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Abstract

Inter-individual differences in cancer susceptibility may be mediated in part through polymorphic variability in
the bioactivation and detoxification of carcinogens. The glutathione S-transferases (GSTs), which are active in
detoxification of wide variety of carcinogens, have been consistently implicated as cancer susceptibility genes in this
context. We here assessed the association of GSTM1 and GSTP1 polymorphisms with susceptibility to prostate
cancer in a case-control study of 75 patients and 100 age-matched controls in a South Indian population. The
GSTM1 null polymorphism was detected by PCR and the GSTP1 lle105Val polymorphism by PCR-RFLP using
peripheral blood DNA.There was no significant link between the null genotype of GSTM1 and risk of prostate
cancer (OR-1.79; 95% CI-0.78-4.11P-0.18). However, the GSTP1 lle/Val genotype was significantly associated with
a decreased risk for prostate cancer (OR-0.36; 95% CI-0.18-0.7B<0.001). Analysis of the variant GSTM1 and
GSTP1 genotypes in combination did not reveal any significant difference between cases and controls, even with a
stratified analysis tumor grades. Thus our study indicates that the GSTP1 lle/Val genotype may decrease risk of
prostate cancer in the South Indian population.
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Introduction are important detoxifying antioxidants studied in association
with prostate cancer.

Prostate cancer is the most common cancer in men The Glutathione S-transferases are a super family of
worldwide and second leading cause of cancer related dea@@nes, whose gene products are phase Il metabolising
(Jemal et al., 2003). Etiologically, Prostate cancer is @hzymes, which act in coordination with Phase |
multifactorial disease in which several dietary,metabolising enzymes in the carcinogen metabolism. The
environmental and genetic factors may be involved; yet litti€hase | enzymes usually activate the carcinogens to reactive
is known about the interaction between these factor§termediates and the GSTs are active in the detoxification
(Giovannucci et al., 1993; Ekmann 1999). Recent studie®f a wide variety of these potentially toxic and carcinogenic
point to the important role that oxidative damage plays iglectrophiles by conjugating them to Glutathione (Strange
prostate carcinogenesis (Fleshner and Kucuk., 2001). Tigé al., 1998). The variations in metabolic activities in each
prostate is replete with metabolic pathways such aghase or in the coordination of these two phases regulate
prostaglandin synthetic pathways, which generate abunddie clearance of DNA toxic metabolites and might be
oxygen free radicals. Diets rich in saturated fats have be@artially responsible for individual host susceptibility to
shown to increase oxidative stress and to produce potentiafigncer.
mutagenic DNA adducts (Li and Randerath., 1992). In humans, eight distinct gene families encode the
Moreover, with increase in age the prooxidant-antioxidantytosolic soluble GSTs namely, alpha (GSTA), mu (GSTM),
state of many tissues, including the prostate, shift towardgeta (GSTT), pi (GSTP), zeta (GSTZ), sigma (GSTS), kappa
an oxidative state that leads to oxidative DNA damage (BakéESTK) and Omega (GSTO) (Hayes and Strange., 2000).
et al., 1997). The metabolic reduction of these DNA-However, more attention has been focused on allelism in
damaging electrophiles is done effectively by thethe mu, theta and pi families.
antioxidants, of which the Glutathione S-transferases (GSTs) The GSTM1 gene belongs to the GST mu class gene
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family, members of which are clustered on chromosomBamachandra Medical College and Research Institute,
1p13 .The presence or absence of the GSTM1 gerghennai and the controls were recruited from out patient
constitutes the polymorphism. Deletion of the GSTM1 geneglinic. The controls were individuals with normal serum PSA
frequently affects both alleles, resulting in the so-called nulevels g€4ng/ml), digital rectal examination and with no
genotype, GSTM1-/-. About 50% of both Caucasians angrevious history of cancer. The patients and controls were
Japanese lack the GSTM1 gene due to inherited homozygaettinically similar. The age of patients ranged from 50 to 85
deletion of both alleles (Rebbeck., 1997). The individualyears with mean age of 66. Control subjects were in the age
with GSTM1 null polymorphism lack the ability of group 50 to 81 years with mean age of 66 years. Pathological
detoxifying specific substrate epoxide intermediategrading of the tumors by Gleason scores were obtained and
(Wiencke et al., 1990). The GSTM1null genotype is alsthe patients were stratified as low grade if their Gleason
positively associated with high DNA adduct levels,scores were less than 7 and high grade if their Gleason scores
suggesting its role in carcinogenesis (Nazar Stewart et alvere greater than or equal to 7. The Gleason score was less
1993). Homozygosity for the GSTM1null genotype has beethan 7 in 43 patients and greater than or equal to 7 in 32
found to confer risk for many cancers like lung, breastpatients. All cases and controls were enrolled under informed
bladder, and gastrointestinal cancers (Zhong et al., 1998pnsent. The study was approved by the Medical ethics
Aktas et al., 2001). However, reports on studies in prostammittee of the Institute.
cancer have not been consistent.

GSTP1, member of the pi gene family, located at 11q13)NA Extraction and Genotyping
is expressed predominantly in the basal layer of the normal Blood sample (5ml) was collected from both the cases
prostate epithelium. Although normal prostate secretory cellnd control subjects in EDTA vials. Genomic DNA was
do not routinely express GSTP1, they remain capable édolated from the blood samples by standard phenol/
expressing this enzyme and retain an unmethylated GSTRHlloroform extraction and ethanol precipitation, dissolved
promoter (De Marzo et al., 1999). In contrast to most canceirs TE buffer (pH 7.4) and stored at -20°C.
prostate carcinogenesis is associated with marked The GSTM1 homozygous null genotype was determined
downregulation of GSTP1. Events leading up to GSTPby PCR with specific primers For GSTM1
inactivation during prostate carcinogenesis remain uncledi ACTCCCTGAAAAGCTAAAGCS (Forward) and
Several investigators have speculated that the early lossBGETTGGGCTCAAATATACGGTGG 3 (reverse) and
GSTP1 function leads to increased vulnerability to oxidanamplification control primers (Forward primer 5’
and heterocyclic amine carcinogens, both implicated itGCCAAGTGGAGCACCCAA 3’, Reverse primer
prostate carcinogenesis (De Weese et al., 2001; NelsoneGECATCTTGCTCTGTGCAGAT3') giving rise to a 796
al., 2001). Hence, heritable differences in GSTP1 functiobase pair fragment from the third intron of HLA-DRB1 was
may also be associated with prostate cancer developmeincluded in the reaction.
An Ato G polymorphism at nucleotide 313 of GSTP1 results Standard PCR reaction was performed in a total 25
in an amino acid substitution (lle105Val) in the substratereaction volume containing 50-100ng of genomic DNA, 1X
binding site of GSTP1 (Ali-Osman et al., 1997). ThePCR buffer (1.5mM MgCI2, 10 mM Tris (pH 9.0), 50 mM
substitution of the less bulkier and more hydrophobic valin&Cl and 0.1% Triton X-100), 2¢M dNTPs, 50pM of each
results in substrate-dependent alterations of GSTP1 catalyfidmer and 1 U of TagDNA polymerase. PCR chemicals
activity (Ali-Osman et al., 1997; Sunderberg et al., 1998)were from Sigma chemicals Co., USA. The cycling condition
Positive associations have been reported between the GSTWds 95° C for 5min of one cycle; 95° C for 1min, 60° C for
1105V polymorphism and risk of oral and breast cancerdmin and 72° C for 1min 30sec for 30 cycles and final
(Park et al., 1999, Mitrunen et al., 2001). However, reportslongation cycle of 72°C for 5min. The PCR products were
on association of GSTP1 polymorphism with prostate canceisualized by 2% agarose electrophoresis and the genotype
have not been consistent. was determined by the presence or absence of 220bp PCR

Hence the present study was undertaken to determiaeplicon of GSTM1 gene.
the distribution of genotype frequency of GSTM1 nulland The GSTP1 lle/Val polymorphism was determined by
GSTP1 (lle105Val) polymorphisms among prostate cancd?CR followed by restriction fragment length polymorphism
cases and controls so as to understand whether thd8R-RFLP). The exon 5 of GSTP1 was amplified by using
polymorphisms are associated with the risk of prostate cancgpecific primers 5CCAGGCTGGGGCTCACAGACAGC-

in South India. 3’ (Forward) and 5’ GGTCAGCCCAAGCCACCTGAGG-
3’ (Reverse). The cycling conditions were 94° C for 5min of
Materials and Methods one cycle; 94° C for 45sec, 66° C for 45sec and 72° C for
1min for 30 cycles and final elongation cycle of 72°C for
Subjects 5min.The PCR amplicon of 306bp was subjected to

The present case control study comprised of 7®estriction digestion using HpyCHIV enzyme (New England
histologically confirmed prostate cancer patients and 10Biolabs, Inc., USA) at 3T for 1hour and the DNA bands
male control subjects. The Prostate cancer cases wewere resolved by electrophoresis on a 3% agarose gel. The
patients admitted at the Urology Department of Srgenotypes were determined based on the band pattern. The
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lle allele was resistant to digestion by HpyCHIV and so thééomozygous null allele frequency was 0.25 in prostate cancer
lle/lle genotype resulted in an undigested band of 306 bp,thEtients and 0.15 in controls. Among the 75 prostate cancer
Val allele with HpyCHIV site resulted in two fragments of cases the null genotype was seen in 18 cases (24%) and
183 bp and 123 bp. So an lle/Val genotype was characterizathong the 100 controls 15 (15%) of them had null genotype.
by three fragments of 306bp, 183 bp at&3 bp and aVal/ There was no statistically significant difference in the

Val genotype by two fragments of 183 bp and 123 bp.  genotype frequency among the cases and controls (OR-1.79;
95%CI-0.78-4.11P-0.18). This suggested that GSTM1 null

Statistical Analysis genotype was not significantly associated with the risk of
The allele frequency and genotype frequency of GSTMprostate cancer in the study population (Table 2)
and GSTP1 gene were calculated for cases and controls. For the lle/Val polymorphism of GSTP1 gene, the
The relative risk of the variant genotypes was determineflequency of the Val allele was 0.20n cases, which was
by calculating the Odds ratio (OR) and 95% confidencéess than that in controls where the frequency was 0.31. Of
interval (CI). Stratified analyses were also carried out fothe 75 prostate cancer cases analyzed, 49(66%) were
the tumor grades by calculating the Odds ratio and 95%0mozygous wild type (lle/lle), 22 (29 %) were heterozygous
confidence interval based on the method described in (Mehfde/Val) and 4 (5%) were Val/Val homozygous variant. In
et al., 1983). All the statistical analyses have been carrigte controls 42(42 %) were lle/lle, 52(52%) were lle/Val
out using Epi info-6 software. and 6(6%) were Val/Val. Thus the frequency of lle/Val
genotype was significantly higher in controls than the cases,
suggesting GSTP1 lle/Val genotype to be associated with
decreased risk of prostate cancer (OR-0.36; 95%CI-0.18-
The distribution of GSTM1 and GSTP1 alleles and0.73,P<0.001)(Table 2).
genotype frequency among the prostate cancer patients and To evaluate the interaction between the genotypes, we
controls are shown in Tables 1 and 2, respectively. examined the combined effect of the GSTM1 and GSTP1
With respect to the GSTM1 null polymorphism, genotypes (Table 3). Taking the risk of the combined wild

Table 1. Distribution of Allele Frequencies of GSTM1 and GSTP1 Polymorphisms in Control and Prostate Cancer
Cases

Results

Polymorphism Group No. Of Genotype Allele Frequencies
Subjects (N) Positive (+/+) Negative (-/-)
GSTMI1Null Control 100 85 15 +/+=0.85, -/-=0.15
polymorphism Cases 75 57 18 +/+=0.76, -/- =0.25
lle/lle lle/Val Val/Val
GSTP1 Control 100 43 51 6 lle=0.69 Val=0.31
le/Val polymorphism Cases 75 49 22 4 1le=0.80 Val= 0.20

Table 2. Distribution of GSTM1 and GSTP1 Genotypes in Prostate Cancer Cases and Controls

Gene Genotype Subjects OR 95%ClI P value
Cases Controls
(n=75) (n=100)
GSTM1 Positive (+/+) 57(76%) 85(85%) 1.0
Null (-/-) 18(24%) 15(15%) 1.79 0.78-4.11 0.18
GSTP1 lle/lle 49(66%) 42(42%) 1.0
lle/Val 22 (29%) 52(52%) 0.36 0.18-0.73 <0.001
Val/Val 4(5%) 6(6%) 0.57 0.12-2.50 NS
lle/Val+Val/Val 26(34%) 58(58%) 0.38 0.20-0.75 <0.01
NS- Non significant
Table 3. Combined Genotype of GSTM1 and GSTP1 and Relative Risk Of Prostate Cancer
GSTM1 GSTP1 Cases Control OR (95%CI) P value
(n=75) (n=100)
+/+ lle/lle 40(53%) 38(38%) 1.0
+/+ lle/Val 15(20%) 42(42%) 0.34 0.15-0.75 <0.01
+/+ Val/Val 2(3%) 5(5%) 0.38 0.05-2.42 NS
-/- lle/lle 9(12%) 4(4%) 2.14 0.54-9.10 NS
-/- lle/Val 7(9%) 10(10%) 0.66 0.20-2.15 NS
-/- Val/Val 2(3%) 1(1%) 19 0.13-55.36 NS

NS -Non Significant
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Table 4. Relation between GSTM1 and GSTP1 genotypes and Pathological grade of Prostate Cancer

Gene Genotype Cases OR 95% CI P value
(n=75)
Gleason Gleason
score <7 SCoes/
(n=43) (n=32)
GSTM1 Positive 34(79%) 23(72%) 1.0
Null 9(21%) 9(28%) 0.67 0 06-7.00 NS
GSTP1 lle/lle 26(60%) 23(72%) 1.0
lle/val 14(33%) 8(25%) 1.55 0.49-4.95 NS
Val/Val 3(7%) 1(3%) 2.65 0.2-71.23 NS

NS Non Significant

type genotypes GSTM1+/+ and GSTPL1 lle/lle as a baselinend prostate cancer risk (Kaleda et al., 2000) nor with
reference category, the odds ratios were calculated for tiamilial prostate cancer risk (Nakazato et al., 2003).
combination of the GSTM1 and GSTP1 genotypes. Thélowever, our results are contradictory to studies on Chilean
analysis revealed no statistically significant difference(Acevedo et al., 2003), Japanese (Murata et al., 2001) and
among cases and controls when the variant genotypésorth Indian (Srivastava et al., 2005) prostate cancer patients
occurred in combination. However when the variant GSTP Where significant association was found between the GSTM1
(lle/Val) genotype occurred in combination with the GSTM1null genotype and risk of sporadic prostate cancer. These
positive genotype the risk was significantly increased (ORvariations may be attributed to the underlying geographical
0.34; 95%CI- 0.15-0.75, P<0.01) and ethnic factors.

To determine whether the variant GSTs were associated The GSTP1 lle/Val polymorphism analyzed in the
with more aggressive disease, we performed stratifiegresent study revealed a significant increase in the frequency
analyses on Gleason scores of the patients. There was ofthe homozygous wild type lle/lle genotype among cases
significant association of any of the variant GSTM1than controls. In other words, there was a significant decrease
genotypes and GSTP1 genotypes with either the low or highr the Val allele (lle/Val and Val/Val) among cases than the

grade cancer (Table 4). controls suggesting the Val allele to be associated with a
decreased risk for prostate cancer (OR (P38).01). This
Discussion is consistent with the study done by Gsur et al (2001) on

Austrians where there was significant increase in

Alterations or absence of GST enzyme activity inhomozygous wild type lle/lle among cases and the
individuals result in poorer elimination of DNA damaging homozygous Val/Val was associated with a significant
electrophiles, which might lead to increased risk of somatidecrease in the risk for cancer (OR 0280.01).
mutation leading to tumor formation (Rebbeck.,1997). On the contrary, Swedish, Danish and German case
Hence the present study was performed to analyze tteontrol studies that evaluated the GSTP1 genotype failed to
polymorphisms altering GST activity towards susceptibilityreport an association between GSTP1 and prostate cancer
to Prostate cancer. The results of our study indicate thrsk (Wadelius et al., 1999; Autrup et al., 1999; Steinhoff et
GSTP1 lle/lle genotype to be associated with increased risid., 2000). Also studies done on Caucasians in United States
for prostate cancer while no association was found betwedfhepard et al., 2000), Portuguese men (Jeronimo et al.,
GSTML1 null genotype and prostate cancer. 2002) and on sporadic and familial prostate cancer in

Distinct ethnic differences exist in the prevalence of theAmerican families (Debes et al., 2004) found no associated
GSTM1 null genotypes among different population; 22—-35%isk between the GSTP1 Ile105Val polymorphism and
in Africans, 38—67% in Caucasians, 33—63% in East Asianancer. However, the lle/Val and Val/Val genotypes have
populations (Rebbeck.,1997) and 26% in an Indiarbeen associated with a significant increase in the risk of
population (Buch et al., 2001). However, in the present studyrostate cancer in Japanese (Nakazato et al., 2003), Italian
the frequency of homozygous absence of GSTM1 gene wédantognelli et al., 2004) and in a North Indian population
15% among the control subjects and 24% in cases suggestif®rivastava et al., 2005). Kote-Jarai et al (2001) found that
no significant association between GSTM1 null genotypeatients in the UK with the GSTP1 Ille105Val polymorphism
and prostate cancer. The lack of significant association afiere at higher risk for early onset prostate cancer. Thus it is
homozygous null GSTM1 gene in our study is consistenevident that association of GSTP1 lle105Val polymorphism
with reports from studies on Austrians (Gsur et al., 2001)with risk of prostate cancer differs widely among different
German (Steinhoff et al., 2000), Danish (Autrup et al., 1999)opulations suggesting the significance of ethnic differences
American (Rebbeck et al., 1999), Portuguese (Medeiros @ind environmental factors towards prostate cancer
al., 2004), and Turkey men (Aktas et al., 2004) with prostatsusceptibility.
cancer. Moreover individual studies have revealed that, the Based on previous studies (Zimniak et al., 1994;
GSTML1 null genotype was neither associated with smokindohansson et al., 1998), the residue at codon 105 of the
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GSTP1 protein defines the geometry of the hydrophobigellowship from Council for Scientific and Industrial
substrate-binding site and influences the enzyme activitResearch (CSIR)-8/447(2)/2002-EMR-2 and duly
suggesting that differences in allelic variants of GSTP1 maycknowledges CSIR for the funding.
alter the detoxifying properties of cells (Johansson et al.
1998). The two naturally occurring isoforms, 105 Val andreferences
lle were found to have different specific activity, catalytic
activity, affinity and thermal stability based on the nature oftC : ; ;
Correlation between single or combined genotypes of

electrophilic substrates. Functional §tud|es by Sgnderb_erg CYP1Aland GSTML1 in relation to prostate cancer in Chilean
et al (1998) have revealed that substitution of bulkier amino people The Prostate57, 111-7.

acid at the substrate binding site decreased the catalyfigtas D, Ozen H, Atsu N, et al (2001). Glutathi@iansferase

activity of the enzyme, thus GSTP1 lle105Val was more M1 gene polymorphism in bladder cancer patients: a marker

active than GSTPL1 lle105lle .The decreased risk associated for invasive bladder cance€ancer Genet Cytogend25, 1-

with lle/Val genotype in the present study could be attributed 4.

to the increased catalytic activity associated with lle/Vaftktas D, Hascicek M, Sozen S, Ozen H, Tuncbilek E (2004).

genotype. CYP1Aland GSTMl polymo_rphic genoty_pes in patients with
Although some substrates are metabolized by specific E;?jtztneetizzcglr_én a Turkish populatid®ancer Genet

GST isoenzymes (Hayes and Pulford., 1995), they ha\,/ﬁi 9 ' ’

) e 7 7 Ali-Osmam F, Akande O, Antoun G et al (1997). Molecular
overlapping substrate specificities; therefore combination cloning,characterization and expressioEatherichia colof

of unfavorable genotypes could theoretically confer high fyjilength cDNAs of three human glutathione S-transferase
risk. In the present study the combined variant genotypes of pi gene variants. Evidence for different catalytic activity of
GSTM1 and GSTP1 did not magnify the risk of cancer the encoded proteind.Biol Chem272 10004-12.

suggesting that specific polymorphism of single genotyp@ntognelli C, Mearini L, Talesa VN, Giannantoni A, Mearini E
show significant association with cancer risk. Our results (2004). Association of CYP17, GSTP1, and PON1
are consistent with that reported in Germans (Steinhoff et g&lglgmlorlpzhlsms with the risk of Prostate cantée Prostate,
21/'{(1222(3)& ,\ggrierft);/re;;(’;ti?)l;]r g:tf/cj;tesnlnchSI?ri[f jr??ésv\_/r?\jl utrup JL, Thomassen LH, Olsen JH, Wolf H, Autrup H (1999).

. . ' GlutathioneStransferases as risk factors in prostate cancer.
reflecting the fact that the GSTP1 lle/Val protective effect £, j cancer prevs, 525-32.

was stronger in GSTM1 positive individuals. Suchgaker AM, Oberley LW, Cohen MB (1997). Expression of
interactions need to be interpreted cautiously in view of the antioxidant enzymes in human prostatic adenocarcinoma.
absence of a significant effect of GSTM1 alone and the Prostate 32, 229.

number of possible interactions that are being testeBuch S, Kotekar A, Kawle D, Bhisey R (2001). Polymorphisms at
However, in a few studies an increased risk was observed CYP anql GST gene loci. Prevalence in the Indian Population .
when a combination of the variant GST genotypes was EurJ Clin Pharmacol57, 553-5. ,
present (Kote Jarai et al., 2001; Srivastava et al., 2005). Debes JD, Yokomizo A, McDonnell SK, et al (2004). Gluthatione-

o . . S-transferase P1 polymorphism 1105V in familial and sporadic
The stratified analysis of the variant GSTs on Gleason prostate cance€ancer Genet Cytogendiss, 82-6.

scores of the patients did not reveal any significante \arzo AM, Marchi VL, Epstein JI, Nelson WG (1999).
association suggesting that the genotypes are not associatedbyoliferative inflammatory atrophy of the prostate: implications
with the stage or aggressiveness of cancer. This lack of for prostatic carcinogenesidm J Pathal155 1985-92.

association of GSTP1 and GSTM1 with Gleason scoreeWeese TL, Hruszkewycz AM, Marnett LJ (2001). Oxidative

concurs with a few study reports (Debes et al., 2004; Acevedo stress in chemoprevention trialrology, 57, 137-140.
et al., 2003). Ekmann P (1999). Genetic and environmental factors in prostate

In conclusion, our data reveals lack of association of ggrzmgr genesis: Identifying high-risk cohoifir Urol, 35,
GSTML1 null genotype and significant association of GSTPI]—'Ie R

| hi ¢ ds the risk of Prostat shner NE, Kucuk O (2001). Antioxidant dietary supplements:
gene polymorphism towards the risk ot Frostate cancer in- o ha1e and current status as chemopreventive agents for

the South Indian population. However further studies on the prostate cancetrology, 57, 90-4.

role of other GST enzymes as well as the Phasediovannucci E, Rimm EB, Colditz G, et al (1993). A prospective

metabolizing enzymes will enable us to get a complete study of dietary fat and risk of prostate candeMatl Cancer

picture on the role of carcinogen metabolizing enzymes in Inst 85, 1571-79.

the etiology of prostate cancer. Gsur A, Haidinger G, Hinteregger S, et al (2001). Polymorphisms
of glutathioneS-transferase gene&6TP1 GSTM1and
GSTT) and prostate-cancer ridkt J Cancer95,152-5.

Hayes JD, Strange RC (2000). Glutathio®¢ransferase

. . polymorphisms and their biological consequence.
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