed using 'SPSS for
Windows software version 11.5'. All p values were
two-tailed, and p < 0.05 was considered as signifi-
cant.

RESULTS
Main characteristics of the study population are
included in Table 2. Case and control groups were
similar in terms of age and smoking habit (both p>
0.05). Majority of the patients (n= 66,  57.4%) had
a Gleason score ≥ 7. The distributions of GSTM1,
GSTP1, and GSTT1 polymorphisms found in both
groups, ORs and 95% CI are demonstrated in Tab-
le 3. The frequency of GSTP1 genotypes among
control group were in Hardy Weinberg equilibrium
(p= 0.26). The frequency of GSTM1 null genotype
was 48.7% (56/115) in controls and 53.0% (61/115)
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Table 1. Primer sets used in the study.

Gene Primer sequence (5'-3') Amplicon length

GSTM1 F: GAACTCCCTGAAAAGCTAAAGC

R: GTTGGGCTCAAATATACGGTGG 219 bp

GSTP1 F:  ACCCCAGGGCTCTATGGGAA

R: TGAGGGCACAAGAAGCCCCT 176 bp

GSTT1 F: TTCCTTACTGGTCCTCACATCTC

R: GGAAAAGGGTACAGACTGGGGA 258 bp

Bcl2 F: GCAATTCCGCATTTAATTCATGG

R: GAAACAGGCCACGTAAAGCAAC 350 bp

GSTM1: Glutathione S transferase M1; GSTP1: Glutathione S transferase P1; GSTT1: Glutathione S transferase T1; Bcl2: B-cell CLL/lym-
phoma 2.



in cases. GSTP1 Ile/Val and Val/Val allele frequen-
cies were 40.0% and 9.6% in cases, compared with
45.2% and 6.1% in controls. We did not observe a
significant increased risk for prostate cancer in
analysis of the GSTM1 and GSTP1 polymorphisms
seperately. However, as demonstrated in Table 4,
combined analysis of genotypes revealed a signifi-
cant increased risk for GSTP1 Ile/Ile and GSTT1
null combination (p= 0.049) (OR= 2.67, 95% CI,
1.00-7.13).

Although it did not reach the significancy level, the
frequency of GSTT1 null genotype was slightly

higher in patients (n= 27,  23.5%) than controls (n=
16, 13.9%) with an OR  of 1.50 ( 95%CI, 0.85-
2.66). Furthermore, a positive association between
GSTT1 null genotype and smoking habit was ob-
served for prostate cancer development (OR= 3.20,
95%CI, 1.09-9.42) (p= 0.04). Overall prostate can-
cer risk in different genotype groups stratified by
smoking habit are presented in Table 5.

Age at onset and Gleason scores in prostate cancer
patients did not reveal significant differences
among each genotype group, neither in seperate nor
in combined analysis (data not shown). 
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Table 2. Baseline characteristics of prostate cancer patients and control subjects

Cases (n= 115) Controls (n= 115) p

Age (years) Mean ± sd 62.77 ± 5.64 61.64 ± 5.55 0.130

Median (range) 63 (45-74) 61 (49-75)

Smoking habit, n (%) Never 50 (43.5%) 61 (53.0%)

Ever 65 (56.5%) 54 (47.0%) 0.147

Gleason score ≤6 49 (42.6%)

≥7 66 (57.4%)

sd: Standart deviation

Table 3. Genotype distributions of prostate cancer patients and controls

Genotype Controls Cases OR 95%CI p
n (%) n (%)

GSTM1 Positive 59 (51.3) 54 (47.0) 1.0 (reference)

Null 56 (48.7) 61 (53.0) 1.19 0.71-2.00 0.51

1.10* 0.67-1.81 0.70*

GSTT1 Positive 99 (86.1) 88 (76.5) 1.0 (reference)

Null 16 (13.9) 27 (23.5) 1.90 0.96-3.75 0.07

1.50* 0.85-2.66 0.17*

GSTP1 AA 56 (48.7) 58 (50.4) 1.0 (reference)

AG 52 (45.2) 46 (40) 0.81 0.48-1.36 0.42

GG 7 (6.1) 11 (9.6) 1.63 0.61-4.37 0.33

AG + GG 59 (51.3) 57 (49.6) 0.93 0.56-1.56 0.79

0.80* 0.57-1.13 0.21*

* OR adjusted for age and smoking status. GSTM1: Glutathione S transferase M1; GSTP1: Glutathione S transferase P1; GSTT1: Glutat-
hione S transferase T1.



DISCUSSION
The incidence of prostate cancer varies in a wide
range between different ethnic / social groups
worldwide, however, little is known about the ca-
uses of racial differences.12 Genetic factors are imp-
lied to be a probable reason for this difference.
Polymorphisms in metabolic pathways are one of
the major subjects that researchers have investiga-
ted in an effort to clarify polygenic models of can-
cer development. Unfortunately, the effects and in-
teractions of low penetrence genes in cancer sus-
ceptibility are largely unknown due to the require-
ment of large numbers of patients to identify their
roles. 

GST genes are belong to such low penetrence genes
and play a role in carcinogenesis of various tumor
types. Previous studies revealed that about 50% of
the Caucasians lack the GSTM1 and about 20%
lack the GSTT1 genes due to the inherited loss of
both alleles.13 Both genes encode GST enzymes
which are involved in the metabolic detoxification
of several carcinogenes. For prostate cancer, their
involvement in metabolism and intracellular trans-
portation of steroid hormones, provide additional
support for these genes to may have a role in pros-
tate carcinogenesis.14 GSTP1 is the major extrahe-
patic detoxification enzyme found in several tissu-

es, and GSTP1 gene silencing by methylation is
frequently observed in prostate cancer.8 Although
much is known about polymorphisms of GSTM1,
GSTT1, and GSTP1 genes and their relevance to
prostate cancer, the data for their susceptibility
among Turkish population is limited for GSTM1
and GSTT1 gene polmyorphisms, and currently
there are no published data for the GSTP1 poly-
morphism.

In the present study we investigated the influences
of GSTM1, GSTP1, and GSTT1 polymorphic ge-
notypes on prostate cancer development risk in
Turkish men. The results of polymorphism frequen-
cies for these genes found in our control group did
not deviate from previous studies performed in Tur-
kish population. Considering GSTM1 null genoty-
pe, its predisposing role in our population is conf-
licting; while a study reported a strong association9,
another study did not indicate a predisposing role.5

Our findings were parallel to Aktas et al.5 that the-
re is no association between GSTM1 null genotype
and prostate cancer risk. While Aktas et al.5 did not
examine the relationship between smoking habit
and cancer risk, our results demonstrated that can-
cer risk does not differ with smoking habit in
GSTM1 null individuals. Silig et al. also investiga-
ted the inherited absence of GSTT1 gene and its
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Table 4. Combined genotype distributions and associated overall prostate cancer risk

Genotype Controls Cases Crude OR Adj. OR*
n (%) n (%) (95%CI) (95%CI)

GSTP1/GSTM1

AA/Positive 31 (27.0) 28 (24.3) 1.0 (reference) 1.0 (reference)

AA/Null 25 (21.7) 30 (26.1) 1.33 (0.64-2.78) 1.32 (0.62-2.78)

AG+GG/Positive 28 (24.3) 26 (22.6) 1.03 (0.49-2.15) 1.02 (0.48-2.17)

AG+GG/Null 31 (27.0) 31 (27.0) 1.11 (0.54-2.26) 1.02 (0.50-2.11)

GSTP1/GSTT1

AA/Positive 49 (42.6) 42 (36.5) 1.0 (reference) 1.0 (reference)

AA/Null 7 (6.1) 16 (13.9) 2.67 (1.00-7.10) 2.67 (1.00-7.13)**

AG+GG/Positive 50 (43.5) 46 (40.0) 1.07 (0.60-1.91) 1.02 (0.57-1.83)

AG+GG/Null 9 (7.8) 11 (9.6) 1.43 (0.54-3.77) 1.42 (0.54-3.77)

* OR adjusted for age and smoking status.
** p=0.049
GSTM1: Glutathione S transferase M1; GSTP1: Glutathione S transferase P1; GSTT1: Glutathione S transferase T1.



modifying role on prostate cancer risk.9 Their re-
sults did not demonstrate a significant increased
risk for GSTT1 null genotype carriers. In our study
group, the proportion of GSTT1 null genotype was
slightly higher in cases (23.5%)  than in controls
(13.9%) (p= 0.07). However, prostate cancer risk
was significantly increased in GSTT1 null genoty-
pe carriers among smokers with an OR of 3.2 (95%
CI, 1.09-9.42).

Our study revealed an unexpected result for inves-
tigation of the GSTP1 Ile/Val polymorphism in
prostate cancer patients. Due to the decreased enzy-
matic activity in the heterozygous and homozygous
variant genotypes, an increase in the cancer risk
was expected for the Ile/Val and Val/Val genotypes.
Besides, we did not observe a significant difference
in the allelic distribution of the codon 105 of
GSTP1 gene between healthy controls and prostate
cancer patients, the major homozygous genotype
(Ile/Ile) was found to be more common in cases,
and its specific combination with GSTT1 null ge-
notype significantly increased the prostate cancer
risk. Thus, GSTP1 codon 105 polymorphism may
modify the prostate cancer risk in our population. A
such influence of GSTP1 Ile/Ile genotype on blad-
der cancer risk was also indicated before.15

In the association studies we did not observe any
significant differences between pathological tumor

grades and age of the patients in different genotype
groups. Mittal et al. found that ages between 50-60
years exhibited significant variation between the
controls and the cancer patients for GSTT1 and
GSTM1 null genotypes.16 In addition, prostate can-
cer patients with a GSTM1 null genotype were fo-
und to be younger than those with the GSTM1 wild
type genotypes in Chinese and Japanese.17,18 A mo-
re recent study also demonstrated that GSTM1 null
and GSTT1 null genotype was observed in a higher
frequency in patients with a Gleason score >7.19 A
detailed analysis of GST gene polymorphisms and
their association with clinicopathological parame-
ters in prostatectomy specimens does not exist in
our population. Therefore, whether these genes ha-
ve prognostic impact on prostate cancer patients re-
mains unknown for Turkish men.

On the other hand, growing number of studies have
revealed the predisposing roles of single nucleotide
polymorphisms in various genes for prostate cancer
development in Turkish population. Recently poly-
morphic variants of genes involved in cell cycle
control mechanisms (HPC2/ELAC2), interaction
between chemokines and their related receptors
(CXCR4, SDF-1, CCR2, CCR5), and, androgen
metabolism pathways (SRD5A2,  CYP17) are so-
me of the reported candidates for prostate cancer
susceptibility.20-23 Although studies reporting null
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Table 5. Distributions of genotypes in patient and control groups stratified by smoking habit 

Genotype Non smokers Smokers  
Cases Controls OR (95%CI) Cases Controls OR (95%CI)

GSTM1

Positive 23 (46.0) 32 (52.5) 1.0 (reference) 31 (47.7) 27 (50.0) 1.0 (reference)

Null 27 (54.0) 29 (47.5) 1.3 (0.61-2.74) 34 (52.3) 27 (50.0) 1.1 (0.53-2.26)

GSTT1

Positive 39 (78.0) 50 (82.0) 1.0 (reference) 49 (75.4) 49 (90.7) 1.0 (reference)

Null 11 (22.0) 11 (18.0) 1.3 (0.50-3.26) 16 (24.6) 5 (9.3) 3.2 (1.09-9.42)*

GSTP1

AA 26 (52.0) 37 (60.7) 1.0 (reference) 32 (49.2) 25 (46.3) 1.0 (reference)

AG+GG 24 (48.0) 24 (39.3) 1.4 (0.67-3.03) 33 (50.8) 29 (53.7) 0.9 (0.43-1.83)

*p= 0.04
GSTM1: Glutathione S transferase M1; GSTP1: Glutathione S transferase P1; GSTT1: Glutathione S transferase T1; Bcl2: B-cell CLL/lym-
phoma 2



association between some of the above-mentioned
polymorphisms and prostate cancer risk exist,24,25 it
is possbile that the effects of these low penetrence
genes could be masked by gene-gene interactions
due to the limited number of the patient and control
groups. However, our findings and the results of
previous studies collectively support the nature of
prostate cancer being a polygenic multifactorial di-
sease in which genetic and environmental factors
play a role in its etiology. Moreover, single nucle-
otide polymorphisms in several metabolic or cell
signalling pathways seem to modify the individu-
alized prostate cancer risk among Turkish men.
Therefore, further studies with larger patient and
control groups are needed to identify the relevant
associations between genetic polymorphisms and
prostate cancer risk in Turkish population.

In conclusion, despite the fact that relatively small
number of individuals with specific genotype com-
binations limit the power of gene-gene interaction
analysis, results of the present study suggest that
GSTT1 null genotype may be associated with pros-
tate cancer susceptibility especially among cigaret-
te smokers in Turkish population, and GSTP1
Ile/Ile genotype may be of importance in the patho-
genesis of prostate cancer in combination with
GSTT1 null genotype.
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