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Abstract

Background Urinary bladder cancer is a quite common

cancer type in men and women all over the world. Genetic

polymorphisms of xenobiotic-metabolizing enzymes could

increase individual susceptibility to various cancer types.

Aims The aim of our study is to evaluate the rate of these

polymorphisms in a group of patients from Central

Anatolia.

Methods Our study subjects consist of 65 men with

histopathologically confirmed bladder TCC and 70 cancer-

free control subjects. Restriction fragment length poly-

morphism (RFLP) method was used for the detection of

polymorphisms of GSTT1 and GSTM1.

Results There was no association between bladder cancer

and GSTM1 polymorphism (ORs = 0.64, 95 %

CI = 0.32–1.29), but the probability of bladder cancer in

patients with GSTT1 null genotype (67.9 %), was signifi-

cantly higher from the probability of bladder cancer with

GSTT1 normal genotype (43.0 %) statistically

(ORs = 2.8, 95 % CI = 1.16–6.75).

Conclusion Polymorphisms of these genes have been

assessed to evaluate the relative risk of various cancers.

Our intention is to continue this study with larger series of

bladder cancer patients in a group of Turkish population

from Central Anatolia.

Keywords Bladder cancer � Polymorphism � Glutathione-
S-transferase � Genetics

Introduction

Urinary bladder cancer is the fourth most common type of

cancer in men and the seventh in women in the world [1].

According to KIDEM (Turkish cancer follow-up and

control centre), the incidence of bladder cancer in Turkey

is the second after lung cancer, among the genitourinary

cancers, it is the mostly seen cancer type in men [2]. It is

mostly seen in 6th and 7th decades. Although the rate of

men to women is 3/1, survey is shorter in women (31 %)

[3, 4]. Nearly 90–95 % of bladder cancers are transitional

cell carcinomas (TCC). Environmental carcinogens are to

be the most seen causes of bladder cancer. Besides these,

tobacco smoking and exposure to aromatic amines and

polycyclic hydrocarbons have been related with risk of

bladder cancer [5]. It is suggested that genetic polymor-

phisms of xenobiotic-metabolizing enzymes could increase

individual susceptibility to various environmental and

clinical conditions. Deoxyribonucleic acid (DNA) damage

that occurs in cells is affected from the imbalance between

activation and detoxification of carcinogens [6]. Glu-

tathione-S-transferases (GSTs) constitute a superfamily of

phase II enzymes, these enzymes are involved in the

detoxification of exogenous substrates such as xenobiotics,

environmental substances and carcinogenic compounds. To

date, human cytosolic GST superfamily contains at least 16

genes subdivided into 8 distinct classes [7]. Functional

polymorphisms have been identified in the GSTM1,
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Urology Clinics, Türkiye Yüksek İhtisas Education
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GSTT1, and GSTP1 genes which are coding for GSTs

enzymes [8].

Polymorphisms of GSTM1, GSTT1, and GSTP1 genes

have been assessed to evaluate the relative risk of various

cancers. Among them the most extensively studied are the

GSTM1 and the GSTT1 null polymorphisms, and the

GSTP1 313 A/G substitution. The functional consequences

of the GSTM1 and GSTT1 null genotypes are no enzy-

matic activity. Many investigators agree that the GSTM1

‘‘null’’ genotype as the risk factor for the bladder cancer

especially among smokers [9]. It had been shown that

individuals with the null genotype for GSTT1 were at

higher risk for developing bladder cancer [10]. The purpose

of this study was to determine the frequencies of poly-

morphisms of GSTT1 and GSTM1 genes and their asso-

ciation with bladder TCC among the patients with bladder

cancer.

Materials and methods

The study subjects consisted of 65 patients with histopa-

thologically confirmed bladder TCC (61.7 ± 9.9) and 70

cancer-free control subjects (59.6 ± 10.0), recruited from

urology clinic between October 2009 and October 2011.

No patient received chemotherapy or radiotherapy before

recruitment. All cancer patients were newly diagnosed with

TCC of the bladder. The control group consisted of non-

related healthy men and women without history of malig-

nant disease who were matched to those in the case group

for geographic origin, smoking status, and age range. The

number of cigarettes per day was 15 on average. The

smoking status is shown in Table 1. All study subjects

provided informed consent prior to participating in the

study, which was conducted according to Helsinki decla-

ration (2004).

The clinical information about tumor size, number,

stage, and grade, radiotherapy, and chemotherapy were

obtained from medical records. In all of the bladder cancer

patients, the tumors were diagnosed histologically as TCC.

The tumors were classified as superficial (pTa–pT1) or

invasive (pT2–pT4) according to the 1997 TNM staging

system of the American joint committee on cancer. The

histologic grades were subdivided into low grade and high

grade using the grading systems of the world health orga-

nization (WHO) and the international society of urological

pathology (ISUP). The ethical committee has approved the

study. All patients were asked to read and sign the

informed consent form prior to the genetic testing.

Blood sampling and extraction of DNA

Blood samples (5 ml of blood was drawn into tubes con-

taining EDTA from each patient) were obtained from

patients and control groups. Immediately after collection,

whole blood was stored at -20 �C until use. Genomic

DNA for polymerase chain reaction (PCR) was isolated

using a commercial kit (QIAamp DNA mini kit; Qiagen,

Hilden, Germany).

Genotyping analysis

The PCR method for determining GSTM1 and GSTT1

genotypes was the same as that reported previously [8].

The primers for amplifying the GSTM1 gene were 50-CTG
CCC TAC TTG ATT GAT GGG-30 and 50-CTG GAT TGT

AGC AGA TCA TGC-30. The PCR was performed in

50 ml reaction buffer containing 200 mM dNTPs, 1.5 mM

MgCl2, 1 mm primers, about 1 mg DNA and two units of

thermostable Taq DNA polymerase using a programmable

thermocycler (Progene, Techne, UK). After 5 min of pre-

treatment at 94 �C, 35 cycles of 1.5 min denaturation at

94 �C, 1.5 min annealing at 60 �C and 1 min extension at

72 �C were performed. The primers for amplifying the

GSTT1 gene were 50-TTC CTT ACT GGT CCT CAC

ATC TC-30 and 50-TCA CCG GAT CAT GGC CAG CA-

30. The PCR was performed in 50 ml reaction buffer con-

taining 200 mM dNTPs, 1.5 mM MgCl2, 10 pmol of each

primer, about 1 mg DNA and two units of thermostable

Taq DNA polymerase using a programmable thermocycler.

After 5 min of pretreatment at 94 �C, 35 cycles of 1 min

denaturation at 94 �C, 1.15 min annealing at 60 �C, and
1 min extension at 72 �C were performed. For evaluating

the GSTM1 and GSTT1 polymorphism the amplification

products were analyzed by gel electrophoresis (2 % aga-

rose). A 900 bp fragment was amplified by PCR with the

GSTM1 primers and a 480 bp fragment was amplified by

PCR with the GSTT1 primers. The absence of amplified

product was consistent with the null genotypes. The

genotypes were confirmed by direct sequencing (Amer-

sham, GE Healthcare life sciences, Sweden).

Table 1 Characteristics of the bladder cancer and control groups

Bladder

Cancer Controls

N = 65 N = 70 P value

Gender

Male 59 (90.8 %) 44 (62.9 %) 0.001

Female 6 (9.2 %) 26 (37.1 %)

Age 61.7 ± 9.9 59.6 ± 10.0 0.214

Smoking status

Non-smokers 21 (32.2 %) 25 (35.7 %) 0.676

Smokers 44 (67.7 %) 45 (64.3 %)
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Statistical analysis

The analysis of the results was carried out using SPSS for

Windows (version 18.0). The homogeneity between

patients and controls was calculated using by Chi-square

and Student’s t test. The association between bladder

cancer and GSTT1 and/or GSTM1 null genotypes was

reported as odds ratios (ORs) and 95 % confidence inter-

vals (CI). All p values were two-tailed and the statistical

significance was set at p\ 0.05.

Results

Sixty-five patients with histopathologically confirmed

bladder TCC (61.7 ± 9.9) and 70 cancer-free control

subjects (59.6 ± 10.0) were consisted in the study from

urology clinics in Turkey Yuksek Ihtisas Education and

Training Hospital. All cancer patients were newly diag-

nosed with TCC of the bladder. The control group con-

sisted of non-related healthy men and women without

history of malignant disease.

There is homogeneity between outcome and age

(p = 0.214, Levene’s test = 0.705). The statistical ana-

lysis showed that smoking status was not associated with

outcome (p = 0.676) (Table 1).

Although the odds ratio of bladder cancer risk asso-

ciated with GSTT1 null genotype was 2.8 (95 %

CI = 1.16–6.75), there is no statistical association

between GSTM1 null genotype and bladder cancer.

According to the our results, an individual who had either

null GSTT1 and GSTM1 genotypes or both null GSTT1

and GSTM1 genotypes was 1.24 and 1.88 times more

likely to have bladder cancer, but statistically not sig-

nificant (p = 0.569 and p = 0.757, respectively)

(Table 2).

Discussion

The GSTs play important roles in the protection against

many compounds including carcinogens, pesticides, anti-

tumor agents, and environmental pollutants. In humans, the

GST family can be divided into different classes as a, m, p,

and u enzymes and each class consisting of several iso-

enzymes with partly overlapping substrate specificity [3].

GSTM1, one member of the GSTM class, is involved in the

detoxification of some carcinogens such as benzo[a]pyrene.

The null genotype (homozygous for non-functional allele)

of GSTM1 has a decreased capability in detoxifying some

carcinogens. It has been linked with an increased risk of

lung, naso-pharyngeal, breast, urothelial, and prostate

cancers, squamous dysplasia of the esophagus and acute

lymphocytic leukemia. On the other hand, some investi-

gators failed to find any significant correlation between the

GSTM1 genotypes and various types of cancers [11, 12].

GSTT1 also has a functional and a non-functional allele

(GSTT1 9 0). The GSTT1 can detoxify smaller reactive

hydrocarbons, such as ethylene oxide and diepoxybutane.

The null genotype of GSTT1 was reported to be associated

with an increased risk of bladder, lung cancer, and

myelodysplastic syndrome, whereas other studies did not

confirm the associations between GSTT1 null genotype and

cancers [13, 14].

Studies investigating the association between GSTs

polymorphisms and bladder cancer risk show very con-

flicting and different results. GSTM1 gene is accepted as

polymorphic, and at least four different alleles exist. The

deleted genotypes result in the inactive form of the enzyme

and have been named as GSTM1 null genotype. The

homozygous deletion of GSTM1 has been associated with

an increased risk of various types of cancer [15, 16]. There

are some studies which report that GSTM1 null genotype is

a risk factor for bladder cancer [11, 17, 18]. Many

Table 2 Association between

GSTT1 and GSTM1 null

genotypes and bladder cancer

risk in the study group

OR odds ratio,

CI confidence interval

Genotype Bladder cancer (%) Controls (%) Total (%) OR (95 % CI) p value

n = 65 n = 70 n = 135

GSTT1

Present 46 (43.0) 61 (57.0) 107 (100.0)

Null 19 (67.9) 9 (32.1) 28 (100.0) 2.8 (1.16–6.75) 0.019

GSTM1

Present 43 (52.4) 39 (47.6) 82 (100.0)

Null 22 (41.5) 31 (58.5) 53 (100.0) 0.64 (0.32–1.29) 0.215

Combined genotype

Both present 32 (45.7) 38 (54.3) 70 (100.0) 1.00 ref.

Either null 25 (51) 24 (49.0) 49 (100.0) 1.24 (0.60–2.57) 0.569

Both null 8 (50.0) 8 (50.0) 16 (100.0) 1.88 (0.40–3.52) 0.757
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investigators refer the GSTM1 ‘‘null’’ genotype as the risk

factor for the bladder cancer, especially among smokers

[19]. However, another study suggests that the GSTM1

polymorphism is not associated with risk of bladder cancer

[12]. In our study, we also found that there is no association

between bladder cancer and GSTM1 polymorphism

(ORs = 0.64, 95 % CI = 0.32–1.29).

The polymorphism in the GSTT1 gene loci is caused by a

gene deletion; it leads to absence of enzyme activity in

individuals with the null genotype. Only a few studies

demonstrated nonsignificant diminished risk of bladder

cancer with GSTT1 null genotype; besides this, some other

studies demonstrated increased risk of bladder cancer with

GSTT1 null genotype [17]. Nearly 20 % of Caucasians are

homozygotic for a null allele of GSTT1. It was shown that

individuals with the null genotype for GSTT1 were at

higher risk for developing bladder [17, 20–22]. In our study,

the probability of bladder cancer in patients with GSTT1

null genotype (67.9 %), was significantly higher from the

probability of bladder cancer with GSTT1 normal genotype

(43.0 %) statistically (ORs = 2.8, 95 % CI = 1.16–6.75).

GSTMI and GSTTI null genotypes show their effect as

decreased capacity to detoxify certain carcinogens and they

are associated with increased risks for developing bladder

cancer [8]. In our study, the relationship between the null

genotypes of both GSTT1 and GSTM1 and bladder cancer

was not statistically significant, although odds ratio was

1.88 for both null genes. We think that this is because of

the low number of patients and controls. This is a limitation

for our study.

Polymorphisms of GSTM1 and GSTT1 genes have been

assessed to evaluate the relative risk of various cancers [18].

In this study, we tried to detect the incidence of these

polymorphisms in bladder cancer patients and control

group. Although, there was no statistically important asso-

ciation between GSTM1 polymorphism and bladder cancer,

it was statistically important for GSTT1 polymorphism and

bladder cancer. We intend to continue this study with a

larger series of bladder cancer patients and a control group

in a group of Turkish population from Central Anatolia.
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