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Are Genetic Polymorphisms of Glutathione S-Transferase P1 Gene
Associated with Urothelial Carcinoma of the Urinary Bladder?

Abstract

Background: Polymorphisms in genes encoding glutathione S-transferase (GST) may affect
susceptibility to develop urothelial carcinomas (UCs). One of the extensively studied genes in
this group is GST P1 (GSTP1), but studies of the relationship of polymorphisms of GSTP1
and UC of the bladder have been equivocal. Hence, we assessed the association between
genetic polymorphism of GSTP1 gene and the development of UC of the urinary bladder.
Materials and Methods: This prospective, case—control study was conducted in the departments
of urology and clinical genetics at a tertiary care teaching hospital in South India, which included
52 patients with histopathologically confirmed UC bladder and matched with 46 controls from
August 2012 to July 2013. The study participants provided a single venous blood sample for
extraction of genomic DNA. Laboratory personnel was blinded to sample groups. The primary
outcome of the study was to detect association of genetic polymorphism of GSTP1 gene with
UC of the bladder. The secondary outcome was to assess if the risk of urothelial bladder cancer
is increased in smokers with polymorphism of GSTP1 gene. Statistical Analysis Used: We used
the Chi-square or Fisher’s (F) exact test to compare discrete variables. Unconditional logistic
regression was used to estimate adjusted odds ratios and 95% confidence intervals. Results:
Although the heterozygous polymorphic genotype ile/val (AG) was seen more frequently in cancer
group (34.6% vs. 23.9%), the difference was not statistically significant (P = 0.202). None of the
smokers had homozygous polymorphic valine allele and GSTP1 did not add to the susceptibility
of UC bladder even among smokers. Conclusions: A lack of association between GSTP1 313 G/G
polymorphism and urothelial cancer of bladder was observed.
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One of the extensively studied genes in
this group is GST P1 (GSTPI). The GST
polymorphism not only appears to influence
susceptibility to disease but also influences
the responsiveness to various carcinogens.
Apart from urothelial cancers, the GST

Introduction

Urinary bladder cancer (BC) is one of the
most common urological malignancies.
As per the Indian cancer registry data in
men, it is the ninth-most common cancer
accounting for 3.9% of all cancer cases.!!)

In middle-aged and elderly men, BC is the
second-most prevalent malignancy after
prostate cancer. It is well documented
that tobacco smoke® and occupational
carcinogenst®!  promote  epithelial cell
dysplasia and they are the most common
environmental ~ cause  of  urothelial
carcinoma (UC) of the bladder. Most of
these carcinogens are detoxified by Phase

I metabolic enzymes like Glutathione
S-transferase (GST). It is hypothesized
that polymorphisms in genes encoding

these enzymes,
develop UCs.

affects susceptibility to
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polymorphism has been associated with
various cancers, including hepatocellular
carcinoma, breast, prostate, renal, and
testicular  cancers.”  Studies of the
relationship of polymorphisms of GSTP1
and UC of the bladder have been equivocal,
with some studies claiming positive
associations with GSTP1 polymorphism,
while the others claiming a negative
association. This study assessed the
association between genetic polymorphism
of GSTP1 gene and the development of
UC of the urinary bladder. The primary
outcome of the study was to detect the
association of genetic polymorphism of
GSTP1 gene with urothelial cell carcinoma
of the bladder. The secondary outcome
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was to assess if the risk of urothelial BC is increased in
smokers with polymorphism of GSTP1 gene.

Materials and Methods

This was a prospective, case—control study conducted in the
Departments of Urology and Clinical genetics in a tertiary
care center from August 2012 to July 2013. After approval
by the Institutional Review Board (No. 8063/2012),
52 patients with histopathologically confirmed UC bladder
were matched with 46 controls for age, gender, ethnic
origin, tobacco use, occupational exposure, and family
history of UC. Patients with a prior history of radiotherapy,
chemotherapy, or metastatic carcinoma from other sites to
the bladder were excluded from the study. The controls
were patients who had negative cystoscopic bladder
evaluation for nonmalignant urological conditions.

After obtaining informed consent, a detailed history,
examination, and results of evaluation and treatment were
recorded. The study participants were then asked to provide
a single venous blood sample for extraction of genomic
DNA. Laboratory personnel were blinded to sample groups.

Genotyping and method of estimation

The GSTP1 genotype was determined by polymerase
chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) technique. For the extraction of
genomic DNA from the blood sample, the blood sample
was centrifuged, red blood cells were lysed, and DNA
extracted from the white blood cells in the form of pellets.
Using the primer pair, a 177 bp (base pairs) fragment of
the GSTP1 gene-containing Isoleucine (Ile) to Valine (Val)
substitution in exon 5 (codon 105) was amplified.

Forward: 5’-ACC CCA GGG CTC TAT GGG AA-3’ and
Reverse: 5’-TGA GGG CAC AAG AAG CCC CT-3’

The amplification cycles included an initial denaturing at
94°C for 30 s, followed by an annealing step at 55°C for
30 s and a final extension step at 72°C for 30 s, a slight
modification from the method described by Safarinejad
et al.B]

The PCR products were then digested with Alw26I restriction
enzyme. Dye was added to the restriction products, and
they were analyzed by 2% agarose gel. Homozygous Ile/Ile
individuals have a single fragment of 177-bp (base pairs) and
it appears as a dark band and homozygous Val/Val individuals
will have both 92- and 85-bp fragments — appearing as a
faded band. The presence of all three fragments corresponds
to heterozygous Ile/Val individuals. Quality control: to
maintain good quality control, 10% of the duplicates for
both the cases and the controls were genotyped with 100%
concordance to the genotype by PCR-RFLP.

Statistical methods

The power of the study — 80% was determined considering
of following variables:

—_—

Case—control study design

2. Significance level 5% (2 sided)

3. Expected frequency of risk allele in the control
population = 0.28

4. The genetic effect for odds ratio (OR) 2.5 or greater.

Assuming log-additive model of inheritance and
frequency of risk allele to be 0.28¢ a total sample size of
98 (52 cases/46 controls) would be required to detect an
OR of 2.5 or more with the desired power of 80% and a
significance level of 5%.

Results are expressed as a mean + standard deviation.
The Hardy—Weinberg equilibrium was examined using the
goodness of fit Chi-square test. It is done to compare the
observed allele frequencies in the study with the expected
frequencies determined from control objects. To assess the
homogeneity between cases and controls regarding their
geographic origin, smoking awareness, cigarette smoking,
disease pathological status, and genotypes, the Chi-square
or Fisher’s (F) exact test was used. To determine the
association of polymorphisms with susceptibility to
develop transitional cell carcinoma (TCC) and between
the various clinic-pathological characteristics of BC, we
used unconditional logistic regression to estimate adjusted
ORs and 95% confidence intervals (CIs). The (SPSS
Version 18.0. SPSS Inc., Chicago, USA) was used for the
statistical analysis.

Results

The demographic and clinical characteristics of the study
population are shown in Table 1. Both groups were well
matched on the basis of age and gender. Seventy-two
percent of all the smokers had TCC bladder. It was
interesting to note that 66.6% of the cases were aware of
the fact that smoking causes TCC bladder, but they still
continued to smoke. Thirty-six percent of our cases and
17.3% of our controls were exposed to various forms of
toxins due to their occupation and this difference was
statistically significant. There was a statistically significant
association between smoking and urothelial cancer in our
study population (OR = 4.53, P = 0.000429).

Table 2 depicts the genotype distribution of the GSTPI
polymorphism between cases and controls. The GSTPI
genotype was in the Hardy—Weinberg equilibrium for
the controls (y* = 0.68). The frequency of both the
homozygous wild type and homozygous polymorphic
allele was more in the control group. We noticed that the
predominant allele in both the cases and controls were the
wild type, i.e., isoleucine-isoleucine, i.e., 63.4% and 67.4%,
respectively. Although the heterozygous polymorphic
genotype ile/val (AG) was seen more frequently in
cancer groups (34.6% vs. 23.9%), the difference was
not statistically significant (P = 0.202). However, no
statistically significant difference was seen in the allele
distribution among cases and control, suggesting the lack
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of association of the homozygous or heterozygous valine
allele with TCC bladder.

Table 3 presents the subset analysis of the genotype
frequencies for smoking. We did a subset analysis to look
for genotype frequency among smokers. Majority (73.3%)
of the smokers with TCC had the wild-type allele, a
few (31.2%) had ile/val heterozygous genotype, and none
of them had homozygous polymorphic valine allele. Even
among the control group, majority (66.6%) of the smokers
had TCC with wild-type homozygous allele and 25% had
ile/val heterozygous allele and 0.08% had homozygous
polymorphic allele. There was no statistically significant
difference among the cases and controls, suggesting that
the polymorphic GSTP1 does not add to the susceptibility
of TCC even among smokers.

Discussion

GSTPI1 plays an important role in protecting cells from
cytotoxic and carcinogenic agents. It forms the thioester
bond between the sulfur atom of GSH and the substrate and
then catalyzes the conjugation of reduced glutathione (GSH)
with the compounds that contain an electrophilic substrate.
It also detoxifies the organic hyper-oxides by the reduction
reaction.””? Till date, human cytosolic GST enzymes are

Table 1: Demographic and clinical characteristics of the
cases and controls

Characteristics Cases  Controls P
(n=52) (n=46)

Mean age (years) 56.2£10.6 52.7+13.2  0.151

Gender (male:female) 45:7 40:6 0.950

Smoking status (yes:no) 32:20 12:34  0.000429

Awareness smoking causes 30:22 44:2 1.0000

bladder cancer (yes:no)

Occupational exposure (yes:no) 19:33 8:38 0.0283

Table 2: Genotype distribution of the glutathione
S-transferase P1 polymorphism between the cases and

controls
Genotype Cases (n=52), Controls P
GSTP1 n (%) (n=46), n (%)
Ile/ile (AA) 33(63.4) 31(67.4) 0.202
Ile/val (AG) 18 (34.6) 11 (23.9)
Val/val (GG) 1(1.9) 4 (8.7)

Ile: Isoleucine, Val: Valine, GSTP1: Glutathione S-transferase P1

Table 3: Subset analysis of the genotype frequencies for

smoking
Smokers Genotype frequency P
Ile/ile (AA) Ile/val (AG)  Val/val (GG)
Subjects n=30 n=13 n=1 0.38
Cases 22 10 0
Controls 8 3 1

Ile: Isoleucine, Val: Valine

subdivided into eight distinct subtypes: alpha, mu, kappa,
omega, pi, sigma, theta, and zeta. These are encoded by
the genes GSTA, GSTM, GSTK, GSTO, GSTP, GSTS,
GSTT, and GSTZ, respectively. However among these, the
functional polymorphism is only identified in the GSTMI,
GSTT1, and GSTP1 gene.

GSTP1 is the most commonly studied enzyme among
all these. It is located on chromosome 11ql3. It is well
recognized and proved in various studies that GSTPI
plays an important role in protecting cells from various
carcinogenic as well as cytotoxic agents. GSTP1 DNA
hypermethylation at the CpG island in the promoter-5’
region can result in the altered or decreased GSTP1 activity.
Altered GSTP1 activity and expression have been reported
in many tumors and it is largely due to GSTP1 DNA
hypermethylation at the CpG island in the promoter-5’
region.®! In the GSTP1 at 313 Adenosine to Guanine
polymorphism at the nucleotide level leads to an amino
acid variation of isoleucine/valine at codon 105 in the
protein. This substitution leads to three GSTP1 genotypes:
Homozygous  wild-type  isoleucine/isoleucine  allele
(ile/ile) (genotype AA), heterozygous isoleucine/valine
allele (ile/val) (genotype AG), and homozygous polymorphic
valine/valine allele (val/val) (genotype GG). Various
biochemical studies indicate that GSTP1 polymorphic valine
allele has a lower thermal stability than GSTP1 homozygous
isoleucine wild allele. The wvaline allele has a lower
conjugating activity and the heterozygous isoleucine/valine
allele has an intermediate activity. The valine amino acid
results in decreased enzyme activity and greater propensity
to the development of carcinoma. Polymorphism at the
GSTP1 locus is of particular importance since this gene
is universally present in many cell types including types,
including the lung,” colon,!'” and breast cancer.'!! Since
this protein is often overexpressed in tumor cells, it can
make them resistant to anti-cancer treatment.

The role of genetic polymorphism in BC has been
evaluated in various studies done at different centers with
heterogeneous ethnic background. Hence, we conducted
a case—control study to assess the role of GST GSTPI
polymorphism in urothelial cancers of the bladder in our
patient population. The frequencies of the A/A, A/G, and
G/G genotypes in our cases, i. e., TCC group were 63.4%,
34.6%, and 1.9%, respectively, whereas the frequency in the
control group were 67.4%, 23.9%, and 8.7%, respectively.
The genotypes were in the Hardy—Weinberg equilibrium
among both the cases and the controls. Our demographic
variables were similar to other studies done concerning
TCC bladder and GSTP1 polymorphism. The genotype
frequency of our control population was similar to that
observed in other Indian studies by Vetriselvi et al.l'! and
Pandith et al.*¥

We observed no association of GSTPl A/G or G/G
polymorphism with urothelial cancers of the bladder
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among both the groups in our study (P = 0.202). Pandith
et al. also found no statistically significant difference
in the genotype frequencies between cancer and the
control population in Kashmiri Indians. They reported a
significant risk of more than 2.5 times for the polymorphic
allele (AG + GG) with smokers in cases as compared to
controls (P < 0.05).1% Steinhoff e al. also suggested no
correlation between GSTP1 polymorphism and UC of the
bladder in the German population.'! Similar observations
were recorded by Katoh et al. in the Japanese population.
They reported no association between valine polymorphism
in control group or cancer population. They also found no
association of polymorphism with smoking in any of the
cancer group, oral, lung, gastric, or urothelial cancers.!'s]
Goerlitz et al.(2011) did not find any association of TCC
bladder with GSTP1 polymorphism. They suggested no
association with genotypes and smoking, environmental
toxins, or infection.'! A study from Morocco showed that
GSTP1 expression is not associated with the development
of BC and GSTPI expression should not be used as a
biomarker for BC management in Morocco.['”]

In contrast to our results, a study conducted to find the
association of different environmental factors and GSTM1
and GSTTI gene polymorphisms with susceptibility to
BC in the Pakistani population suggested that GSTMI
and GSTT! gene polymorphisms may be associated
with increased susceptibility toward BC in the Pakistani
population."™ Our results were also contrary to other
studies by Safarinejad et al.,”! Harries et al.,! Cao et al.™”
showed a significant association of the polymorphic valine
allele with the increased risk for urothelial cancer of the
bladder. All these studies had a much higher number
of cases as well as controls compared to our study.
According to a meta-analysis (2007), GSTP1 Ile 105Val
was associated with a modest increase in the risk of
BC. In this meta-analysis (16 studies, 4273 cases, and
5081 controls), the unadjusted summary ORs for GSTP1
Ile/Val and Val/Val compared with GSTP1 Ile/lle were
1.54 (95% CI: 1.21, 1.99; P < 0.001) and 2.17 (95% CI:
1.27, 3.71; P = 0.005). The association was the strongest in
Asian countries, but the summary OR decreased when the
analysis was limited to European descendents (OR = 1.24,
95% CI: 1.00, 1.52).2%

Smoking is a well-known risk factor for TCC of the
bladder.') A higher number of smokers in our study
population developed UC with an OR of 4.53. We
performed a subset analysis comparing all the smokers with
TCC bladder and the smokers seen in the control group.
Majority of the smokers with TCC had the wild-type allele;
a few had ile/val heterozygous genotype. None of them
had homozygous polymorphic valine allele. We noticed
no statistically significant difference among the cases and
controls, suggesting that the polymorphic GSTP1 does not
add to the susceptibility of TCC among smokers in our
patient population.

The lack of association noticed in our study can be
attributed to small sample size or complex interaction
between polymorphisms of other glutathione enzymes
(possibilities of epistasis), for example, GSTM1 and GSTT]I
genotypes as observed by Safarinejad et al®) with GSTPI.
This needs further exploration by studying a larger sample
size as well as looking into the polymorphisms of the other
GST enzymes. The elucidation of complex interactions among
different enzymes of glutathione enzymes in the xenobiotic
pathways can be attempted by performing epistasis analysis
once all the polymorphism frequencies are studied.

Conclusions

Although lack of association between GSTP1313 A/G
polymorphism and urothelial cancer of bladder was seen
in our study, this might be due to small sample size or
the effect of complex interaction between polymorphisms
of other glutathione enzymes. It is also possible that the
polymorphism is not associated with UC of the bladder
in our population. For further confirmation, large scale
population-based studies are required.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Kurkure AP. Cancer Incidence and Patterns in urban Maharashtra.
Consolidated Report of the Population Based Cancer Registries;
2001.  Available  from: http:/ncdirindia.org/NCRP/Repl/
PBCR_2001_2004.aspx. [Last accessed on 2019 Sep 11].

2. Brennan P, Bogillot O, Cordier S, Greiser E, Schill W,
Vineis P, et al. Cigarette smoking and bladder cancer in men:
A pooled analysis of 11 case-control studies. Int J Cancer
2000;86:289-94.

3. Boffetta P, Dosemeci M, Gridley G, Bath H, Moradi T,
Silverman D. Occupational exposure to diesel engine emissions
and risk of cancer in Swedish men and women. Cancer Causes
Control 2001;12:365-74.

4. Henrique R, Jeronimo C. Molecular detection of prostate cancer:
A role for GSTP1 hypermethylation. Eur Urol 2004;46:660-9.

5. Safarinejad MR, Safarinejad S, Shafiei N, Safarinejad S.
Association  of  genetic  polymorphism of  glutathione
S-transferase (GSTM1, GSTT1, GSTP1) with bladder cancer
susceptibility. Urol Oncol 2013;31:1193-203.

6. Harries LW, Stubbins MJ, Forman D, Howard GC, Wolf CR.
Identification of genetic polymorphisms at the glutathione
S-transferase Pi locus and association with susceptibility
to bladder, testicular and prostate cancer. Carcinogenesis
1997;18:641-4.

7. Cho SG, Lee YH, Park HS, Ryoo K, Kang KW, Park J, et al.
Glutathione S-transferase mu modulates the stress-activated
signals by suppressing apoptosis signal-regulating kinase 1.
J Biol Chem 2001;276:12749-55.

8. Cowell IG, Dixon KH, Pemble SE, Ketterer B, Taylor JB.
The structure of the human glutathione S-transferase pi gene.
Biochem J 1988;255:79-83.

Clinical Cancer Investigation Journal | Volume 8 | Issue 6 | November-December 2019 225



10.

11.

13.

14.

15.

226

Rampal, et al.: Genetic associations of urothelial carcinoma of the bladder

Ryberg D, Skaug V, Hewer A, Phillips DH, Harries LW,
Wolf CR, et al. Genotypes of glutathione transferase M1 and
P1 and their significance for lung DNA adduct levels and cancer
risk. Carcinogenesis 1997;18:1285-9.

Welfare M, Monesola Adeokun A, Bassendine MF, Daly AK.
Polymorphisms in GSTP1, GSTMI, and GSTTl and
susceptibility to colorectal cancer. Cancer Epidemiol Biomarkers
Prev 1999;8:289-92.

Helzlsouer KJ, Selmin O, Huang HY, Strickland PT, Hoffman S,
Alberg Al, et al. Association between glutathione S-transferase
M1, P1, and T1 genetic polymorphisms and development of
breast cancer. J Natl Cancer Inst 1998;90:512-8.

Vetriselvi V, Vijayalakshmi K, Paul SF, Venkatachalam P.
Genetic variation of GSTM1, GSTT1 and GSTPI genes in a
South Indian population. Asian Pac J Cancer Prev 2006;7:325-8.
Pandith AA, Lateef A, Shahnawaz S, Hussain A, Malla TM,
Azad N, et al. GSTP1 gene Ile105Val polymorphism causes an
elevated risk for bladder carcinogenesis in smokers. Asian Pac J
Cancer Prev 2013;14:6375-8.

Steinhoff C, Franke KH, Golka K, Thier R, Romer HC,
Rétzel C, et al. Glutathione transferase isozyme genotypes in
patients with prostate and bladder carcinoma. Arch Toxicol
2000;74:521-6.

Katoh T, Kaneko S, Takasawa S, Nagata N, Inatomi H,
Ikemura K, er al. Human glutathione S-transferase Pl

16.

17.

18.

19.

20.

polymorphism and susceptibility to smoking related epithelial
cancer; oral, lung, gastric, colorectal and urothelial cancer.
Pharmacogenetics 1999;9:165-9.

Goerlitz D, El Daly M, Abdel-Hamid M, Saleh DA, Goldman L,
El Kafrawy S, et al. GSTM1, GSTTI null variants, and GPX1
single nucleotide polymorphism are not associated with bladder
cancer risk in Egypt. Cancer Epidemiol Biomarkers Prev
2011;20:1552-4.

Hadami K, Dakka N, Bensaid M, El Ahanidi H, Ameur A,
Chahdi H, ef al. Evaluation of glutathione S-transferase pi 1
expression and gene promoter methylation in Moroccan patients
with urothelial bladder cancer. Mol Genet Genomic Med
2018;6:819-27.

Malik SS, Nawaz G, Masood N. Genotypes of GSTMI1 and
GSTT1: Useful determinants for clinical outcome of bladder
cancer in Pakistani population. Egypt J Med Hum Genet
2017;18:41-5.

Cao W, Cai L, Rao JY, Pantuck A, Lu ML, Dalbagni G,
et al. Tobacco smoking, GSTP1 polymorphism, and bladder
carcinoma. Cancer 2005;104:2400-8.

Kellen E, Hemelt M, Broberg K, Golka K, Kristensen VN,
Hung RJ, et al. Pooled analysis and meta-analysis of the
glutathione S-transferase P1 ile 105Val polymorphism and
bladder cancer: A HuGE-GSEC review. Am J Epidemiol
2007;165:1221-30.

Clinical Cancer Investigation Journal | Volume 8 | Issue 6 | November-December 2019



