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Abstract

The pi-class glutathione S-transferase (GSTP1) actively protect cells from carcinogens and
electrophilic compounds. Loss of GSTP1 expression via promoter hypermethylation is the most
common epigenetic alteration observed in human prostate cancer. Silencing of GSTP1 can
increase generation of reactive oxygen species (ROS) and DNA damage in cells. In this study we
investigated whether loss of GSTP1 contributes to increased DNA damage that may predispose
men to a higher risk of prostate cancer. We found significantly elevated (103%; P<0.0001) levels
of 8-0x0-2"-deoxogunosine (8-OHdG), an oxidative DNA damage marker, in adenocarcinomas,
compared to benign counterparts, which positively correlated (r=0.2) with loss of GSTP1 activity
(34%; P<0.0001). Silencing of GSTP1 using siRNA approach in normal human prostate epithelial
RWPEL1 cells caused increased intracellular production of ROS and higher susceptibility of cells to
H,0,-mediated oxidative stress. Additionally, human prostate carcinoma LNCaP cells, which
contain a silenced GSTP1 gene, were genetically modified to constitutively express high levels of
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GSTPL1. Induction of GSTP1 activity lowered endogenous ROS levels in LNCaP-pLPCX-GSTP1
cells, and when exposed to H,O», these cells exhibited significantly reduced production of ROS
and 8-OHdG levels, compared to vector control LNCaP-pLPCX cells. Furthermore, exposure of
LNCaP cells to green tea polyphenols caused re-expression of GSTP1, which protected the cells
from H,0,-mediated DNA damage through decreased ROS production compared to non-exposed
cells. These results suggest that loss of GSTP1 expression in human prostate cells, a process that
increases their susceptibility to oxidative stress-induced DNA damage, may be an important target
for primary prevention of prostate cancer.
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INTRODUCTION

Glutathione S-transferases (GST) are a group of isoenzymes that catalyze intracellular
detoxification reactions by conjugating glutathione with electrophilic compounds including
carcinogens, natural toxins and exogenous drugs (1, 2). The resulting complexes generated
by this reaction are usually less toxic than the parent xenobiotic; these complexes are
eventually metabolized and exported via a glutathione-dependent transport system (3).
Among the isoenzymes, the role of pi class GST (GSTP1) is of particular interest in cancer
biology (4, 5). In humans, overexpression of pi-class GST has been associated with tumor
progression and drug resistance (5). GSTP1 over-expression has been reported in many
human tumors, and has been shown to be correlated with advanced stage, disease
aggressiveness, drug resistance and poor survival (6-8). In contrast, early loss of GSTP
expression results in increased cancer susceptibility. For example, GSTP™~ mice display a
strong tendency to develop skin papillomas and lung cancer following carcinogen exposure
(9, 10), and loss of GSTP markedly enhances colon tumorigenesis in Apc (Min) mice. These
findings suggest that GSTP1 possesses tumor suppressor functions as well (11).

In prostatic epithelium, it has been shown that the vast majority of high-grade PIN lesions
and adenocarcinomas exhibit early loss of GSTP1 expression, associated with
hypermethylation of the CpG islands encompassing the GSTP1 promoter (12, 13). It has
been proposed that GSTP1 is a caretaker gene, protecting the cells against genomic damage
mediated by oxidants and electrophiles from inflammation or dietary exposures (14).
Reports suggest that loss of GSTP1 shifts the pro-oxidant-antioxidant balance towards an
oxidative state, resulting in increased inflammation and oxidative stress to prostate epithelial
cells (15). Studies have suggested age-related structural changes in the DNA of prostate
tissue which is likely a result of oxidative damage induced by hydroxyl radicals (16). Age-
related oxidative DNA damage and increased accumulation of 8-oxo0-2’-deoxyguanosine (8-
OHdG) have been shown to be more pronounced in prostate neoplasms than in benign
prostate tissue (17). We have recently demonstrated that chronic intraprostatic inflammation
causes pre-malignant and malignant changes in prostatic epithelium which may be due at
least in part to accumulation of oxidative DNA products as a result of loss of GSTP1 (18).
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To explore the hypothesis that malignancies may result from exposure to oxidative stress,
we examined 8-OHdG levels in the DNA of paired cancerous and benign tissues and
examined the relationship between 8-OHdG levels and GSTP1 activity and expression. In
addition, we examined whether loss of GSTP1 in prostate epithelial cells increases their
susceptibility to oxidative stress; and also examined whether re-establishment of GSTP1
activity results in tumor suppression and caretaker activities during oxidative stress-
mediated DNA damage.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and reagents were purchased from Sigma Chemical Co. (St. Louis, MO,
USA), unless otherwise specified. Tissue culture supplies were procured from Falcon
(Becton Dickinson Labware, Franklin Lakes, NJ). All tissue culture reagents were obtained
from Gibco-Invitrogen Cell Culture (Grand Island, NY) and the fetal bovine serum was
purchased from Tissue Culture Biologicals (Tulare, CA). 2’, 7’-dichlorofluorescein
diacetate (DCF-DA) was purchased from Invitrogen. Epigalocatechin-3-gallate (EGCG) and
Polyphenon E® hereafter referred as green tea polyphenols (GTP) were procured from
Mitsui Norin, Japan. Concentrations of 10pug/mL Polyphenon E correspond to 14uM EGCG.
The constituents present in Polyphenon E® are mentioned in our previous publication (19).

Human prostate tissue specimens

Cell culture

Discarded benign and malignant prostate tissue from patients without any previous form of
adjuvant therapy and who underwent surgery was obtained from the Tissue Procurement
Facility of University Hospitals Case Medical Center and the Midwestern Division of the
Cooperative Human Tissue Network. The Gleason grade and score of adenocarcinoma
specimens were assigned by a surgical pathologist experienced in genitourinary pathology.
Immediately after procurement, samples were snap frozen in liquid nitrogen and stored at
—80°C till further use. These studies were approved by the Institutional Review Board at
Case Western Reserve University.

Human prostate cancer LNCaP cells and virally transformed normal human prostate
epithelial cells RWPE1 were obtained from American Type Culture Collection (Manassas,
VA). LNCaP cells were cultured in RPMI 1640 medium containing 10% fetal bovine serum
and RWPEL cells were cultured in keratinocyte growth medium supplemented with 5ng/mL
human recombinant epidermal growth factor and 0.05mg/mL bovine pituitary extract
(Gibco/Invitrogen, Carlsbad, CA) and maintained in 5% CO, atmosphere at 37°C.

GSTP1 activity assay

GSTP1 activity was determined in tissue and cell lysate by a standard ELISA assay
according to vendor’s protocol (Biotrin International, Dublin, Ireland). The substrate
reaction was read spectrophotometrically at 450nm using the 96-well automated VersaMax
Tunable Microplate Reader (Molecular Devices, Sunnyvale, CA).
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Genomic DNA isolation from prostate tissues

Genomic DNA was isolated from approximately 50mg of tumor tissue and adjacent non-
tumorous tissue using Fast DNA® Spin Kit (Qbiogene) according to manufacturer’s
instructions.

8-OHdG measurement

Measurement of 8-OHdG in tissue specimens and cultured cells was performed with
OxiSelect™ Oxidative DNA damage ELISA kit, Cell Biolabs Inc. (San Diego, CA) as per
vendor’s protocol. Briefly, DNA was converted to single stranded DNA and 8-OHdG was
quantified by quantitative ELISA assay. The quantity of 8-OHdG in the specimens were
determined by comparing its absorbance with known 8-OHdG standard curve.

ROS measurement assay

Generation of reactive oxygen species (ROS) in cultured cells was monitored by the
conversion of 2", 7”-dichlorofluorescin diacetate (DCF-DA; Molecular Probes, Eugene, OR)
to 2’, 7’-dichlorofluorescein, a dye that fluoresces when ROS are generated by measuring
the fluorescence intensity using FluoStar Omega Spectrophotometer (BMG Labtech) at 480
nm for excitation and 560 nm for detection of fluorescence emission. The values, expressed
in percentage arbitrary fluorescence units, were compared across treatment groups.

We also used confocal microscopy for the measurement of ROS using DCF-DA as
previously described (20). Briefly, LNCaP cells were cultured on glass-bottomed 35-mm
petri dishes coated with D-lysine subjected to various treatments. The cells pretreated with
GTP were exposed to DCF-DA for 20 min followed by addition of H,O, and then
immediately scanned in DCF-DA-free PBS using 568-nm excitation light from an argon/
krypton laser, a 560-nm dichroic mirror, and a 590-nm long pass filter. Images of green
MitoTracker fluorescence were collected using a 488-nm excitation light from the argon/
krypton laser, a 560-nm dichroic mirror, and a 500-550 nm band pass barrier filter.
Quantitation was based on analysis of fluorescence per cell or per area from at least three
separate experiments and was expressed relative to control preparations.

Protein extraction and Western blotting

Protein extraction from tissue and cultured cells were performed as previously reported (21).
The protein concentration was determined by the DC Bio-Rad assay using the
manufacturer’s protocol (Bio-Rad Laboratories Hercules, CA). For Western blot analysis,
30ug of cell lysate were resolved in 4-20% Tris—glycine polyacrylamide gel and then
transferred onto the nitrocellulose membrane. The blot was blocked in blocking buffer (5%
non-fat dry milk 1% Tween 20; in 20 mM TBS, pH 7.6) for 1 hour at room temperature, and
probed using appropriate primary antibodies in blocking buffer overnight at 4°C. The
membrane was then incubated with appropriate secondary antibody conjugated with
horseradish peroxidase (HRP) (Amersham Life Sciences, Inc., Arlington Heights, IL)
followed by detection using chemiluminescence ECL kit (Amersham Life Sciences, Inc.).
To ensure equal protein loading, the membrane was reprobed with anti-p-actin antibody
(Santa Cruz Biotechnologies).
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Construction of GSTP1 expression plasmid

GSTP1 (NM_00852) human GSTP1-cDNA clone pCMV6-XL5 was purchased from
Origene (Rockville, MD). Full-length GSTP1 cDNA fragment digested from the pCMV6-
XL5 by Not | restriction endonuclease enzyme and cloned into the pLPCX mammalian
expression plasmid using Clontech T4 DNA ligase (NEB). GSTP1 sequences were
confirmed by DNA sequencing. Transfection was performed with FuGene 6 transfection
reagents (Roche Applied Science, Mannheim, Germany) according to the manufacturer’s
instructions. Control transfection was conducted with the pLPCX empty vector. Stable
transfected single cell colonies were selected by incubation of the cells in 200pg/mL of
puromycin. Positive stable transfectants were confirmed by Western blot analysis. The
resulting clonal cell lines were designated as LNCaP-pLPCX-GSTP1 and LNCaP-pLPCX.

Transient transfection for GSTP1 knockdown

RWPE1 cells were transfected with GSTP1 siRNA or control siRNA (Santa Cruz
Biotechnology, Santa Cruz, CA) according to the siRNA transfection protocol provided by
the manufacturer. Briefly, the day before transfection, RWPEL cells were plated into 200mm
plates at the density of 10° cells/mL in Keratinocyte medium (Invitrogen). The cells with
60-80% confluent were transfected with 50nmol/L of GSTP1 siRNA or control siRNA in
serum-free Opti-MEM® reduced serum media using FuGene 6 (Roche). After 16 hours of
the transfection, the medium was replaced with keratinocyte medium and continued to
culture the cells for additional 8 hour, and then GSTP1 expression level was determined by
Western blotting and RT-PCR.

RNA Extraction and reverse transcriptase-PCR

Total RNA was extracted from GSTP1 siRNA or control siRNA transient transfected
RWPEL cells after 16 hour of the transfection using the TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions. Cells were homogenized in TRIzol, and RNA
was precipitated in 100% isopropyl alcohol and resuspended in nuclease free water
(Ambion/Applied Biosystems, Austin, TX). RNA was stored in —80°C until needed. First
strand synthesis was performed using the high-capacity cDNA Reverse transcription Kit
(ABI, Veriti thermal cycler). GSTP1 was amplified using the forward primer
5'GCCTCCTGCCTATACGGGCA3’ and reverse primer

5’ CGAAGGAGATCTGGTCTCCCACAA3’ and GAPDH forward
5'GAAGGTGAAGGTCGGAGTC3’ and reverse primer

5’ GAAGATGGTGATGGGATTTC3’ used as endogenous controls. PCR products were
electrophorsed in 2% agarose gels along with 1kb plus DNA (Invitrogen) and were
analyzed.

Cell viability assay

Cell viability was measured using the conventional thiazolyl blue tetrazolium bromide
(MTT) reduction assay. Cell respiration, an indicator of cell viability, was determined by the
mitochondrial-dependent reduction of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT) to formazan. After removal of culture media, cells were
incubated at 37° with MTT (0.5mg/mL) for 1 hour. The medium was aspirated and cells

Mol Carcinog. Author manuscript; available in PMC 2014 May 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kanwal et al.

Page 6

were solubilized in dimethyl sulfoxide (100uL) for at least 15 min in the dark. The extent of
reduction of MTT was quantified by optical density measurement at 540nm. The effect of
H,0, on cell viability was assessed as percentage cell viability compared to vehicle-treated
control cells, which were arbitrarily assigned 100% viability.

Statistical analysis

RESULTS

The GSTP1 enzyme and 8-OHdG estimations, ROS production and cell viability assay were
performed in duplicate. All experiments were repeated at least three times. Statistical
comparisons among 3 or more groups were made by ANOVA followed by a Dunnett’s
multiple comparison tests. Data was summarized as Mean + SD (standard deviation). The
difference of GSTP1 enzyme activity and 8-OH-DG between benign and prostate cancer
specimen (paired sample) was examined using paired T-test. The association between
GSTP1 enzyme activity and 8-OH-DG (either % decrease/increase or absolute decrease/
increase) was estimated using Pearson correlation coefficient. All tests are two-tailed and p-
value less than 0.05 are considered to be statistically significant.

GSTP1 activity is decreased in prostate cancer

We determined GSTP1 enzyme activity in paired benign and cancer specimens of the
prostate obtained from the same individuals. GSTP1 activity was measured using an
enzyme-linked immunoassay kit obtained from Biotrin International (Dublin Ireland). A
wide inter-individual variation in GSTP1 activity was observed among the individuals
examined. As shown in figure 1 A, GSTP1 activity in benign tissue range from 1728.6 to
2580.4 ng/mg protein and in cancer specimens from 738.2 to 1754.4 ng/mg protein. The
average GSTP1 activity in benign tissue was 2063.81 + 289.54 ng/mg protein (Mean % SD)
and in cancer 1359.97 + 365.16 ng/mg protein (Mean + SD), which represents a 34%
decrease in cancer (P<0.0001).

Oxidative DNA damage is higher in prostate cancer

Next we determined the 8-OHdG levels in the paired prostate tissues that were evaluated for
GSTP1 activity. The 8-OHdG levels in DNA in benign prostate tissue ranged from 0.156 to
0.322 ng/ug DNA and in cancer tissue from 0.307 to 0.609 ng/ug DNA, respectively. The
average 8-OHdG level in benign tissue was 0.29 + 0.004 ng/ug DNA (Mean + SD) and in
cancer 0.59 + 0.101 (Mean + SD), which represents a 103% increase in cancer (P<0.0001).

Relationship between 8-OHdG levels and GSTP1 activity in prostate tissue

Next we determined whether an association exists between 8-OhdG levels and GSTP1
activity. The association between percent decrease in GSTP1 and percent increase of 8-
OHdG with Pearson correlation coefficient r= —0.18 (P=0.534). Using the absolute changes
(decrease of GSTP1, benign versus cancer and increase of 8-OHdG, benign versus cancer)
instead of percent changes the association was r= 0.2 (p=0.533). In both analyses the
association between the two parameters was not significant (Figure 1C).
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GSTP1 protein expression is decreased in prostate cancer tissue

To further confirm the differential expression of GSTP1 in benign and cancer tissue, the
immunoblot analysis was performed on tissue specimens. As shown in figure 2A, the protein
expression of GSTP1 was decreased in 10 of 12 cancer tissues of each individual compared
with the paired benign tissue. In additional studies we also determined the extent of GSTP1
promoter methylation in benign and cancer specimens. Indeed, a significant increase in
GSTP1 promoter methylation was noted in 8 of 12 cancer specimens compared to benign
tissue (Supplemental Figure 1).

Next we determined the ratio of 5-methyl-deoxycytidine (5mdC) to total deoxycytidine (dC)
in selected tumor specimens and benign tissue counterparts. The levels of 5mdC and dC
were detected in pmol. The ratio of 5mdC/dC in benign tissue ranges from 0.24 to 0.89 and
in cancer specimens from 0.60 to 0.93; which may be due to increase methylation of DNA
bases in cancer tissue (Supplemental Figure 2).

Oxidative DNA damage and ROS generation in human prostate epithelial cells

Next we sought to determine the consequence of oxidative stress on cell viability, generation
of intracellular reactive oxygen species and oxidative DNA damage in response to oxidative
stress. For these studies we used virally transformed human prostate epithelial RWPEL cells
and H,05, as a stable agent which causes oxidative stress and DNA damage resulting in
altered cell viability. As shown in the Supplemental figure 3A, treatment of RWPEL1 cells
with 100uM H,0, caused a significant decrease in cell viability which decreased to 56.6%
from 0.5 hour to 9 hours. Treatment with H,O, caused an increase i n ROS generation
which peaked at 3 hours (51.1%) followed by gradual decrease up to 9 hours.
Simultaneously, increased accumulation of 8-OHdG was noted which progressively
increased in a time-dependent fashion from 88.2% at 0.5 hour to 158.3% at 9 hours, which
correlated with changes in cellular morphology (Supplemental Figure 3B-D). For further
studies we used a 3 hour time point for measuring ROS generation and 9 hour for DNA
damage measurement.

Loss of GSTP1 increases ROS generation and oxidative DNA damage in human prostate
epithelial cells

To determine whether loss of GSTP1 in RWPEL cells causes changes in ROS generation
and 8-OHdG levels, we used a knockdown approach for silencing GSTP1 expression. We
used commercially available siRNA for GSTP1 knockdown, where a maximum inhibition of
67.8% in GSTP1 at the message level and 87.8% in GSTP1 inhibition at the protein level
was achieved with GSTP1 siRNA after 16 hour post-transfection (Figure 3A).

Sixteen hours after GSTP1 knockdown, the cells were exposed to 100uM H,0, and
treatment with N-Acetyl Cysteine (NAC), a well known quencher of ROS. Treatment of
cells with H,0, caused a significant increase in ROS generation and 8-OHdG levels in the
cells after GSTP1 knockdown. As shown in figure 3B, H,O, exposure caused a 51%
increase in ROS production in RWPEL cells, which further increased to 108% after GSTP1
knockdown. Treatment with NAC at 10 and 20uM concentrations resulted in a 48-39%
decrease in ROS production in RWPEL cells whereas 27-42% reduction in ROS production
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was achieved after GSTP1 knockdown in these cells. Similarly, H,O, exposure to RWPE1
cells caused 135% increase in 8-OHdG which markedly increased to 345% after GSTP1
knockdown. Treatment with NAC at 10 and 20uM concentrations resulted in 16-19%
decrease in 8-OHdAG in RWPEL cells, whereas 55-58% reduction in 8-OHdG levels were
observed after GSTP1 knockdown in these cells (Figure 3C). This significant increase in
ROS production and 8-OHdG levels noted after GSTP1 knockdown and defense after NAC
treatment strongly supports the notion that GSTP1 plays a protective role during oxidative
stress.

GSTP1 expression in human prostate cancer LNCaP cells

Human prostate cancer LNCaP cells are devoid of GSTP1 expression and cell lysates
obtained from LNCaP exhibit a very low basal level of GSTP1 activity. Treatment of
LNCaP cells with 10ug/ml GTP, 20uM EGCG and 10nM Aza-dC for 72 hours caused re-
expression of GSTP1 enzyme activity in these cells. Exposure of cells resulted in marked
increase of 44% with GTP; 27% with EGCG and 33% with Aza-dC in GSTP1 activity
(Figure 4A). In the next approach LNCaP cells were stably transfected with GSTP1
expression plasmid. Infection of LNCaP cells with pLPCX vector exhibit a very low basal
level of GSTP1 expression, whereas LNCaP-pLPCX-GSTP1 showed significantly higher
(266%) overall GSTP1 activity (Figure 4A). Assessment of GSTP1 content in LNCaP cells
after treatment with 10ug/ml GTP, 20uM EGCG and 10nM Aza-dC by Western blot
analysis indicates that LNCaP and LNCaP-pLPCX cells have essentially no expression of
GSTP1 protein, whereas LNCaP-pLPXC-GSTP1 cells express significantly higher levels of
protein expression. Similarly, an increase in GSTP1 protein expression was observed after
treatment of cells with GTP, EGCG and Aza-dC that coincides with the activity assay
(Figure 4B).

H>0»-induced oxidative stress in parental LNCaP cells and LNCaP cells with elevated
GSTP1 expression

The MTT assay performed demonstrate that exposure of LNCaP cells with H,O, (100puM)
up to 9 hour was cytotoxic to cells and resulted in decrease in cell viability in a time-
dependent manner (Data not shown). Clones of LNCaP-pLPCX-GSTP1 cells were more
resistant to H,O,-mediated oxidative stress compared with parental cells. A significant
decrease in ROS generation and 8-OHdG levels were noted after H,O, exposure. Compared
to cells treated with H,O,, a decrease of 28.5% in ROS production with GTP, 39.5% with
EGCG, 44.4% with Aza-dC and 64.2% in LNCaP-pLPCX-GSTP1 clone was observed
(Figure 5A). Similarly, a decrease of 63.2% with GTP, 52.8% with EGCG, 62.5% with Aza-
dC and 68.3% in LNCaP-pLPCX-GSTP1 clone was observed in 8-OHdG levels, compared
to cells treated with H,O, (P<0.001 paired Student’s t test).

Re-expression of GSTP1 by GTP and EGCG has functional activity

Previous studies have demonstrated that loss of GSTP1 expression in LNCaP cells is due to
epigenetic alterations related to promoter DNA hypermethylation and chromatin remodeling
(22, 23). Since GTP and EGCG cause re-expression of GSTP1 in LNCaP cells (19), we
sought to determine whether the re-expressed GSTP1 has functional significance. For these
studies, LNCaP cells were exposed to 10pg/ml GTP and 20uM EGCG for 72 hours and later
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the cells were washed with PBS and 1mM H,0, was added and were followed in time-
dependent fashion. Using DCF-DA, a dye that fluoresces in the presence of H,O5 or
hydroxyl radicals, we confirmed that pre-exposure of cells with GTP markedly reduced ROS
generation in these cells. Scans of fluorescence-representing intensities are shown with
LNCaP cells as control and cells pre-exposed to GTP only and cells treated with H,O, and
GTP+ H,0,. ROS production was detected in LNCaP cells treated with H,O, and followed
saturation kinetics consistent with a channel-mediated ROS uptake (Figure 6A). Pre-
treatment of cells with GTP their exposure to HoO» caused a significant decrease in the
intensity in these cells (Figure 6B). These findings are similar to those of other investigators,
supporting the concept that GSTP1 provides protective effects against ROS, and furthermore
suggesting that re-expression of GSTP1 may in part be responsible for suppression of the
adverse effects of oxidative stress (24, 25).

DISCUSSION

Oxidative stress and accumulated genomic DNA damage may contribute to prostate
carcinogenesis (15-18). In this study we have shown that prostate cancer tissues contain
significantly higher levels of 8-OHdG than their matched benign tissue, and in addition,
strikingly reduced GSTP1 expression is observed in prostate cancer specimens compared to
their benign counterparts. While increased DNA damage and altered GSTP1 expression are
common observations in prostate cancer, the relationship between these two markers in
prostate cancer has not previously been demonstrated. Based on our studies it is reasonable
to suggest that loss of GSTP1 activity has an association with 8-OHdG levels that might
contribute to the generation of reactive intermediates and oxidized DNA lesions in tumor
specimens.

Oxidative stress induced by reactive oxygen species has been shown to be involved in
several patho-physiological processes, including carcinogenesis (26, 27). Growing evidence
suggests that chronic inflammation with low levels of ROS production plays an important
role in causing DNA damage and development of cancer (28). Our previous findings in a
prospective five year follow-up study in needle biopsy specimens demonstrate a strong
association between chronic prostatic inflammation, pre-malignant, and malignant changes
in the prostatic epithelium (18). Studies have shown that 42% of men aged 55 to 80 years
exhibit prostatic DNA damage, reflected by levels of 8-hydroxy 2”deoxygunosine (8-
OHdG), which results from oxidative modification of guanine (29). Oxidative damage to the
DNA base 2’-deoxyguanosine produces 8-hydroxy 2’ deoxygunosine (8-OHdG), leading to
a point mutation by an A to T substitution when incorporated into DNA (30). It has been
demonstrated that hydroxyl radical (OH"), singlet oxygen (O,™) or peroxinitrite anion
(ONOQ") is responsible for the formation of 8-OHdG (31, 32). Levels of 8-OHdG in tissue
may increase either because there is a strong DNA damaging stimulus or because one of the
specific DNA repair mechanism is deficient. Our results suggest that DNA damage is
largely due to oxidative stress as indicated by 8-OHdG and subsequent loss of GSTP1
expression as evident in the prostate of the majority of tumor counterpart compared to non-
tumorous tissue.
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Studies have shown that GST serves a caretaker function, protecting cells against as much as
90% of damage induced by electrophiles and other free radicals (4, 5). Loss of GSTP1 has
been shown to increase the inflammatory response in tissues significantly infiltrated by
leukocytes (33). It has been demonstrated that disruption of GSPT1/2 allele in rodent model
increases the potential of skin and lung tumorigenesis in response to carcinogens (9, 10).
Furthermore, GSTP can alter colon tumorigenicity in a mouse model that does not involve
carcinogens, suggesting that variations in GSTP expression may influence tumor
progression (11). Considering that GSTP1 is an anti-oxidative enzyme and tumor
suppressor, its loss caused by epigenetic and genetic changes might lead to tissue damage
and promote carcinogenesis. This hypothesis is strongly supported by our findings, which
demonstrate that GSTP1 promoter methylation is higher in cancer tissue than in benign
tissue from same individual. With the limited sample size and grossly examined tissues for
benign and cancer counterparts, our present data suggest a correlation between the loss of
GSTP1 activity and DNA damage associated with prostate cancer. It would be worthwhile
to design studies with larger sample size and precise separation of cancer and benign tissue
are needed to substantiate these findings.

Reactive oxygen species such as H,O,, OH" and O,~, NO levels are relatively higher in
prostate epithelial cells than in most tissues (31, 32). Direct evidence linking ROS with an
increase in tumor development in the prostate has been established (16-18, 30). This might
be due to the loss of genes such as GSTP1, which are caretakers of the electrophile and
carcinogenic metabolism in the tissue. The current study sought to assess the role of GSTP1
in protection against Ho,O,-mediated cytotoxicity and mitigation of oxidative stress in
benign and malignant prostatic epithelial cells. Our results demonstrate that silencing of
GSTP1 in normal human prostate epithelial RWPE1 cells leads to increased vulnerability to
ROS and oxidative stress. Our findings suggest that it may be possible to develop strategies
for the prevention of the initial and cumulative DNA damaging events that may contribute to
prostate carcinogenesis.

In many prostate cancers, GSTP1 expression is completely abolished by hypermethylation
of the promoter (22, 23). For a number of years our laboratory has been involved in studying
the role of GSTPL1 in prostate cancer and unraveling the mechanism(s) of transcriptional
regulation by natural dietary agents (19, 34, 35). Many of our studies have been conducted
on human prostate cancer LNCaP cells, a well characterized prostate adenocarcinoma cell
line which serves as a model for understanding many aspects of prostatic epithelial cell
biochemistry and molecular biology. In LNCaP cells, the GSTP1 gene has been silenced
because of CpG island hypermethylation of the promoter region (19, 34). This silencing
occurs in >90% of prostatic carcinomas and is increased in HGPIN, and may be an early
genetic lesion that predisposes selected cells to carcinogenic insult (15, 16, 23). The
relevance of this model system is previously supported by reports demonstrating protection
against PhIP-induced cytotoxicity and DNA adducts formation in GSTP1 over-expressing
cells (36). In our studies we demonstrate that restoration of the expression of GSTP1 in
LNCaP cells protects these cells from toxicity in the form of oxidative stress-induced DNA
damage associated with exposure of electrophiles. Further studies are needed on determining
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the role of other antioxidant enzymes responsible for xenobiotic metabolism and DNA
repair enhancement to inhibit the deleterious effects of ROS.

Silencing of GSTP1 in prostate cells may lead to increase vulnerability to electrophilic
compounds (4, 5). We demonstrated that restoration of GSTP1 expression in prostate
derived LNCaP cells by green tea polyphenols and its major constituent epigallocatechin-3-
gallate (EGCG) can mitigate cytotoxicity caused by HO5 in a similar fashion as
demonstrated by genetic overexpression (19, 34). Hence a strong rationale exists for the use
of interventional strategies, including green tea intake, to block or decrease DNA damage in
prostatic epithelium, and thereby to prevent or delay carcinogenesis. Epidemiological
studies have demonstrated a link between green tea intake and reduced prostate cancer risk
(37, 38). Our previous studies have shown that regular consumption of green tea
polyphenols in amounts comparable with those readily achievable in humans inhibits the
development of prostate cancer in an autochthonous mouse model of prostate cancer (39). A
recent study suggested that consumption of green tea polyphenols leads to increased GSTP1
expression (40). Induction of GSTP in the prostate by chemopreventive agents may
therefore be a viable prevention strategy either alone or in concert with other strategies (41).
Accumulated evidence may also explain the inverse correlation between prostate cancer
incidence and consumption of plant-based diets rich in polyphenols, which may be GSTP
inducers (42, 43). These conclusions support the contention that induction of GSTP
expression is an important component of the anti-carcinogenic activity of some dietary
agents, and support their inclusion in strategies aimed at chemoprevention of prostate
cancer.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect of GSTP1 loss on oxidative DNA damage in human prostate cancer. (A) Box-plot for

GSTP1 enzyme activity, (B) Box-plot for 8-0xo0-2"-deoxogunosine (8-OHdG), and (C)
Correlation of 8-OHdG levels and GSTP1 enzyme activity in benign and prostate cancer.
The paired benign and cancer tissue specimens were obtained from patients with prostate
cancer. Black bar= median; box= 25% to 75™ percentiles, bars= entire range. The correlation
coefficient was determine by linear regression analysis of 8-OHdG as a function of GSTP1
activity. The details are described in “‘materials and methods’ section.
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Figure 2.

GSTP1 protein expression in paired benign and cancer tissue obtained from patients with
prostate cancer. (A) The protein expression was measured by Western blot analysis in the
tissue obtained from the benign and cancer specimens of the same patient. Total cell lysates
were prepared from the benign and prostate cancer tissues. Protein (30ug) was subjected to
SDS-PAGE, followed by Western blot analysis and the detection of protein. The protein
expression in the benign and prostate cancer tissue from the same patients is represented
from #1 to#12, respectively. For normalization of protein loading, the membrane was
stripped and reprobed with B-actin primary antibody and appropriate secondary HRP
conjugate. (B) Densitometric analysis of GSTP1 expression normalized to p-actin. The
details are described in ‘materials and methods’ section.
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Figure 3.

Effect of GSTP1 knockdown on oxidative stress and DNA damage in normal human
prostate epithelial RWPEL cells. (A) GSTP1 mRNA and protein expression in RWPE1 cells
after knockdown using siRNA. (B) ROS production in RWPEL1 cells and after GSTP1
knockdown to HoO»-mediated oxidative stress, and (C) 8-OHdG levels in RWPEL1 cells and
after GSTP1 knockdown to H,0,-mediated oxidative stress. A significant protection was
exhibited in cells treated with N-Acetyl Cysteine (NAC), a well known quencher of ROS.
The bars represent mean + SD of at least 3 independent experiment each performed in
triplicate, *p< 0.05 and **p< 0.001 represent significant differences as compared with the
H,0, treated group. The details are described in ‘materials and methods’ section.
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Figure4.
GSTP1 activity, and GSTP1-specific protein expression in LNCaP and LNCaP cells stably

transfected with a control vector (LNCaP-pLPCX) or a constitutively expressing GSTP1
vector (LNCaP-pLPCX-GSTP1) or after 72 hours treatment with 10nm 5-aza-2-
deoxycytidine (Aza-dC), 10ug/ml green tea polyphenols (GTP) and 20uM with
epigallocatechin-3-gallate (EGCG). (A) GSTP1 activity was measured using human Biotrin
GSTP1 ELISA assay. The bars represent mean + SD of at least 3 independent experiment
each performed in triplicate, **p< 0.001 represent significant differences as compared with
the corresponding controls (B) Western blot analysis of total cell lysate (30ug protein) from
indicated cell lines using a rabbit antihuman GSTP1 polyclonal antibody. The details are
described in ‘materials and methods’ section.
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Figurebs.

Effect of HyO,-mediated ROS production and 8-OHdG levels in LNCaP and LNCaP cells
stably transfected with a control vector (LNCaP-pLPCX) or a constitutively expressing
GSTP1 vector (LNCaP-pLPCX-GSTP1) or after 72 hours treatment with 10nm 5-aza-2-

deoxycytidine (Aza-dC), 10ug/ml green tea polyphenols (GTP) and 20uM with

epigallocatechin-3-gallate (EGCG). (A) Measurement of ROS production by using 2°, 7’-
dichlorofluorescein diacetate, a dye that fluoresces when ROS are generated, and (B)
oxidative DNA damage by measurement of 8-OHdG. The bars and solid line represent mean
+ SD of at least 3 independent experiment each performed in triplicate, **p< 0.001 represent
significant differences as compared with the H,O5, treated group. The details are described

in ‘materials and methods’ section.
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Figure®6.
Effect of green tea polyphenols (GTP) in inhibiting reactive oxygen species (ROS)

generation in LNCaP cells. The cells were incubated with or without 10ug/ml GTP for 72
hours. ROS was generated by exposure of cells to 1mM H,0, and tested with ROS sensitive
and highly fluorescent 2", 7’ -dichlorofluorescein (DCF) dye. (A) Fluorescence
quantification was recorded overtime as described under Materials and Methods. (B)
Fluorescence intensity at the termination of the experiment. The bars represent mean + SD
of at least 3 independent experiment each performed in triplicate, **p< 0.001 represent
significant differences as compared with the H,O5 treated group.
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