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Abstract: Silodosin, a selective a1A-adrenergic blocker prescribed for the symptomatic treatment of benign pros-
tatic hyperplasia, was previously shown to decrease the expression of ELK1, a c-fos proto-oncogene regulator and
a well-described downstream target of the PKC/Raf-1/ERK pathway, in human prostate smooth muscle cells. PKC/
Raf-1/ERK activation has also been implicated in drug resistance. In the current study, we assessed the effects
of silodosin on ELK1 expression/activity in bladder cancer cells as well as on their proliferation in the presence or
absence of chemotherapeutic drugs, including cisplatin and gemcitabine. In bladder cancer cell lines, silodosin
reduced the expression of ELK1 (mRNA/protein) and its downstream target, c-fos gene, as well as the transcrip-
tional activity of ELK1. While silodosin alone (up to 10 uM) insignificantly affected the growth of bladder cancer cells
cultured in androgen depleted conditions or those expressing ELK1-short hairpin RNA, it considerably inhibited
the viability of androgen receptor (AR)-positive/ELK1-positive cells in the presence of androgens. Silodosin also
inhibited the migration of ELK1-positive cells with or without a functional AR, but not that of ELK1 knockdown cells.
Interestingly, silodosin treatment or ELK1 silencing resulted in increases in drug sensitivity to cisplatin, but not to
gemcitabine, even in AR-negative cells or AR-positive cells cultured in an androgen-depleted condition. In addition,
silodosin decreased the expression of NF-kB, a key regulator of chemoresistance, and its transcriptional activity.
Moreover, immunohistochemistry in bladder cancer specimens from patients who received neoadjuvant chemo-
therapy revealed that phospho-ELK1 positivity strongly correlated with chemoresistance. Silodosin was thus found
to not only inhibit cell viability and migration but also enhance the cytotoxic activity of cisplatin in bladder cancer
lines via inactivating ELK1. Our results suggest that combined treatment with silodosin is useful for overcoming
chemoresistance in patients with ELK1-positive urothelial carcinoma receiving cisplatin.
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Introduction

Cisplatin (CDDP)-based systemic chemothe-
rapy [e.g. “GC” = gemcitabine (GEM) + CDDP]
constitutes the major therapeutic option for
muscle-invasive bladder cancer in both neoad-
juvant and adjuvant settings as well as for met-
astatic disease [1, 2]. Indeed, it often leads to
an initial therapeutic success. Nonetheless,
intrinsic or acquired resistance against CDDP
that multiple molecular mechanisms are likely
to underlie remains a major clinical problem. It
is therefore of great clinical interest to develop
strategies for chemosensitization.

As a member of the ETS-domain family of tran-
scription factors, ELK1 has been known to
involve cell proliferation, cell cycle control, and
apoptosis via regulating the expression of a
variety of genes, including c-fos proto-onco-
gene [3-5]. In bladder cancer cell lines, the
expression of ELK1 [6] and its phosphorylated
form (p-ELK1) [7] has been detected. We have
recently demonstrated that p-ELK1 expression
is elevated in bladder tumors, compared with
non-neoplastic urothelial tissues, and that
patients with p-ELK1-positive bladder cancer
have a significantly higher risk of tumor pro-
gression after radical cystectomy [8]. We have
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Figure 1. Silencing of ELK1 in bladder cancer cells.
Western blotting of ELK1 in UMUC3-control-shRNA
and UMUCS3-ELK1-shRNA. Cell extracts were immu-
noblotted for ELK1 (62 kDa) and GAPDH (37 kDa).
ELK1 expression is substantially lower in ELK1-shR-
NA-expressing cells than in scrambled control-shR-
NA-expressing cells.

also found that ELK1 signals promote bladder
cancer cell proliferation and migration/invasion
only for the former of which an activated andro-
gen receptor (AR) is required [8]. Of note is that
ELK1 is a well-described downstream target of
the PKC/Raf-1/ERK pathway whose activation
has been implicated in drug resistance, espe-
cially to chemotherapeutic agents [9, 10].

Silodosin is a selective alA-adrenergic recep-
tor (a1A-AR) antagonist approved by the United
States Food and Drug Administration in 2008
for the symptomatic treatment of benign pros-
tatic hyperplasia. Interestingly, silodosin has
been shown to reduce the expression of ELK1
in human prostate smooth muscle cells [11] as
well as that of c-fos in the rat spinal cord [12].
In the current study, we determined whether
silodosin could inactivate ELK1 in bladder can-
cer cells and thereby inhibited their growth. We
also assessed the effects of silodosin on the
cytotoxic activity of chemotherapeutic drugs,
including CDDP and GEM, in bladder cancer
cells.

Materials and methods
Cell culture and chemicals

Human urothelial carcinoma cell lines (TCCSUP,
UMUC3, and 5637) were originally obtained
from the American Type Culture Collection.
647V cell line was used in our previous studies
[13-15]. All these lines were recently authenti-
cated, using GenePrint 10 System (Promega),
by the institutional core facility. In addition,
UMUCS3 sublines stably expressing a short hair-
pin RNA (shRNA) plasmid targeting human
ELK1 (sc-35290-SH; Santa Cruz Biotechnology)
or a non-silencing control shRNA plasmid (sc-
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108060; Santa Cruz Biotechnology) were es-
tablished (Figure 1), as described previously
[8]. These parental and stable cell lines were
maintained in Dulbecco’s modified Eagle’'s
medium (Mediatech) supplemented with 5-10%
fetal bovine serum (FBS), penicillin (100 units/
mL), and streptomycin (100 units/mL) at 37°C
in a humidified atmosphere of 5% CO,. Cells
were then cultured in phenol red-free medium
supplemented with 5% normal FBS or 5% char-
coal-stripped FBS at least 24 hours before
experimental treatment. We obtained silodosin
from Cayman Chemical; and CDDP and GEM
from Sigma.

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

Total RNA (0.5 ug) isolated from cultured cells,
using TRIzol (Invitrogen), was reverse tran-
scribed, using 1 uM oligo (dT) primers and 4
units of Omniscript reverse transcriptase (Qia-
gen), in a total volume of 20 uL. Real-time PCR
was then performed, using SYBR GreenER
0gPCR superMix (Bio-Rad) for iCycler (Invitrogen),
as described previously [14, 15]. The following
primer pairs were used for PCR: ELK1 (forward,
5-CAGCCAGAGGTGTCTGTTACC-3’; reverse, 5-
GAGCGCATGTACTCGTTCC-3"), alA-AR (forwa-
rd, 5’-CGCTACCCAACCATCGTCAC-3’; reverse, 5™-
GAACAGGGGTCCAATGGATATG-3’), c-fos (for-
ward 5-CGAGATGGAGATCGGTATGGT-3’; rever-
se, 5-GGGTCTTCTTACCCGGCTTG-3’), and NF-
kB (forward, 5-AACAGAGAGGATTTCGTTTCC-3’;
reverse, 5-TTTGACCTGAGGGTAAGACTTCT-3’).
GAPDH (forward, 5-CTCCTCCACCTTTGACGC-
TG-3’; reverse, 5-CATACCAGGAAATGAGCTTG-
ACAA-3’) was used as an internal control.

Western blotting

Protein extraction and western blotting were
performed, as described previously [14, 15]
with minor modifications. Briefly, equal amounts
of protein (50 pg) obtained from cell extracts
were separated in 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membrane
(Immun-Blot PVDF Membrane, Bio-Rad) by
electroblotting. Specific antibody binding was
detected, using an anti-ELK1 antibody (clone
1-20; dilution 1:50; Santa Cruz Biotechnology),
an anti-NF-kB/p65 antibody (clone F-6; dilution
1:1000; Santa Cruz Biotechnology), or an anti-
GAPDH antibody (clone 6C5; dilution 1:5000;
Santa Cruz Biotechnology), and a secondary
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Figure 2. Effects of silodosin on ELK1 in bladder cancer cells. Quantitative RT-PCR of ELK1 (A) and c-fos (D). TCC-
SUP, UMUCS3, or 647V cells treated with ethanol (mock) or silodosin (0.1, 0.5, 3.0, or 10 uM) for 24 hours were
subjected to RNA extraction and subsequent real-time RT-PCR. Expression of each specific gene was normalized to
that of GAPDH. Transcription amount is presented relative to that of mock treatment in each cell line. Each value
represents the mean (+SD) from at least three independent experiments. *P<0.05 (vs. mock treatment). **P<0.01
(vs. mock treatment). (B) Western blotting of ELK1. Total proteins extracted from TCCSUP cells treated with ethanol
(mock) or silodosin (0.1, 0.5, 3.0, or 10 uyM) for 24 hours were immunoblotted for ELK1 (62 kDa). GAPDH (37 kDa)
served as an internal control. (C) Luciferase reporter activity of ELK1. TCCSUP cells were transfected with pELK1-Luc
and pRL-TK and subsequently cultured with ethanol (mock) or silodosin (1 or 10 uM) for 24 hours. Luciferase activity
is presented relative to that with mock treatment in each cell line. Each value represents the mean (+SD) from at
least three independent experiments. *P<0.05 (vs. mock treatment). **P<0.01 (vs. mock treatment). ***P<0.001
(vs. mock treatment).

antibody (mouse IRDye 680LT or rabbit IRDye Cell proliferation
800CW, LI-COR), followed by scanning with an ) ] .
infrared imaging system (Odyssey, LI-COR). We used methyl thiazolyl disphenyl tetrazolium
bromide (MTT) assay to assess cell viability.
Reporter gene assay Cells (3-5 x 10°%) seeded in 96-well tissue cul-
ture plates were incubated for 96 hours, and at
Cells at a density of 50-70% confluence in the end of the culture 10 yL MTT stock solution
24-well plates were co-transfected with 250 ng (5 mg/mL; Sigmg) was added to each well with
of pELK-Luc (LR-2061, SignOSiS) or pNFkB-Luc 1OOHL of medium for 4 hours at 37°C The
(LR-2001, Signosis) reporter plasmid DNA and medium was replaced with 100 L dimethyl
2.5 ng of pRLTK plasmid DNA, using GeneJuice sulfoxide, followed by incubation for 5 minutes

at room temperature. The absorbance was
then measured at a wavelength of 570 nm with
background subtraction at 655 nm.

(Novagen). After 18 hours of transfection, the
cells were cultured in the presence or absence
of silodosin for 24 hours. Cell lysates were then

assayed for luciferase activity determined Cell migration

using a Dual-Luciferase Reporter Assay kit

(Promega) and luminometer (FLUOstar Omega, In order to evaluate the ability of cell migration,
BMG Labtech). a scratch wound healing assay was performed.
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Cells at a density of 90-100% confluence in
12-well plates were scratched manually with a
sterile 200 uL plastic pipette tip, cultured for
24 hours, fixed with methanol, and stained with
0.1% crystal violet. The width of the wound area
was quantitated, using ImageJ software (Na-
tional Institutes of Health).

Bladder tissue microarray (TMA) and immuno-
histochemistry

We retrieved bladder tissue specimens obta-
ined by transurethral resection performed at
the Johns Hopkins Hospital. Appropriate ap-
proval from the institutional review board was
obtained before construction and use of the
TMA. These bladder TMAs constructed previ-
ously [16] included cases of high-grade mus-
cle-invasive urothelial carcinoma that received

2962

Relative cell growth (%) @

Relative cell growth (%) o

A TCCSUP
g B0 charcoal-stripped FBS
o
= 120 1
=
E 100 A
o
o 80 4
E 60
s 4
o 20
€ |
0 0.1 0.5 3.0 10
C 647V
= 140 normal FBS
< 120 -
=
S 100
o
E’ 80 1
o 60
(8]
Q40 1
=
w® 20 4
E o
= e 0 0.1 0.5 3.0 10
E Lo UMUC3-ELK1-shRNA
= o= normal FBS
=
‘E 100 1
g‘ 80
T 60
Q
o 40 1
=
" 20 1
g ol
0 0.1 0.5 3.0 10

UMUC3
charcoal-stripped FBS

=
S

120 A1

80
60 1
40 -
20 -
0 0.1 0.5 3.0 10

UMUC3
normal FBS

=]
S

(=]

140 1
120 4

100 1

80 A *%k
60
40
20 A
o 0.1 0.5 3.0 10

Figure 3. Effects of silodosin on bladder cancer
cell growth. MTT assay in TCCSUP (A), UMUC3 (B,
D), 647V (C), and UMUC3-ELK1-shRNA (E). The
cells were cultured in medium containing 5%
charcoal-stripped FBS (A, B) or 5% normal FBS
(C-E) as well as ethanol (mock) or silodosin (0.1,
0.5, 3.0, or 10 pM) for 96 hours. Cell viability is
presented relative to that with mock treatment in
each line. Each value represents the mean (+SD)
from at least three independent experiments.
**P<0.01 (vs. mock treatment).

GC neoadjuvant chemotherapy prior to radical
cystectomy. Patients who received only 3 cycles
of GC with dose reduction or <2 cycles of GC
were excluded from the analysis. Responders
(n=16) and non-responders (n=21) to the neo-
adjuvant therapy were pathologically defined as
the absence (<pTAINOMO) and presence (=pT2,
pN1-3, and/or M1) of muscle-invasive, extra-
vesical, or metastatic disease at the time of
cystectomy, respectively [17].

Immunohistochemistry was performed on the
sections (5 um thick) from the bladder TMAs,
using a primary antibody to p-ELK1 (clone B-4
phosphorylated at serine 383; dilution 1:30;
Santa Cruz Biotechnology) and a broad spec-
trum secondary antibody (Invitrogen), as de-
scribed previously [8]. All stains were manually
quantified by a single pathologist (H.M.) blinded

Am J Cancer Res 2015;5(10):2959-2968
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Figure 4. Wound healing assay in UMUC3 (A), 647V (B), and UMUC3-ELK1-shRNA (C). The cells grown to confluence
were gently scratched and the wound area was measured after 24-hour culture in the presence of ethanol (mock) or
silodosin (0.1, 0.5, 3.0, or 10 uM). The migration determined by the rate of cells filling the wound area is presented
relative to that with control in each line. Each value represents the mean (+SD) from at least three independent
experiments. **P<0.01 (vs. mock treatment). ***P<0.001 (vs. mock treatment).

to sample identify. As described [8], the expres-
sion of p-ELK1 was considered positive when
>10% of tumor cells were immunoreactive or at
least 1% of tumor cells showed moderate to
strong intensity

Statistical analysis

Student’s t-test or Mann-Whitney U test was
used to assess differences in variables with a
continuous distribution across dichotomous
categories. Chi-square test was used to evalu-
ate the associations between categorized vari-
ables. P values less than 0.05 were considered
to be statistically significant.

Results

Expression of a1A-AR in human bladder can-
cer cells

We first investigated the expression of a1A-AR
in human urothelial carcinoma cell lines by real-
time RT-PCR and found that TCCSUP, UMUCS3,
647V, and 5637 expressed its mMRNA (data not
shown). Among the four cell lines, alA-AR
expression was the strongest in TCCSUP
(approximately 13-fold higher than that in
UMUC3), while its levels were similar between
UMUC3 and 647V. The level of a1A-AR expres-
sion in 5637 was approximately 7% of that in
UMUC3. We then found that silodosin, as an
a1A-AR antagonist, only marginally reduced the
levels of a1A-AR expression by up to 21% at 10
UM in TCCSUP cells.

Silodosin inactivates ELK1 in bladder cancer
cells

We assessed the effects of silodosin on ELK1
expression by RT-PCR and western blotting in
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bladder cancer cells. Silodosin at 0.5-10 uyM
significantly decreased ELK1 gene expression
in all the bladder cancer lines examined (Figure
2A). Similarly, the levels of ELK1 protein expres-
sion were diminished by silodosin in TCCSUP
cells (Figure 2B). ELK1-mediated transcription-
al activity was also determined in the cell
extracts with transfection of an ELK1 luciferase
reporter plasmid and subsequent treatment
with silodosin. Silodosin was found to consider-
ably reduce ELK1 luciferase activity, compared
with mock treatment (Figure 2C). To confirm the
inhibition of ELK1 activity by silodosin, we mea-
sured the expression levels of c-fos, a down-
stream target of ELK1 signals [3]. Significant
decreases in c-fos gene expression by silodosin
were then seen in TCCSUP cells (Figure 2D).
These results indicate that silodosin down-reg-
ulates the expression and activity of ELK1 in
bladder cancer cells.

Silodosin affects bladder cancer cell prolifera-
tion and migration

We recently showed that ELK1 silencing result-
ed in inhibition of bladder cancer cell prolifera-
tion in an androgen/AR-dependent manner but
cell migration even in the absence of activated
AR [8]. Consistent with these findings, silodosin
that could down-regulate ELK1 as shown
above, insignificantly (up to 5% increase or 8%
decrease at 0.1-10 uM) changed cell viability of
AR-positive UMUC3 (Figure 3A) or TCCSUP
(Figure 3B) cultured in an androgen-depleted
condition or that of AR-negative 647V (Figure
30). In contrast, silodosin reduced the growth
of UMUCS3 cells cultured with normal FBS con-
taining androgens (58% decrease at 10 uM;
Figure 3D), but not that of UMUC3-ELK1-shRNA
cultured similarly (Figure 3E).

Am J Cancer Res 2015;5(10):2959-2968
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Figure 5. Effects of silodosin on the cytotoxicity of CDDP and GEM in bladder cancer cells. MTT assay was performed
in UMUC3 (A, D), 647V (B, E), and UMUC3-ELK1-shRNA (C) cells cultured with ethanol (mock)/3 uM silodosin and
different concentrations (25 nM-25 pM) of CDDP (A-C) or GEM (D, E) for 96 hours. Cell viability is presented relative
to that of each line with mock/silodosin treatment only (without CDDP or GEM). Each value represents the mean
from three independent experiments. *P<0.05 (mock vs. silodosin). **P<0.01 (mock vs. silodosin). ***P<0.001
(mock vs. silodosin).
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Figure 6. Effects of ELK1 silencing on the cytotoxicity of CDDP in bladder cancer cells. MTT assay was performed
in UMUC3-control-shRNA and UMUC3-ELK1-shRNA cells cultured in medium containing 5% normal FBS (A) or 5%
charcoal-stripped FBS (B) as well as different concentrations (25 nM-25 uM) of CDDP for 96 hours. Cell viability is
presented relative to that of each line without CDDP treatment. Each value represents the mean from three inde-
pendent experiments. **P<0.01 (control-shRNA vs. ELK1-shRNA). ***P<0.001 (control-shRNA vs. ELK1-shRNA).

We also performed a scratch would healing migration. Silodosin (at 0.5-10 uM) significantly
assay to assess the effects of silodosin on cell inhibited wound closure of UMUC3 (Figure 4A)

2964 Am J Cancer Res 2015;5(10):2959-2968



Effect of silodosin on bladder cancer growth

K B 04 umucs g 647V
x
"E 100 100
Control ELK1-shRNA 2 *
o 80 80 1 *k
| o *k
NF-kB = o * ik
> =t g e ok 60 4
g
=2
£ 20
S
L]
< o 04
e 0 0.1 0.5 3.0 10 0 0.1 0.5 3.0 10
Silodosin (M Silodosin (pM)
C UMuc3 D 12 4 UMUC3 110 647V
NFKB e S AR TR =] too s
=
caron B e F ” T
T %0
- 80
647V 2 %0
i S 70
NF-kB ——— =
g o
GAPDH “—— — =
2 50 50
[}
0 0.1 0.5 3.0 10 5 5 -
Silodosin (uM) o o ] 10 0 1 10
Silodosin (uM) Silodosin (uM)

Figure 7. Effects of silodosin on NF-kB in bladder cancer cells. A. Western blotting of NF-kB in UMUC3-control-
shRNA and UMUC3-ELK1-shRNA cells. Total proteins extracted from cells were immunoblotted for NF-kB (65 kDa).
GAPDH (37 kDa) served as an internal control. B. Quantitative RT-PCR of NF-kB in UMUC3 and 647V cells. Each line
treated with ethanol (mock) or silodosin (0.1, 0.5, 3.0, or 10 uM) for 24 hours was subjected to RNA extraction and
subsequent real-time RT-PCR. Expression of NF-kB gene was normalized to that of GAPDH. Transcription amount is
presented relative to that with mock treatment in each cell line. Each value represents the mean (+SD) from at least
three independent experiments. *P<0.05 (vs. mock treatment). **P<0.01 (vs. mock treatment). C. Western blotting
of NF-kB in UMUC3 and 647V cells. Cell extracts from those treated with ethanol (mock) or silodosin (0.1, 0.5, 3.0,
or 10 uM) for 24 hours were immunoblotted for NF-kB or GAPDH. D. NF-kB luciferase reporter activity in UMUC3 and
647V cells. Each line was transfected with pNFkB-Luc and pRL-TK and subsequently cultured with ethanol (mock)
or silodosin (1 or 10 uM) for 24 hours. Luciferase activity is presented relative to that with mock treatment in each
cell line. Each value represents the mean (+SD) from at least three independent experiments. *P<0.05 (vs. mock
treatment). **P<0.01 (vs. mock treatment).

and 647V (Figure 4B) 24 hours after wound UMUCS3 (Figure 5A) and 647V (Figure 5B) cells,
generation. In contrast, only insignificant inhibi- but not in UMUC3-ELK1-shRNA cells (Figure
tion (4% decrease at 10 yM) in UMUC3-ELK1- 5C). However, silodosin did not significantly
shRNA cell migration by silodosin was seen change GEM cytotoxicity even in these ELK1-
(Figure 4C). positive cells (Figure 5D, 5E). Similarly, UMUC3-

ELK1-shRNA cells were significantly more
sensitive to CDDP, compared with UMUC-
control-shRNA cells cultured in the presence

Silodosin or ELK1 silencing increases sensitiv-
ity to CDDP in bladder cancer cells

To determine whether ELK1 down-regulation (Figure 6A) or absence (Figure 6B) of andro-
exerts an influence on the cytotoxic effects of gens. There were no significant differences in
chemotherapeutic agents on the proliferation the efficacy of GEM between UMUC3-control-
of bladder cancer cells, we again performed shRNA versus UMUC3-ELK1-shRNA (data not
MTT assay that compared the viability of cells shown). In these assays, the effects of silodo-
with versus without silodosin treatment or sin or ELK1 itself, irrespective of CDDP or GEM,
ELK1-shRNA expression. Interestingly, silodo- on cell growth were excluded by comparing wi-
sin treatment resulted in significant enhance- th respective controls without CDDP/GEM tr-
ment of CDDP (0.4-12.5 pM) cytotoxicity in eatment.

2965 Am J Cancer Res 2015;5(10):2959-2968
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Figure 8. ELK1 expression in human urothelial can-
cer. Immunohistochemistry of p-ELK1 in bladder
TMAs for which tissue specimens were collected pri-
or to chemotherapy. Signals are seen predominantly
in the nucleus of tumor cells.

Silodosin inhibits NF-kB in bladder cancer cells

The NF-kB pathway has been known to play a
central role in modulating chemosensitivity to
CDDP [18, 19]. We therefore assessed the
effects of silodosin on the expression of NF-kB
and its transcriptional activity in bladder cancer
cells. ELK1 silencing in UMUCS3 cells resulted in
a decrease in NF-kB protein expression (Figure
7A). Silodosin was also found to reduce NF-kB
expression at both mRNA (Figure 7B) and pro-
tein (Figure 7C) levels in two cell lines. In addi-
tion, silodosin inhibited NF-kB luciferase activi-
ty, compared with mock treatment, in these
cells (Figure 7D).

p-ELK1 expression correlates with chemoresis-
tance in patients with bladder cancer

We recently demonstrated the immunohisto-
chemical findings indicating that the expres-
sion of p-ELK, but not ELK1, in muscle-invasive
bladder cancers precisely predicted disease
progression after radical cystectomy [8]. Here,
we immunohistochemically stained for p-ELK1
in additional bladder TMAs (Figure 8) consist-
ing of urothelial tumor specimens from patients
who subsequently received neoadjuvant GC
therapy. We then compared the levels of p-ELK1
expression between responders versus non-
responders to chemotherapy. Overall, p-ELK1
was positive in 21 (57%) of 37 cases, including
6 (38%) of 16 responders and 15 (71%) of 21
non-responders. Thus, p-ELK1 positivity was
significantly (P=0.039) associated with resis-
tance to chemotherapy.

2966

Discussion

We have recently demonstrated in vitro and in
vivo data suggesting the involvement of ELK1
in bladder cancer progression via modulating
cell proliferation/apoptosis, migration, and in-
vasion [8]. Because previous studies indicated
the link between activation of the PKC/Raf-1/
ERK pathway, of which ELK1 was known to be a
downstream target, and resistance to antican-
cer therapy [9, 10], we anticipated that ELK1
played a vital role in altering the sensitivity
of bladder cancer cells to chemotherapeutic
drugs. In the present study, we have investigat-
ed whether silodosin inactivates ELK1 in blad-
der cancer cells, leading to tumor regression as
well as chemosensitization.

ELK1 and its downstream target c-fos have
been implicated in the growth of smooth mus-
cle cells [20, 21]. On the other hand, because
a1A-AR is abundant in smooth muscle cells of
the prostate and bladder neck, its blockers are
often prescribed to the patients suffering from
lower urinary tract symptoms secondary to
prostatic enlargement [22]. In studies using
human prostate smooth muscle cells [11] and
the rat spinal cord [12], reduction of ELK1 and
c-fos levels, respectively, by silodosin treat-
ment has been documented. We then showed
that silodosin, as an a1A-AR blocker, insignifi-
cantly down-regulated a1A-AR expression in
TCCSUP cells with a relatively high level of a1A-
AR, while it could strongly inhibit the expression
of ELK1 and c-fos as well as the transcriptional
activity of ELK1. Thus, silodosin was found to
effectively inactivate ELK1 in bladder cancer
cells.

In bladder [8] and prostate [23] cancers, ELK1
was shown to induce the proliferation of cells
only with an activated AR. In addition, we previ-
ously demonstrated, using bladder cancer
lines, that ELK1 silencing resulted in induction
of apoptosis of AR-positive cells as well as that
androgens could activate ELK1 via the AR path-
way [8]. In contrast, ELK1 promoted cell migra-
tion and invasion of bladder [8] and prostate
[unpublished data] cancers in androgen/AR-
independent manners. Although the precise
mechanisms for the difference in the role of
ELK1 between cell proliferation and migration/
invasion have not been documented, ELK1
appears to require AR as its coactivator [23] for
regulating the former whereas it, without AR,
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may modulate the expression of various mole-
cules related to the latter including matrix
metalloproteinases [24]. Similar to the findings
of ELK1 [8], we demonstrated that silodosin
inhibited the proliferation of bladder cancer
cells with a functional AR yet the migration of
both AR-positive and AR-negative cells. Thus,
silodosin was suggested to suppress bladder
cancer cell proliferation and migration via inac-
tivating ELK1. This was further supported by
the data showing insignificant effects of silodo-
sin on the growth of ELK1 knockdown cells.

Our previous immunohistochemical study in
bladder cancer specimens [8] showed up-regu-
lation of ELK1 and p-ELK1 expression in uro-
thelial neoplasms, compared with non-neoplas-
tic urothelial tissues, which was significantly
correlated with AR expression. Moreover, pa-
tients with p-ELK1-positive tumor had higher
risks of tumor recurrence or disease progres-
sion. We here demonstrated, using additional
bladder TMAs, that p-ELK1 expression corre-
lated with resistance to GC therapy. The current
results suggest that ELK1 activity could serve
as a predictor of chemosensitivity in patients
with bladder cancer. Specifically, those with
ELK1-negative tumor are expected to be sensi-
tive to CDDP treatment. In accordance with
these findings, in bladder cancer cells both with
and without a functional AR, silodosin treat-
ment or ELK1 knockdown via its shRNA result-
ed in enhancement of the cytotoxic activity of
CDDP. However, neither significantly increased
the efficacy of GEM in these bladder cancer
cells. Because silodosin exhibited only margin-
al effects on CDDP-treated ELK1-shRNA cells, it
enhanced the cytotoxicity of CDDP presumably
via down-regulation of ELK1. In addition, silodo-
sin was found to reduce the expression/activity
of NF-kB, a key regulator of chemoresistance to
CDDP in bladder cancer [18, 19].

alA-AR antagonists are safe and effective
drugs that have been used for the treatment of
the signs and symptoms of benign prostatic
hyperplasia [20]. In healthy men after receiving
oral doses of silodosin (e.g. 8 mg), its plasma
levels of approximately 0.1 uM were obtained
[25]. In rodents, higher doses of silodosin
administration (i.e. up to 125 times of the oral
dose in humans corresponding to >10 uM)
were not associated with acute toxicity or
marked histological changes in the major
organs [26]. Therefore, 0.1-10 uM of silodosin
we used for our in vitro studies might be toler-
able doses in patients.
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In conclusion, silodosin was found to inactivate
ELK1 in bladder cancer cells and thereby inhib-
ited tumor progression. Silodosin treatment or
ELK1 silencing also enhanced the cytotoxic
activity of CDDP in bladder cancer cells. Ac-
cordingly, ELK1 inactivation by silodosin treat-
ment has the potential of being not only a ther-
apeutic option particularly in patients with
ELK1-positive/AR-positive bladder cancer but
also a means of chemosensitization in those
with ELK1-positive tumor. Further studies are
required to determine the therapeutic effects
of silodosin, especially in animal models for
bladder cancer, and to elucidate the molecular
mechanisms responsible for the differences in
the effects of ELK1 or silodosin on cell prolifer-
ation versus migration/invasion as well as on
the cytotoxicities of CDDP versus GEM.
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