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Abstract: Recent preclinical evidence has indicated that both androgen receptor (AR) inactivation and glucocorticoid
receptor (GR) transrepression are associated with suppression of urothelial carcinogenesis. We therefore assessed
the effect of a unique compound, 2-(4-acetoxyphenyl)-2-chloro-N-methylethylammonium chloride (Compound A;
CpdA), which could function as an AR antagonist as well as a GR ligand, on urothelial tumorigenesis. Using the in
vitro system with GR-positive non-neoplastic urothelial SYHUC cells stably expressing AR (SVHUC-AR), neoplastic
transformation induced by a chemical carcinogen 3-methylcholanthrene (MCA) was inhibited similarly by an anti-
androgen hydroxyflutamide and a glucocorticoid prednisone, and more strongly by CpdA. CpdA also prevented the
neoplastic transformation of AR-negative MCA-SVHUC cells, which was diminished by a GR antagonist RU486, but
failed to prevent that of GR knockdown MCA-SVHUC cells. In MCA-SVHUC-AR cells, CpdA significantly reduced the
expression levels of oncogenes (c-Fos/c-Jun/c-Myc) and induced those of tumor suppressors (UGT1A/p21/p27/
p53/PTEN). Additionally, a potent carcinogen N-butyl-N-(4-hydroxybutyl)nitrosamine induced bladder cancer in all of
8 mock-treated mice versus 4 (50%) of flutamide-treated (P = 0.021), 4 (50%) of prednisone-treated (P = 0.021), or
2 (25%) of CpdA-treated (P = 0.002) animals. Finally, CpdA was found to reduce AR transactivation and selectively
induce GR transrepression (i.e. suppression of NF-kB transactivation and expression of its regulated genes), but
not GR transactivation (i.e. activation of glucocorticoid-response element-mediated transcription and expression
of its targets) in SVHUC cells. These findings suggest that CpdA suppresses urothelial tumorigenesis via both the
AR and GR pathways, which may consequently provide an effective option of chemoprevention for bladder cancer,
especially in patients with superficial disease following transurethral surgery.

Keywords: Anti-androgen, dexamethasone, malignant transformation, prednisone, urothelial cancer

Introduction

Urinary bladder cancer, which is mostly a uro-
thelial carcinoma, has been one of the most
frequently diagnosed neoplasms predominant-
ly affecting men [1]. Up to 80% of patients
with bladder tumor present with non-muscle-
invasive disease in which tumor recurrence is
common even after transurethral surgery and
currently available intravesical pharmacothe-
rapy with bacillus Calmette-Guérin or cytotoxic
agents [2]. In spite of therapeutic advances,
the prognosis for non-muscle-invasive bladder
tumor has not significantly improved during the

past several decades. Therefore, identification
of molecules or pathways that play a key role
in urothelial tumorigenesis is urgently requir-
ed, which may successively offer new targeted
therapy that more effectively prevents the
recurrence of superficial bladder tumor.

Emerging evidence has indicated the involve-
ment of androgen-mediated androgen receptor
(AR) signaling in modulating both of two dis-
tinct events/processes, urothelial tumorigene-
sis and tumor progression, while precise mech-
anisms for the functions of AR and related sig-
nals in urothelial cells remain far from being
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cer cells [21]. Accordingly, the
present study aimed to assess
the effect of CpdA on urothelial
tumorigenesis.

Materials and methods

Cell lines and chemicals

Figure 1. Expression of AR and GR in SVHUC-derived sublines. Western

blotting of AR (A) and GR (B), using protein extracts from SVHUC-vector vs.

An immortalized human nor-

SVHUC-AR and SVHUC-control-shRNA vs. SVHUC-GR-shRNA. GAPDH served

as an internal control.

fully understood (reviewed in [3]). In particular,
we have demonstrated preclinical findings sug-
gesting that AR activation is associated with
the induction of urothelial tumorigenesis [4-11],
which may explain the sex-related disparity in
bladder cancer incidence. Retrospective cohort
studies by us [12, 13] and another group [14]
also indicated that androgen deprivation the-
rapy in men with prostate cancer could con-
siderably reduce the risk of recurrence of their
superficial bladder cancer.

In addition to AR, glucocorticoid receptor (GR),
another steroid hormone receptor, has been
implicated in the progression of bladder cancer
(reviewed in [15]). Specifically, we have demon-
strated that several glucocorticoids, includ-
ing corticosterone, dexamethasone (DEX), and
prednisone (PRED), inhibit the invasion of GR-
positive tumor cells, while DEX contradictorily
induces tumor cell proliferation and reduces
apoptosis in the presence or absence of a cy-
totoxic agent cisplatin [16, 17]. Recently, we
have shown preclinical data suggesting that
the neoplastic transformation of urothelial ce-
lls or the development of bladder cancer is pr-
evented by PRED which selectively induces GR
transrepression, but not by DEX which induc-
es both transactivation and transrepression of
GR [18].

Itis thus likely that AR inactivation and GR tran-
srepression are associated with the suppres-
sion of urothelial carcinogenesis. Meanwhile,
we have demonstrated that a unique steroid
hormone receptor modulator, 2-(4-acetoxyph-
enyl)-2-chloro-N-methylethylammonium chlori-
de (Compound A; CpdA), which is known to
function as an AR antagonist as well as a GR
ligand [19, 20], inhibits not only the migration/
invasion but also the proliferation of AR-posi-
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mal urothelial cell line, SVHUC,

was originally obtained from

the American Type Culture Co-
llection and recently authenticated, using Ge-
nePrint 10 System (Promega), by the institu-
tional core facility. Stable sublines, including
SVHUC-AR expressing a full-length wild-type
human AR, as well as SVHUC-control-short
hairpin RNA (shRNA) and SVHUC-GR-shRNA,
were established in our previous studies [6,
16, 18] (also see Figure 1). The parental cells
and SVHUC-derived sublines were maintained
in Ham’s F-12K (Kaighn’s) medium (Mediate-
ch) supplemented with 10% fetal bovine serum
(FBS) in a humidified atmosphere of 5% CO, at
37°C and routinely tested for Mycoplasma con-
tamination, using PCR Mycoplasma Detection
Kit (Applied Biological Materials). Phenol red-
free medium supplemented with either 5% re-
gular FBS or 5% charcoal-stripped FBS was
then used during actual assays. We obtained
DEX, PRED, CpdA, hydroxyflutamide (HF), mife-
pristone (RU486), and flutamide from Sigma-
Aldrich.

Western blot

Proteins (30 pg) obtained from cell extracts
were separated in 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis, trans-
ferred to polyvinylidene difluoride membrane
electronically, blocked, and incubated with an
appropriate dilution of each specific antibody
[an anti-AR antibody (clone N20; Santa Cruz
Biotechnology), an anti-GR antibody (clone
H-300; Santa Cruz Biotechnology), or an anti-
GAPDH antibody (clone 6c¢5; Santa Cruz Bio-
technology)] and then a secondary antibody
(anti-mouse 1gG HRP-linked antibody or anti-
rabbit IgG HRP-linked antibody; Cell Signaling
Technology), which was followed by scanning
with an imaging system (ChemiDOC™ MP, Bio-
Rad).

Am J Transl Res 2020;12(5):1779-1788
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Table 1. Sequences of PCR primers

Gene Sense Anti-sense

c-Fos 5’-CGAGATGGAGATCGGTATGGT-3’ 5-GGGTCTTCTTACCCGGCTTG-3’
c-Jun 5’-TGTACCGACTGAGAGTTCTTGA-3’ 5’-ACAGAGCGAGTGAAAATGTGTAT-3’
c-Myc 5’-ACCAGATCCCGGAGTTGGAA-3’ 5-CGTCGTTTCCGCAACAAGTC-3’
UGT1A 5-TGGGTGGAGTTTGTGATGAGGC-3’ 5-CAATGGGTCTTGGATTTGTGGG-3’
p21 5’-AAGACCATGTGGACCTGTCACTGT-3’ 5’-GAAGATCAGCCGGCGTTTG-3’
p27 5’-CGAGTGGCAAGAGGTGGAGA-3’ 5’-GGAGCCCCAATTAAAGGCG-3’
p53 5-GGAGGGGCGATAAATACC-3’ 5’-AACTGTAACTCCTCAGGCAGGC-3’
PTEN 5’-GTTTACCGGCAGCATCAAAT-3’ 5’-CCCCCACTTTAGTGCACAGT-3’
FKBP51 5’-CTCCCTAAAATTCCCTCGAATGC-3’ 5-CCCTCTCCTTTCCGTTTGGTT-3’
GILZ 5’-AACACCGAAATGTATCAGACCC-3’ 5-TGTCCAGCTTAACGGAAACCA-3’
IL-6 5’-AAATTCGGTACATCCTCGACGG-3’ 5-GGAAGGTTCAGGTTGTTTTCTGC-3’
VEGF 5’-CTGTACCTCCACCATGCCAAG-3’ 5-GGTACTCCTGGAAGATGTCCACC-3’
GAPDH 5’-AAGGTGAAGGTCGGAGTCAAC-3’ 5’-GGGGTCATTGATGGCAACAATA-3’

In vitro transformation

An in vitro neoplastic/malignant transformation
system was employed, using the SVHUC line
upon exposure to a carcinogen 3-methylcholan-
threne (MCA), as established in a previous
study [22], with minor modifications. In brief,
cells (2x108/10-cm culture dish incubated for
24 hours) were cultured in FBS-free F-12K con-
taining 5 yg/ml MCA (Sigma-Aldrich). After the
first 24 hours of MCA exposure, 1% FBS was
added to the medium. After additional 24 hours
of MCA exposure, the cells were cultured in
medium containing 5% FBS (without MCA) until
near confluence. Subcultured cells (1:3 split
ratio) were again incubated with MCA for two
48-hour exposure periods, using the above pro-
tocol. These MCA-exposed cells were subcul-
tured for 6 weeks in the presence or absence
of AR/GR ligands (without MCA) and then uti-
lized for subsequent assays.

Cell proliferation assay

We used the methylthiazolyldiphenyl-tetrazoli-
um bromide (MTT) assay to assess cell viabi-
lity. Cells (500-1000/well) seeded in 96-well
tissue culture plates were cultured for up to 72
hours, and then incubated with 0.5 mg/mL of
MTT (Sigma-Aldrich) in 100 uL of medium for 3
hours at 37°C. MTT was dissolved by DMSO,
and the absorbance was measured at a wave-
length of 570 nm with background subtraction
at 630 nm.
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Plate colony formation assay

Cells (500/well) seeded in 12-well tissue cul-
ture plates were allowed to grow until colonies
in the control well were certainly detectable.
The cells were then fixed with methanol and
stained with 0.1% crystal violet. The number
of colonies in photographed pictures was
quantitated, using ImageJ software (National
Institutes of Health).

Reverse transcription (RT) and real-time poly-
merase chain reaction (PCR)

Total RNA isolated from cultured cells by TRIzol
(Invitrogen) was subject to RT, using oligo-dT
primers and Ominiscript reverse transcriptase
(Qiagen). Real-time PCR was then conducted,
using RT2 SYBR Green FAST Mastermix (Qia-
gen). The primer sequences are given in Table
1.

Reporter gene assay

Cells at a density of 50-70% confluence in
24-well tissue culture plates were co-transfect-
ed with 250 ng of a luciferase reporter plasmid
DNA, androgen-response element (ARE)- and
glucocorticoid-response element (GRE)-driven
MMTV-Luc [4, 23] or NF-kB-Luc (Signosis),
and 2.5 ng of a control reporter plasmid (pRL-
CMV), using Lipofectamine® 3000 transfection
reagent (Life Technologies). After transfection,
the cells were cultured in the presence or
absence of AR/GR ligands for 24 hours. Cell

Am J Transl Res 2020;12(5):1779-1788
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Figure 2. Effects of CpdA on the neoplastic transfor-
mation of AR-positive/GR-positive urothelial cells.
Morphology of SVHUC-AR cells exposed to MCA and
subsequently cultured for 6 weeks (A; original mag-
nification: x400). MCA-exposed SVHUC-AR cells cul-
tured with ethanol (mock), HF (1 uM), PRED (10 nM),
or CpdA (10 nM) for 6 weeks were seeded for MTT
assay (B; additional 72-hour culture without drug
treatment) or clonogenic assay (C; additional 2-week
culture without drug treatment). Cell viability or col-
ony number (>20 cells) presented relative to that of
mock-treated cells represents the mean (+SD) from
three independent experiments. *P<0.05 (vs. mock
treatment). **P<0.01 (vs. mock treatment).

lysates were then assayed for luciferase activi-
ty measured using a Dual-Luciferase Reporter
Assay kit (Promega).

Mouse models
The animal protocol in accordance with the

National Institutes of Health Guidelines for the
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Care and Use of Experimental Animals was
approved by the Institutional Animal Care and
Use Committee. The male C57BL/6 mice (Johns
Hopkins University Research Animal Resourc-
es) at age of 6 weeks were supplied ad libi-
tum with tap water containing 0.1% N-butyl-N-
(4-hydroxybutyl)nitrosamine (BBN) (Sigma-Ald-
rich) for 12 weeks, as we described previously
[4, 10, 18]. These mice also received daily
subcutaneous injections of vehicle (1/2000
ethanol in 0.2 mL sterile distilled water), flu-
tamide (500 pg), DEX (10 ug), PRED (10 ug), or
CpdA (10 ug). At 18 weeks of their age, all the
animals were euthanized for macroscopic and
microscopic analyses of the bladder and other
major organs.

Statistical analysis

Chi-square test and Student’s t-test were used
to assess statistical significance for catego-
rized variables and those with ordered distribu-
tion, respectively. P values less than 0.05 were
considered statistically significant.

Results

The efficacy of CpdA for neoplastic transforma-
tion of urothelial cells

Human normal urothelial SVHUC cells have
been shown to express GR [18], but not AR [6]
(see Figure 1). We first investigated the effects
of an anti-androgen, HF, and glucocorticoids,
DEX and PRED, as well as CpdA, for their inhibi-
tory activity in the neoplastic/malignant trans-
formation of AR-positive/GR-positive SVHUC-
AR urothelial cells, using an in vitro system.
Following exposure to chemical carcinogens,
such as MCA, non-neoplastic SVHUC cells are
known to undergo stepwise transformation
during subsequent 6-week culture [22] (see
Figure 2A). In this period of the neoplastic
transformation, each ligand was treated for 6
weeks. Carcinogen-mediated oncogenic acti-
vity (i.e. degree of neoplastic transformation)
was then monitored by the viability (via MTT
assay; Figure 2B) and colony formation (via
clonogenic assay; Figure 2C) of resultant cells
without further drug treatment that could
directly affect their growth during the assays.
In accordance with our previous observations
[8, 18], the 6-week culture with HF or PRED
resulted in a significant delay in cell growth,
indicating their preventive effects on urothelial

Am J Transl Res 2020;12(5):1779-1788
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Figure 3. Effects of CpdA on the neoplastic transfor-
mation of AR-negative/GR-positive urothelial cells.
Morphology of SVHUC-control-shRNA cells exposed
to MCA and subsequently cultured for 6 weeks (A;
original magnification: x400). MCA-exposed SVHUC-
control-shRNA/SVHUC-GR-shRNA cells cultured with
ethanol (mock), PRED (10 nM), CpdA (10 nM), and/
or RU486 (1 uM) for 6 weeks were seeded for MTT
assay (B; additional 72-hour culture without drug
treatment) or clonogenic assay (C; additional 2-week
culture without drug treatment). Cell viability or col-
ony number (=20 cells) presented relative to that of
mock-treated SVHUC-control-shRNA cells represents
the mean (+SD) from three independent experi-
ments. *P<0.05 (vs. mock-treated control-shRNA
subline). **P<0.01 (vs. mock-treated control-shRNA
subline).
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tumor initiation, while DEX showed an even
marginal stimulatory activity. Additionally, as
expected, treatment with CpdA more strong-
ly inhibited the neoplastic transformation of
MCA-SVHUC-AR cells.

We further assessed the effects of CpdA on
the neoplastic transformation of AR-negative/
GR-positive SVHUC cells with the carcinogen
challenge (see Figure 3A). PRED or CpdA treat-
ment during the process of neoplastic trans-
formation resulted in a striking delay in cell via-
bility (Figure 3B) or colony formation (Figure
3C), which was diminished by a GR antagonist
RU486, suggesting the suppressive effects of
PRED/CpdA via the GR pathway. Correspon-
dingly, in GR knockdown MCA-SVHUC where
the neoplastic transformation was significantly
induced, PRED and CpdA failed to considerably
prevent it (P>0.1).

To support the preventive effects of the AR/GR
ligands, we compared the expression levels of
oncogenic molecules, as well as other mole-
cules having suppressive functions in bladder
tumorigenesis, in SVHUC-AR cells undergoing
the neoplastic transformation, using a quanti-
tative RT-PCR method. In MCA-SVHUC-AR cells,
HF and PRED (except c-Myc) significantly re-
duced the expression levels of oncogenes,
including c-Fos (Figure 4A), c-Jun (Figure 4B),
and c-Myc (Figure 4C), and induced those of
tumor suppressors, including UGT1A (Figure
B5A), p21 (Figure 5B), p27 (Figure 5C), p53
(Figure 5D), and PTEN (Figure 5E), while CpdA
exhibited stronger effects.

The efficacy of CpdA for bladder cancer devel-
opment

As recently reported [18], we utilized an animal
carcinogenesis model where a chemical car-
cinogen BBN could reliably induce the deve-
lopment of bladder tumor especially in male
rodents to further assess the effects of CpdA
on urothelial tumorigenesis. Male C57BL/6
mice were treated with BBN as well as an AR/
GR ligand for 12 weeks and euthanized at 18
weeks of age to detect urothelial tumors mac-
roscopically and microscopically (Table 2). Bla-
dder tumors grossly identified were histologi-
cally confirmed as high-grade carcinomas (see
Figure 6A), while in situ carcinoma was also
found in some of the animals (see Figure 6B).
Overall, all 8 (100%) of 8 mock-treated mice, as

Am J Transl Res 2020;12(5):1779-1788
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Figure 4. Effects of CpdA on the expression of oncogenes in urothelial cells undergoing the neoplastic transforma-
tion. SVHUC-AR cells exposed to MCA and subsequently cultured with ethanol (mock), HF (1 uM), PRED (10 nM), or

CpdA (10 nM) for 6 weeks were subjected to RNA extraction, RT, and real-time PCR. GAPDH was used to normalize
the expression of c-Fos (A), c-Jun (B), or c-Myc (C), which is presented relative to that of mock-treated cells (mean +

SD of triplicate experiments). *P<0.05 (vs. mock treatment). **P<0.01 (vs. mock treatment).
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Figure 5. Effects of CpdA on the expression of tumor suppressor genes in urothelial cells undergoing the neoplastic
transformation. SVHUC-AR cells exposed to MCA and subsequently cultured with ethanol (mock), HF (1 uM), PRED
(10 nM), or CpdA (10 nM) for 6 weeks were subjected to RNA extraction, RT, and real-time PCR. GAPDH was used
to normalize the expression of UGT1A (A), p21 (B), p27 (C), p53 (D), or PTEN (E), which is presented relative to that
of mock-treated cells (mean + SD of triplicate experiments). *P<0.05 (vs. mock treatment). **P<0.01 (vs. mock

treatment).

Table 2. Bladder tumor development in BBN-treated

The efficacy of CpdA for AR transactiva-

mice tion and GR transactivation/transrepres-
Group N Gross Insitu  All cancer P value sion

tumor (%) tumor (%) (%)  (vs. mock) In our previous study, CpdA was shown
Mock 8 5(625) 3(375) 8(100) to antagonize androgen-enhanced AR tr-
Flutamide 8 3(37.5) 1(12.5) 4 (50) 0.021 ansactivation, as well as induce GR tr-
DEX 8 2(25) 5(62.5) 7(87.5) 0.302 ansrepression, in bladder cancer cells
PRED 8 2(25) 2 (25) 4 (50) 0.021 [21]. To assess the impact of CpdA treat-
CpdA 8 0 (0) 2 (25) 2 (25) 0.002 ment on AR transactivation, GR transac-

well as 4 (50%) of flutamide-treated, 7 (87.5%)
of DEX-treated, 4 (50%) of PRED-treated, and
2 (25%) of CpdA-treated mice, developed blad-
der cancer. Thus, there was a significant differ-
ence in the incidence of bladder cancer bet-
ween mock versus flutamide (P = 0.021), PRED
(P=10.021), or CpdA (P = 0.002) treatment, but
not DEX treatment (P = 0.302). None of the
mice in any group developed upper urinary
tract or metastatic tumors.
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tivation, and GR transrepression in non-
neoplastic urothelial cells, we performed
luciferase assay and RT-PCR in SVHUC-derived
cells for determining ARE-mediated transcrip-
tional activity (Figure 7A), GRE-mediated tran-
scriptional activity (Figure 7B) or the expressi-
on of canonical targets of GR transcription,
FKBP51 and GILZ (Figure 7C), and NF-kB tran-
scriptional activity (Figure 7D) or the expres-
sion of NF-kB-regulated genes, I[-6 and VEGF
(Figure 7E), respectively. In SVHUC-AR cells, HF
and CpdA similarly reduced the activity of AR

Am J Transl Res 2020;12(5):1779-1788
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CpdA-treated male mice. Six-
week treatment with CpdA dur-
ing the process of the neopl-
astic transformation was also
found to result in significant
decreases and increases in
the expression levels of onco-
genic and tumor suppressive
molecules, respectively, which
were known to involve modu-
lating urothelial tumorigenes-

Figure 6. Histology of bladder tumors in BBN-treated mice. Representative is. However, the effects of

H&E sections of invasive tumor (A; original magnification: x100) and in situ

lesion (B; original magnification: x400).

transcription. In AR-negative/GR-positive SV-
HUC cells, CpdA did not induce GR transacti-
vation but considerably induced GR transre-
pression.

Discussion

As aforementioned, the AR and GR signaling
pathways have been shown to be involved in
urothelial cancer initiation which is a patholo-
gical event/process distinct from cancer pro-
gression. Specifically, our preclinical [4-11] and
clinical [12, 13] studies have indicated that
AR activation is associated with the promotion
of urothelial tumorigenesis and that androgen
deprivation therapy effectively prevents the
development of recurrent superficial bladder
tumors, respectively. Moreover, our recent stu-
dy, using preclinical models that are similar to
those in the current study, has suggested that
knockdown or transrepression of GR leads to
the promotion or retardation, respectively, of
urothelial tumorigenesis [18]. Down-regulation
of GR expression in bladder [24] and upper
urinary tract [25] cancers, as well as its asso-
ciation with a significantly higher risk of intra-
vesical recurrence [24], in our immunohisto-
chemical studies has further suggested the
role of GR as a tumor suppressor.

In our current assays using an in vitro system
with the carcinogen challenge, the suppressi-
ve effects of a GR modulator CpdA on the neo-
plastic transformation of GR-positive/AR-posi-
tive urothelial cells were even stronger than
those of a glucocorticoid PRED or an anti-and-
rogen HF. An in vivo experiment demonstrated
similar findings in the incidence of BBN-induc-
ed bladder cancer in mock/PRED/flutamide/

1785

CpdA versus PRED on the neo-
plastic transformation of GR-
positive/AR-negative cells, bo-
th of which could be antagonized by a GR
antagonist RU486, were similar, and no fur-
ther suppression by CpdA was seen in GR-
knockdown/AR-negative cells. Because CpdA
is known to possess anti-androgenic property
via mechanisms similar to those for classic
anti-androgens [19-21], as also shown in our
ARE reporter assay in SVHUC-AR cells, these
observations suggest the inhibition of urothe-
lial tumorigenesis by CpdA through not only
GR but also AR signals.

The action of glucocorticoids appears to be
complex and has been suggested to be depen-
dent on a balance between transactivation and
transrepression of GR [26, 27]. Importantly, GR
transactivation is thought to be associated wi-
th adverse effects of glucocorticoids, whereas
GR transrepression usually yields their thera-
peutic effects. In our previous studies in non-
neoplastic urothelial [18] or bladder cancer
[16] cells, DEX, which could substantially in-
duce both transactivation and transrepression
of GR [18, 21], failed to inhibit their neoplastic
transformation or growth, respectively. By con-
trast, PRED, which was found to preferentially
induce GR transrepression in non-neoplastic
urothelial cells, was able to considerably pre-
vent their neoplastic transformation [18]. The-
se findings, along with data in GR knockdown
cells, suggest that GR signals, particularly
those mediated via GR transrepression, con-
tribute to modulating urothelial tumorigenesis.
In addition, CpdA originally identified as a “dis-
sociated” GR ligand, which could alter GR str-
ucture favorable for its transrepression over
transactivation [28], was shown to induce on-
ly GR transrepression in bladder cancer cells
[24]. In the present study, we confirmed this in

Am J Transl Res 2020;12(5):1779-1788
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The MMTV-Luc (A, B) or NF-kB-Luc (D) reporter activity, as well as
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CpdA (1 uM) for 24 hours. The luciferase activity (normalized by
pRL-CMV activity) or the expression of each gene (normalized by
GAPDH expression) is presented relative to that of mock treat-
ment (mean + SD of triplicate experiments). *P<0.05 (vs. mock
treatment). **P<0.01 (vs. mock treatment).
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non-neoplastic urothelial cells by demonstrat-
ing that the selective activity of CpdA for GR
transactivation was virtually absent. Apart from
its anti-androgenic property, CodA may thus be
superior to other glucocorticoids for preventing
urothelial tumorigenesis as to minimizing as-
sociated side effects/immunosuppression by
shifting GR functions toward transrepression.
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We have indicated that NF-kB whose activity
represents GR transrepression plays a critical
role in modulating both the development and
progression of bladder cancer via cooperation
with AR signaling [10]. Indeed, the functional
interplay between AR and GR signals has been
documented in endocrine-related tumors, such
as prostate cancer [29]. Although our data sug-
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gest the inhibition of urothelial tumorigenesis
by CpdA via both the AR and GR pathways,
interaction of these two needs to be further
investigated in urothelial cells.

In conclusion, the present study provides evi-
dence suggesting that a dual AR/GR modula-
tor CpdA more effectively inhibits urothelial
tumorigenesis, compared with other glucocor-
ticoids/pure GR ligands or classic AR antago-
nists. These findings may thus offer the appli-
cation of CpdA therapy to chemoprevention of
bladder cancer in patients with superficial dis-
ease following transurethral surgery or other-
wise in high-risk populations. For this purpose,
however, long-term treatment is unavoidable.
Further preclinical studies followed by clinical
trials are therefore required to determine its
optimal dose that strongly prevents the devel-
opment of urothelial cancer yet is unlikely to
induce unfavorable effects.
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