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ce has demonstrated an important role of Wnt/β-catenin signaling in the
development and progression of cancer, the therapeutic potential of small molecules that target this pathway
for prostate cancer remains largely unknown. We reported herein that the highly invasive androgen-
independent PC-3 and DU145 human prostate cancer cells exhibited higher levels of Wnt/β-catenin signaling
than the androgen-dependent LNCaP prostate cancer cells and non-cancerous PZ-HPV-7 and PWR-1E
prostate cells, and that exogenous Wnt3A treatment exaggerated the difference of the Wnt/β-catenin
signaling levels among these prostate cells. Furthermore, we demonstrated that the non-steroidal anti-
inflammatory drug, sulindac sulfide, the cyclooxygenase-2 (COX-2) selective inhibitor, celecoxib, and the
nitric oxide-donating aspirin derivative, NO-ASA, blocked Wnt/β-catenin signaling in PC-3 and DU145 cells.
These effects occurred at concentrations comparable to those required to inhibit cell proliferation, indicating
that the inhibitory effect of these drugs on prostate cancer cell proliferation may involve the suppression of
Wnt/β-catenin signaling. Finally, we showed that a novel small molecule inhibitor of Wnt/β-catenin
signaling, PKF118- 310, inhibitedWnt/β-catenin signaling and proliferation in prostate cancer cells within the
same concentration range. Together, these results suggest that small molecules that inhibit Wnt/β-catenin
signaling have therapeutic potential for the prevention or treatment of prostate cancer.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
At the heart of the canonical Wnt pathway is the stabilization of
cytosolic β-catenin, which enters the nucleus to activate Wnt target
genes by binding to transcription factors of the T-cell factor/lymphoid
enhancing factor (TCF/LEF) family (He et al., 2004; Moon et al., 2004;
Dihlmann and von Knebel Doeberitz, 2005; Barker and Clevers, 2006).
In the absence ofWnt ligands, β-catenin is phosphorylated by a multi-
protein complex that marks it for ubiquitination and degradation by
the proteasome. This β-catenin degradation complex contains the
adenomatous polyposis coli (APC) tumor suppressor, the scaffold
protein Axin, the glycogen synthase kinase 3β (GSK3β), and casein
kinase 1. The action of this complex is inhibited upon binding of Wnt
to its cell-surface receptors of the Frizzled (Fz) and the low density
lipoprotein receptor-related protein (LRP) families. Through several
cytoplasmic relay components, the signal is transduced to β-catenin,
which then enters the nucleus to form a complex with TCF to activate
transcription of Wnt target genes (He et al., 2004; Moon et al., 2004;
Dihlmann and von Knebel Doeberitz, 2005; Barker and Clevers, 2006).
A variety of Wnt/β-catenin target genes have been identified, which
include those that regulate cell proliferation and apoptosis, thus
mediating tumor promotion and progression. Deregulation of the
Wnt/β-catenin signaling pathway is frequently observed in many
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types of cancer and is suggested to be an early event in tumorigenesis
(He et al., 2004; Moon et al., 2004; Dihlmann and von Knebel
Doeberitz, 2005; Barker and Clevers, 2006).

Although genetic mutations of APC or β-catenin are rarely observed
in human prostate cancer, compelling evidence has indicated an
important role for the Wnt/β-catenin pathway in the development
and progression of this type of cancer (Yardy and Brewster, 2005; Verras
and Sun, 2006). Up-regulation of Wnt1 expression has been demon-
strated in several prostate cancer cell lines, as well as prostate cancer
tissues, where it is particularly expressed in lymph node and skeletal
metastases of prostate cancer patients (Chen et al., 2004). The
examination of β-catenin expression by immunohistochemical analysis
has revealed aberrant cytoplasmic/nuclear β-catenin localization in
prostate cancer specimens (Chesire et al., 2002; de la Taille et al., 2003;
Chen et al., 2004). In addition, specific expression of activated β-catenin
in the prostate of transgenic mice induced prostatic hyperplasia and
squamous metaplasia (Gounari et al., 2002; Bierie et al., 2003). Other
studies have reported a conditional knockout of theAPC gene inprostate
epithelial cells resulted in the development of prostatic adenocarci-
noma, which positively correlated with increased cytoplasmic and
nuclear levels of β-catenin (Bruxvoort et al., 2007). Furthermore, it was
shown that treatment of prostate cancer cells with Wnt3A significantly
enhanced cell growth (Verras et al., 2004).

Despite the accumulating data identifying the importance of Wnt/
β-catenin signaling in the development and progression of human
prostate cancer, the therapeutic potential of small molecules targeting
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this signaling pathway for prostate cancer remains largely unknown.
In the present study, we characterized Wnt/β-catenin signaling in
prostate cancer cells, and tested the effects of the nonsteroidal anti-
inflammatory drug (NSAID), sulindac sulfide (Goluboff et al., 1999,
2001; Narayanan et al., 2004; Han et al., 2008), the COX-2 selective
inhibitor, celecoxib (Steinbach et al., 2000; Gupta et al., 2004;
Narayanan et al., 2004; Pruthi et al., 2004), the nitric oxide-donating
aspirin derivative, NO-ASA (Kashfi et al., 2002; Rigas, 2007), and a
novel small molecule inhibitor of Wnt/β-catenin signaling, PKF118-
310 (Lepourcelet et al., 2004), on prostate cancer cell Wnt/β-catenin
signaling and proliferation. Our results suggest that suppression of the
Wnt/β-catenin signaling pathway is a potential target for prostate
cancer chemoprevention or chemotherapy.

2. Materials and methods

2.1. Materials

NO-ASA [NCX4040; 2-(acetyloxy)benzoic acid 4-(nitrooxy-methyl)
phenyl ester] was a generous gift from Dr. Basil Rigas (SUNY at Stony
Brook, NY). Celecoxib was kindly provided by Dr. Martin Johnson
(University of Alabama at Birmingham, AL). Sulindac sulfide was
purchased from Sigma. PKF118-310 was purchased from Asinex.
Plasmid Glutathione S-transferase (GST)-E-cadherin was kindly pro-
vided by Dr. Gail Johnson (University of Rochester, NY). The TOPFLASH
TCF luciferase construct was from Upstate Biotechnology. A β-
galactosidase-expressing vector was from Promega. Monoclonal anti-
β-catenin was from BD Biosciences. Monoclonal anti-Axin2 and anti-
CyclinD1were fromCell Signaling. Polyclonal rabbit anti-CyclinD1was
from Chemicon International. Monoclonal anti-actin was from Sigma.
Peroxidase labeled anti-mouse antibody and ECL system were
purchased from Amersham Life Science. The dual luciferase, β-
galactosidase assay and Cell Titer Glo assay systems were from
Promega. RMPI-1640 medium, serum, and plastic-ware were obtained
Fig. 1. Activation of Wnt/β-catenin signaling in prostate cancer cells. (A) Non-cancerous pro
were cultured in 6-well plates, and the levels of cytosolic free β-catenin and total cellular β-
12-well plates were transiently transfected with 0.2 μg of the TOPFLASH luciferase construct
was thenmeasured 48 h later as described under “Materials andMethods”. Values are the ave
well plates were incubatedwith 25% ofWnt3A CM or L cell control CM for 3 h, and the levels o
Western blotting of total cellular β-catenin were also probed with anti-actin antibody to ve
0.2 μg of the TOPFLASH luciferase construct and 0.2 μg of the β-galactosidase-expressing v
luciferase activity was then measured 24 h later. Values are the average of triple determina
from Life Technologies, Inc. Keratinocyte Medium from Lonza.
Immobilon-P transfer membrane was purchased from Millipore.
Rainbow molecular weight markers were purchased from GE Health-
care. Proteinase inhibitor cocktail Complete™ was obtained from
Boehringer Mannheim.

2.2. Cell culture and conditioned media

All cell lines were obtained from ATCC and grown under standard
cell culture conditions at 37 °C in a humidified atmospherewith 5%CO2.
Noncancerous prostate cell lines PZ-HPV-7 and PWR-1E cells were
cultured in Keratinocyte Growth Medium from Lonza, while the
prostate cancer cell lines PC-3, LNCaP and DU145 were cultured in
RPMI-1640 medium containing 10% fetal bovine serum, 2 mM of L-
glutamine, 100 units/ml of penicillin, and 100 μg/ml of streptomycin.
Wnt3A-secreting L cells and control L cells were cultured in Dulbecco's
minimum essential medium containing 10% fetal bovine serum, 2 mM
of L-glutamine, 100 units/ml of penicillin, 100 μg/ml of streptomycin
and 350 μg/ml of G418. Wnt3A-conditioned medium (CM) and L cell
control CM were prepared according to manufacturer's specifications.

2.3. Luciferase reporter assay

Prostate cellswereplated into 12-well plates. After overnight culture,
the cells were transiently transfected with 0.2 μg of the TOPFLASH TCF
luciferase construct, and 0.2 μg of β-galactosidase-expressing vector in
each well. Cells were then lysed 48 h later and both luciferase and β-
galactosidase activities were determined. The luciferase activity was
normalized to the β-galactosidase activity.

2.4. Western blotting

Cells in 6-well plates were lysed in 0.5 ml of lysis buffer
(phosphate-buffered saline containing 1% Triton X-100 and 1 mM
state PZ-HPV-7 and PWR-1E cells and cancerous prostate PC-3, DU145 and LNCaP cells
catenin were examined as describe under “Materials and Methods”. (B) Prostate cells in
and 0.2 μg of the β-galactosidase-expressing vector in each well. The luciferase activity
rage of triple determinations with the s.d. indicated by error bars. (C) Prostate cells in 6-
f cytosolic free β-catenin and total cellular β-cateninwere examined. All the samples for
rify equal loading. (D) Prostate cells in 12-well plates were transiently transfected with
ector in each well. After 24 h incubation, cells were treated with 20% Wnt3A CM. The
tions with the s.d. indicated by error bars.



10 W. Lu et al. / European Journal of Pharmacology 602 (2009) 8–14
PMSF) at 4 °C for 30 min. Equal quantities of proteinwere subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) under reducing conditions. Following transfer to immobilon-P
transfer membrane, successive incubations with anti-β-catenin, anti-
Axin2, anti-Cyclin D1, or anti-actin antibody, and horseradish
peroxidase-conjugated secondary antibody were carried out for 60-
120 min at room temperature. The immunoreactive proteins were
then detected using the ECL system.

2.5. GST-E-cadherin binding assay for cytosolic free β-catenin

The GST-E-cadherin binding assay was carried out as pre-
viously described in (Lu et al., 2008). Uncomplexed cytosolic free
β-catenin present in 100 μg of total cell lysate was subjected to
SDS-PAGE and detected using the monoclonal antibody to β-
catenin.

2.6. Cell proliferation assay

Cells were seeded into 96-well tissue culture treated microtiter
plates at a density of 5000 cells/well. RPMI-1640 containing 1.5%
fetal bovine serum was used as assay media for PC-3, DU-145 and
LNCaP cells, and Keratinocyte growth medium containing 1.5% fetal
bovine serum was used for PWR-1E and PZ-HPV-7 cells. After 24 h
incubation, the cells were treated with various compounds for 72 h.
Cell viability was measured by the Cell Titer Glo Assay, which is a
luminescent assay that is an indicator of live cells as a function of
metabolic activity and ATP content.
Fig. 2. Inhibitory effects of NSAIDs celecoxib, sulindac sulfide and NO-ASA onWnt/β-catenin s
sulindac sulfide and NO-ASA at indicated concentrations for 24 h. The levels of cytosolic fre
were transiently transfected with 0.2 μg of the TOPFLASH luciferase construct and 0.2 μg o
treated with NSAIDs celecoxib, sulindac sulfide and NO-ASA at indicated concentrations.
determinations with the s.d. indicated by error bars. ⁎Pb0.05 verse cells treated with treate
same as described in panel A. The total cellular levels of Axin2 and Cyclin D1 were examined
verify equal loading. (D) PC3 cells in 96-well plates were treated with NSAIDs celecoxib, sul
Assay system. All the values are the average of triple determinations with the s.d. indicated
3. Results

3.1. Wnt/β-catenin signaling in prostate cells

Uncomplexed cytosolic β-catenin (free β-catenin) is the active
form of β-catenin that is translocated to the cell nucleus to activate
transcription factors of the TCF/LEF family, leading to the transcription
of Wnt target genes (Bafico et al., 1998, 2004; Mi and Johnson, 2005;
Lu et al., 2008). We examined the levels of Wnt/β-catenin signaling in
five human prostate cell lines by determining the levels of free β-
catenin present in the cytosol of these cells. As shown in Fig. 1A, the
two non-cancerous prostate cell lines, PZ-HPV-7 and PWR-1E, and one
noninvasive androgen-dependent prostate cancer cell line, LNCaP,
exhibited relatively low levels of cytosolic free β-catenin. By contrast,
the invasive androgen-independent prostate tumor cell lines, PC-3
and DU145, displayed appreciably higher levels of cytosolic free β-
catenin. To further characterize Wnt/β-catenin signaling in prostate
cells, prostate cells were transiently transfected with the Wnt/β-
catenin signaling reporter construct TOPFLASH. As expected, it
was found that the levels of TOPFLASH luciferase activity were sig-
nificantly higher in prostate cancer cells than non-cancerous prostate
cells (Fig. 1B).

3.2. Effects of exogenous Wnt3A treatment on Wnt/β-catenin signaling
levels in prostate cells

Previous studies have shown that Wnt3A is a canonical Wnt
ligand that binds to Wnt co-receptor LRP and Fz and activates Wnt/
ignaling in PC-3 cells. (A) PC-3 cells in 6-well plates were treated with NSAIDs celecoxib,
e β-catenin and total cellular β-catenin were examined. (B) PC-3 cells in 12-well plates
f the β-galactosidase-expressing vector in each well. After 24 h incubation, cells were
The luciferase activity was then measured 24 h later. Values are the average of triple
d with DMSO. ⁎⁎pb0.01 verse cells treated with DMSO. (C) Experimental setup was the
. All the samples for each Western blotting were also probed with anti-actin antibody to
indac sulfide and NO-ASA for 72 h, and cell viability was measured by the Cell Titer Glo
by error bars.



Fig. 3. Inhibitory effects of NSAIDs celecoxib, sulindac sulfide and NO-ASA on Wnt/β-
catenin signaling in DU145 cells. (A) DU145 cells in 12-well plates were transiently
transfected with 0.2 μg of the TOPFLASH luciferase construct and 0.2 μg of the β-
galactosidase-expressing vector in each well. After 24 h incubation, cells were treated
with NSAIDs celecoxib (30 μM), sulindac sulfide (100 μM) and NO-ASA (5 μM). The
luciferase activity was then measured 24 h later. Values are the average of triple
determinations with the s.d. indicated by error bars. ⁎Pb0.05 verse cells treated with
treated with DMSO. (B) DU145 cells in 6-well plates were treated with NSAIDs celecoxib
(60 μM), sulindac sulfide (200 μM) and NO-ASA (10 μM) for 24 h. The total cellular levels
of Axin2 and Cyclin D1 were examined. All the samples for each Western blotting were
also probed with anti-actin antibody to verify equal loading. (C) DU145 cells in 96-well
plates were treated with NSAIDs celecoxib, sulindac sulfide and NO-ASA for 72 h, and
cell viability was measured by the Cell Titer Glo Assay system. All the values are the
average of triple determinations with the s.d. indicated by error bars.
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β-catenin signaling (Liu et al., 2003). Prostate cancer cells have been
shown to express Wnt3A (Hall et al., 2005), although differences
between normal and tumor cells have not been reported. To further
characterize Wnt/β-catenin signaling in prostate cancer cells, we
treated the cells with the Wnt3A CM for 3 h prior to measuring the
levels of cytosolic free β-catenin and total cellular β-catenin. As
shown in Fig. 1C, exogenous Wnt3A stimulation exaggerates the
difference of cytosolic free β-catenin levels among these prostate
cells. Furthermore, when prostate cells were transiently transfected
with the Wnt/β-catenin signaling reporter TOPFLASH, it was found
that the Wnt3A treatment resulted in ~12–23 fold increases in the
levels of TOPFLASH luciferase activity in the invasive androgen-
independent PC3 and DU145 prostate cancer cells, while only ~5–8
fold increases in the non-cancerous PZ-HPV-7 and PWR-1E prostate
cells and noninvasive androgen-dependent LNCaP prostate cancer
cells (Fig. 1D).

3.3. NSAIDs block Wnt/β-catenin signaling in PC-3 and DU145 cells and
inhibit cell proliferation

Although experimental studies suggest that NSAIDs directly or
indirectly inhibit the Wnt/β-catenin signaling pathway in colon
tumor cells (Dihlmann and von Knebel Doeberitz, 2005; Barker
and Clevers, 2006), their effect on Wnt/β-catenin signaling in
prostate cancer cells has not been well studied. Thus, we treated
PC-3 cells with the non-selective COX inhibitor, sulindac sulfide
(Goluboff et al., 1999, 2001; Narayanan et al., 2004; Han et al.,
2008), the COX-2 selective inhibitor, celecoxib (Steinbach et al.,
2000; Gupta et al., 2004; Narayanan et al., 2004; Pruthi et al.,
2004), and a nitric oxide donating derivative of aspirin, NO-ASA
(Kashfi et al., 2002; Rigas, 2007). Fig. 2A demonstrates that after
24 h of treatment, all tested NSAIDs significantly reduced cytosolic
free β-catenin levels in PC-3 cells. In addition, the Wnt/β-catenin
signaling TOPFLASH reporter assay demonstrated that all tested
NSAIDs greatly reduced the TOPFlash activity in PC-3 cells after
24 h treatment (Fig. 2B).

Axin2 (Yan et al., 2001; Jho et al., 2002; Leung et al., 2002; Lustig
et al., 2002) is a specific transcriptional target of the Wnt/β-catenin
signaling pathway. It is well recognized that the expression level of
Axin2 is the signature of the activation of Wnt/β-catenin signaling.
In addition, cyclin D1 has been identified as a key transcriptional
target of the Wnt/β-catenin pathway, which is critical for tumor cell
proliferation and survival (Shtutman et al., 1999; Tetsu and
McCormick, 1999). To confirm the effects of the NSAIDs on Wnt/
β-catenin signaling, we examined the expression of Axin2 and
Cyclin D1 in PC-3 cells. As shown in Fig. 2C, all tested NSAIDs
greatly reduced the expression of Axin2 and Cyclin D1 in PC-3 cells
after 24 h treatment.

We then investigated the effects of the NSAIDs on the
proliferation of PC-3 cells. Fig. 2D shows that celecoxib, sulindac
sulfide and NO-ASA inhibited PC-3 cell proliferation with IC50

values of 57, 55, and 3 μM, respectively. The IC50 values are
comparable to those shown to reduce the level of cytosolic free β-
catenin and block the expression of Axin2 and Cyclin D1.

To confirm the effects of the NSAIDs on Wnt/β-catenin
signaling in prostate cancer cells, we repeated the experiments
with another invasive androgen-independent prostate tumor cell
line DU145. As expected, celecoxib, sulindac sulfide and NO-ASA
significantly suppressed the level of Wnt/β-catenin signaling
reporter TOPFLASH activity in DU145 cells (Fig. 3A), reduced the
expression of Axin2 and Cyclin D1 in DU145 cells (Fig. 3B), and
inhibited DU145 cell proliferation with IC50 values of 54, 70, and
9.7 μM, respectively (Fig. 3C). All together, these results suggest
that the inhibitory effects of celecoxib, sulindac sulfide and NO-
ASA on prostate cancer cells may involve the suppression of Wnt/
β-catenin signaling.
3.4. Specific Wnt/β-catenin signaling inhibitor PKF118-310 blocks Wnt/
β-catenin signaling in prostate cancer cells and inhibits cell proliferation

By screening libraries of small molecules in a high-throughput
assay, Lepourcelet et al. identified several novel compounds that
disrupted TCF/β-catenin complexes and antagonize cellular effects of
β-catenin-dependent activities (Lepourcelet et al., 2004). PKF118-
310 is one of these compounds (Lepourcelet et al., 2004). We used
PKF118-310 as a molecular probe of the Wnt/β-catenin signaling
pathway to further study its involvement in prostate cancer cell
proliferation. As shown in Fig. 4A, treatment of PC-3 cells with
PKF118-310 at a concentration range of 0.5 to 2 μM for 16 h
significantly decreased TOPFLASH luciferase activity. In addition, it
was found that PKF118-310 significantly suppressed the expression
of Wnt/β-catenin signaling targets Axin2 and Cyclin D1 in PC-3 cells
within the same concentration range (Fig. 4B).

To confirm the effects of PKF118-310 on Wnt/β-catenin signaling
in prostate cancer cells, we repeated the experiments with another



Fig. 4. Effects of PKF118-310 onWnt/β-catenin signaling in prostate cancer cells. (A & C) PC-3 (A) and DU145 (C) cells in 12-well plates were transiently transfected with 0.2 μg of the
TOPFLASH luciferase construct and 0.2 μg of the β-galactosidase-expressing vector in eachwell. After 24 h incubation, cells were treated with PKF118-310 at indicated concentrations.
The luciferase activitywas thenmeasured 24 h later. Values are the average of triple determinations with the s.d. indicated by error bars. (B & D) PC-3 (B) and DU145 (D) cells in 6-well
plates were treated with PKF118-310 at indicated concentrations for 24 h. The total cellular levels of Axin2 and Cyclin D1 were then examined. All the samples were also probed with
anti-actin antibody to verify equal loading.

Fig. 5. Effects of PKF118-310 on prostate cell proliferation. Cells in 96-well plates were
treated with PKF118-310 for 72 h, and cell viability was measured by the Cell Titer Glo
Assay system. All the values are the average of triple determinations with the s.d.
indicated by error bars.
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invasive androgen-independent prostate tumor cell line DU145. As
expected, PKF118-310 significantly suppressed the level of Wnt/β-
catenin signaling reporter TOPFLASH activity, and Axin2 and Cyclin
D1 expression in DU145 cells (Fig. 4C,D).

Finally, we examined the effects of PKF118-310 on cell prolifera-
tion of three prostate cancer cell lines, PC-3, DU-145 and LNCaP, and
the two non-cancerous prostate cell lines, PZ-HPV-7 and PWR-1E.
Fig. 5 shows that PKF118-310 inhibited the proliferation of all five cell
lines, although the cancer cell lines tended to be more sensitive.
Interestingly, PC-3 cells, which exhibit the highest steady-state level
of Wnt/β-catenin signaling, displayed the lowest IC50 value at
0.31 μM.

4. Discussion

Deregulation of the Wnt/β-catenin signaling pathway is com-
mon in many types of cancer and activation of this pathway may
occur early in carcinogenesis (He et al., 2004; Moon et al., 2004;
Dihlmann and von Knebel Doeberitz, 2005; Barker and Clevers,
2006). In the present study, we demonstrated that the highly in-
vasive androgen-independent PC-3 and DU145 prostate cancer cells
exhibited the higher levels of Wnt/β-catenin signaling compared
with the non-cancerous PZ-HPV-7 and PWR-1E prostate cells and
androgen-dependent LNCaP prostate cancer cells. We also found
that exogenous Wnt3A treatment exaggerated the difference of
Wnt/β-catenin signaling levels among these prostate cells. Many
Wnt proteins including Wnt3A are expressed in prostate cancer
cells (Hall et al., 2005). Our results support the hypothesis that
Wnt/β-catenin signaling plays an important role in the develop-
ment and progression of prostate cancer (Yardy and Brewster, 2005;
Verras and Sun, 2006).

Since the aberrant activation of theWnt signaling pathwaywasfirst
linked to colon cancer and other cancers in the late 1990s, there has
been intense interest in the pharmaceutical and biotechnology sectors
in developing specific inhibitors for Wnt signaling. Indeed, experi-
mental studies have shown that NSAIDs inhibit carcinogenesis of
various cancer types, whichmay directly or indirectly inhibit theWnt-
β-catenin signaling pathway (Dihlmann and von Knebel Doeberitz,
2005; Barker and Clevers, 2006). Celecoxib, for example, is a selective
cyclooxygenase-2 inhibitor that has been shown to cause adenoma
regression in patients with familial adenomatous polyposis, an
inherited syndrome that predisposes individuals to colon cancer
(Steinbach et al., 2000). Recent studies have demonstrated that
celecoxib suppressed prostate carcinogenesis and caused regression
of prostatic intraepithelial neoplasia in a transgenic mouse model of
prostate cancer (Gupta et al., 2004; Narayanan et al., 2004), and may
prevent or delay disease progression inprostate cancer patients (Pruthi
et al., 2004). Sulindac has also been shown to inhibit tumorigenesis in
various experimental models including prostate (Goluboff et al., 1999,
2001; Narayanan et al., 2004). Nitric oxide-donating NSAIDs are an
emerging class of compounds with promising efficacy as cancer
chemopreventive agents (Rigas, 2007). It has been reported that NO-
ASA effectively inhibited the growth of prostate cancer LNCaP cells
(Kashfi et al., 2002). To our knowledge, the present study is the first
report demonstrating that celecoxib, sulindac sulfide, and NO-ASA
were able to block Wnt/β-catenin signaling in prostate cancer cells.
More importantly, we found that their effects on Wnt/β-catenin
signaling occurred at concentrations comparable to those required for
inhibiting prostate cancer cell proliferation. Our results suggest that
the inhibitory effects of celecoxib, sulindac sulfide and NO-ASA on
prostate cancer cell proliferation may involve the suppression of Wnt/
β-catenin signaling.

Mounting evidence has indicated an important role for theWnt/β-
catenin pathway in the development and progression of prostate
cancer (Yardy and Brewster, 2005; Verras and Sun, 2006), however,
the expression of β-catenin in this type of cancer remains contro-
versial. For example, aberrant cytoplasmic/nuclear β-catenin localiza-
tion and β-catenin upregulation have been demonstrated in prostate
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cancer specimens (Chesire et al., 2002; de la Taille et al., 2003; Chen
et al., 2004; Saha et al., 2008), while β-catenin downregulation has
been reported in several other studies too (Kallakury et al., 2001;
Horvath et al., 2005; Junior et al., in press; Whitaker et al., 2008). The
reason for this discrepancy is unclear, but Whitaker et al. (2008)
suggested that variation in immunohistochemical protocols may
explain variations in the reported literature. Uncomplexed cytosolic
β-catenin (free β-catenin) is the active form of β-catenin, which
accumulates in the cytoplasm, subsequently translocates to the
nucleus where it binds and activates transcription factors of the TCF/
LEF family, which modulate expression of Wnt/β-catenin signaling
target genes (Bafico et al., 1998, 2004; Mi and Johnson 2005; Lu et al.,
2008). In the present study, we found that the highly invasive
androgen-independent PC-3 and DU145 human prostate cancer cell
lines exhibited higher levels of cytosolic free β-catenin than the
androgen-dependent LNCaP line and non-cancerous PZ-HPV-7 and
PWR-1E prostate cell lines, and that exogenous Wnt3A treatment
greatly enhanced the levels of cytosolic free β-catenin in prostate
cancer cells. Moreover, we demonstrated that celecoxib, sulindac
sulfide, and NO-ASA significantly reduced cytosolic free β-catenin
level in PC-3 cells. Our results support the notion that Wnt/β-catenin
signaling is activated in prostate cancer cells.

PKF118-310 is a recently identified small molecule that disrupts
TCF/β-catenin complexes and antagonizes cellular effects of β-
catenin-dependent activities (Lepourcelet et al., 2004). In the present
study, we showed that PKF118-310 blocked Wnt/β-catenin signaling
in PC-3 and DU145 cells, and inhibited prostate cancer cell prolifera-
tion, although more potent and selective inhibitors may have greater
clinical potential. PC-3 cells, which exhibit the highest steady-state
level of Wnt/β-catenin signaling, are most sensitive to PKF118-310
treatment among the five tested prostate cell lines. However, we also
found that LNCaP cells, which exhibit a lower level of Wnt/β-catenin
signaling, are more sensitive to PKF118-310 treatment than DU145
cells. β-catenin has been shown to bind to and act as a coactivator of
the androgen receptor (Truica et al., 2000; Song et al., 2003). In the
future, we should test whether androgen receptor is involved in the
action of PKF118-310.

In summary, we have demonstrated that blocking Wnt/β-
catenin signaling in prostate cancer cells either by NSAIDs or the
novel Wnt/β-catenin signaling inhibitor PKF118-310 results in in-
hibition of prostate cancer cell proliferation. Our results suggest
that disruption of the Wnt/β-catenin pathway represents an op-
portunity for rational drug design for prostate cancer prevention or
treatment.
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