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Enzalutamide inhibits proliferation of gemcitabine-resistant
bladder cancer cells with increased androgen receptor expression
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Abstract. Advanced bladder cancer is treated mainly with
gemcitabine and cisplatin, but most patients eventually
become resistance. Androgen receptor (AR) signaling has
been implicated in bladder cancer as well as other types of
cancer including prostate cancer. In this study, we investigated
the expression and role of AR in gemcitabine-resistant bladder
cancer cells and also the potential of enzalutamide, an AR
inhibitor, as a therapeutic for the chemoresistance. First of
all, we established gemcitabine-resistant T24 cells (T24GR)
from T24 bladder cancer cells and performed gene expres-
sion profiling. Microarray analysis revealed upregulation of
AR expression in T24GR cells compared with T24 cells. AR
mRNA and protein expression was confirmed to be increased
in T24GR cells, respectively, by quantitative RT-PCR and
western blot analysis, which was associated with more
potent AR transcriptional activity as measured by luciferase
reporter assay. The copy number of AR gene in T24GR cells
determined by PCR was twice as many as that of T24 cells.
AR silencing by siRNA transfection resulted in inhibition of
proliferation of T24GR cells. Cell culture in charcoal-stripped
serum and treatment with enzalutamide inhibited growth of
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T24GR cells, which was accompanied by cell cycle arrest. AR
transcriptional activity was found to be reduced in T24GR
cells by enzalutamide treatment. Lastly, enzalutamide also
inhibited cell proliferation of HTBS5 bladder cancer cells that
express AR and possess intrinsic resistance to gemcitabine.
Our results suggest that enzalutamide may have the potential
to treat patients with advanced gemcitabine-resistant bladder
cancer with increased AR expression.

Introduction

Bladder cancer is one of the most commonly diagnosed
cancers worldwide (1). The combination chemotherapy with
methotrexate, vinblastine, doxorubicin, and cisplatin (M-VAC)
was reported in 1985 (2) which thereafter became the standard
chemotherapy for patients with bladder cancer (3). Nowadays,
the combination chemotherapy of gemcitabine and cisplatin
(GC) has replaced M-VAC therapy as a first-line treatment for
bladder cancer patients, because GC exhibited similar efficacy
to M-VAC with less adverse events (4,5). Although bladder
cancer is relatively sensitive to chemotherapy, drug-resistance is
inevitable and occurs within a few years in most cases. However,
there has been no clearly established second-line therapy for
bladder cancer resistant to first-line chemotherapy (6).
Androgen receptor (AR), one of the steroid hormone recep-
tors, is a transcriptional factor whose activity is modulated by
androgens. AR plays an important role in the survival of pros-
tate cancer cells (7). In addition, AR has been implicated in
other types of cancer including bladder cancer as well as liver,
kidney, breast, and lung cancer (8-11). A study demonstrated
that downregulation of AR expression inhibited bladder cancer
cell growth in vitro and in vivo (12). It has been also shown
that expression of AR was higher in doxorubicin-resistant
bladder cancer cells than sensitive cells and that androgen/AR
signaling correlated with the effectiveness of doxorubicin (13).
In this study, in an attempt to identify novel therapeutic
targets for gemcitabine-resistance, we developed gemcitabine-
resistant bladder cancer cells from sensitive cells and performed
microarray analysis. We found that AR expression was upreg-
ulated in gemcitabine-resistant cancer cells compared with
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parental cells. We then investigated the effects on growth of
gemcitabine-resistant cancer cells of AR knockdown as well as
culture in charcoal-stripped serum (CSS) and treatment with
enzalutamide, a second-generation non-steroidal AR inhibitor
used for castration-resistant prostate cancer (CRPC) patients.
We also studied the effect of enzalutamide on gemcitabine-
resistance. Finally, we examined if enzalutamide could inhibit
growth of AR-expressing bladder cancer cells with intrinsic
gemcitabine-resistance. Our results suggested that blockade of
AR signaling by enzalutamide might be effective for patients
with advanced gemcitabine-resistant bladder cancer with
increased AR expression.

Materials and methods

Reagents and antibodies. Gemcitabine and enzalutamide were
from Sigma-Aldrich (St.Louis,MO,USA)andMedChem Express
LLC (Princeton, NJ, USA), respectively. Dihydrotestosterone
(DHT) was purchased from Tokyo Chemical Industry (Tokyo,
Japan). Anti-B-actin (#3700), anti-AR (#5153), anti-cyclin D1
(#2978), anti-cyclin Bl (#12231), anti-caspase-3 (#9662) and
anti-cleaved caspase-3 (#9664) antibodies were from Cell
Signaling Technology (Danvers, MA, USA).

Cell culture and establishment of gemcitabine-resistant
cells. T24 human bladder cancer cell line was obtained from
RIKEN Cell Bank (Tsukuba, Japan). Cells were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS). T24 cells were initially cultured in the medium
containing 5 nM gemcitabine and the dose was gradually
increased over 3 months. Finally, we obtained gemcitabine-
resistant T24 cells (T24GR) viable in the presence of 50 nM
gemcitabine. In specified experiments, cells were cultured in
CSS from Thermo Fisher Scientific (Waltham, MA, USA).
HTBS human bladder cancer cell line was obtained from
American Type Culture Collection (Manassas, VA, USA) and
cultured in RPMI-1640 medium supplemented with 10% FBS.

Cell growth and viability assay. The number of living cells
was counted manually or automatically by using Countess
Automated Cell Counter (Invitrogen, Carlsbad, CA, USA)
after staining with trypan blue. The sensitivity to gemcitabine
and enzalutamide was determined by WST-1 assay using the
kit from Roche Diagnostics (Mannheim, Germany).

Microarray analysis of mRNA. Total RNA extracted by the
miRNeasy Mini kit (Qiagen, Hilden, Germany) was used
for the labeling and hybridization to the Agilent SurePrint
G3 Human GE Microarray 8x60K (Agilent Technologies,
Santa Clara, CA, USA). After washing, the microarrays were
scanned on the Agilent DNA Microarray Scanner (Agilent
Technologies). Raw data were collected using Agilent Feature
Extraction software and analyzed using the GeneSpring GX11
(Agilent Technologies). The signal intensity of each probe
was normalized by a percentile shift, in which each value was
divided by the 75th percentile of all values in its array. Only
the probes that had expression flags present under at least one
condition were considered. Data were compared using t-tests,
with a significance level set at P<0.05. The remaining probes
were selected using the criterion of at least a 3-fold change.

Relative cell viability (%)

Concentration

Figure 1. Viability of T24GR and T24 cells in the presence of gemcitabine.
Cells (3x10°) were seeded in a 96-well plate and cultured for 24 h. Cells
were then treated with gemcitabine at indicated concentrations for 72 h and
subjected to WST assay. Data are expressed as mean + SD (n=5).

The microarray data have been deposited in the NCBI Gene
Expression Omnibus (GEO) and are accessible through the
GEO Series accession no. GSE77883 (http:/www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE77883).

Quantitative RT-PCR. Total RNA extracted using the
miRNeasy Mini kit with on-column DNase I treatment was
reverse transcribed using the ReverTra Ace qPCR RT Master
Mix (Toyobo, Osaka, Japan). Quantitative RT-PCR was
performed on the StepOnePlus Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA) using the
Thunderbird SYBR qPCR Mix (Toyobo). PCR conditions
include a denaturation at 95°C 1 min, followed by 40 cycles
of 15 sec at 95°C and 1 min at 60°C. Primer sequences were as
follows: AR forward, 5"TGTACACGTGGTCAAGTGGG-3";
reverse, 5'-GTGCATGCGGTACTCATTGAA-3'. 18S ribo-
somal RNA forward, 5'-GTAACCCGTTGAACCCCATT-3"
reverse, 5'-CCATCCAATCGGTAGTAGCG-3'. The relative
expression was expressed as a ratio of AR to 18S rRNA.

Western blot analysis. Whole cell lysates were prepared in
lysis buffer [1% Nonidet P-40, 0.1% sodium deoxycholate, 0.1%
sodium dodecyl sulfate, 1 mM EDTA, 150 mM NaCl, and
10 mM Tris-HCl (pH 7.4)] containing protease inhibitor cocktail
(Sigma-Aldrich). Cell lysates were subjected to electrophoresis
on 4-15% SDS-polyacrylamide gels (Bio-Rad, Hercules, CA,
USA) and transferred to polyvinylidene difluoride membranes.
After blocking in non-fat milk, membranes were incubated
overnight at 4°C with primary antibodies followed by incubation
for 60 min at room temperature with a horseradish peroxidase-
linked secondary antibodies. Immunoreactive bands were
detected by using the enhanced chemiluminescence (ECL)
detection system (GE Healthcare).

Luciferase reporter assay. Twenty-four hours after seeding
cells (2.5x10%) into a 12-well plate, the pGL4 firefly luciferase
reporter gene (Promega, Madison, WI, USA) containing
4 copies of the androgen response element (ARE; 5'-GCTAGC
ACTTGCTGTTCTGCA-3') (14) upstream of the minimal
promoter were co-transfected for 6 h with the Renilla expressing
plasmid (phRL-TK, Promega) using Lipofectamine 2000
(Thermo Fisher Scientific). Firefly and Renilla luciferase
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Figure 2. Network analysis of genes elevated in T24GR cells. Network analysis of 108 genes elevated by >10-fold in T24GR cells than in T24 cells revealed

AR-related gene network (shown in pink) in T24GR cells.

activities were measured using the Pikkagene Dual Luciferase
assay systems (Toyo B-Net, Tokyo, Japan). The AR transcrip-
tional activity was expressed as a ratio of firefly to Renilla
luciferase activity.

AR copy number assay. Genomic DNA was extracted using the
NucleoSpin Tissue (Takara, Kusatsu, Japan). The copy number
variation of AR gene was determined by using the TagMan Copy
Number assay (assay id: Hs00034522_cn, Applied Biosystems).
The TagMan Copy Number Reference assay (RNaseP, assay id:
4403326, Applied Biosystems) was used as an internal control.
The assay was performed on the StepOnePlus PCR system using
the TagMan Genotyping Master Mix (Applied Biosystems) and
20 ng of genomic DNA. PCR conditions were 95°C for 10 min
for initial denaturation and enzyme activation, followed by 40
cycles of 15 sec at 95°C and 1 min at 60°C. The copy number
of the AR gene was estimated from the Ct values by using the
CopyCaller software (Applied Biosystems).

Small interfering RNA transfection. Two small interfering
RNAs (siRNAs) for human AR gene were from Dharmacon
GE Healthcare (Lafayette, CO, USA). Target sequences of the
AR siRNAs were as follows: siRNA1, 5-GGAACUCGAUC
GUAUCAUU-3', siRNA2, 5'-UCAAGGAACUCGAUCG
UAU-3'". Asanegative control siRNA,siGENOME non-targeting
siRNA control gene was used (Thermo Fisher Scientific). Each
siRNA was transfected into cells for 6 h at 10 nM using
Lipofectamine 2000.

Evaluation of drug interaction. Drug interaction was assessed
based on the method described by Chou and Talalay (15)

and the combination index (CI) was determined using the
CompuSyn software.

Statistical analysis. Student's t-test was used for comparison
between two groups. Statistical significance was defined as a
P-value of <0.05.

Results

Establishment of gemcitabine-resistant T24 bladder cancer
cells. We developed gemcitabine-resistant T24 cells from
parental T24 cells by treating cells with increasing concen-
trations of gemcitabine over 3 months. We performed WST-1
assay to examine the sensitivity of T24 and T24GR cells to
gemcitabine. As shown in Fig. 1, T24GR cells were resistant to
gemcitabine compared to parental T24 cells. The IC, values
of T24 cells and T24GR were 5.99 nM and 3.46 uM, respec-
tively (577.4-fold).

Increased expression of AR in T24GR cells. We investigated
mRNA expression profiles of T24 and T24GR cells. Microarray
analysis of mRNA expression showed that 596 genes were
upregulated >3-fold in T24GR cells compared with T24 cells
(data not shown). AR expression was 32-fold higher in T24GR
cells than in T24 cells (Table I). Network analysis of 118 genes
whose expression was elevated by >10-fold in T24GR cells
than in T24 cells identified 5 gene networks, one of which was
AR-related gene network (Fig. 2). As shown in Fig. 3A, quan-
titative RT-PCR confirmed that AR mRNA level in T24GR
cells was significantly higher than that in T24 cells (40.5-fold).
In accordance with the mRNA change, AR protein expression
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Table I. The genes with expression showing a >20-fold increase in T24GR cells compared with T24 cells.

Gene symbol Description Fold change
LRRC38 Homo sapiens leucine rich repeat containing 38 (LRRC38) 59189
PASD1 Homo sapiens PAS domain containing 1 (PASD1) 8493
FGF13 Homo sapiens fibroblast growth factor 13 (FGF13), transcript variant 1 747.7
PDPN Homo sapiens podoplanin (PDPN), transcript variant 2 499.8
ACTG2 Homo sapiens actin, y2, smooth muscle, enteric (ACTG?2), transcript variant 1 428.6
HS6ST2 Homo sapiens heparan sulfate 6-O-sulfotransferase 2 (HS6ST2), transcript variant L 259.3
GOLTI1A Homo sapiens golgi transport 1A (GOLT1A) 106.2
CXorf57 Homo sapiens chromosome X open reading frame 57 (CXorf57), transcript variant 1 104.5
CYP2])2 Homo sapiens cytochrome P450, family 2, subfamily J, polypeptide 2 (CYP2J2) 86.3
TSPAN18 Homo sapiens tetraspanin 18 (TSPAN18) 82.9
NELL2 Homo sapiens NEL-like 2 (chicken) (NELL?2), transcript variant 2 82.1
AMOT Homo sapiens angiomotin (AMOT), transcript variant 2 748
KISS1 Homo sapiens KiSS-1 metastasis-suppressor (KISS1) 719
FAM155B Homo sapiens family with sequence similarity 155, member B (FAM155B) 69.5
XK Homo sapiens X-linked Kx blood group (McLeod syndrome) (XK) 68.7
SYK Homo sapiens spleen tyrosine kinase (SYK), transcript variant 1 61.7
XLOC_003505 BROAD Institute lincRNA (XLOC_003505) 61.0
BAGE Homo sapiens B melanoma antigen (BAGE) 59.2
STXBP6 Homo sapiens syntaxin binding protein 6 (amisyn) (STXBP6) 55.0
PGM5 Homo sapiens phosphoglucomutase 5 (PGMS5) 529
MAGEB?2 Homo sapiens melanoma antigen family B, 2 (MAGEB2) 519
NCAM1 Homo sapiens neural cell adhesion molecule 1 (NCAM]1), transcript variant 5 51.7
XLOC_010251 BROAD Institute lincRNA (XLOC_010251) 49.7
UBD Homo sapiens ubiquitin D (UBD) 492
JPH1 Homo sapiens junctophilin 1 (JPH1) 49.1
FAM230C PREDICTED: Homo sapiens family with sequence similarity 230, member C (FAM230C), 489
transcript variant X1
LOC100134317  Homo sapiens uncharacterized LOC100134317 (LOC100134317) 440
ITM2A Homo sapiens integral membrane protein 2A (ITM2A), transcript variant 1 403
XAGE2B Homo sapiens X antigen family, member 2B (XAGE2B) 40.1
GDA Homo sapiens guanine deaminase (GDA), transcript variant 2 393
GPC4 Homo sapiens glypican 4 (GPC4) 38.9
SLITRK4 Homo sapiens SLIT and NTRK-like family, member 4 (SLITRK4), transcript variant 2 37.5
FAM110C Homo sapiens family with sequence similarity 110, member C (FAM110C) 35.6
IRS4 PREDICTED: Homo sapiens insulin receptor substrate 4 (IRS4), transcript variant X1 354
FOXR2 Homo sapiens forkhead box R2 (FOXR2) 34.6
IGFBP5 Homo sapiens insulin-like growth factor binding protein 5 (IGFBPS) 341
AR Homo sapiens androgen receptor (AR), transcript variant 1 322
CNNI1 Homo sapiens calponin 1, basic, smooth muscle (CNN1) 320
BMP2 Homo sapiens bone morphogenetic protein 2 (BMP2) 314
PCSK6 Homo sapiens proprotein convertase subtilisin/kexin type 6 (PCSK6), transcript variant 3 31.1
WNTS5A Homo sapiens wingless-type MMTYV integration site family, member SA (WNT5A), 30.1
transcript variant 1
CECR7 Homo sapiens cat eye syndrome chromosome region, candidate 7 (non-protein coding) 293
(CECR7)
PLCB4 Homo sapiens phospholipase C, 34 (PLCB4), transcript variant 2 29.1
IQCF1 Homo sapiens 1Q motif containing F1 (IQCF1) 29.1
AWAT?2 Homo sapiens acyl-CoA wax alcohol acyltransferase 2 (AWAT2) 29.1
XLOC_014512 BROAD Institute lincRNA (XLOC_014512) 26.9
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Table I. Continued.
Gene symbol Description Fold change
FTCDNLI1 Homo sapiens formiminotransferase cyclodeaminase N-terminal like (FTCDNL1) 24.5
XLOC_005442 BROAD Institute lincRNA (XLOC_005442) 245
PLAC4 Homo sapiens placenta-specific 4 (PLAC4) 24.1
POTEB Homo sapiens POTE ankyrin domain family, member B (POTEB) 229
GAL Homo sapiens galanin/GMAP prepropeptide (GAL) 224
MAL Homo sapiens mal, T-cell differentiation protein (MAL), transcript variant a 21.7
GABRG2 Homo sapiens y-aminobutyric acid (GABA) A receptor, y2 (GABRG?2), transcript variant 1 20.7
LOC728485 PREDICTED: Homo sapiens uncharacterized LOC728485 (LOC728485) 20.7
FAMS9A Homo sapiens family with sequence similarity 89, member A (FAM&9A) 20.5
CTAGIA Homo sapiens cancer/testis antigen 1A (CTAG1A) 204
ANGPTL2 Homo sapiens angiopoietin-like 2 (ANGPTL?2) 204
HBE1 Homo sapiens hemoglobin, e1 (HBE1) 204
ITGA11 Homo sapiens integrin, all ITGA11) 20.3
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Figure 3. Transcription and expression of AR and copy number of the AR gene in T24 and T24GR cells. (A) Total RNA was isolated from T24 and T24GR
cells and subjected to quantitative RT-PCR for AR and 18S rRNA. The relative expression was expressed as a ratio of AR to 18S rRNA. Data are expressed as
mean = SD from three independent experiments in duplicate and asterisk indicates statistical significance compared with T24 cells ('P<0.05). (B) Cell lysates
were subjected to western blot analysis for AR and B-actin (n=3). (C) The firefly luciferase reporter gene containing 4 copies of ARE and the Renilla luciferase
expressing plasmid were transfected into cells (2.5x10°) seeded in a 12-well plate. Six hours after transfection, the medium was replaced with normal medium.
Twenty-four hours later, transfected T24 and T24GR cells were subjected to luciferase assay. The AR transcriptional activity was expressed as a ratio of
firefly to Renilla luciferase activity. Data are expressed as mean = SD (n=3) and asterisk indicates statistical significance compared with T24 cells ("P<0.05).
(D) Genomic DNA was isolated from T24 and T24GR cells and the copy number of the AR gene was determined by using the TagMan Copy Number assay.
The copy number of the AR gene was estimated from the Ct values. Data are expressed as mean + SD (n=4).

was markedly increased in T24GR cells compared with T24
cells (Fig. 3B). We also investigated the AR transcriptional
activity in T24 and T24GR cells by luciferase reporter assays.
Consistent with the increased expression of AR mRNA and
protein, the AR transcriptional activity in T24 GR cells was
about 6 times higher than that in T24 cells in normal medium
(Fig. 3C). These results indicated that AR expression was
increased in gemcitabine-resistant T24GR cells compared

with gemcitabine-sensitive T24 cells, which was also shown
to be functional. Since AR signaling has been implicated in
bladder cancer (16), we selected and focused on AR in subse-
quent studies.

AR gene copy number change contributed to increased AR
expression in T24GR cells. In an attempt to identify the mech-
anism underlying the increased expression of AR in T24GR
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Figure 4. Effects of AR knockdown on proliferation of T24GR cells. T24GR cells were transfected with 10 nM control, AR1 or AR2 siRNA and cultured for
48 h. (A) Cell lysates were harvested and subjected to western blot analysis for AR and B-actin. (B) Twenty-four hours after siRNA transfection, 5x10* cells
were seeded in a 6-well plate and cultured in the medium containing FBS. Viable cell number was counted at indicated times after seeding by trypan blue dye

exclusion assay. Data are expressed as mean + SD (n=3).
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Figure 5. Effects of culture in CSS and treatment with enzalutamide on growth of T24GR cells. T24 and T24GR cells (5x10°) were seeded in a 6-well plate and
cultured for 24 h. The culture medium was changed to that containing CSS or FBS (control) (A) or that containing 50 M enzalutamide or vehicle (DMSO) (B).
Seventy-two hours later, viable cell number was counted by trypan blue dye exclusion assay. The cell number is presented relative to that of control or DMSO
treatment (set as 100%). Data are expressed as mean + SD (n=3) and asterisk indicates statistical significance compared with control ("P<0.05).

cells, we examined whether the AR gene copy number was
changed between T24 and T24GR cells. The results showed
that the number of AR gene copy in T24GR cells was twice
as many as that of T24 cells (Fig. 3D), which was supposed to
be one of the reasons for upregulation of AR in T24GR cells.

AR knockdown inhibited proliferation of T24GR cells. It has
been reported that AR plays an important role in growth of
bladder cancer cells (12,13). Here we inhibited AR expression
by siRNA transfection and examined the effect on prolifera-

tion of T24GR cells cultured in the medium containing FBS.
As shown in Fig. 4A, AR protein expression was effectively
reduced by both AR1 siRNA and AR2 siRNA. The prolifera-
tion of AR siRNA-transfected cells was significantly inhibited
compared to control siRNA-transfected cells (Fig. 4B). These
results suggested that elevated AR expression was involved in
proliferation of T24GR cells.

Culture in CSS and treatment with enzalutamide inhibited
growth of T24GR cells. Since AR knockdown reduced growth
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Figure 6. Effects of culture in CSS and treatment with enzalutamide on cell cycle of T24GR cells. T24 and T24GR cells (5x10°) were seeded in a 6-well
plate and cultured for 24 h. The culture medium was changed to that containing CSS or FBS (control) (A) or that containing 50 #M enzalutamide or vehicle
(DMSO) (B). Seventy-two hours later, cell lysates were harvested and subjected to western blot analysis for cyclin B, D1 and f-actin.

of T24GR cells, we examined the effect of androgen depletion
and enzalutamide treatment. In order to deplete androgens, we
cultured T24 and T24GR cells in the medium containing CSS
or FBS and compared the cell viability. Culture in CSS did
not affect the viability of T24 cells, but the number of viable
T24GR cells cultured in CSS was lower than that cultured in
FBS (Fig. 5A). However, the addition of DHT to the medium
containing CSS did not promote growth of T24GR cells (data
not shown). Next, we investigated the effects of enzalutamide,
an AR inhibitor, on growth of both cell types. Enzalutamide
inhibited the viability of T24GR cells significantly, whereas
it also reduced that of T24 cells expressing little or no AR,
although to a lesser extent (Fig. 5B). These results suggested
that proliferation of T24GR cells depended on AR signaling
and was inhibited by culture in CSS and treatment with
enzalutamide. The absence of DHT effect on proliferation
in CSS also suggested that AR might be activated other than
androgens, which were present in FBS but not in CSS.

Growth inhibition of T24GR cells by culture in CSS and
treatment with enzalutamide was mediated by cell cycle
arrest. In order to investigate whether the inhibitory effects
of culture in CSS and treatment with enzalutamide on the
growth of T24GR cells are mediated through cell cycle
arrest or apoptosis, we performed western blot analysis for
cyclins and caspase-3. As shown in Fig. 6, expression of
cyclin D1 was significantly lower in T24GR cells cultured
in CSS and in those treated with enzalutamide. In T24 cells
treated with enzalutamide, cyclin D1 expression was slightly
decreased compared with those treated with vehicle, which
was consistent with the enzalutamide effect on growth of T24
cells (Fig. 5B). Expression of cyclin Bl was not affected by
culture in CSS and treatment with enzalutamide in either T24
or T24GR cells. On the other hand, cleaved caspase-3 was
not detected in either T24 or T24GR cells under any experi-
mental conditions tested, although caspase-3 was expressed at
the same level (data not shown). These results suggested that
culture in CSS and treatment with enzalutamide might inhibit

1.4

1.2
1.0
0.8 *
0.6

04

Relative AR
transcriptional activity

0.2

Vehicle Enzalutamide

Figure 7. Effects of enzalutamide on AR transcriptional activity in T24GR
cells. The firefly luciferase reporter gene containing 4 copies of ARE and
the Renilla luciferase expressing plasmid were transfected into cells (2.5x10°%)
seeded in a 12-well plate. Six hours after transfection, the medium was
replaced with normal medium. After 24 h culture in normal medium, cells
were treated with 50 uM enzalutamide or vehicle (DMSO) for 24 h prior to
luciferase assay. The AR transcriptional activity was expressed as a ratio of
firefly to Renilla luciferase activity. Data are expressed as mean + SD (n=3)
and asterisk indicates statistical significance compared with vehicle (‘P<0.05).

growth of T24GR cells via induction of cell cycle arrest but
not of apoptosis.

Inhibition of AR transcriptional activity by enzalutamide
treatment in T24GR cells. Enzalutamide exerts an anti-
tumor activity through preventing androgen binding to the
ligand-binding domain of AR, and also through inhibiting
AR nuclear translocation, DNA binding, and coactivator
recruitment (17,18). Here we measured the AR transcriptional
activity in T24GR cells treated with enzalutamide. The AR
transcriptional activity was decreased in T24GR cells treated
with enzalutamide compared with those treated with vehicle
(Fig. 7).

Effects of enzalutamide on gemcitabine-resistance in T24GR
cells. In order to study the combined effects, we treated
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Figure 8. Effects of enzalutamide on gemcitabine-resistance in T24GR cells.
(A) Cells (1x10°) seeded in a 96-well plate were treated with enzalutamide
and gemcitabine for 120 h. Cells were then subjected to WST assay. Data
are expressed as mean + SD (n=3). (B) Cells (2x10*) seeded in 35-mm dish
were treated with enzalutamide (60 xM) and/or gemcitabine (2 pM) for 72 h.
Cell lysates were then harvested and subjected to western blot analysis for
cyclin DI, cleaved caspase-3 and f-actin.

cells with enzalutamide and gemcitabine. Treatment with
enzalutamide reduced viability of T24GR cells treated with
gemcitabine (Fig. 8A). The calculated CI was 0.847 at Fa of
0.5, showing synergy between these two drugs. Western blot
analysis demonstrated that gemcitabine, enzalutamide and
both decreased cyclin D1 expression. However, the level of
cleaved caspase-3 was decreased by the co-presence of enzalu-
tamide (Fig. 8B), indicating that enzalutamide did not enhance
but rather diminished cleavage of caspase-3 mediated by
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A O @
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xe]
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gemcitabine. These results suggested that enzalutamide could
attenuate gemcitabine-resistance of T24GR cells.

Growth inhibition of HTBS cells by enzalutamide. Lastly,
we investigated the effects of enzalutamide in HTBS bladder
cancer cell line that was shown to express AR and possess
intrinsic resistance to gemcitabine (19,20). Treatment with
enzalutamide inhibited cell proliferation (Fig. 9A), which was
accompanied by a decrease in cyclin D1 expression (Fig. 9B).
These results suggest that enzalutamide inhibits growth of
AR-expressing bladder cancer cells with intrinsic (HTBS) as
well as acquired (T24GR) resistance to gemcitabine.

Discussion

Gemcitabine, difluorodeoxycytidine, is widely used for treat-
ment of many types of cancer including lung, pancreatic, biliary
tract, breast, and urothelial cancer, but most patients treated
with gemcitabine eventually acquire resistance. Although
genes involved in drug transport and those involved in drug
metabolism have been proposed to be involved in gemcitabine
resistance (21-25) the underlying mechanisms remain still
unclear. In an attempt to identify novel therapeutic targets for
gemcitabine-resistance, we developed gemcitabine-resistant
bladder cancer cells from sensitive cells and performed micro-
array analysis. We found that expression of functional AR was
elevated in T24GR cells compared with T24 cells, which was
shown to be caused in part due to increased AR gene copy
number.

AR plays an important role in the survival of prostate
cancer cells (7). Androgen deprivation therapy therefore has
been used as a primary treatment for patients with prostate
cancer, but eventually becomes ineffective, the condition of
which is designated as CRPC. AR mutation and amplification
as well as deregulation of AR co-regulator/activator have been
proposed to be responsible for castration-resistance (26,27).
It has been also demonstrated that AR splice variants influ-
ence sensitivity to taxane, which is used for the treatment
of CRPC (28). On the other hand, AR has been implicated
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Figure 9. Effects of enzalutamide on proliferation in HTB5 cells. (A) Cells (5x10%) seeded in a 6-well plate were cultured for 24 h. The culture medium was
changed to that containing 120 M enzalutamide or vehicle (DMSO) and cultured for 72 h. Viable cell number was counted by trypan blue dye exclusion
assay. The cell number is presented relative to that of DMSO treatment (set as 100%). Data are expressed as mean + SD (n=3) and asterisk indicates statistical
significance compared with control (‘P<0.05). (B) Cells (1x10°) seeded in 6-well plate were treated with enzalutamide (120 xM) for 72 h. Cell lysates were then
harvested and subjected to western blot analysis for cyclin D1, cyclin Bl and p-actin.
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in a variety of cancers including bladder cancer (8-11) and
also in drug-resistance cancers such as doxorubicin-resistant
bladder cancer (13) as well as cisplatin-resistant endometrial
cancer and taxol-resistant ovarian cancer (29,30). As far as
we know, our study is the first report that associated AR with
gemcitabine-resistance of cancer cells.

Since AR signaling has been implicated in cancer, it would
be possible that the high level of AR might favor growth and
survival of T24GR cells. Indeed, AR knockdown reduced
growth of gemcitabine-resistant T24GR cells. In addition,
culture in the medium containing CSS inhibited growth of
T24GR cells overexpressing AR, which was found to be medi-
ated in part by induction of cell cycle arrest. However, DHT
did not promote proliferation of T24GR cells cultured in the
medium containing CSS. CSS is depleted not only of steroid
hormones but also of some growth factors, cytokines and nutri-
ents. The lack of proliferation by DHT might be because AR
signaling was activated by other factors than androgens, which
were present in FBS but absent in CSS. Growth inhibition in
the medium containing CSS may be ascribed to the depletion
of some important factors for the survival of T24GR cells.

These results led us to hypothesize that anti-androgen
drugs could be a new treatment for chemoresistant bladder
cancer. Enzalutamide is a second-generation non-steroidal
AR inhibitor used for CRPC patients, which has a greater
affinity for AR than conventional anti-androgen agents such as
bicalutamide (18). It has been also shown that the underlying
mechanisms of enzalutamide action are distinct from other
anti-androgen drugs in that enzalutamide inhibits not only
androgen binding to the ligand-binding domain of AR but
also AR nuclear translocation, DNA binding and coactivator
recruitment (17). We demonstrated that enzalutamide inhibited
growth of T24GR cells more potently than T24 cells through
inducing cell cycle arrest. This is consistent with the finding
that AR expression was much higher in T24GR cells than
in T24 cells. However, enzalutamide also inhibited growth
of T24 cells expressing little or no AR, although to a lesser
extent, which was also associated with cell cycle arrest. These
results suggest the presence of AR-independent mechanisms
of enzalutamide to inhibit cell growth. Alternatively, a residual
amount of AR in T24 cells might take part in the inhibition.
The underlying mechanism remains to be clarified by future
studies. Lastly, we showed that the AR transcriptional activity
was reduced by enzalutamide treatment in T24GR cells
cultured in normal medium. Taken together, it was suggested
that enzalutamide inhibits growth of AR-positive T24GR cells
through suppressing AR signaling which is presumably acti-
vated by non-androgen ligands and also of AR-negative T24
cells through AR-independent mechanism.

A recent report revealed that a risk for bladder cancer
recurrence was significantly lower in patients having received
androgen deprivation therapy for prostate cancer (31),
suggesting a role of AR signaling for cancer initiation, promo-
tion and progression. Mashhadi er al evaluated 120 bladder
cancer patients and examined relations between AR expression
and tumor stage or grade (32). The patients with AR-positive
tumor showed worse prognosis than those with AR-negative
tumor. However, there are some conflicting reports showing
that loss of AR was associated with high-grade and high-stage
bladder cancer (33). Thus, the significance of AR in bladder
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cancer appears to be controversial in pathological and clinical
studies. It remains to be studied whether AR is upregulated
in patients with gemcitabine-resistant bladder cancer and
whether AR expression correlates with gemcitabine-efficacy.

In this study, we showed that enzalutamide inhibits growth
of AR-expressing bladder cancer cells with both acquired and
intrinsic gemcitabine-resistance through cell cycle arrest. We
also found that enzalutamide could attenuate gemcitabine-
resistance of T24GR cells. However, enzalutamide that causes
a cytostatic response did not enhance but rather diminished
an apoptotic response mediated by gemcitabine. The precise
mechanisms underlying the combined effects remain to be
studied.

It has been very recently reported that AR expression
is elevated in cisplatin-resistant bladder cancer cells and is
associated with resistance to cisplatin-based neoadjuvant
chemotherapy (34). Furthermore, AR inactivation sensitized
bladder cancer cells to cisplatin treatment. The authors also
showed that enzalutamide inhibits the growth and AR expres-
sion/transcriptional activity in bladder cancer cells (35). Taken
together, our study and others provided evidence that AR
could be a therapeutic target for bladder cancer patients who
exhibited resistance to GC therapy.

In conclusion, we demonstrated that enzalutamide inhibits
proliferation of AR-expressing bladder cancer cell lines with
acquired and intrinsic gemcitabine-resistance, suggesting that
enzalutamide might be effective for patients with advanced
gemcitabine-resistant bladder cancer with increased AR
expression. The efficacy of enzalutamide treatment in patients
with advanced bladder cancer needs to be established by
clinical studies.
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