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Abstract. Promoter hypermethylation is a marginal approach 
to inactivating tumor suppressor genes in cancer. DNA hyperm-
ethylation is a well-recognized epigenetic malfunction observed 
in several malignancies, most predominantly in prostate cancer. 
Aberrant DNA methylation patterns are considered to be the 
earliest somatic genome changes in prostate cancer. The func-
tion of promoter hypermethylation in malignant transformation 
of the prostate has been widely studied, from its presence in 
benign hyperplasia (BHP) to development and to the advanced 
stages of tumor formation. In the present study, we examined 
the promoter hypermethylation status of the glutathione 
S-transferase P1 (GSTP1) and RASSF1A genes in 45 BHP 
samples, 50  proven prostate tumor samples and 80  normal 
samples. Hypermethylated GSTP1 was found in 29/50 (58.0%) 
prostate carcinoma cases and 12/45  (26.6%) BHP cases. The 
RASSF1A gene was methylated in 17/50  (34.0%) prostate 
cancer samples and 7/45 (15.5%) BHP samples. On the basis 
of these findings, we propose that the epigenetic regulation of 
the GSTP1 and RASSF1A genes through promoter hyperm-
ethylation may play a crucial role in the progression of prostate 
cancer, and has probable involvement in BHP.

Introduction

Prostate cancer is a most important health concern in North 
America and Europe (1). Worldwide, it is the second most 
common non-cutaneous cancer in men, accounting for 10% 
of male cancers (2). Prostate cancer is the second leading 
cause of cancer-related death among men in North America 
and Western/Northern Europe (3). A major challenge is in 
distinguishing between clinically benign and aggressive 

prostate cancers. In spite of increasing research, the genetic 
mechanisms underlying the development and progression of 
prostate cancer are not well known. Cancer development and 
metastasis are multistep processes that involve the inactivation 
of tumor suppressor genes. Once the tumor has metastasized, 
the long-term prognosis is poor, as no curative therapy is 
available (4). 

DNA methylation of CpG sites in the promoter region of 
genes is a frequent epigenetic event involved in the patho-
genesis of many human cancers (5,6). Epigenetic alterations, 
especially DNA hypermethylation, are thought to play an 
important role in the down-regulation of genes that have 
been shown to cause prostate cancer. In addition to classic 
genetic aberrations, epigenetic alterations have emerged as 
a main driving force in the molecular pathology of prostate 
cancer (7). DNA methylation provides an alternate pathway to 
gene deletion or tumor-suppressor gene mutations. Aberrant 
promoter methylation has been reported for several genes in 
a number of malignancies, and the variety of genes involved 
suggests that specific tumors may have their own distinct 
pattern of methylation (8). The focus of the present study was 
on the DNA methylation status of the RASSF1A and GSTP1 
genes and their role in the deregulation of apoptosis in pros-
tate cancer. 

The RAS family of proto-oncogenes plays a significant 
role in the signal transduction pathways involved in cell 
proliferation and survival, where it interacts with other 
regulatory circuits of cell growth and death. Recently, a new 
gene encoding RAS-binding proteins, RASSF1A, has been 
identified as having a crucial lung and breast cancer deletion 
region at 3p21.3 (9,10). The RASSF1A gene has been reported 
to be silenced by aberrant hypermethylation of promoter A in 
a large fraction of lung (9,11,12), breast (11,12) and gastric 
(13) tumors. 

Glutathione S-transferase P1 (GSTP1) is a protector gene 
whose silencing by hypermethylation leads to DNA damage 
and the initiation of cancer (14,15). Hypermethylation is 
a frequent event in prostate carcinoma, and by far the most 
frequent genomic alteration to be detected is hypermethyla-
tion of the GSTP1 promoter region (49%) (16). It has been 
confirmed that methylation of the GSTP1 promoter region 
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results in the loss of GSTP1 expression in prostate cancer cells 
(17,18). Currently in the US, the methylation status of GSTP1 
is being examined in clinical trials as a promising diagnostic 
marker of prostate carcinoma (19,20). 

Here, we present evidence that the RASSF1A and GSTP1 
genes are inactivated in prostatic cells during the pathogenesis 
of prostate carcinoma as a consequence of CpG island DNA 
hypermethylation, and that cells with inactivated RASSF1A 
and GSTP1 genes may be selected during human prostate 
carcinogenesis. Hypermethylation promotes carcinogenesis 
in prostate cancer by affecting cell cycle control, hormonal 
response, cell adhesion and cell architecture (21).

Materials and methods

Patients and tumor tissue procurement. A cohort of 95 randomly 
selected male patients admitted to the Department of Urology, 
Sher-i-Kashmir Institute of Medical Sciences, were included in 
the study. The patients underwent histopathological diagnosis 
of prostate cancer in the Department of Histopathology of our 
institution. Fifty prostate tumor samples and 45 benign hyper-
plasia (BHP) samples were collected. Samples from 80 healthy 
males over 50  years of age served as the controls. We also 
obtained prostate sextant biopsy specimens from 10 patients 
with elevated levels of serum PSA. Prostate samples consisting 

of tumor tissues and adjacent normal tissue were collected. 
Only histopathologically confirmed tumors were included in 
the study. The study was approved by the Ethical Committee 
of the Sher-i-Kashmir Institute of Medical Sciences.

DNA isolation. Genomic DNA was extracted from the tissue 
and peripheral blood samples of the breast cancer patients 
using a DNA Extraction kit (Qiagen, USA). The quality 
of the resulting genomic DNA was stringently assessed 
using low percentage agarose gel electrophoresis and UV 
spectrophotometry.

Methylation-specific polymerase chain reaction for 
RASSF1A and GSTP1. Bisulphite treatment converts 
unmethylated but not methylated cytosines to uracil. During 
the subsequent amplification step, uracil is converted to 
thymidine, producing sequences between methylated and 
unmethylated DNA. Genomic DNA isolated from tumors and 
adjacent normal tissues using the protocol described above 
was bisulphite modified using a commercial kit (Methylation 
Direct kit, Zymoresearch) according to the manufacturer's 
instructions. The modified DNA was amplified using meth-
ylation-specific primers (12,22). Bisulfite-modified DNA 
(3 µl) was used in the PCR mix, which contained 1X PCR 
buffer, 200 µmol/l dNTP, 2 units Amp gold Taq DNA poly-

Table I. Effect of GSTP1 and RASSF1A hypermethylation pattern in prostate cancer patients from Kashmir Valley.

Variable	 PCA	 GSTP1	OR	  95% CI	 P-value	 RASSF1A	OR	  95 % CI	 P-value
	N o. (%)	 methylation				    methylation

Age			   2.94	 0.24-34.85	 0.56		  0.23	 0.01-2.79	 0.54
  >50	 47 (94)	 28				    15	
  ≤50	   3   (6)	   1				      2
Dwelling			   0.26	 0.06-1.15	 0.09		  0.25	 0.06-0.98	 0.07
  Rural	 38 (76)	 17				    10	
  Urban	 12 (24)	   9				      7
Smoking status 			   2.28	 0.52-9.92	 0.31		  5.07	 1.22-21.06	 0.03
  No	 11 (22)	   8				      7	
  Yes	 39 (78)	 21				    10
Pesticide exposure			   0.23	 0.07-0.80	 0.02		  1.77	 0.53-5.8	 0.37
  Low	 19 (38)	   7				      8	
  High	 31 (62)	 22				      9
PSA level			   0.65	 0.17-2.40	 0.73		  0.12	 0.01-1.06	 0.03
  Low (4-8)	 12 (24)	   6				      1	
  High (8-13)	 38 (76)	 23				    16
Tumor stage			   0.23	 0.07-0.77	 0.02		  1.36	 0.41-4.45	 0.76
  I+II (a + b)	 21 (42)	   8				      8	
  III (a + b) + IV	 29 (58)	 21				      9
Histopathological
tumor grade			   6.56	 1.88-22.87	   0.003		  1.52	 0.45-5.11	 0.55
  WD+MD	 27 (54)	 21				    11	
  PD	 23 (26)	   8				      6

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated. 
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merase and 0.4 µM of the primer. The mixture was amplified 
using the specific reaction conditions. The PCR products 
(10 µl) were loaded onto 6% denaturing polyacyrlamide gels, 
stained using ethidium bromide and visualized under a UV 
illuminator. 

Results

GSTP1 promoter methylation in prostate carcinoma and 
benign hyperplasia. Initially, we analyzed GSTP1 promoter 
methylation in 50 prostate cancer samples from patients 
with clinically localized prostate carcinoma who underwent 
radical prostatectomy, and in 45 patients with histologically 
documented BHP who underwent a transurethral resection of 
the prostate. Using methylation-specific PCR, MSP analysis 
revealed methylated GSTP1 in 29/50 (58.0%) prostate carci-
noma cases. Additionally, 12/45  (26.6%) patients with BHP 
showed some GSTP1 methylation (Tables I and II). 

RASSF1A promoter methylation in prostate carcinoma and 
BHP. RASSF1A promoter region hypermethylation was 
found in 17/50 (34.0%) prostate cancer samples. Among the 
45  BHP samples analyzed, 7/45 (15.5%) samples exhibited 
RASSF1A methylation. Although microdissection was 
performed for each prostate cancer sample, unmethylated 

PCR product was detected in many of the tumor samples, 
which may have been due to the presence of remaining non-
malignant cells. RASSF1A methylation was also detected 
in 4/50 normal tissue DNA samples whose corresponding 
tumor was also methylated, indicating that silencing of the 
RASSF1A promoter might be an early event in certain cases 
of prostate cancer. Hypermethylation was observed in all 
of the histopathologically proven cancer patients. Using 
statistical analysis, methylation was examined with regard 
to the clinicopathological parameters of the cancer patients 
(Tables I and II).

Discussion 

DNA hypermethylation is a well recognized epigenetic 
malfunction observed in several malignancies, most predomi-
nantly in prostate cancer (23). Several characteristics of DNA 
hypermethylation make it advantageous as a cancer biomarker. 
Tumorigenesis is a multi-step process and hypermethylation 
is hypothesized to be an early event in the development and 
progression of prostate cancer (21). DNA methylation is of 
great importance in human cancer, and researchers have 
focused on regions of the genome that might have functional 
significance resulting from the extinction of gene activity. 
The methylational status of numerous genes has already been 

Table II. Effect of GSTP1 and RASSF1A hypermethylation pattern in benign hyperplasia patients from Kashmir Valley.

Variable	 BHP	 GSTP1	OR	  95% CI	 P-value	 RASSF1A	OR	  95% CI	 P-value
	N o. (%) 	 methylation				    methylation

Age			   0.11	 0.01-0.73	 0.02		  0.33	 0.02-4.27	 0.40
  >50	 42 (93.3)	 8				    6	
  ≤50	   3 (6.60)	 4				    1
Dwelling			   0.52	 0.13-2.08	 0.47		  0.54	 0.10-2.83	 0.65
  Rural	 31 (68.8)	 7				    4	
  Urban	 14 (35.7)	 5				    3
Smoking status			   0.67	 0.16-2.70	 0.73		  0.20	 0.02-1.87	 0.21
  No	 18 (14.8)	 4				    1	
  Yes	 27 (44.4)	 8				    6
Pesticide exposure			   0.40	 0.19-2.74	 0.30		  0.55	 0.09-3.20	 0.68
  Low	 18 (23.8)	 3				    2	
  High	 27 (29.1)	 9				    5
PSA level			   0.12	 0.02-0.56	 0.00		  0.07	 0.00-0.71	 0.01
  Low (4-8)	 27 (11.1)	 3				    1	
  High (8-12)	 18 (50.0)	 9				    6
Tumor stage			   0.32	 0.08-1.30	 0.17		  2.26	   0.39-13.06	 0.43
  II (a + b)	 24 (16.6)	 4				    5	
  III (a + b)+ IV	 21 (38.0)	 8				    2
Histopathological
tumor grade			   1.48	 0.39-5.60	 0.73		  7.41	 0.81-67.6	 0.09
  WD+MD	 23 (30.4)	 7				    5	
  PD	 22 (22.7)	 5				    2

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated. 
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studied in various types of cancer (8). Hypermethylation 
promotes tumorigenesis in prostate cancer by affecting cell 
adhesion and cell architecture, cell cycle control and hormonal 
response. In the present study, we studied the GSTP1 gene, 
which is a DNA repair gene, and the RASSF1A gene, which is 
involved in signal transduction. 

GSTP1 is a protector gene involved in intracellular detoxi-
fication. Silencing of this gene by promoter hypermethylation 
leads to DNA damage and the initiation of cancer. The most 
common somatic genome alteration observed during prostate 
cancer development is hypermethylation of the regulatory 
region of the promoter of the k-class GSTP1 gene (24-26). In 
the present study, we found GSTP1 promoter hypermethyla-
tion in 58% of prostate cancer samples and 26% in BHPs, 
indicating the possible presence of pre-malignant lesions. The 
usefulness of GSTP1 hypermethylation is that it may serve as 
an early detection biomarker. This contributes to the evidence 
that suggests that GSTP1, together with other genes shown to 
be methylated in prostate cancer, may be a powerful diagnostic 
and prognostic biomarker (8,27). 

RASSF1A is a potential tumor suppressor that interacts 
with Cdc20, an activator of the anaphase-promoting complex, 
to inhibit complex activity and prevent mitotic progression. 
RASSF1A has been studied in many tumors in which methyla-
tion correlates with reduced expression (28). Methylation of 
RASSF1A has been reported at similar frequencies in prostate 
cancer and also in prostatic BHP, an age-related non-cancerous 
enlargement of the prostate (29-31). Epigenetic inactivation of 
RASSF1A is observed in 53-71% of solid tumors and epithelial 
cancers, including prostate cancer (32,33). In our study, the 
RASSF1A promoter was methylated in 34% of prostate cancer 
cases and 15% of BHPs. These findings specify a potential 
role of RASSF1A in the diagnosis, pathogenesis and spread of 
prostate cancer. The results also demonstrate that RASSF1A is 
not only silenced in prostate cancer, but also in certain BHPs. 
Detection of the epigenetic silencing of RASSF1A in BHP 
represents early carcinogenesis, as has been shown by others 
(9). As previously reported, RASSF1A acts as a guardian of 
mitosis (34); therefore, the occurrence of hypermethylation at 
the RASSF1A gene locus might also be a sign of clinically-
related, but is still considered BHP. 

We found a lower percentage of hypermethylation than 
most studies, although a similar percentage has been found by 
one other study (35). The results also indicated a statistically 
significant correlation between GSTP1 and RASSF1A gene 
hypermethylation status and the clinical epidemiological char-
acteristics of the prostate cancer patients, as show in Table I. 

A significant association was found between the promoter 
hypermethylation of GSTP1 in prostate cancer and hyper-
plastic tissue with pesticide exposure, suggesting a potential 
role of pesticides in the development and progression of both. 
A decisive study has been carried out on pesticide exposure 
in farmers, indicating that farmers are more likely to die of 
diseases including heart disease, as well as cancer of the lung, 
bladder, liver, prostate, colon, esophagus, rectum and kidney, 
and all of the above combined (36). As most of our patients 
were from the rural areas of Kashmir Valley where the sole 
source of income is farming and very little is known about 
the hazards of pesticides, a significant association between 
prostate cancer and pesticide exposure exists in this group, as 

well as in the BHP patients, who are more vulnerable to the 
development of prostate cancer. 

We found a significant association between GSTP1 
promoter hypermethylation with tumor grade (I and II) and 
histopathological stage, where the presence of hyperm-
ethylation in the primary tumor indicates its role in the early 
development of prostate cancer, and thereafter its metastasis 
indicates its role in tumor progression.

We also found a significant correlation between 
pre-operative serum levels and the promoter methylation 
of GSTP1 in BHP samples, as reported in a previous study 
(33). This demonstrated that 24% of men who underwent a 
prostate biopsy due to abnormal (increased) serologic PSA, 
ultrasonographic, or clinical findings later presented prostate 
cancer in subsequent biopsies.

Furthermore, we found a significant relation between 
GSTP1 promoter hypermethylation and advanced age in 
BHP patients. As previously mentioned, hypermethylation of 
GSTP1 appears to be an early genetic alteration in prostate 
cancer (37). Recent evidence indicates that the methylation of 
CpG islands present in the promoter regions of certain genes in 
normal-appearing tissues/BHPs may be associated with aging 
(32,35). GSTP1 hypermethylation found in such patients post-
biopsy may be useful for the identification of patients who are 
at potential risk of carrying the malignancy despite a negative 
biopsy, and may aid in determining whether or not a repeat 
biopsy in the event of a negative initial result is necessary. 

A significant association between RASSF1A promoter 
methylation and smoking status in the prostate cancer patients 
was found. Additionally, a significant correlation between 
RASSF1A promoter hypermethylation and high pre-operative 
serum PSA was found. The high PSA groups had a signifi-
cantly greater frequency of RASSF1A methylation in prostate 
tumor and BHP samples.

Based on these findings, we propose that the epigenetic 
regulation of the RASSF1A gene through promoter hyperm-
ethylation may play an important role in the progression of 
prostate cancer, and may also play a role in the development 
of BHP into prostate cancer. 

An essential feature of our study was that we found the 
methylation status of both GSTP1 and RASSF1A to be 
elevated in certain common cancer samples. We suggest that 
the hypermethylation of GSTP1 is an early event in prostate 
carcinoma (30), and that RASSF1A may be involved in the 
progression of cancer in these cases. This analysis indicates 
that not only are the RASSF1A and GSTP1 genes hyperm-
ethylated in prostate cancer, but that promoter methylation of 
these genes may actually start in the benign prostate, and may 
then progress to cancer.

Even if RASSF1A or GSTP1 methylation alone is not 
responsible for prostate cancer development, it is possible 
that the combination of the two may contribute to tumor 
formation and progression, as these genes are involved in 
crucial molecular pathways of carcinogenesis, such as DNA 
repair, cell cycle regulation and signal transduction. The high 
rate of occurrence of methylation at the promoter region of 
these genes strongly suggests that it plays an important role 
in epigenetic alteration in prostate tumorigenesis. However, it 
is worth noting the differences in methylation levels of these 
genes between neoplastic and benign tissues. We conclude 
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that a few more genes, along with these two, may be included 
in a diagnostic test panel for the diagnosis and prognosis of 
prostate cancer as well as of BHPs. 
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