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The Effect of CYPIAI and GSTM1 Gene Polymorphisms
in Bladder Cancer Development in a Turkish Population
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Abstract. Background: The aim of this study was to
investigate a possible association of the CYP1AI 1le462Val
and GSTM1 null polymorphisms with the risk of developing
bladder cancer in a Turkish population. Patients and
Methods: The study constituted 176 patients with bladder
cancer and 97 healthy individuals. Evaluation of CYPIAI
1le462Val gene polymorphism was performed by
polymerase chain reaction (PCR) and restriction fragment
length  polymorphism (RFLP). GSTMI gene
polymorphism was exclusively determined by PCR. Our
results were examined by statistical analyses. Results:
There were no significant differences in CYPIAI genotype
frequencies between patients and controls. Furthermore,
the frequency of GSTMI null genotype was higher in
patients compared to controls, but it did not reach
significance (p=0.622 X2:0-243 OR=0.94 95% CI=0.75-
1.18). Significance was discovered in combined analysis of
CYPIAI and GSTMI genotypes. In the present study,
GSTM1 null genotype with CYPIAI Ile/lle genotype
combination was significantly more frequent in the patient
group than in controls (p=0,04, X2:4-217)~ At the same
time, possessing both GSTM1 null genotype and CYPI1AI
Val variants (Ile/Val+Val/Val) were significantly higher in
control group than in patients (p=0.017, X2:5.468). When
the pathological tumor grades were assessed, the frequency
of CYPIAI Val mutant variant with GSTM1 null genotype
combination was higher in patients with medium and high-
grade tumors than in those with low-grade tumors (p=0.06,
%2:3.527, OR=1.36 95% CI=1.03-1.78). Conclusion: We
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suggest that the CYPIAI Ile/lle genotype with GSTM1 null
genotype combination may contribute to the development of
bladder cancer in this Turkish population.

Bladder cancer is the seventh most common cancer in men
and the 17th most common cancer in women worldwide, with
the highest incidence rates in Western countries and the lowest
rates in Asian countries (1). Risk factors of bladder cancer can
be classified as: genetic susceptibility, chemical and
environmental exposures, and chronic irritation (2). Tobacco
use is considered to be the most important cause of bladder
cancer, accounting for 40-70% of the cases according to the
WHO (3), and investigated in various epidemiological studies
(4). Over 60 tobacco carcinogens, including polycyclic
aromatic hydrocarbons (PAHs) such as benzo[a]pyrene, and
aromatic amines, such as 2-naphthylamine and 4-
aminobiphenyl, have been associated with the induction of
detoxifying enzymes (5).

Genetic differences in the detoxification metabolism of
xenobiotics, is thought to play a major role in individuals
susceptibility to environmentally induced cancer. Endogenous
chemicals and exogenous xenobiotics are mainly activated or
inactivated by phase I and phase II enzymes in two steps. The
phase I enzymes include several forms of cytochrome P450
(CYP450), and microsomal epoxide hydrolyases (mEHs); the
phase II enzymes include glutathione-S-transferases (GSTs),
and N-acetyl-transferases (NATS).

Metabolic activation means conversion of PAHs into more
hydrophilic and more chemically active derivatives, is mainly
initiated by the CYP450 enzyme superfamily (6). CYP1AL1 is
a phase I microsomal enzyme involved in the bio-activation
of several carcinogenic PAHs including benzo[a]pyrene (7).
Several polymorphisms of CYPIAI have been found,
corresponding to 15 different allelic variants believed to lead
to variance of gene expression or mRNA stability (8). The
relationship between different CYPIAI variants and multiple
forms of cancer, including those of the lung, head and neck
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and urinary tract, have been investigated in a number of
studies (9-11). A/G single base substitution at position 2455
(rs1048943) in the heme-binding region of exon 7 of
CYP1A1, causing Ile462Val amino acid substitution, also
known as CYPIA1*2B or m?, results in an increase in
enzyme activity (12). This mutation is also in complete
linkage disequilibrium with CYPIAI Mspl (ml) mutation,
which was associated with increased catalytic activity in a
Caucasian population (13). Positive associations between the
presence of these variant alleles and increased PAH DNA
adducts have been reported (14-16).

GSTs are a family of phase II enzymes that catalyze the
conjugation of many compounds and products of phase I
reactions to glutathione. In humans, GSTA, GSTM, GSTT,
and GSTP enzymes and their subfamilies are encoded by
eight distinct gene families (17). The genetic
polymorphisms of GSTTI1, GSTMI and GSTPI have been
studied extensively in the determination of individual
cancer risks (18). Recent meta-analyses of GSTs and
bladder cancer revealed increased risk associated with
GSTM1 null, and a modest increase in risk with GSTT1 null
and GSTPI Ilel05Val polymorphisms (19, 20). Three
alleles have been described for the GSTM1 gene localized
on chromosome 1 (1p13.3). The null allele, the result of a
deletion, leads to the complete loss of enzyme
activity/expression in the homozygous form (21). In
literature various studies associate the GSTM null allele
with gastric, colorectal, lung, breast, and head and neck
cancer (22-25). A relationship between GSTM1 deficiency
and bladder cancer was first reported in 1993 by Bell et al.;
several studies have since appeared supporting these
findings in literature (26-28).

In the present study, we aimed to investigate a possible
association of the CYPIAI 1le462Val and GSTMI null
polymorphisms with the risk of developing bladder cancer in
a Turkish population.

Patients and Methods

Participants. A total of 273 unrelated individuals were included in
this study; 176 bladder cancer patients and 97 controls. The patients
were selected from the Department of Pathology, Faculty of
Cerrahpasa Medicine, Univesity of Istanbul. The control group was
selected from healthy blood donors. A detail medical history was
recorded and phsycial and pathological examinations were
performed for all patients in the study.

DNA extraction. The patients’ DNA was extracted from paraffin-
embedded tissue with use of a method taken from Greer et al. (29).
For genotyping, the DNA extracted from blood of the controls and
from the paraffin-embedded samples from non-tumoral neighboring
bladder tissue was used. The controls’ genomic DNA was isolated
from venous whole blood samples (from leukoyctes) by a method
based on sodium dodecyl sulphate lysis, ammonium acetate
extraction and ethanol precipitation (30).
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Methods of genotyping. CYPIAI 1le462Val polymorphism was
determined by polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) analysis. GSTM/I null
polymorphism was exclusively determined by PCR.

The polymorphic site at position 2455 of the CYPIAI gene was
amplified with use of forward (5’-AAA GGC TGG GTC CAC CCT
CT-3") and reverse (5’-CCA GGA AGA GAA AGA CCT CCC AGC
GGG CCA-3’) primers. PCR was performed with Taq polymerase;
the cycling conditions were 94°C for 2 min followed by 35 cycles of
94°C for 1 min, 60°C for 1 min, and 72°C for 2 min. The amplified
263 bp PCR product was directly digested by the restriction enzyme
Ncol (MBI Fermentas, Vilnius, Lithuania) to 231 bp and 32 bp. DNA
from the homozygote mutant (Val/Val) variant was unrestricted by
Ncol (single 263 bp band). Ncol-restricted homozygote wild (Ile/Ile)
variant had a single 231 bp band. The heterozygote mutant (Ile/Val)
variant had both 263 and 231 bp bands.

The absence of GSTMI activity is caused by inheritance of two
null alleles (alleles that have a deletion of the GSTMI gene).
Primers used for GSTM1 null polymorphism were as follows: P1:
5’-CGC CAT CTT GTG CTA CAT TGC CCG-3’, P2: 5’-ATC TTC
TCC TCT TTC TGT CTC-3’, P3: 5°-TTC TGG ATT GTA GCA
GAT CA-3’. PCR was performed with Taq polymerase; the cycling
conditions were 94°C for 2 min followed by 35 cycles of 94°C for
1 min, 60°C for 1 min, and 72°C for 2 min. Both of the amplified
157 and 230 bp PCR products arose from the GSTM 1+ genotypes
(non-null), whereas only the 157 bp PCR product was produced
from the GSTMI null genotype.

PCR products were seperated in 2% agarose gel in 1X Trisborate
EDTA buffer and DNA was visualized by ethidium bromide
staining. Both of the two gene polymorphisms were typed by
visualization under ultraviolet light and were photographed with a
KODAK Gel Logic 100 Imaging System.

Statistical analysis. Statistical analyses were performed using SPSS
version 11.5 (SPSS Inc, Chicago, IL, USA) including the Chi-
square (%2) test, Fisher’s exact test and the Pearson correlation test,
and odds ratio (OR) and 95% confidence intervals (Cl) were
calculated. Mean values were compared between patients and
controls by unpaired Student’s -test. Values of p<0.05 were
considered statistically significant.

Results

Each group was compared with regards to age, gender and
smoking habit in study groups. The mean ages of bladder
cancer patients and controls were 61.47+13.28 and
56.64+£12.81 years, respectively. There were significant
differences in gender and smoking habit between bladder
cancer patients and controls, as expected. The frequency
distribution of men and women was considerably different
for the patients (10.2% females, 89.8% males). There were
significantly more smokers in the patient group (p=0.001,
v2=11.995).

Genotype frequencies for CYPIAI 1le462Val and GSTM1
null polymorphisms are given in Table I. There were no
significant differences in CYPIAI genotype frequencies
between patients and controls. The frequency of GSTM I null
genotypes was higher in patients compared to controls, but
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Table 1. Genotype frequencies of CYP1AI 1le462Val and GSTM1 null
polymorphisms among bladder cancer patients and controls.

Genotype Patients Controls  p-Value OR
n (%) n (%) (95% CI)
CYPIAI
Ile/Ile 118 (67) 56 (57.1)  0.153
Ile/Val 52(29.5) 40 (40.8)
Val/Val 634 2(2)
GSTM1
Non-null (+) 78 (44.3) 46 (474) 0.622 0.882(0.537-1.451)
Null 98 (55.7) 51 (52.6)

n: Number of individuals; Chi-square test; OR: Odds ratio.

this did not reach significance (p=0.622). When CYP/AI and
GSTM1 genotypes and gender were compared, there were no
significant differences in the patient group (p>0.05). The
association of genotypes and the histopathological parameters
were also assessed in the study groups. GSTMI null genotype
was more frequent in patients with medium and high-grade
tumors compared to patients with the GSTMI non-null
genotype but there were no statistically significant differences
(p>0.05, OR=1.19, 95% CI=0.91-1.56).

Combined analysis was conducted to assess the cumulative
effects of possible risk and protective attributes of the alleles.
Significance reached statistical importance in combined
analysis of CYPIAI and GSTM1 genotypes (Table II). Firstly,
the GSTMI null genotype with CYPIAI Ile/lle genotype
combination was significantly more frequent in the patient
group than in controls (p=0.017). The GSTMI null genotype
with CYPI1AI Val variants (Ile/Val+Val/Val) were significantly
more frequent in the control group than in patients (p=0.04).
When the pathological parameters were evaluated, CYPIAI
Val mutant variants with GSTM1 null genotype combination
tended to be more frequent in patients with medium- and high-
grade tumors than in those with low-grade tumors (p=0.06,
%?=3.527, OR=1.36 95% CI=1.03-1.78) (Figure 1).

Discussion

Epidemiological studies suggest that genetic polymorphisms
of detoxifying enzymes may have a role in individual
susceptibility to bladder cancer especially when in
combinational with environmental factors.

CYPIAI polymorphism is involved in the detoxifying
metabolism of polycyclic aromatic hydrocarbons. The
CYPIAI Ile462Val polymorphism is a result of A to G
substitution in exon 7 causing an amino acid change in the
heme-binding region. The protein of the Val variant shows
an almost 2-fold higher catalytic enzyme activity than that
of the Ile form (12, 31, 32). However, the in vitro kinetic
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Figure 1. Comparison of pathological tumor grades associated with
CYPIAI Val mutant variants and GSTM1 null genotype, and other
haplotypes.

parameters of the two forms varies against different
substrates (33). U.S. smokers with the Ile462Val
polymorphism had higher levels of PAH DNA adducts than
those of U.S. smokers without the variant (34). Interestingly,
the Val/Val genotype is strongly correlated with lung cancer
incidence in Japanese, corroboratively in one of our previous
studies we found similar results in a Turkish population. In
contrast, in the present study, the Ile/Ile genotype tended to
be more frequent in bladder cancer patients compared to
controls. Brockmoller ez al. did not find any relation between
CYPIAI and bladder cancer; similarly Katoh et al. found no
association with urothelial cancers in Japanese population
(35, 36). Accordingly, studies of Houlston and Johns suggest
a non-significant role for CYPIAI in cancer susceptibility
(37). The accumulated data suggest that CYPIAI Tle462Val
polymorphism may play different roles in different tumor
types, since different active carcinogenic chemicals may be
causing these different tumors. However, the possibility of
different roles of the polymorphisms in cancer development
may also exist among different populations. Therefore,
parallel studies are worthwhile in order to evaluate the role
of the CYPIAI polymorphism in the development of
different tumor types in certain populations.

GSTM1 is an enzyme able to detoxify reactive
intermediates of PAHs, preventing them from becoming
carcinogens. The GSTMI locus is entirely absent from
approximately 50% of Caucasian populations. The lack of
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Table II. The frequencies of haplotypes of CYP1AIl and GSTMI genes in bladder cancer patients and controls.

Haplotype associations Patients Controls x2 p-Value OR (95% CI)
n (%) n (%)

GSTM1 null: CYPIAI lle/lle

Other genotypes 68 (38.6) 24 (24.5) 5.468 0.017 1.941 (1.119-3.370)
108 (61.4) 74 (75.5)

GSTM1 non-null: CYPIAI Ile/lle

Other genotypes 50 (28.4) 31 (32) 0.378 0.539 0.845 (0.493-1.447)
126 (71.6) 66 (68)

GSTM1 null: CYPIAI lle/Val +Val/Val:

Other genotypes 30 (17) 27 (27.6) 4217 0.04 0.54 (0.299-0.977)
146 (83) 71 (72.4)

GSTM1 non-null: CYPIAI Ile/Val +Val/Val

Other genotypes 28 (15.9) 15 (15.5) 0.009 0.923 1.034 (0.523-2.047)
148 (84.1) 82 (84.5)

n: Number of individuals, OR: odds ratio.

GSTM1 locus appears to be common in Asian populations as
well, and this genotype shows obvious ethnic variation.
GSTM1 deletion associated with increased risk of certain
types of cancer (38). Multiple epidemiological studies have
suggested GSTMI1 as a risk factor for bladder cancer (21, 36,
39), and the deletion has been of this gene was reported to
modulate the level of mutations in suppressor genes as TP53
in bladder cancer patients (35). However, recent studies, such
as that of Sobti et al. found no correlation between GSTM1
null genotype and bladder cancer (40). Similiarly, our
findings also corroborate those of Sobti et al. Cigarette
smoking and occupational exposure to arylamines are well-
established factors in bladder cancer etiology (41). Several
studies have suggested that GSTMI null genotype carriers
have an increased risk for tobacco-related bladder cancer (42)
but some studies have observed no association between
smoking habit and bladder cancer. In our population-based
case control study, we found no statistically significant
relation between GSTM1 null polymorphism and smoking
status supporting the findings of Salagovic et al. (21).

Multifarious studies also suggested allelic combinations of
the CYPIAI Val variants with the GSTM1 null allele clearly
correlate with an increased cancer incidence (43, 44). On the
contrary, haplotype association of GSTMI null genotype with
CYPIAI Tle/lle genotype was significantly higher in the patient
group than in controls in the present study (p=0.017). The
GSTM1 null genotype with CYPIA] Val variant combinations
were significantly more frequent in the control group than in
patients (p=0.04). Furthermore, we also compared pathological
parameters and combined analysis of CYPIAI and GSTM1
alleles; CYPIAI Val genotypes with GSTM1 null genotype
combination was more frequent in medium- and high-grade
tumors compared to the low-grade tumors in the patient.

As a conclusion, our results suggest that the CYPIAI Tle/lle
genotype with GSTMI null genotype combination may be
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associated with an increased risk of bladder cancer. Although
CYPIAI Val genotype with GSTM1 null genotype combinations
are not directly associated with risk of bladder cancer, they
might be associated with higher grade tumor in patients
(p=0.06). Epidemiological studies show that the cooperative
effect of polymorphisms in detoxification mechanisms with
environmental factors is much more significant than the solitary
effects of polymorphisms. In this respect, findings will be more
conclusive when the data is expanded to include polymorphisms
and haplotypes of other detoxification enzymes.

References

1 Kakehi Y, Kakehi Y, Hirao Y, Kim WJ, Ozono S, Masumori N,
Miyanaga N, Nasu Y and Yokomizo A: Bladder Cancer Working
Group Report. Jpn J Clin Oncol 40: 57-64, 2010.

2 Kaufman DS, Shipley WU and Feldman AS: Bladder cancer.
Lancet 374: 239-249, 2009.

3 World Health Organization (WHO) 2011, Tobacco Free Initiative
(TFI) (n.d.) WHO Cancer Retrieved from http://www.who.int/
tobacco/research/cancer/en/

4 Zeegers MPA, Tan FES, Dorant E and Van den Brandt P: The
impact of characteristics of cigarette smoking on urinary tract
cancer risk. A meta-analysis of epidemiologic studies. Cancer
89(3): 630-639, 2000.

5 Luch A: Nature and nurture lessons from
carcinogenesis. Nat Rev Cancer 5: 113-125, 2005.

6 Grando JP, Kuasne H, Losi-Guembarovski R, Santana Rodrigues
I, Matsuda HM, Fuganti PE, Gregorio EP, Junior FL, de
Menezes RP, de Freitas Rodrigues MA and de Syllos Célus IM:
Association between polymorphisms in the biometabolism genes
CYPIAI, GSTMI1, GSTTI and GSTPI in bladder cancer. Clin
Exp Med 9(1): 21-28, 2009.

7 Vineis P, Veglia F, Garte S, Malaveille C, Matullo G, Dunning A,
Peluso M, Airoldi L, Overvad K, Raaschou-Nielsen O, Clavel-
Chapelon F, Linseisen JP, Kaaks R, Boeing H, Trichopoulou A,
Palli D, Crosignani P, Tumino R, Panico S, Bueno-De-Mesquita
HB, Peeters PH, Lund E, Gonzalez CA, Martinez C, Dorronsoro

chemical



Oztiirk et al: CYPIAI and GSTM1 Genes in Bladder Cancer

M, Barricarte A, Navarro C, Quiros JR, Berglund G, Jarvholm B,
Day NE, Key TJ, Saracci R, Riboli E and Autrup H: Genetic
susceptibility according to three metabolic pathways in cancers of
the lung and bladder and in myeloid leukemias in nonsmokers.
Ann Oncol /8(7): 1230-1242, 2007.

8 Tabor HK, Risch NJ and Myers RM: Candidate-gene approaches
for studying complex genetic traits: practical considerations. Nat
Rev Genet 3(5): 391-397, 2002.

9 Song N, Tan W, Xing D and Lin D: CYP1AI polymorphism and
risk of lung cancer in relation to tobacco smoking: a case control
study in China. Carcinogenesis 22(/): 11-16, 2001.

10 Sato M, Sato T, Izumo T and Amagasa T: Genetically high
susceptibility to oral squamous cell carcinoma in terms of
combined genotyping of CYPIAI and GSTM1 genes. Oral Oncol
36(3): 267-271, 2000.

11 Miller MC 3rd, Mohrenweiser HW and Bell DA: Genetic
variability in susceptibility and response to toxicants. Toxicol
Lett 720(1-3): 269-280, 2001.

12 Hayashi S, Watanabe J, Nakachi K and Kawajiri K: Genetic
linkage of lung cancer-associated Mspl polymorphisms with
amino acid replacement in the heme binding region of the human
cytochrome P450IA1 gene. J Biochem //0(3): 407-411, 1991.

13 Bartsch H, Nair U, Risch A, Rojas M, Wikman H and
Alexandrov K: Genetic polymorphism of CYP genes, alone or
in combination, as a risk modifier of tobacco-related cancers.
Cancer Epidemiol Biomarkers 9(7): 3-28, 2000.

14 Pastorelli R, Pastorelli R, Guanci M, Cerri A, Negri E, La
Vecchia C, Fumagalli F, Mezzetti M, Cappelli R, Panigalli T,
Fanelli R and Airoldi L: Impact of inherited polymorphisms in
glutathione S-transferase M1, microsomal epoxide hydrolase,
cytochrome P450 enzymes on DNA, and blood protein adducts
of benzo(a)pyrene-diolepoxide. Cancer Epidemiol Biomarkers
7(8): 703-709, 1998.

15 Rojas M, Alexandrov K, Cascorbi I, Brockmoller J, Likhachev
A, Pozharisski K, Bouvier G, Auburtin G, Mayer L, Kopp-
Schneider A, Roots I and Bartsch H: High benzo(a)pyrene diol-
epoxide DNA adduct levels in lung and blood cells from
individuals with combined CYPIAI Mspl/Msp-GSTM1*0/*0
genotypes. Pharmacogenetics 8(2): 109-118, 1998.

16 Teixeira JP, Gaspar J, Martinho G, Silva S, Rodrigues S, Mayan
O, Martin E, Farmer PB and Rueff J: Aromatic DNA adduct levels
in coke oven workers: correlation with polymorphisms in genes
GSTP1, GSTM1, GSTTI and CYPIAI. Mutat Res 517(1-2): 147-
155, 2002.

17 Zhang R, Xu G, Chen W and Zhang W: Genetic polymorphisms of
glutathione S-transferase M1 and bladder cancer risk: a meta-
analysis of 26 studies. Mol Biol Rep Online First™ : Nov. 17, 2010.

18 Cengiz M, Ozaydin A, Ozkilic AC and Dedekarginoglu G: The
investigation of GSTTI, GSTMI and SOD polymorphism in
bladder cancer patients. Int Urol Nephrol 39(4): 1043-1048, 2007.

19 Zeng FF, Liu SY, Wei W, Yao SP, Zhu S, Li KS, Wan G, Zhang
HT, Zhong M and Wang BY: Genetic polymorphisms of
glutathione S-transferase T1 and bladder cancer risk: a
metaanalysis. Clin Exp Med /0: 59-68, 2009.

20 Kellen E, Hemelt M, Broberg K, Golka K, Kristensen VN, Hung
RJ, Matullo G, Mittal RD, Porru S, Povey A, Schulz WA, Shen
J, Buntinx F, Zeegers MP and Taioli E: Pooled analysis and
meta-analysis of the glutathione S-transferase P1 Ile 105Val
polymorphism and bladder cancer: a HuGE-GSEC review. Am
J Epidemiol 7/65: 1221-1230, 2007.

21 Salagovic J, Kalina I, Habalova V, Hrivnak M, Valansky L and
Biros E: The role of human glutathione S-transferases M1 and
T1 in individual susceptibility to bladder cancer. Physiol Res
48(6): 465-471, 1999.

22 Masoudi M, Saadat I, Omidvari S and Saadat M: Genetic
polymorphisms of GSTO2, GSTMI, and GSTTI and risk of
gastric cancer. Mol Biol Rep 36: 781-784, 2009.

23 Ye Z and Parry JM: A meta-analysis of 20 case—control studies
of the glutathione S-transferase M1 (GSTMI) status and
colorectal cancer risk. Med Sci Monit 9: SR83-SR91, 2003.

24 Altinisik J, Balta ZB, Aydin G, Ulutin T and Buyru N:
Investigation of glutathione S-transferase M1 and T1 deletions
in lung cancer. Mol Biol Rep 37: 263-267, 2010.

25 Sull JW, Ohrr H, Kang DR and Nam CM: Glutathione
S-transferase M1 status and breast cancer risk: a meta-analysis.
Yonsei Med J 45: 683-689, 2004.

26 Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL and
Lucier GW: Genetic risk and carcinogen exposure: a common
inherited defect of the carcinogen metabolizing gene glutathione
S-transferase M1 that increases susceptibility to bladder cancer.
J Natl Cancer Inst 85: 1159-1164, 1993.

27 Brockmoller J, Kerb R, Drakoulis N, Staffeldt B and Roots I:
Glutathione S-transferase M1 and its variants A & B as host
factors of bladder cancer susceptibility: a case control study.
Cancer Res 54: 4103-4111, 1994.

28 Zhong S, Wyllie AH, Barnes D, Wolf CR and Spurr NK:
Relationship between the GSTM1 genetic polymorphism and
susceptibility to bladder, breast and colon cancer. Carcinogenesis
14: 1821-1824, 1993.

29 Greer CE, Wheeler CM and Manos MM: Sample preparation
and PCR amplification from paraffin-embedded tissues. PCR
Methods Appl 3(6): S113-S122, 1994.

30 Miller SA, Dykes DD and Polesky HS: Simple salting-out
procedure for extracting DNA from human nucleated cells.
Nucleic Acid Res 16(3): 1215, 1998.

31 Wang X, Zuckerman B, Pearson C, Kaufman G, Chen C, Wang
G, Niu T, Wise PH, Bauchner H and Xu X: Maternal cigarette
smoking, metabolic gene polymorphism, and infant birth weight.
JAMA 287(2): 195-202, 2002.

32 Kim YJ, Park HS, Park MH, Suh SH and Pang MG: Oxidative
stress-related gene polymorphism and the risk of pre-eclampsia.
Eur J Obstet Gynecol Reprod Biol 779(1): 42-46, 2005.

33 Persson I, Johansson I and Ingelman-Sundberg M: In vitro
kinetics of two human CYP/A] variant enzymes suggested to
be assocated with interindividual differences in cancer
susceptibility. Biochem Biophys Res Commun 23/(1): 227-230,
1997.

34 Mooney LA, Bell DA, Santella RM, Van Bennekum AM,
Ottman R, Paik M, Blaner WS, Lucier GW, Covey L, Young TL,
Cooper TB, Glassman AH and Perera FP: Contribution of
genetic and nutrional factors to DNA damage in heavy smokers.
Carcinogenesis /8: 503-509, 1997.

35 Brockmoller J, Kaiser R, Kerb R, Cascorbi I, Jaeger V and Roots
I: Polymorphic enzymes of xenobiotic metabolism as modulators
of acquired P53 mutations in bladder cancer. Pharmacogenetics
6: 535-545, 1996.

36 Katoh T, Inatomi H, Kim H, Yang M, Matsumoto T and
Kawamoto T: Effects of glutathione S-transferase (GST) M1 and
GSTTI1 genotypes on urothelial cancer risk. Cancer Lett /32:
147-152, 1998.

667



in vivo 25: 663-668 (2011)

37 Houlston RS and Johns LE: Glutathione S-transferase mul
(GSTM1) status and bladder cancer risk: a meta-analysis.
Mutagenesis 15(5): 399-404, 2000.

38 Shao J, Gu M, Zhang Z, Xu Z, Hu Q and Qian L: Genetic
variants of the cytochrome P450 and glutathione S-transferase
associated with risk of bladder cancer in a south-eastern Chinese
population. Int J Urol 75(3): 216-221, 2008.

39 Srivastava DS, Mandhani A and Mittal RD: Genetic
polymorphisms of cytochrome P450 CYPIAI (*2A) and
microsomal epoxide hydrolase gene, interactions with tobacco-
users, and susceptibility to bladder cancer: a study from North
India. Arch Toxicol 82(9): 633-639, 2008.

40 Sobti RC, Al-Badran AI, Sharma S, Sharma SK, Krishan A and
Mohan H: Genetic polymorphisms of CYP2D6, GSTM1, and
GSTTI1 genes and bladder cancer risk in North India. Cancer
Genet Cytogenet /56: 68-73, 2005.

41 Abdel-Rahman SZ, El-Zein RA, Anwar WA and Au WW: A
multiplex PCR procedure for polymorphic analysis of GSTM1
and GSTTI genes in population studies. Cancer Lett /107(2):
229-233, 1996.

668

42 Aktas D, Ozen H, Atsu N, Tekin A, Sozen S and Tuncbilek E:
Glutathione S-transferase M1 gene polymorphism in bladder
cancer patients. a marker for invasive bladder cancer? Cancer
Genet Cytogenet /25(1): 1-4,2001.

43 Nair U and Bartsch H: Metabolic polymorphisms as
susceptibility markers for lung and oral cavity cancer. IARC Sci
Publ 154: 271-290, 2001.

44 Quinones L, Lucas D, Godoy J, Caceres D, Berthou F, Varela N,
Lee K, Acevedo C, Martinez L, Aguilera AM and Gil L:
CYPIAI, CYP2E] and GSTMI genetic polymorphisms. The
effect of single and combined genotypes on lung cancer
susceptibility in Chilean people. Cancer Lett /74: 35-44, 2001.

Received February 2, 2011
Revised March 17, 2011
Accepted March 22, 2011



