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Abstract: This study investigated the immunohistochemical staining characteristics of glutathione-S-transferase (GST) 
alpha, pi, mu, and theta in prostatic acinar adenocarcinoma (PCA), prostatic intraepithelial neoplasia (PIN), and benign 
prostatic tissues from 19 patients. Relationships between GST isoenzyme expression in benign, PIN, and PCA tissue were 
examined by the Wilcoxon signed-rank test and clinicopathological data were examined by the Spearman correlation 
rank test. When the benign, PIN, and PCA tissues from these cases were compared according to their staining intensity, 
GST alpha, pi, mu, and theta expressions in tumor cells were significantly lower than in benign epithelial cells (P < 0.05). 
The GST alpha class displayed the lowest level of expression in PIN and PCA. Expression of GST pi was lower in PCA 
tissue than in PIN and benign epithelial tissue (P < 0.05). We hypothesize that carcinogenesis in the prostate results from 
impaired cellular handling of mutagenic agents owing to reduction or loss of expression of multiple GST isoenzymes 
and other detoxifying and antimutagenesis agents. This study confirms the down-regulation of GST isoenzymes in 
PCA of the prostate and shows that the loss of GST isoenzyme expression is a phenotype associated with malignant 
transformation. There was no statistical relationship between GST isoenzyme expression and the clinicopathological 
data (age, Gleason score, and total serum prostate-specific antigen levels) (P > 0.05).
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Introduction

Glutathione-S-transferases (GSTs) are a family of 
enzymes that detoxify intracellular xenobiotics, 
primarily by catalysis of the nucleophilic attack of 
reduced glutathione on electrophilic compounds 
(1,2). Since conjugation to glutathione renders these 
potential carcinogens chemically inactive and hence 

incapable of forming DNA adducts, it has been 
hypothesized that GSTs protect against neoplastic 
transformation (3). In humans, the cytosolic GSTs 
can be divided into 7 major classes: alpha (A), mu 
(M), pi (P), sigma (S), theta (T), omega (O), and 
zeta (Z). These isoenzymes are found in a wide 
range of normal tissues, and their expression has 
significant biological and clinical implications, 
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including drug resistance and carcinogenesis (4,5). 
Although GSTP can be detected in normal prostatic 
epithelium, prostate cancer cells fail to express GSTP 
polypeptides. Loss of GSTP function also appears to 
be characteristic of prostatic intraepithelial neoplasia 
(PIN) lesions (6). The loss of GSTP expression was 
associated with hypermethylation of regulatory 
sequences near the gene locus. As GSTs are inducible 
enzymes, enzymatic activities were thought to be 
linked to genetic variations and involvement of 
several cytochrome P450 (CYP) and/or GST genetic 
polymorphisms, especially for tobacco-related 
cancers (7). The neoplasms express higher levels of 
GST than normal tissues. In this study, we assessed 
the cellular prevalence and distribution of GSTP, 
GSTM4, GSTA, and GSTT1 isoenzymes in matched 
human tissue samples of benign prostate, PIN, and 
acinar adenocarcinoma of the prostate (PCA). 

Materials and methods

Patients

For immunohistochemical studies, radical 
prostatectomy tissues from 19 Keçiören Education 
and Research Hospital patients with PCA were 
used. For all patients, total serum prostate-specific 
antigen (PSA) levels, patient age, and Gleason 
score were included. Operation material was 
examined macroscopically by 2 pathologists in each 
case. Radical prostatectomy materials were fixed 
overnight, and serial tissue samples were taken at 
2-mm intervals from apex to base. If the tumor 
could be grossly identified as a gray, firm area, 2 
sections were taken: 1 from the tumor tissue, and 1 
from the macroscopically normal tissue and tissue 
peripheral to the tumor tissue. If it was difficult to 
see macroscopically, PCA, PIN, and benign prostatic 
areas were detected microscopically and paraffin 
blocks were chosen.

Immunohistochemical staining

The tissues were fixed in 10% buffered formalin and 
embedded in paraffin blocks. Sections 4 µm thick were 
cut, and 1 section was stained with hematoxylin and 
eosin to observe the tissue morphology and tumor 
score. For immunohistochemistry, endogenous 

peroxidase activity was blocked by incubating the 
sections in 1% hydrogen peroxide (v/v) in methanol 
for 10 min at room temperature (RT). The sections 
were subsequently washed in distilled water for 5 
min, and antigen retrieval was performed for 3 min 
using 0.01 M citrate buffer (pH 6.0) in a domestic 
pressure cooker. The sections were transferred in 
0.05 M Tris-HCl (pH 7.6) containing 0.15 M sodium 
chloride (TBS). After washing in water, the sections 
were incubated at RT for 30 min with either normal 
swine serum (for anti-GSTA, anti-GSTP, and anti-
GSTM4 at 1:20) or normal goat serum (for anti-
GSTT1 at 1:20) diluted in TBS to block nonspecific 
binding. The sections were then covered with the 
primary antibodies and diluted at 1:100 for anti-
GSTA and GSTP, 1:50 for anti-GSTM4, and 1:500 for 
anti-GSTT1 in TBS at 4 °C overnight (monoclonal 
antibody against hGSTT1 raised in mouse, Labas 
International Limited, Estonia; polyclonal antibodies 
against GSTA, GSTM4, and GSTP raised in rabbit, 
Lab Vision, Thermo Shandon, USA). After washing 
in TBS (15 min), sections were incubated at RT for 
1 h with secondary antibody (swine-antirabbit Ig-
biotinylated for anti-GSTA, GSTP, and GSTM4, or 
goat-antimouse Ig-biotinylated for anti-GSTT1) at 
a dilution of 1:100. This was followed by treatment 
with avidin–biotin peroxidase complex (Dakopatts, 
Denmark). Diaminobenzidine was used to visualize 
peroxidase activity in the tissues. Nuclei were 
lightly counterstained with hematoxylin, and then 
the sections were dehydrated and mounted. Both 
positive and negative controls were included in each 
run. Positive controls consisted of sections of normal 
human liver for GSTA, GSTM4, and GSTT1 and 
normal human small intestine for GSTP. TBS was 
used in place of the primary antibody for negative 
controls. Immunohistochemically stained sections 
were examined by light microscopy, and distribution, 
localization, and the intensity of immunostaining 
were recorded. Brown color in the cytoplasm and/
or nucleus of epithelial cells was evaluated as positive 
staining. Scoring was performed by 2 observers 
without knowledge of patient data. Scoring differences 
between observers were resolved by consensus. For 
each antibody, the intensity of staining was graded 
semiquantitatively as follows: score 0, negative 
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staining; score 1, weak staining; and score 2, strong 
staining.
Statistical analysis
For each isoenzyme, staining scores in benign tissue, 
intraepithelial neoplasia, and cancer epithelium 
were compared statistically. The relationship among 
expression of GST isoenzymes in benign tissue, 
intraepithelial neoplasia, and cancer epithelium was 
analyzed using the Wilcoxon signed-rank test. The 
correlation between expressions of GST isoenzymes 
and clinicopathological data was also examined using 
Spearman’s correlation rank tests. Data analysis was 
performed using SPSS 11.5 for Windows (SPSS Inc., 
Chicago, IL, USA). A P-value of less than 0.05 was 
considered statistically significant; however, for all 
possible multiple comparison tests, the Bonferroni 
adjustment was applied to control type I error. 

Results  
The median patient age was 66 years (minimum: 54, 
maximum: 77), the median value of patient Gleason 
scores was 6 (minimum: 5, maximum: 9), and the 
median value of total PSA was 9.9 (minimum: 0.68, 
maximum: 28.03). 

From 19 patients, 20 samples of PCA, PIN, and 
benign tissue from the peripheral prostate were 
examined (Table). GSTA expressions were stronger in 
benign epithelium than in prostate tumor epithelium 
(Table). Of positive GSTA expression, 68% occurred 
in benign epithelium; 37% of PIN and 11% of tumors 
were considered to have GSTA expression (Table). 
Figure 1 shows that strong nuclear and cytoplasmic 
staining with GSTA was observed in the basal and 
secretory cells of PIN cells (Figure 1). 

There were no statistically significant differences 
in GSTT1 and GSTM4 expression between benign 
and tumor epithelium (Table). Of benign epithelium, 
53% was GSTM4-positive; however, 58% of PIN 
and 37% of tumors were considered to have GSTM4 
expression (Figure 2). Similarly, both benign 
epithelium and PIN showed 79% GSTT1-positive 
expression; however, there was no statistically 
significant difference (Table; Figure 3). 

There was a statistically significant difference in 
the GSTP expression between cancer and benign 
epithelium and PIN (P < 0.05). GSTP expression 
was seen at 32% in tumor epithelium (Figure 4), but 
89% of the benign samples were considered to have 
GSTP expression. Thus, stronger GSTP expression 
was observed in benign epithelium than in tumor 
epithelium in human prostate cancers. 

According to the Bonferroni correction method, 
there was no statistically significant difference in 
the staining levels of other GST isoenzymes among 
benign, PIN, and PCA tissues (P > 0.05).

The clinical and pathologic characteristics of 
the prostate cancers and the levels of GSTA, GSTP, 
GSTM4, and GSTT1 expression were correlated 
separately. There was a significant negative 
association between GSTT1 expression and patient 
age (r = −0.570; P = 0.011). There were no significant 
associations among patient age, Gleason score, total 
serum PSA, and GSTs in tumor tissue.

Discussion

In this study, we investigated the association of 
neoplastic transformation in prostate tissue and the 
protein expression of GSTP, GSTM4, GSTA, and 

Table. Expressions of GSTA, GSTP, GSTT1, and GSTM4 in benign epithelium (BE), PIN, and PCA. 

GSTA GSTT1 GSTM4 GSTP

NS, n (%) WS, n (%) SS, n (%) NS, n (%) WS, n (%) SS, n (%) NS, n (%) WS, n (%) SS, n (%) NS, n (%) WS, n (%) SS, n 
(%)

BE 6 (32) 11 (58) 2 (10) 4 (21) 14 (74) 1 (5) 9 (47) 7 (36) 3 (16) 2(11) 13 (68) 4 (21)
PIN 12 (63) 5 (26) 2 (11) 4 (21) 7 (37) 8 (42) 8 (42) 5 (26) 6 (32) 3(16) 7 (37) 9 (47)
PCA 15 (79) 4 (11) - 5 (26) 11 (58) 3 (16) 12 (63) 6 (32) 1 (5) 13(68) 5 (26) 1 (6)

NS: negative staining (0), WS: weak staining (1), SS: strong staining (2).
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GSTT1 isoenzymes. GSTs are a family of isoenzymes 
that play an important role in protecting cells from 
cytotoxic and carcinogenic agents. GSTs are divided 
into 7 subclasses: GSTA, GSTM, GSTP, GSTT, GSTS, 
GSTO, and GSTZ (8). The alpha, mu, pi, and theta 
subclasses are mostly expressed in mammalian 
tissues, with GSTP (the major class of the GSTs) 
being the most abundant in the urinary, respiratory, 
and gastrointestinal systems and thus in the prostate 
(9,10). GSTP protein plays a role in toxin excretion 
and metabolism. Loss of GSTP function may render 
prostate cells vulnerable to genome damage mediated 
by environmental carcinogens that may be GSTP 
substrates, including oxidants, such as those arising 
from prostate inflammation, and electrophiles, 
which may be contributed via dietary exposure to 
heterocyclic aromatic amine carcinogens (6). To the 
best of our knowledge, this is the first study offering 
a comprehensive description of the 4 classes of GST 
isoenzymes in PCA tissues.

Our findings were consistent with those of 
Bostwick et al. (11); most of the benign prostate 
tissues expressed GSTP (P < 0.05). Contrary to these 
findings, there was increased expression of GSTP in 
other cancers such as breast, colon, stomach, pancreas, 
bladder, lung, and larynx (12−15). Induction of 
the enzymes in these cancers could be an adaptive 
response to stress or to chemical agents, or they could 
have an increased half-life of hypermethylated gene 
products. 

In the current study, GSTP expression decreased 
with the neoplastic transformation of the prostate, as 
was also found by Moskaluk et al. (16), and 32% of 
the tumors stained with GSTP in our study. GSTP-
positive tumors were moderately differentiated 
tumors in this study.

Our results for GSTA and GSTM4 are in agreement 
with those of previous studies (10,11,17,18), whereas 
Parsons et al. found that GSTA was nearly absent 
in normal epithelium and was stained strongly 
in prostatic inflammatory atrophy (3). GSTA 
was identified in both normal prostate tissue and 
prostate cancer by Murray et al. (17). In a study by 
Bostwick et al. (11), GSTA displayed the lowest level 
of expression, with diffuse weak staining in scattered 
cells (<1%) in high-grade PIN and PCA. Only 11% 
of carcinomas were positive for GSTA in this work. 
It was reported that GSTP expression may also be 
predictive of patient outcome. For example, in breast 
cancer, GSTP expression was inversely related to 
grade (19) and probably related to drug resistance; 
other studies found that GSTP expression was a 
prognostic indicator (20). We found no relationship 
between GSTP expression and Gleason grade in 
prostate cancer and no statistically significant 
difference between other GSTs and Gleason grade, 
age, and serum PSA. There are very few studies about 
the correlation of GSTs with these clinical parameters 
in the literature.

Figure 1.	 Nuclear and cytoplasmic positive staining with GSTA 
was observed in secretory cells (GSTA, 400×).

Figure 2.	 Nuclear and cytoplasmic positive staining with 
GSTM4 was observed in basal and secretory cells of 
PIN cells (GSTM4, 200×).
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Through genetic research, the loss of expression 
of GSTP was found to be the most common genetic 
alteration in prostate cancer (21−24). In our work, 
GSTP expression in PIN was higher than the 
expression in carcinoma, and this was statistically 
significant (P < 0.05). The results of Srivastava et 
al. indicated that the null genotypes of GSTM1 and 
GSTT1 and the G allele of GSTP1 are associated with 
a higher risk of prostate cancer than controls (25).

Some genetic analytical studies could not address 
whether GST polymorphisms have an effect on 
the clinical behavior of prostate cancer or other 
clinicopathologic attributes. The metaanalysis cannot 
exclude the possibility that other polymorphisms in 
GST genes may still be useful to pursue. Moreover, 
these studies could not address gene−gene or gene−
environmental interactions. Some other studies 
showed a significant relation between prostate 
carcinoma and genetic polymorphisms (7,26−37). 
Interindividual differences in cancer susceptibility 
may be mediated partially through polymorphic 
variability in the bioactivation and detoxification of 
carcinogens. 

Rebbeck et al. reported that men who did not have 
homozygous deletions at GSTT1 were at increased 
risk of prostate carcinoma (1). Other studies suggest 
that individuals homozygous for the polymorphic 
GSTP1 genotype had a decreased risk of prostate 
cancer (38). Loss of GSTP1 gene expression is 

associated with hypermethylation of deoxycytidine 
residues (CG islands) in the 59-regulatory region of 
the gene. Hypermethylation in the promoter region 
of GSTP1 appears to be a frequent and early event in 
prostate cancer development (6,39−44).

In our study, the GSTA class displayed the lowest 
level of expression in PIN and PCA. GSTP expression 
was lower in PCA tissue than in PIN (P < 0.05). There 
was a significant negative association between GSTT1 
expression and patient age; however, we did not find 
a statistically significant association among patient 
age, Gleason score, and total serum PSA and GSTs 
in tumor tissue. These results suggest that the GST 
population, owing to reduction or loss of expression 
of multiple GSTs, especially GSTP and the alpha class, 
plays a role in tumor growth and carcinogenesis of 
the prostate. 

Corresponding author: 
Gülçin ŞİMŞEK 
Pathology Department,
Keçiören Research and Training Hospital,
Ankara − TURKEY
E-mail: drgulcinguler@gmail.com

Figure 3.	 Mild expression of GSTT1 in PIN and in carcinoma 
(GSTT1, 400×).

Figure 4.	 Mild expression in PIN and loss of GSTP expression in 
carcinoma (GSTP, 200×).



The expression of GST isoenzymes in acinar adenocarcinoma, intraepithelial neoplasia, and benign prostate tissue: correlation of 
clinical parameters with GST isoenzymes

692

References

1.		 Rebbeck TR, Walker AH, Jaffe JM et al. Glutathione 
S-transferase mu (GSTM1) and -theta (GSTT1) genotypes in 
the etiology of prostate cancer. Cancer Epidemiol Biomarkers 
Prev 8: 283−7, 1999.        

2.	 Nelson WG, De Marzo AM, Deweese TL. The molecular 
pathogenesis of prostate cancer: implications for prostate 
cancer prevention. Urology 57 (Suppl 4A): 39−45, 2001.

3.	 Parsons JK, Nelson CD, Gage WG et al. GSTA1 expression in 
normal, preneoplastic, and neoplastic human prostate tissue. 
Prostate 49: 30−7, 2001.

4.	 Hamada SI, Kamada M, Furumoto H et al. Expression of 
glutathione S-transferase-pi in human ovarian cancer as an 
indicator of resistance to chemotherapy. Gynecol Oncol 52: 
313−9, 1994.

5.	 Coles BF, Kadlubar FF. Detoxification of electrophilic 
compounds by glutathione S-transferase catalysis: 
determinants of individual response to chemical carcinogens 
and chemotherapeutic drugs? Biofactors 17: 115−30, 2003.

6.		 Nelson WG, De Marzo AM, Deweese TL et al. Preneoplastic 
prostate lesions: an opportunity for prostate cancer prevention. 
Ann NY Acad Sci 952: 135−44, 2001.

7.	 Murata M, Watanabe M, Yamanaka M et al. Genetic 
polymorphisms in cytochrome P450 (CYP) 1A1, CYP1A2, 
CYP2E1, glutathione S-transferase (GST) M1 and GSTT1 and 
susceptibility to prostate cancer in the Japanese population. 
Cancer Lett 165: 171−7, 2001.

8.	 Strange RC, Spiteri MA, Ramachandran S et al. Glutathione-
S-transferase family of enzymes. Mutat Res 482: 21−6, 2001. 

9.	 Di Paolo OA, Teitel CH, Nowell S et al. Expression of 
cytochromes P450 and glutathione S-transferases in human 
prostate, and the potential for activation of heterocyclic amine 
carcinogens via acetyl-coA-, PAPS- and ATP-dependent 
pathways. Int J Cancer 117: 8−13, 2005.

10.	 Di Ilio C, Aceto A, Bucciarelli T et al. Glutathione transferase 
isoenzymes from human prostate. Biochem J 271: 481−5, 1990.

11.	 Bostwick DG, Meiers I, Shanks JH. Glutathione S-transferase: 
differential expression of a, l, and p isoenzymes in benign 
prostate, prostatic intraepithelial neoplasia, and prostatic 
adenocarcinoma. Human Pathol 38: 1394−401, 2007.

12.	 Oğuztüzün S, İşcan M, Özhavzalı M et al. Comparison of GST 
isoenzymes expression in normal and tumor breast tissue: 
correlation with clinical and prognostic factors. Turk J Biol 33: 
89−100, 2009. 

13.	 Aydin S, Oguztuzun S, Gurbuz N et al. Immunohistochemical 
localization of GST isoenzymes (GSTA, GSTP, GSTM4 and 
GSTT1) and tumor marker P53 in matched larynx tissue 
from normal and carcinoma: correlations with the prognostic 
factors. J Otolaryngol Head Neck Surg 39; 5: 542−50, 2010. 

14.	 Oğuztüzün S, Sezgin Y, Yazıcı S et al. Expression of glutathione-
S-transferases isoenzymes and p53 in exfoliated human 
bladder cancer cells. Urol Oncol 17: 1−7, 2009.

15.	 Oğuztüzün S, Aydın M, Demirağ F et al. The expression of 
GST isoenzymes and p53 in non-small cell lung cancer. Folia 
Histochem Cytobiol 48: 122−7, 2010.  

16.	 Moskaluk CA, Duray PH, Cowan KH et al. 
Immunohistochemical expression of pi-class glutathione 
S-transferase is down-regulated in adenocarcinoma of the 
prostate. Cancer 79: 1595−9, 1997.

17.	 Murray GI, Taylor VE, McKay JA et al. The immunohistochemical 
localization of drug-metabolizing enzymes in prostate cancer. J 
Pathol 177: 147−52, 1995.

18.	 Coles B, Ketterer B. The role of glutathione and glutathione 
transferases in chemical carcinogenesis. Crit Rev Biochem Mol 
Biol 25: 47−70, 1990.

19.	 Cairns J, Wright C, Cattan AR et al. Immunohistochemical 
demonstration of glutathione S-transferases in primary human 
breast carcinomas. J Pathol 166: 19−25, 1992.

20.	 Gilbert L, Elwood LJ, Merino M et al. A pilot study of pi-
class glutathione S-transferase expression in breast cancer: 
correlation with estrogen receptor expression and prognosis 
in node-negative breast cancer. J Clin Oncol 11: 49−58, 1993.

21.	 Sidransky D. Emerging molecular markers of cancer. Nat Rev 
Cancer 2: 210−9, 2002.

22.	 Jeronimo C, Usadel H, Henrique R et al. Quantitation of 
GSTP1 methylation in non-neoplastic prostatic tissue and 
organ-confined prostate adenocarcinoma. J Natl Cancer Inst 
93: 1747−52, 2001.

23.	 Yamanaka M, Watanabe M, Yamada Y et al. Altered methylation 
of multiple genes in carcinogenesis of the prostate. Int J Cancer 
106: 382−7, 2003.

24.	 Harden SV, Sanderson H, Goodman SN et al. Quantitative 
GSTP1 methylation and the detection of prostate 
adenocarcinoma in sextant biopsies. J Natl Cancer Inst 95: 
1634−7, 2003.

25.	 Srivastava DS, Mandhani A, Mittal B et al. Genetic 
polymorphism of glutathione S-transferase genes (GSTM1, 
GSTT1 and GSTP1) and susceptibility to prostate cancer in 
Northern India. B J U Int 95: 170−3, 2005.

26.	 Hayes JD, Strange RC. Potential contribution of the glutathione 
S-transferase supergene family to resistance to oxidative stress. 
Free Radic Res 22: 193−207, 1995.

27.	 Harden SV, Guo Z, Epstein JI et al. Quantitative GSTP1 
methylation clearly distinguishes benign prostatic tissue and 
limited prostate adenocarcinoma. J Urol 169: 1138−42, 2003.

28.	 Brooks JD, Weinstein M, Lin X et al. CG island methylation 
changes near the GSTP1 gene in prostatic intraepithelial 
neoplasia. Cancer Epidemiol Biomarkers Prev 7: 531−6, 1998.

29.	 Lee WH, Morton RA, Epstein JI et al. Cytidine methylation of 
regulatory sequences near the pi-class glutathione S-transferase 
gene accompanies human prostatic carcinogenesis. Proc Natl 
Acad Sci USA 91: 1733−7, 1994.



G. ŞİMŞEK, S. OĞUZTÜZÜN, S. GÜREŞCİ, M. KILIÇ, Ö. F. BOZKURT, A. ÜNSAL

693

30.	 Lin X, Tascilar M, Lee WH et al. GSTP1 CpG island 
hypermethylation is responsible for the absence of GSTP1 
expression in human prostate cancer cells. Am J Pathol 159: 
1815−26, 2001.

31.	 Ntais C, Polycarpou A, Ioannidis JP. Association of GSTM1, 
GSTT1, and GSTP1 gene polymorphisms with the risk of 
prostate cancer: a meta-analysis. Cancer Epidemiol Biomarkers 
Prev 14: 176−81, 2005.

32.	 Kelada SN, Kardia SL, Walker AH et al. The glutathione 
S-transferase-mu and -theta genotypes in the etiology of 
prostate cancer: genotype-environment interactions with 
smoking. Cancer Epidemiol Biomarkers Prev 9: 1329−34, 2000.

33.	 Autrup JL, Thomassen LH, Olsen JH et al. Glutathione 
S-transferases as risk factors in prostate cancer. Eur J Cancer 
Prev 8: 525−32, 1999.

34.	 Acevedo C, Opazo JL, Huidobro C et al. Positive correlation 
between single or combined genotypes of CYP1A1 and GSTM1 
in relation to prostate cancer in Chilean people. Prostate 57: 
111−7, 2003.

35.	 Agalliu I, Langeberg WJ, Lampe JW et al. Glutathione 
S-transferase M1, T1, and P1 polymorphisms and prostate 
cancer risk in middle aged men. Prostate 66: 146−56, 2006.

36.	 Kidd LC, Woodson K, Taylor PR et al. Polymorphisms in 
glutathione-S-transferase genes (GST-M1, GST-T1 and 
GST-P1) and susceptibility to prostate cancer among male 
smokers of the ATBC cancer prevention study. Eur J Cancer 
Prev 12: 317−20, 2003.

37.	 Beer TM, Evans AJ, Hough KM et al. Polymorphisms of GSTP1 
and related genes and prostate cancer risk. Prostate Cancer 
Prostatic Dis 5: 22−7, 2002.

38.	 Gsur A, Haidinger G, Hinteregger S et al. Polymorphisms of 
glutathione-S-transferase genes (GSTP1, GSTM1 and GSTT1) 
and prostate-cancer risk. Int J Cancer 95: 152−5, 2001.

39.	 Kote-Jarai ZED, Edwards SM, Jefferies S et al. 
Relationship between glutathione S-transferase M1, P1 
and T1 polymorphisms and early onset prostate cancer. 
Pharmacogenetics 11: 325−30, 2001.

40.	 Wadelius M, Autrup JL, Stubbins MJ et al. Polymorphisms in 
NAT2, CYP2D6, CYP2C19 and GSTP1 and their association 
with prostate cancer. Pharmacogenetics 9: 333−40, 1999.

41.	 Shepard TF, Platz EA, Kantoff PW et al. No association between 
the I105V polymorphism of the glutathione S-transferase P1 
gene (GSTP1) and prostate cancer risk: a prospective study. 
Cancer Epidemiol Biomarkers Prev 9: 1267−8, 2000.

42.	 Debes JD, Yokomizo A, McDonnell SK et al. Gluthatione-S-
transferase P1 polymorphism I105V in familial and sporadic 
prostate cancer. Cancer Genet Cytogenet 155: 82−6, 2004.

43.	 Luscombe CJ, French ME, Liu S et al. Glutathione S-transferase 
GSTP1 genotypes are associated with response to androgen 
ablation therapy in advanced prostate cancer. Cancer Detect 
Prev 26: 376−80, 2002.

44.	 Mao GE, Morris G, Lu QY et al. Glutathione S-transferase 
P1 Ile105Val polymorphism, cigarette smoking and prostate 
cancer. Cancer Detect Prev 28: 368−74, 2004.


