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Abstract
Objectives: Epigenetic events such as promoter hyper-
methylation have been implicated in prostate carcino-
genesis. We present a real-time, methylation specific
protocol to detect hypermethylation in the promoter
region of the GSTP1 gene in benign hyperplasia and
adenocarcinoma of the prostate. 
Methods: In our preliminary study, 31 prostate cancer
and 5 benign prostatic hyperplasia (BPH) tissue sam-
ples were analyzed. Genomic DNA was isolated from
formalin-fixed and paraffin-embedded specimens and
subjected to sodium bisulfite modification, followed
by real-time, methylation specific PCR. Patients with
prostatic cancer were also subdivided according to
their Gleason score, PSA, age and TNM Staging.
Prostate cancer cell lines (LNCaP, DU145, PC3) and a
BPH cell line (BPH-1) were also tested as controls. 
Results: GSTP1 promotor hypermethylation was de-
tected in 28 of the 31 prostate cancer cases (90.3%)
and none of the five (0%) BPH cases. Statistical analy-
sis did not reveal a significant correlation between
GSTP1 hypermethylation and Gleason score, PSA, age
or TNM staging. All prostate cancer cell lines were
testes positive for GSTP1 promotor hypermethylation,
whereas the BPH cell line (BPH-1) was tested nega-
tive.
Conclusion: GSTP1 promotor hypermethylation occurs
during carcinogenesis and is considered to be a major
event of prostate carcinogenesis. Our data support this
thesis and shows that GSTP1 hypermethylation reli-
ably distinguishes between prostate cancer and BPH .
Although it is not yet clear at what time during car-
cinogenesis hypermethylation of the GSTP1 promotor
occurs it seems to provide valuable information for
prostate cancer screening and diagnosis. Larger studies
are underway to determine the potential role for
GSTP1 hypermethylation in clinical settings.
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INTRODUCTION

Prostatic adenocarcinoma is the most commonly diag-
nosed cancer in men over the age of 40 years and 
the second leading cause of cancer related deaths in
Western countries. According to the German tumor
registry about 38,000 patients were newly diagnosed
with prostate cancer in Germany in 2002. It is 
estimated that ~220,900 Americans will be diagnosed
with prostatic cancer, and ~28,900 men will die 
from the disease in 2003 [1]. The most common diag-
nostic tool for detecting prostate cancer is the digital
rectal examination. Due to test subjectivity and 
examiner`s experience the detection rate has been 
reported to be between 0.8% to 25.2% with a 
positive predictive value of 6.3% to 50% [2-5]. 
The use of serum prostate specific antigen (PSA) 
during the last two decades has changed the 
diagnosis of prostate cancer. However, the utility 
of PSA and digital rectal examination for harboring
patients at risk for prostatic carcinoma is limited 
in specifity and may result in repeated biopsies [6]. 
Elevated levels of PSA have also been found in 
serum of patients with benign prostatic hyperplasia
(BPH). 

Methylation at the 5´-position of cytosine in CpG
islands regions of genes is a common modification of
DNA in vertebrate genomes and has been recognised
as an important epigenetic alteration that is associated
with the gene`s inactivation [7, 8]. 

Glutathione S-transferases are part of the intracellu-
lar detoxification by conjugating chemically elec-
trophiles to glutathione [9]. Human glutathione S-
transferases are encoded in four classes of genes,
namely α, µ, π and τ [9]. It has been reported that
many human prostatic cancers fail to express π-class
glutathione S-transferase and hypermethylation was
observed in the regulatory sequence of the GSTP1
gene, which encodes for the π-class glutathione S-
transferase [10].
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Autopsy studies have shown a prevalence of organ
confined prostate cancer in 64% in men between 60
and 70 years of age [11]. Not all of these men will
progress to clinical significant prostate cancer and die
because of symptomatic or systemic disease. In the
PSA-era there may be a chance of over-detection and
over-treatment since many men seem to die of other
causes than prostatic cancer [12]. Therefore, the devel-
opment of an additional, independent test of a molec-
ular marker to detect prostate cancer early in carcino-
genesis could improve the accurate diagnosis and iden-
tify those patients that might progress to clinical sig-
nificant prostate cancer. In this study we present a
real-time methylation specific protocol to detect hy-
permethylation in the promoter region of the GSTP1
gene in benign prostatic hyperplasia and adenocarci-
noma of the prostate.

MATERIAL AND METHODS

PATIENTS AND SAMPLE COLLECTION

A total of 31 patients with prostate cancer and 5 with
BPH were recruited into this study. All tissue samples
were obtained by standard urological procedures per-
formed at the Department of Urology, University of
Bonn, Germany. All patients had given informed con-
sent for the collection of tissue according to the insti-
tutional guidelines. Three prostate cancer cell lines
(LNCaP, DU145, PC3) and one BPH cell line (BPH-1)
were also tested. The cell lines were obtained from the
“Deutsche Sammlung für Mikroorganismen und Zel-
lkultur”, Braunschweig, Germany, and cultured ac-
cording to the vendor`s protocol (www.dmsz.de).

A series of 5µm sections were cut from each tissue
block and hematoxylin and eosin (H&E) stained for
pathological evaluation. Gleason score, pathological
stage, age and serum PSA values at the time of surgery

were collected for each of these specimens (Table 1).
Microdissection was performed for enrichment of ep-
ithelial cells. Genomic DNA was isolated from forma-
lin-fixed, and paraffin-embedded specimens according
to the manufactures instructions using the Qiagen
DNA Mini Kit (Qiagen GmbH, Hilden, Germany).
The diagnosis for prostate cancer or BPH was con-
firmed by a pathologist. 

BISULFITE TREATMENT

Bisulfite treatment was performed using the following
protocol [13]: 2µg of DNA and 2µg tRNA-Carrier
(Sigma) were resolved in 100µl distilled water and 
denatured by NaOH (final concentration 0.3M) for 20
minutes at 37°C, sodium bisulfite solution (520 µl)
was added and incubated at 55°C for 18 hours. 
The modified DNA was desalted using QIAex II (Qi-
agen, Hilden, Germany), resolved in 100µl 1mM Tris-
Cl pH 8.0 and treated with NaOH (final concentra-
tion 0.3M) for 20 minutes at 37°C. 47 µl of ammoni-
um acetate and 1µg tRNA were added, followed by
ethanol precipitation over night, washing in 70%
ethanol, drying and resuspending in 35µl 1mM Tris
(pH 8.0).

REAL-TIME METHYLATION SPECIFIC PCR

We performed real-time PCR amplification of the
promotor region flanking the GSTP1 gene. The prin-
cipal of real-time quantitative PCR is achieved by con-
tinuous optical monitoring the progress of a fluores-
cent PCR reaction. All PCR reactions were carried out
on an ABIPrism 7700 Sequence Detection system
(Applied Biosystems, Foster City, USA). The primer
sequences to amplify sodium-bisulfite converted 
CpG islands located at the GSTP1 gene were designed
at our institution to detect methylated and un-
methylated alleles in prostate cancer and BPH. GSTP1
methylated specific primer: 5`-TTC GGG GTG TAG
CGG TCG C-3`(forward), 5`-GCC CCA ATA CTA
AAT CAC GAC G-3` (reverse); GSTP1 unmethylated
specific primer: 5`-GAT GTT TGG GGT GTA
GTG GTT GTT-3` (forward), 5`-CCA CCC CAA
TAC TAA ATC ACA ACA-3` (reverse). The fluores-
cence signal was generated by the inclusion of a dou-
ble strand DNA SYBR Green dye (SYBR Green PCR
Master Mix, Applied Biosystems, Foster City, USA).
The PCR was performed using the following condi-
tions: one cycle at 95°C for 15 minutes, followed by
45 cycles of 95 °C for 30 seconds, 62 °C for 30 sec-
onds, 1 minute at 72 °C, 15 seconds at 75°C and a fi-
nal extension step for 10 minutes at 72 °C. The PCR
reaction was done in a total reaction volume of 25µl
containing 12.5µl SYBR Green dye, 2.5µl of forward
and reverse primer each (1pmol/µl each), 5.0µl tem-
plate and 2.5µl distilled water. Each reaction was per-
formed in triplicate.

A positive control (CpGenome universal methylat-
ed DNA, Serological Cooperation, Temecula, USA)
and two negative controls (bisulfite converted WBC
DNA from normal volunteers and distilled water)
were included in each amplification. Each reaction was
performed in triplicate.
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Table 1. Clinical characteristics of the patients.

BPH PCA

Age (years) (n = 36)
Mean 62 64 
Range 57-75 51-74

Pathological stage (n = 31) (%)
pT2 18 (58)
pT3 12 (39)
pT4 1 (3)

Gleason score (n = 31) (%)
2-3 3 (10)
4-6 13 (42)
7-10 15 (48)

PSA (ng/ml) (n = 31) (%)
0-4 4 (13)
4-10 10 (32)
10-20 9 (29)
<20 5 (16)
unknown 3 (10)

BPH: benign prostatic hyperplasia; PCA: prostate cancer



STATISTICAL ANALYSIS

Statistical analysis was done using the two sided Fish-
er`s exact test. For all tests, significance was concluded
at p<0.05.

RESULTS

The study was designed to identify the status of
GSTP1 hypermethylation in patients with benign pro-
static hyperplasia and prostate cancer. Samples with
signs of DNA hypermethylation at a cycle threshold of
35 or less were considered positive. GSTP1 promotor
hypermethylation was found in 28 of 31 patients
(90.3%) with prostatic cancer and in 0 of 5 patients
(0%) with benign prostatic hyperplasia (p<0.0001)
(Table 2). Despite that, GSTP1 promotor hypermethy-
lation was found in all three (100%) prostate cancer
cell lines (LNCaP, DU145, PC3) and was not detected
in the BPH cell line (BPH-1) (Table 3). Thus, based on
the limited number of patients tested, the specificity of
our essay was 100%. No significant correlation
(p<0.05) between the status of methylation and PSA,
Gleason score, age or TNM staging was detected. 

DISCUSSION

We were able to find CpG-island hypermethylation at
GSTP1 in the majority of the study patients (90.3%)
who had histological confirmed prostate cancer and
in all three prostate cancer cell lines. Other studies
that have used either non-quantitative or quantitative,
real time PCR have also reported GSTP1 hypermethy-
lation in more than 90% of the cases analysed [14, 15,
16, 18, 19, 32]. A limitation of the conventional
methylation specific PCR (MSP) for detection of hy-
permethylation is that prostate cancer and benign
prostatic hyperplasia may score as positive for GSTP1
hypermethylation. 

Another goal of our study was to determine
whether detection of CpG-island hypermethylation of
the promotor of GSTP1 can distinguish between neo-
plastic and non-neoplastic prostatic tissue. We were
not able to detect GSTP1 hypermethylation in tissue
samples of BPH patients or the BPH 1 cell line. 

Despite the small sample size of our study, we were
able to distinguish between prostate cancer and BPH
to a statistically significant extent. Another study using
quantitative, real time PCR demonstrated GSTP1 hy-

permethylation in 91% of the prostate cancer patients
and in 29% of the BPH patients [19]. Laser capture
microdissection (LCM) was not performed because we
wanted to test whether the real-time MSP was able to
detect small neoplastic lesions and serve as an addi-
tional test to histology to ease the diagnosis in cases
when definite diagnosis of prostate cancer can not be
made easily. LCM is very time consuming procedure,
but is inevitable to further distinguish between normal
epithial cells, BPH, prostate cancer and precursor le-
sions and is part of an ongoing study. However, mi-
crodissection for cellular enrichment was performed.

Regional hypermethylation of CpG islands have
been reported to participate in carcinogenesis [16]. Al-
though, the mechanism by which genes acquire somat-
ic CpG island hypermethylation during carcinogenesis
have not been established, it has been suggested that
hypermethylation of the the promotor region of the
GSTP1 gene occurs early during the carcinogenesis of
prostatic cancer. A recent study using laser-capture-
microdissection to evaluate GSTP1 hypermethylation
in precursor lesions of prostatic cancer, namely the
proliferative inflammatory atrophy (PIA) and high-
grade prostatic intraepithelial neoplasia (HGPIN) [17],
detected hypermethylation in 6.3% and 68.8%, respec-
tively [18]. Although GSTP1 island hypermethylation
only occurred in a subset of PIA lesions, at least some
PIA lesions may lead to high-grade PIN and/or may
progress to adenocarcinoma of the prostate [18]. 

The different levels of GSTP1 hypermethylation in
neoplastic and non-neoplastic prostatic tissue suggest
that GSTP1 hypermethylation may be more useful
than measurement of serum PSA in distinguishing
men at low risk for prostate cancer from those with
clinically silent prostatic cancer. As others, we could
not show a correlation between PSA levels and methy-
lation level of GSTP1 in prostate cancer patients [19].
These findings add further support to the notion that
the latter can potentially serve as an independent
marker for prostatic cancer. A high specificity of any
test that may lead to invasive surgery, that is potentially
quality of life limiting (urinary incontinence, erectile
dysfunction), is inevitable. The test showed a specifici-
ty of 100%, which supports the usefulness that GSTP1
hypermethylation as an independent test for diagnosis
of prostate cancer. Larger studies, however, are neces-
sary to proof the value of this test. Interestingly, Zhou
et al. found a correlation between CpG island hyper-
methyltion and Gleason grade and cancer volume [33].
Although not shown in any of the other studies, in-
cluding our data, this seems to be a promising marker
for prostate cancer [14, 15, 16, 18, 19, 32]. Further-
more, the role of tumor volume in prostate cancer
specimens as a independent prognostic marker re-
mains controversial [34].

Recent reports suggest that CpG island hyperme-
thylation in promotor regions of certain genes may be
associated with aging [20, 21]. In our study we could
not observe a age-related difference (<65 compared to
> 65 years of age) in the methylation levels in the
analysed samples. 

Environmental factors such as diet, hormones, ar-
senic, and selenium have been reported to affect DNA
methylation in experimental models [22]. Our series of
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Table 2. Hypermethylation in GSTP1 CpG island in benign
prostatic hyperplasia (BPH) and prostatic cancer (PCA).

n (patients) patients with GSTP1 
hypermethylation

BPH 5 0 (0%)

PCA 31 28 (90.3%)

BPH cell line 1 0 (0%)

PCA cell line 3 3 (100%)



German patients with prostate cancer, however, show
the same rates of GSTP1 promotor hypermethylation
as patients from other studies from the US or Asia [14,
15, 18, 19, 22, 24], although prostate cancer is not as
common in Asia as it is in Western countries [25]. No
correlation of CpG hypermethylation of the GSTP1
gene between Blacks and Whites were detected in the
US in a recent study [26]. This may indicate that, de-
spite the different environmental settings in Germany,
Asia and the United States, the hypermethylation of
the GSTP1 promotor does play an important role dur-
ing prostate cancer development independent of the
environmental setting. 

The results of others studies using quantitative, real
time PCR have shown that GSTP1 hypermethylation
can be helpful in the evaluation of prostate biopsy
specimens [27, 31, 33]. Findings of GSTP1 CpG island
hypermethylation from urine and other bodily fluids
have been reported with sensitivities approaching
75%. [28, 29]. 

CONCLUSION

GSTP1 hypermethylation distinguishes between be-
nign prostatic hyperplasia and prostatic carcinoma. It
demonstrates that quantitative real-time, methylation
specific PCR detecting GSTP1 hypermethylation may
be a useful tool to develop future clinical management
algorithms for the screening, diagnosis and treatment
of prostate cancer.  Larger studies are underway to de-
termine the future role for GSTP1 hypermethylation
in clinical settings. Additionally, tumor specific methy-
lation patterns, as shown for other types of human
cancer, may contribute to current diagnostic tools and
the clinical management of prostatic cancer [30, 32].

Acknowledgments: PJB is supported by a research grant from
the „Wissenschaftsförderung der Nordrhein-Westfälischen
Gesellschaft für Urologie“, Siegen, Germany (North Rhine-
Westphalian section of the German Urological Association). 

REFERENCES

1. Jemal A, Murry T, Samuels A, et al. Cancer statistics,
2003. CA Cancer J Clin 2003;53: 5-26

2. Catalona WJ, Smith DS, Ratliff TL et al. Detection of or-
gan-confined prostate cancer is increased through
prostate-specific antigen based screening. JAMA
1993;270: 948-954

3. Mettlin C, Lee F, Drago J et al. The American Cancer Soci-
ety National Prostate Cancer Detection Project. Findings
on the detection of early prostate cancer in 2425 men.
Cancer 1991;67: 2949-2958

4. Waaler G, Ludvigsen TC, Runden TO et al. Digital rectal
examination to screen or prostatic cancer. Eur Urol
1988;15: 34-36

5. de Koning HJ and Schroeder FH. PSA screening for
prostate cancer: the current controversy. Ann Oncol
1998;9: 1293-1296

6. Catalona WJ, Southwick PC, Slawin KM et al. Comparison
of percent free PSA, PSA denisty and age-specific PSA
cutoffs for prostate cancer detection and staging Urology
2000;56: 255-260

7. Baylin SB, Herman JG, Graff JR, Vertino P, Issa JP. Alter-
ations in DNA methylation: a fundamental aspect of neo-
plasia. Adv Cancer Res 1998;72, 141-6

8. Jones PA and Baylin SB. The fundamentl role of epigenetiv
events in cancer. Nature reviews genetics ;3, 415-28

9. Mannervik B, Alin P, Guthenberg C et al. . Identification
of three classes of cytosolic glutathione transferase com-
mon to several mammalian species: correlation between
structural data and enzymatic properties. Proc Natl Acad
USA 1985;82, 7202-7206

10. Lee WH, Morton RA, Epstein JI et al, Cytidine methyla-
tion of regulatory sequences near the pi-class glutathione
S-transferase gene accompanies human prostati adeno-
carcinogenesis. Proc Natl Acad Sci 1994;91: 11733-
11737

11. Sakr, WA, Grignon, DJ, Crissman, JD et al.: High grade
prostatic intraepithelial neoplasia (HGPIN) and prostatic
adenocarcinoma between the ages of 20-69: an autopsy
study of 249 cases. In Vivo, 1994;8: 439-434 

12. Etzioni R, Penson DF; Legler JM et al. Overdiagnosis due
o prostate-specific antigen screening: lessons from U.S.
prostate cancer incidencetreds. J Natl Cancer Inst
2002;94, 981-990 

13. Grunau C, Clark SJ, Rosenthal A. Bisulfite genomic se-
quencing: systematic investigation of critical experimental
parameters. Nucleic Acids Res 2001, 29, E65-5

14. Lee, WH, Isaacs, WB, Bova, GS, Nelson WG: CG island
methylation changes near the GSTP1 gene in prostatic
carcinoma cells detected using the polymerase chain reac-
tion: a new prostate cancer biomarker. Cancer Epidemiol
Biomarkers Prev 1997;6: 443-450

15. Brooks JD, Weinstein M, Lin X, Sun Y, Pin SS, Bova S,
Epstein JI, Isaacs WB, Nelson WG. CG island methyla-
tion changes near the GSTP1 gene in prostatic intraep-
ithelial neoplasia. Cancer Epidemiol Biomarkers Prev
1998;7: 531-536

16. Jernimo C, Usadel H, Henrique R et al. Quantitative
GSTP1 hypermethylation in bodily fluids of patients with
prostate cancer. Urology 2002;60: 1131-1135 

17. De Marzo AM, Marchi VL, Epstein JI, Nelson WG. Pro-
liferative inflammatory atrophy pf the prostate. Implica-
tions for prostatic carcinogenesis. Am J Pathol 1999;155;
1985-1992 

18. Nakayama M ,Bennett CJ, Hicks JL et al. Hypermethyla-
tion of the human glutathione s-transferase-π gene
(GSTP1) CpG island is present in a subset of proliferative
inflammatory atrophy but not in normal or hyperplastic
epithelium of the prostate. Am J Pathol 2003;163: 923-
933

19. 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 2001;93: 1747-1752

20. Toyota M, Issa JP. CpG island methylator phenotypes in
aging and cancer. Sem Cancer Biol 9: 349-57, 1999

21. Ahuja N, Li Q, Mohan AL et al. Aging, DNA methylation
in colorectal mucosa and cancer. Cancer Res 1998;58:
5489-94

22. Ross SA. Diet and DNA methylation interactions in can-
cer prevention. Ann N Y Acad Sci 2003;983: 197-207

23. Yamanaka M, Watanabe M, Yamada Y et al. Altered
methylation of multiple genes in carcinogenesis of the
prostate. Int J Cancer 2003;106: 382-387

24. Lin X, Tascilar M, Lee WH et al. GSTP1 CpG island hy-
permethylation is responsible for the absence of GSTP1
expression in human prostate cancer cells. Am J Pathol
2001;159: 1815-1826

25. Watannabe M, Nakayama T, Shiraishi T et al. Compara-
tive studies of prostate cancer in Japan versus the United
States. A review. Urol Oncol 2000,5: 274-283 

26. Woodson K, Hayes R, Wideroff , Villaruz L, Tangrea J.
Hypermethylation of GSTP1, CD44, and E-cadherin
genes in prostate cancer among US Blacks and Whites.
Prostate 2003,55: 199-205

EUROPEAN JOURNAL OF MEDICAL RESEARCH526 November 29, 2004



27. Harden SV, Guo Z, Epstein JI, Sidransky D. Quantitative
GSTP1 methylation clearly distinguishes benign prostatic
tissue and limited prostate adenocarcinoma. J Urol
2003;169: 1138-1142

28. Gonzalgo ML, Pavlovich CP, Lee SM, Nelson WG.
Prostate cancer detection by GSTP1 methylation analysis
of post-biopsy urine specimens. Clin Cancer Res 2003;9:
2673-2677

29. Goessl C, Muller M, Straub B, Miller K. DNA alterations
in body fluids as molecular tumor markers for urological
malignancies. Eur Urol 2002;41: 668-676

30. Esteller M, Corn PG, Baylin SB, Herman JG. A gene hy-
permethylation profile of human cancer. Cancer Res
2001;61: 3225-3229

31. Chu DC, Chuang CK, Fu JB, Huang HS, Tseng CP, Sun
CF. The use of real-time quantitative polymerase chain
reaction to detect hypermethylation of the CpG islands in
the promoter region flanking the GSTP1 gene to diagnose
prostate carcinoma. J Urol 2002;167: 1854-1858

32. Yegnasubramanian S, Kowalski J, Gonzalgo, ML, Zahu-
rak M, Piantadosi S, Walsh PC, Bova GS, De Marzo AM,
Isaacs WB, Nelson WG. Hypermethylation of CpG is-
lands in primary and metastatic human prostate cancer.
Cancer Res 2004; 6:1975-1986

33. Zhou M, Tokumaru Y, Sidransky D, Epstein JI. Quantita-
tive GSTP1 methylation levels correlate with Gleason
grade and tumor volume in prostate needle biopsies. J
Urol 2004: 171; 2195-2198.

34. Kikuchi E, Scardino PT, Wheeler TM, Slawin KM, Ohori
M. Is tumor volume an independent prognostic factor in
clinically localized prostate cancer. J Urol 2004: 172; 508-
511.

Received: August 12, 2004 / Accepted: October 15, 2004

Address for correspondece:
Patrick Bastian, M.D.
The James Buchanan Brady Urological Institute
The Johns Hopkins University School of Medicine
Bunting Blaustein Cancer Research Building, CRB 116
1650 Orleans Street
Baltimore, Maryland 21231, USA
Phone: +1-410-614-1661, 
Fax: +1-410-502-9817
Email: patrick.bastian@gmx.de

EUROPEAN JOURNAL OF MEDICAL RESEARCHNovember 29, 2004 527


