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Enzalutamide as an androgen receptor
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Abstract: Emerging preclinical evidence suggests the critical role of androgen-mediated androgen receptor (AR)
signals in the development of bladder cancer. However, little is known about the efficacy of enzalutamide, an AR sig-
naling inhibitor, in androgen-induced urothelial tumorigenesis. We therefore aimed to assess the effects of enzalu-
tamide on neoplastic transformation of urothelial cells. An immortalized normal urothelial cell line SVHUC stably
expressing wild-type AR (SVHUC-AR) was exposed to a chemical carcinogen 3-methylcholanthrene (MCA) to induce
neoplastic transformation, and subsequently cultured for 6 weeks in the presence of anti-androgens, including
enzalutamide, hydroxyflutamide, and bicalutamide. Tumorigenesis was then monitored, using plate and soft agar
colony formation assays as well as mouse xenograft models. In SVHUC-AR cells exposed to MCA, each anti-androgen
inhibited AR-mediated transcriptional activity, but only enzalutamide prevented AR nuclear translocation. In vitro
transformation showed that treatment with each anti-androgen during the process of neoplastic transformation
reduced the efficiency of colony formation in vitro. Compared with mock treatment, culture with enzalutamide (P =
0.028), hydroxyflutamide (P = 0.033), or bicalutamide (P = 0.038) also resulted in prevention/retardation of tumor
formation in male NOD-SCID mice. In addition, anti-androgens up-regulated the expression of several molecules
that play a protective role in bladder tumorigenesis, including p53, p21, and PTEN, and down-regulated that of sev-
eral oncogenic genes, such as c-myc, cyclin D1, and cyclin E, in MCA-exposed SVHUC-AR cells. Thus, enzalutamide,
flutamide, and bicalutamide were found to similarly prevent neoplastic transformation of urothelial cells. These find-
ings offer a potential chemopreventive approach for urothelial tumors using AR antagonists.
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Introduction genic factors [1-3]. In the meantime, recent

advances in bladder cancer research have indi-

Urinary bladder cancer has been one of com-
monly diagnosed malignancies predominantly
affecting males throughout the world [1]. The
imbalance in the risk of bladder cancer between
the genders has thus been observed for many
years. In the United States, it is estimated in
2017 that 60,490 men and 18,540 women will
newly develop bladder cancer and that 12,240
men and 4,630 women will die of the disease
[2]. Cigarette smoking and exposure to indus-
trial chemicals were thought to be major causes
that might have contributed to male dominance
in bladder cancer. However, the male-to-female
ratio of the tumor remains virtually unchanged
before and after controlling for these carcino-

cated that sex hormones and their receptor sig-
nals, in addition to lifestyle or environmental
risk factors, play an important role in urothelial
carcinogenesis [4-7]. Specifically, androgen
deprivation therapy or androgen receptor (AR)
knockout resulted in inhibition of tumor devel-
opment in male rodents treated with a bladder
carcinogen  N-butyl-N-(4-hydroxybutyl)nitrosa-
mine [8-10]. AR signals have also been found to
down-regulate the expression of P450 CYP4B1
[11], UDP-glucuronosyltransferase-1A (UGT1A)
[12], and GATA3 [13], all of which are known to
inhibit urothelial tumorigenesis. These findings
may at least partially explain the gender-specif-
ic difference in the incidence of bladder cancer.
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Table 1. Sequences of PCR primers

Gene Sense Anti-sense Product size (bp)
p53 5-GGAGGGGCGATAAATACC-3’ 5’-AACTGTAACTCCTCAGGCAGGC-3’ 132
p27 5’-CGAGTGGCAAGAGGTGGAGA-3 5’-GGAGCCCCAATTAAAGGCG-3’ 144
PTEN 5’-GTTTACCGGCAGCATCAAAT-3’ 5’-CCCCCACTTTAGTGCACAGT-3’ 197
c-myc 5’-ACCAGATCCCGGAGTTGGAA-3’ 5’-CGTCGTTTCCGCAACAAGTC-3’ 136
Cyclin D1 5’-GTGCTGCGAAGTGGAAACC-3’ 5’-ATCCAGGTGGCGACGATCT-3’ 174
Cyclin E 5’-GCCAGCCTTGGGACAATAATG-3’ 5’-CTTGCACGTTGAGTTTGGGT-3’ 104
GAPDH 5-AAGGTGAAGGTCGGAGTCAAC-3’ 5-GGGGTCATTGATGGCAACAATA-3’ 102

In addition, recent retrospective clinical studies
have suggested that androgen deprivation
therapy for prostate cancer prevents bladder
cancer development [14] and recurrence [15].

Patients with superficial bladder tumor are at
high risk of tumor recurrence after transure-
thral surgery and currently available intravesi-
cal pharmacotherapy. Importantly, some of
these patients ultimately develop more inva-
sive disease for which aggressive treatment
modalities, such as radical cystectomy and sys-
temic chemotherapy, are often required. Th-
erefore, novel therapeutic options that more
effectively prevent the recurrence of superficial
bladder tumor need to be urgently developed.

Enzalutamide is a synthetic AR signaling inhibi-
tor that not only blocks androgen binding to the
AR but is also shown to prevent AR nuclear
translocation, DNA binding, and co-activator
recruitment in prostate cancer cells [16-19].
Due to its mechanisms of action, enzalutamide
likely provides a more significant and clinically
meaningful benefit, compared with the first
generation non-steroidal anti-androgenic drugs
including flutamide and bicalutamide, in improv-
ing the prognosis especially in men with cas-
tration-resistant prostate cancer. Meanwhile,
some of the above studies [8, 9, 12, 13] have
indicated the inhibition of bladder carcinogen-
esis by hydroxyflutamide and/or bicalutamide.
In contrast, the efficacy of enzalutamide in
bladder cancer development remains largely
unknown. In the current study, we assessed the
inhibitory effects of enzalutamide on neoplas-
tic transformation of urothelial cells by com-
paring with those of hydroxyflutamide and bi-
calutamide.

Materials and methods
Cell culture and chemicals

The SV40-immortalized human urothelial cell
line (SVHUC) was originally obtained from the
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American Type Culture Collection and was
recently authenticated using GenePrint 10
System (Promega). A stable cell line expressing
a full-length wild-type human AR (i.e. SVHUC-
AR) and a control line expressing only the vec-
tor (i.e. SVHUC-control) were described in our
previous studies [12, 13]. These cells were
maintained in Kaighn's Modification of Ham’s
F-12K (Mediatech) supplemented with 10%
fetal bovine serum (FBS) and penicillin (100
units/mL)/streptomycin (100 units/mL) at 37°C
in a humidified atmosphere of 5% CO,. We
obtained hydroxyflutamide from Sigma and
bicalutamide from Santa Cruz Biotechnology.
Enzalutamide was provided by Astellas Pharma
Global Development and Medivation, Inc.

Western blot

Protein extraction and western blotting were
performed, as described previously [19-21]
with minor modifications. Equal amounts of
protein (30 pg) obtained from cell extracts were
separated in 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferred
to polyvinylidene difluoride membrane (Immun-
Blot PVDF Membrane, Bio-Rad) by electroblot-
ting. Specific antibody binding was detected,
using an anti-AR antibody (clone N20; dilution
1:1000; Santa Cruz Biotechnology) or an anti-
GAPDH antibody (clone 6C5; dilution 1:5000;
Santa Cruz Biotechnology), and a secondary
antibody (rabbit IRDye 680LT or mouse IRDye
800CW, LI-COR), followed by scanning with an
infrared imaging system (Odyssey, LI-COR).

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

Total RNA (0.5 ug) was isolated from cultured
cells, using TRIzol (Invitrogen), and reverse tran-
scribed with 1 yM oligo (dT) primers (Qiagen)
and 4 units of Omniscript reverse transcriptase
(Qiagen) in a total volume of 20 uL. Real-time
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PCR was then performed, using iQ SYBR Gre-
en Supermix (Bio-Rad), as described previously
[19-21]. The primer sequences are given in
Table 1. Human GAPDH was used as an inter-
nal control.

Reporter gene assay

Cells at a density of 50-70% confluence in
24-well plates were co-transfected with 250 ng
of mouse mammary tumor virus (MMTV)-Luc
reporter plasmid DNA [22] and 2.5 ng of pRL-TK
plasmid DNA, using Geneluice (Novagen), as
described previously [19, 21]. After transfec-
tion, the cells were cultured in the presence or
absence of AR antagonists for 24 hours. Cell
lysates were then assayed for luciferase activi-
ty determined using a Dual-Glo™ Luciferase
Assay System (Promega) and luminometer
(FLUOstar Omega, BMG Labtech).

Immunofluorescent staining

Cells plated onto 8-well chamber slides (Nu-
nc™ Lab-Tek™, Thermo Fisher Scientific) were
cultured in the presence or absence of AR
antagonists for 24 hours. At the end of the drug
treatment, the adherent cells were fixed by 4%
paraformaldehyde. The cells were blocked with
1% bovine serum albumin for 1 hour at 37°C,
and an anti-AR antibody (clone N20; dilution
1:50) was added and incubated overnight at
4°C. 4’ 6’-diamidino-2-phenylindole (DAPI) was
used to visualize nuclei. Fluorescence images
were acquired with a fluorescence microscope
(Olympus BX41) and a digital camera (Olympus
DP70). The number of nuclear staining was
quantitated in 6 randomly selected visual fields
per chamber by a single observer who was
unaware of the treatment group for the cells.

In vitro transformation

We used a method for neoplastic transfor-
mation in SVHUC with exposure to a carcinogen
3-methylcholanthrene (MCA), as described in a
previous study [23], with minor modifications.
Briefly, cells (2 x 108/10-cm culture dish incu-
bated for 48 hours) were cultured in serum-free
F-12K containing 5 ug/mL MCA (Sigma). After
the first 24 hours of MCA exposure, FBS (1%)
was added to the medium. After additional 24
hours, the cells were cultured in medium con-
taining 5% FBS without MCA until near conflu-
ence. Subcultured cells (1/3 split) were again
cultured in the presence of 5 yg/mL MCA for a
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48-hour exposure period, using the above pro-
tocol. MCA exposure was repeated one more
time. These cells were then subcultured for 6
weeks in the presence or absence of each AR
antagonist and thereafter used for further
assays.

Plate colony formation and soft agar colony
formation assays

The SVHUC sublines exposed to MCA were
used for colony formation assays, as described
previously [13, 21], with minor modifications.
For plate colony formation assay, 5 x 102 cells
per well seeded in 12-well plates were allowed
to grow until colonies in the control well were
easily distinguishable. Fresh medium was
replaced every other day. The cells were fixed
with methanol, stained with 0.1% crystal violet,
and photographed. For soft agar colony forma-
tion assay, after being dispersed to single cells,
they were suspended at 2 x 10* cells per well in
6-well plates in a solution of 0.25% agarose
and F-12K with 1% FBS. The cell suspension
was layered into wells with a solidified 0.5%
agarose and 1% FBS-containing medium sub-
layer. F-12K medium containing 10% FBS was
then added and changed every three days. The
cells were cultured until colonies were visible
and stained with 0.05% crystal violet. Colonies
(=20 cells) were counted by adjusting the depth
of the field and changing the focus under the
dissecting microscope. The numbers of colo-
nies and their areas were quantitated, using
ImagelJ software (National Institutes of Health).

Tumor formation in vivo

The animal protocol in accordance with Nation-
al Institutes of Health Guidelines for the Care
and Use of Experimental Animals was approv-
ed by the Institutional Animal Care and Use
Committee. SVHUC cells (1 x 10°) exposed to
MCA, as described above, were suspended,
mixed with 100 yL Matrigel (BD Biosciences),
and subcutaneously injected into the flank
of 6-week-old male NOD-SCID mice (Johns
Hopkins University Research Animal Resourc-
es), as described previously [19, 21]. Tumor for-
mation was then monitored every day.

Statistical analysis

Student’s t-test or Mann-Whitney U test was
used to compare the numerical data. P values
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Figure 1. Effects of enzalutamide on AR in MCA-exposed urothelial cells.
A. Cell extracts from SVHUC-AR without MCA exposure or SVHUC-control/
SVHUC-AR exposed to MCA and subsequently treated with ethanol (mock),
hydroxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ;
5 uM) for 48 hours were analyzed on western blotting, using an antibody to
AR (110 kDa). GAPDH (37 kDa) served as an internal control. The means of
densitometry values for AR standardized by GAPDH that are relative to the
value of mock treatment (6th lane; set as 100%) from three independent
experiments are included below the lanes. B. Luciferase reporter gene assay
was performed in SVHUC-control or SVHUC-AR exposed to MCA, transfected
with MMTV-Luc and pRL-TK, and subsequently treated with ethanol (mock),
hydroxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ;
5 uM) for 24 hours. Luciferase activity is presented relative to that of mock
treatment in SVHUC-AR cells. Each value represents the mean + standard
deviation from three independent experiments. C. Immunofluorescence of
AR in SVHUC-AR cells exposed to MCA and subsequently treated with etha-
nol (mock), hydroxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalu-
tamide (EZ; 5 uM) for 24 hours. We merged the images between AR and
DAPI that was used to visualize nuclei, and the proportion of cells with AR
expression only in their nuclei was quantitated. Each value represents the
mean + standard deviation of 6 determinants. *P < 0.05 (vs. mock treat-
ment in SVHUC-AR).

less than 0.05 were considered to be statisti-
cally significant.
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Results

Suppression of AR expres-
sion and its activity by
enzalutamide in urothelial
cells undergoing neoplastic
transformation

We first assessed the effects
of short-term treatment with
enzalutamide on AR expres-
sion and its activity in immor-
talized human normal urothe-
lial SVHUC cells with the carc-
inogen challenge. We com-
pared the expression levels of
AR protein in MCA-exposed
SVHUC sublines treated with
hydroxyflutamide, bicalutami-
de, or enzalutamide. Compar-
ed with mock treatment, treat-
ment with each AR antagonist
resulted in down-regulation of
AR expression in SVHUC-AR
cells cultured in medium con-
taining normal FBS (Figure
1A). Consistent with our previ-
ous observations [12, 13], AR
was undetectable in SVHUC-
control cells. In addition, MCA
exposure did not alter the lev-
els of AR expression in SVHUC-
AR cells. We also compared
the transcriptional activities of
AR in the extracts of MCA-
exposed SVHUC sublines with
transfection of an AR lucifer-
ase reporter plasmid and su-
bsequent treatment with AR
antagonists. Treatment with
hydroxyflutamide, bicalutami-
de, or enzalutamide similarly
inhibited AR-mediated trans-
activation in SVHUC-AR cells
cultured in medium containi-
ng normal FBS (Figure 1B). We
further performed immunoflu-
orescence to investigate wh-
ether enzalutamide could af-
fect nuclear translocation of
AR in urothelial cells (Figure
1C). Hydroxyflutamide or bica-

lutamide treatment in MCA-SVHUC-AR cells cul-
tured in medium containing normal FBS did not

Am J Cancer Res 2017;7(10):2041-2050
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significantly alter AR expression in their nuclei.
In contrast, enzalutamide treatment signifi-
cantly reduced nuclear AR expression, com-
pared with mock treatment.

Suppression of neoplastic transformation of
urothelial cells by enzalutamide

We next assessed the efficacy of long-term

treatment with enzalutamide in urothelial tu-
morigenesis via an in vitro transformation sys-
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Figure 2. Effects of enzalutamide on anchorage-dependent growth of MCA-
exposed urothelial cells. SVHUC-control or SVHUC-AR exposed to MCA and
subsequently cultured for 6 weeks in the presence of ethanol (mock), hy-
droxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ; 5
uM) was seeded for plate colony formation assay (cultured for additional 2
weeks). The number and area of the colonies were counted and are present-

ed relative to those in mock-treated SVHUC-AR cells. Each value represents
the mean + standard deviation from three independent experiments. *P <

2-week culture without anti-
androgens (Figure 2). Only
enzalutamide treatment also
resulted in a significant de-
crease in the number of SV-
HUC-AR colonies. However, th-
ere were no significant eff-
ects of AR antagonists on the
number or area of AR-negati-
ve SVHUC-control colonies. Si-
milarly, in the soft agar colo-
ny formation assay assessing
colony number at 3 weeks, hydroxyflutamide,
bicalutamide, or enzalutamide significantly
reduced the efficiency of colony formation in
SVHUC-AR, but not in SVHUC-control (Figure 3).
In these assays, higher numbers/areas of colo-
nies were observed in mock-treated SVHUC-AR
cells than in mock-treated SVHUC-control cells.

Mouse xenograft models were also employed
to assess urothelial tumorigenesis in vivo.
SVHUC cells with the carcinogen challenge and

Am J Cancer Res 2017;7(10):2041-2050
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Figure 3. Effects of enzalutamide on anchorage-independent growth of MCA-
exposed urothelial cells. SVHUC-control or SVHUC-AR exposed to MCA and
subsequently cultured for 6 weeks in the presence of ethanol (mock), hy-
droxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ; 5
uM) was seeded for soft agar colony formation assay (cultured for additional
3 weeks). The number of the colonies was counted and is presented relative
to that in mock-treated SVHUC-AR cells. Each value represents the mean
+ standard deviation from three independent experiments. *P < 0.05 (vs.

mock treatment in SVHUC-AR).

subsequent 6-week hydroxyflutamide/bicalu-
tamide/enzalutamide treatment were inoculat-
ed subcutaneously into immunocompromised
mice, and tumor formation was monitored as
an endpoint. In accordance with our previous in
vitro transformation data [13], AR overexpres-
sion significantly induced tumor formation
(mock-treated SVHUC-control vs. mock-treated
SVHUC-AR, P = 0.032). In addition, hydroxyflu-
tamide (P = 0.033), bicalutamide (P = 0.038),
or enzalutamide (P = 0.028) treatment strik-
ingly delayed or prevented the formation of
SVHUC-AR xenograft tumors compared with
mock treatment (Figure 4). In the SVHUC-AR
xenografts, there was no statistically significant
difference in tumor formation between treat-
ments with hydroxyflutamide vs. bicalutamide
(P =0.707), hydroxyflutamide vs. enzalutamide
(P = 0.713), or bicalutamide vs. enzalutamide
(P =0.974). These 3 anti-androgens showed no
significant effects on the formation of SVHUC-
control xenograft tumors.
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Up/down-regulation of the
expression of tumor sup-
pressor genes/oncogenes
by enzalutamide in urothelial
cells undergoing neoplastic
transformation

By using a quantitative RT-PCR
method, we finally compared
the expression levels of vari-
ous molecules that are known
to play a protective role in
bladder tumorigenesis, such
as p53, p27, and PTEN (Figure
5A), and oncogenic molecules,
including c-myc, cyclin D1,
® and cyclin E (Figure 5B), in
SVHUC cells with MCA expo-
sure and 6-week hydroxyflu-
tamide/bicalutamide/enza-
lutamide treatment. As expe-
cted, significantly lower and
higher expression levels of
tumor suppressor genes and
oncogenes, respectively, were
detected in mock-treated SV-
HUC-AR cells than in mock-
treated SVHUC-control cells.
Moreover, 3 anti-androgens
up-regulated the expression
of these tumor suppressors
while down-regulated the ex-
pression of these oncogenes
in the resultant SVHUC-AR cells, but not in the
SVHUC-control cells. No significant effects of
AR antagonists on the expression of these
genes were observed in SVHUC-AR cells with-
out the carcinogen challenge (data not shown).

Discussion

Using cell line and animal models, activation of
the AR pathway has been suggested to pro-
mote urothelial carcinogenesis [4, 7, 8-13],
which may be a critical reason why men have a
substantially higher risk of bladder cancer than
women. Specifically, androgen deprivation via
treatment with the first generation non-steroi-
dal anti-androgenic drugs, such as flutamide
and bicalutamide, results in inhibition of blad-
der cancer development [8, 9, 12, 13]. In the
current study, we confirmed that AR signals
play a critical role in inducing urothelial carcino-
genesis by showing differences in tumorigenic
activity between AR-negative SVHUC control

Am J Cancer Res 2017;7(10):2041-2050
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Figure 4. Effects of enzalutamide on urothelial tumor formation in mouse
xenograft models. SVHUC-control or SVHUC-AR exposed to MCA and subse-
quently cultured for 6 weeks in the presence of ethanol (mock), hydroxyflu-
tamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ; 5 uM) was
suspended, mixed with Matrigel (1 x 10° cells/100 uL), and subcutaneously
implanted into the flank of 6-week-old male NOD-SCID mice (n = 8 in each
group). The endpoint for this study was tumor formation (exceeding 10 mm3
in its estimated volume [by the following formula: (short diameter)? x (lon-
gest diameter) x 0.5] or 5 mm in greatest dimension). Comparisons were

kines, have also been shown
to activate the AR in the
absence of androgens princi-
pally in prostate cancer cells
[28]. Our previous studies in
bladder cancer cells have
demonstrated that androgens
[9, 19, 29] and epidermal
growth factor [30] are able
to induce AR transcriptional
activity as well as their growth.
In addition, it has been sug-
gested that androgens up-
or down-regulate a variety of
molecules/pathways, includ-
ing those known to involve
urothelial tumorigenesis (e.g.
Akt [31], B-catenin [32, 33],
CD24 [34], c-myc [13, 32],
cyclins D1/D3/E [13, 35],
ELK1 [36], epidermal growth
factor receptor/ERBB2 [31],
ERK1/2 [31], FGFR3 [13],
GATA3 [13], PTEN [13], p21
[10, 13], p53 [10, 13], and
UGT1A[12]), in non-neoplastic
or neoplastic urothelial cells.
In some of these studies, flu-
tamide and/or bicalutamide
were shown to antagonize the
effects of androgens on the

made by log-rank test.

cells versus SVHUC-AR cells. More importantly,
we provide preclinical data indicating that a
newer generation of anti-AR compound, enzalu-
tamide, strongly prevents AR-mediated urothe-
lial carcinogenesis.

The AR, a member of the nuclear receptor
superfamily, regulates gene expression in
response to ligands in target cells [24, 25].
Unliganded AR is mainly located in the cyto-
plasm and associates with heat-shock pro-
teins. Upon binding of androgens, the AR under-
goes a conformational change within the
ligand-binding domain and dissociates from
the heat-shock proteins. Activated receptors
then form homodimers and translocate to the
nucleus. In the nucleus, the dimerized AR-ligand
complex initiates gene transcription of andro-
gen-regulated genes, which is usually mediated
by interaction with transcriptional co-activators
and/or co-repressors [26, 27]. Non-androgenic
molecules, such as growth factors and cyto-
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expression/activity of AR or

its upstream pathways/down-
stream targets [9, 12, 13, 19, 29-32, 34, 36].
We here confirmed some of these previous
observations and further demonstrated that
enzalutamide inhibited the expression and
transcriptional activity of AR in MCA-exposed
SVHUC cells. We also found that enzalutamide,
hydroxyflutamide, and bicalutamide similarly
up- and down-regulated the expression of
tumor suppressor genes (i.e. p53, p27, PTEN)
and oncogenes (i.e. c-myc, cyclin D1, cyclin E),
respectively, in SVHUC-AR cells undergoing
neoplastic transformation. Meanwhile, AR over-
expression in SVHUC cells resulted in induction
of tumorigenic activity in vitro, as we previously
described [13], as well as in vivo shown for the
first time.

As aforementioned, there are obvious advan-
tages of enzalutamide treatment, over that with
flutamide or bicalutamide, in men with prostate
cancer, presumably derived from not only its
higher binding affinity for the AR but also unique

Am J Cancer Res 2017;7(10):2041-2050
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Figure 5. Effects of enzalutamide on the expression of tumor suppressors and oncogenes in MCA-exposed urothe-
lial cells. SVHUC-control or SVHUC-AR exposed to MCA and subsequently cultured for 6 weeks in the presence of
ethanol (mock), hydroxyflutamide (HF; 5 uM), bicalutamide (BC; 5 uM), or enzalutamide (EZ; 5 uM) was subjected
to a quantitative RT-PCR for p53, p27, and PTEN (A) as well as c-myc, cyclin D1, and cyclin E (B). Expression of each
gene was normalized to that of GAPDH. Transcription amount is presented relative to that in mock-treated SVHUC-
AR cells. Each value represents the mean + standard deviation from three independent experiments. *P < 0.05 (vs.

mock treatment in SVHUC-AR).

actions on the AR including the prevention of
AR nuclear translocation and AR binding to DNA
or co-activators [16-18]. As a result, enzalu-
tamide is widely prescribed for the treatment of
metastatic castration-resistant prostate can-
cer, especially in those who are resistant to flu-
tamide and/or bicalutamide therapy [18]. We
confirmed that hydroxyflutamide and bicalu-
tamide strongly prevented neoplastic transfor-
mation of AR-positive urothelial cells. We fur-
ther demonstrated that enzalutamide also
inhibited urothelial tumorigenesis and that its
effects were similar to those of hydroxyflu-
tamide and bicalutamide. Therefore, although
androgen-induced AR translocation into the
nucleus of urothelial cells has been document-
ed [13, 32], these additional mechanisms of
enzalutamide actions for inhibiting urothelial
tumorigenesis may be of little significance.
Indeed, enzalutamide was found to effectively
prevent AR nuclear translocation in SVHUC-AR
cells undergoing malignant transformation,
while hydroxyflutamide and bicalutamide did
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not significantly alter it. Blockade of androgen-
AR binding by classic anti-androgens may thus
sufficiently prevent AR-induced urothelial tu-
morigenesis. More importantly, our current
data, together with previous observations, indi-
cate that androgen deprivation therapy with
anti-AR drugs may be a promising approach for
chemoprevention of bladder tumor recurrence.
Meanwhile, the effects of enzalutamide on the
functions of AR as well as androgen-mediated
expression/activity of AR targets in non-neo-
plastic urothelial cells need to be further inves-
tigated. It should also be noteworthy that the
majority of non-neoplastic urothelial cells ver-
sus less than half of urothelial cancers were
shown to express the AR [6, 7, 37], suggesting
that AR could be lost during tumorigenesis and/
or tumor growth.

In conclusion, AR signals were confirmed to
induce urothelial carcinogenesis. In addition, 3
AR antagonists, enzalutamide, flutamide, and
bicalutamide, were found to similarly inhibit
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neoplastic transformation of AR-positive uro-
thelial cells, while only enzalutamide could pre-
vent AR nuclear translocation. These findings
enhance the feasibility of androgen deprivation
therapy, using, for instance, enzalutamide, as a
potential chemopreventive approach for uro-
thelial tumors.
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