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Abstract: We recently demonstrated that silodosin, a selective α1-blocker often prescribed for the symptomatic 
treatment of benign prostatic hyperplasia (BPH), could inactivate a c-fos proto-oncogene regulator ELK1 in bladder 
cancer cells possessing a functional androgen receptor (AR). However, the clinical impact of α1-blockers on the de-
velopment and progression of bladder cancer remained poorly understood. In the present study, we investigated if 
α1-blockers clinically used, including silodosin, tamsulosin, and naftopidil, could prevent the neoplastic/malignant 
transformation and cell growth, using non-neoplastic urothelial SVHUC sublines with carcinogen/MCA challenge and 
bladder cancer lines, respectively. Bladder cancers in men treated with silodosin, tamsulosin, or naftopidil for their 
BPH were then compared. Silodosin at 1-10 µM significantly inhibited the neoplastic transformation of MCA-SVHUC-
AR cells, but not that of AR-negative MCA-SVHUC-control cells. In MCA-SVHUC-AR, silodosin significantly reduced 
the expression levels of oncogenes (c-fos/NF-κB1) and induced those of tumor suppressors (p27/PTEN). However, 
tamsulosin (up to 1 µM) or naftopidil (up to 10 µM) failed to significantly inhibit the neoplastic transformation of 
AR-positive or AR-negative urothelial cells. Similarly, cell proliferation/migration of AR-positive bladder cancer lines 
was considerably inhibited only by silodosin. Meanwhile, the incidence of bladder cancer in patients with silodosin 
[49/540 (9.1%)] was marginally lower, compared to those with tamsulosin [64/523 (12.2%); P=0.094] or tamsulo-
sin or naftopidil [64+28/523+236 (12.1%); P=0.082]. There were no significant differences in tumor grade/stage 
among the 3 cohorts. Outcome analysis revealed lower risks for disease progression of non-muscle-invasive bladder 
tumors in the silodosin group than in the naftopidil group (P=0.011) or tamsulosin+naftopidil groups (P=0.035). 
Similarly, silodosin patients with muscle-invasive tumor had lower risks for disease progression, compared with 
tamsulosin (P=0.006) or tamsulosin+naftopidil (P=0.028) patients. Multivariate analysis further showed that silo-
dosin treatment in those with non-muscle-invasive tumor was associated with improved progression-free survival, 
compared with naftopidil (hazard ratio=0.086; 95% confidence interval=0.008-0.905; P=0.041) or tamsulosin/
naftopidil (hazard ratio=0.128; 95% confidence interval=0.016-1.036; P=0.054) treatment. Our in vitro studies 
thus indicate that both urothelial tumorigenesis and tumor growth are inhibited by silodosin, but not by tamsulosin 
or naftopidil. Clinical data further suggest that even pharmacological doses (e.g. 0.1 µM) of silodosin contribute to 
preventing bladder cancer progression.
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Introduction

Urinary bladder cancer, mostly urothelial car- 
cinoma, has been one of the commonly  
diagnosed malignancies predominantly affe- 
cting men throughout the world [1]. Non-
muscle-invasive bladder tumors account for 
approximately three-fourth of all newly diag-
nosed cases and can typically be managed 
with relatively conservative approaches. How- 

ever, these patients following transurethral  
surgery and currently available intravesical 
pharmacotherapy still carry a lifetime risk  
of tumor recurrence occasionally with an inva-
sive disease for which aggressive treatment 
options are often required. Accordingly, new 
therapeutic disciplines that more effectively 
prevent the recurrence and/or progression  
of superficial bladder cancer need to be 
developed.
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Developing evidence from preclinical studies 
indicates a crucial role of androgen-mediated 
androgen receptor (AR) signaling in the modula-
tion of two distinct events, urothelial tumori-
genesis and tumor progression, while precise 
mechanisms for the functions of AR and related 
signals in urothelial cells remain to be deter-
mined [2]. Specifically, we have demonstrated 
that AR antagonists, such as flutamide and 
enzalutamide, inhibit the development and 
growth of urothelial cancer [3-5]. We have also 
found that androgens induce the expression 
and/or activity of ELK1, a regulator of the c-fos 
proto-oncogene, in non-neoplastic urothelial 
cells or bladder cancer cells [6, 7], suggesting 
an interplay between AR and ELK1 signals in 
urothelial cells.

A selective α1-adrenergic receptor antagonist 
silodosin has been prescribed primarily for the 
symptomatic management of benign prostatic 
hyperplasia (BPH) [8]. We have previously 
shown that silodosin could inactivate ELK1 sig-
nals in not only prostate cancer cells [9], but 
also non-neoplastic urothelial cells [7] and 
bladder cancer cells [10], expressing the AR, 
and thereby inhibited the growth of cancer cells 
and the neoplastic transformation of non-neo-
plastic cells. Meanwhile, in addition to silodo-
sin, other α1-blockers possessing some differ-
ences particularly in true selectivity for the sub-
types (i.e. α1A, α1D) of α1-adrenergic receptor 
[11, 12] have been used in BPH patients. How- 
ever, the clinical impact of these α1-blockers on 
urothelial cancer outgrowth remains uncertain. 
In the present study, we assessed whether 
α1-blockers clinically used, including silodosin 
as well as tamsulosin and naftopidil, could simi-
larly suppress urothelial tumorigenesis and 
tumor progression.

Materials and methods

Cell culture and chemicals

Human bladder cancer lines, UMUC3 (AR-posi- 
tive [3]) and 5637 (AR-negative [3]), and an 
immortalized human normal urothelial line, 
SVHUC (AR-negative [13]), were originally ob- 
tained from the American Type Culture Collec- 
tion. Sublines stably expressing AR-short hair-
pin RNA (shRNA) (i.e. UMUC3-AR-shRNA) or 
human full-length wild-type AR (i.e. 5637-AR, 
SVHUC-AR) or vector only (i.e. SVHUC-control) 
were established in our previous studies [13, 
14]. UMUC3-, 5637-, and SVHUC-derived cells 

were maintained in DMEM (Gibco), RPMI1640 
(Mediatech), and Ham’s F-12K (Mediatech), 
respectively, supplemented with 10% fetal 
bovine serum (FBS). These were then cultured 
in phenol red-free medium for the experimental 
treatment with silodosin/tamsulosin/naftopidil 
(all from Cayman Chemical).

In vitro transformation

An in vitro neoplastic/malignant transforma- 
tion system, using SVHUC cells with exposure 
to 3-methylcholanthrene (MCA), was employed, 
as established in a previous study [15], with 
minor modifications. Briefly, cells (2 × 106/10-
cm culture dish incubated for 48 hours) were 
cultured in serum-free Ham’s F-12K containing 
5 μg/mL MCA (Sigma). After 24 hours of MCA 
exposure, 1% FBS was added to the medium. 
After additional 24 hours, the cells were cul-
tured in medium containing 5% FBS without 
MCA until near confluence. Subcultured cells 
(1:3 split ratio) were again cultured in the pres-
ence of MCA for two 48-hour exposure periods, 
using the above protocol. These MCA-exposed 
cells were then subcultured for 6 weeks in the 
presence or absence of an α1-blocker and 
thereafter utilized for further assays.

Cell proliferation

The methylthiazolyldisphenyl-tetrazolium bro-
mide (MTT) assay was used to assess cell via-
bility/proliferation. Cells (3-5 × 103/well) seed-
ed in 96-well tissue culture plates were incu-
bated for 96 hours, and at the end of the cul-
ture 10 μL MTT stock solution (5 mg/mL; 
Sigma) was added to each well for 3 hours at 
37°C. The medium was replaced with 100 μL 
dimethyl sulfoxide and incubated for 5 minutes 
at room temperature. The absorbance was 
then measured at a wavelength of 570 nm with 
background subtraction at 630 nm.

Cell migration

A scratch wound-healing assay was used to 
assess the ability of cell migration. Cells at a 
density of 90-100% confluence in 12-well tis-
sue culture plates were scratched manually 
with a sterile 200 µL plastic pipette tip. After 
24-hour culture in a serum-free condition, the 
cells were fixed with methanol and stained with 
0.1% crystal violet. The width of the wound  
area was then quantitated, using ImageJ soft-
ware (National Institutes of Health).
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Table 1. Sequences of PCR primers
Gene Forward Reverse
c-fos 5’-CGAGATGGAGATCGGTATGGT-3’ 5’-GGGTCTTCTTACCCGGCTTG-3’
NF-κB1 5’-AACAGAGAGGATTTCGTTTCC-3’ 5’-TTTGACCTGAGGGTAAGACTTCT-3’
p27 5’-CGAGTGGCAAGAGGTGGAGA-3’ 5’-GGAGCCCCAATTAAAGGCG-3’
PTEN 5’-GTTTACCGGCAGCATCAAAT-3’ 5’-CCCCCACTTTAGTGCACAGT-3’
GAPDH 5’-AAGGTGAAGGTCGGAGTCAAC-3’ 5’-GGGGTCATTGATGGCAACAATA-3’

Colony formation

The plate colony formation assay was used to 
assess the clonogenic potential. Cells (5 × 102/
well) seeded in 12-well tissue culture plates 
were allowed to grow until colonies in the con-
trol well were certainly visible. The cells/colo-
nies were then fixed with methanol and stained 
with 0.1% crystal violet. The number of colonies 
was quantitated, using the ImageJ.

Real-time PCR

Total RNA isolated from cultured cells by TRIzol 
(Invitrogen) was reverse transcribed, using  
oligo (dT) primers and Omniscript reverse tran-
scriptase (Qiagen). Real-time PCR was then 
performed, using iQ™ SYBR® Green Supermix 
(Bio-Rad), as we described previously [7, 13]. 
The sequences of primer pairs are listed in 
Table 1.

Western blot

Equal amounts (30 µg) of proteins extracted 
from cell extracts were subjected to sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis (10%). After transferring onto a polyvinyli-
dene difluoride membrane electronically, the 
membrane was blocked with 1% milk and incu-
bated with a primary antibody against ELK1 
(clone I-20, Santa Cruz Biotechnology), NF-κB/
p65 (clone F-6, Santa Cruz Biotechnology), or 
GAPDH (clone 6C5, Santa Cruz Biotechnology) 
at 4°C overnight, followed by 1-hour incubation 
with a HRP-conjugated secondary antibody 
(Cell Signaling Technology) at room tempera-
ture. Chemiluminescent signals were then 
detected using the ChemiDOC™ MP (Bio-Rad) 
imaging system.

Patient cohort

Upon approval by the Institutional Review Board 
including the request to waive the documenta-
tion of informed consent from the patients, we 

retrospectively collected data from those who 
had received α1-blocker (i.e. silodosin, tamsulo-
sin, naftopidil) therapy for their BPH between 
2006 (after all three drugs were available in 
Japan) and 2018 at Yokohama City University 
Medical Center. For those who were found to 
have bladder tumors, we searched the institu-
tion’s pathology database for their histopatho-
logical findings and also retrieved clinical/fol-
low-up data. Cases transferred to our institu-
tion for the management of bladder cancer 
were included, but those who had two or  
more α1-blockers (both with and without blad-
der cancer), developed bladder cancer before 
α1-blocker therapy, or had a history of urothelial 
tumor were excluded from analysis. In patients 
with non-muscle-invasive bladder cancer, dis-
ease progression was defined as the develop-
ment of high-grade tumor (from initial non-inva-
sive low-grade), invasive tumor (from initial non-
invasive), or muscle-invasive or metastatic 
tumor.

Statistical analysis

Chi-square test was used to evaluate the  
associations between categorized variables. 
Student’s t-test was used for a nonparametric 
two-group comparison. Survival rates were cal-
culated by Kaplan-Meier method, and compari-
son was made by log-rank test. The Cox propor-
tional hazards model was used to determine 
statistical significance of predictors in a multi-
variate setting. P values less than 0.05 were 
considered to be statistically significant.

Results

Efficacy of α1-blockers in urothelial tumorigen-
esis

We used an established in vitro model where 
non-neoplastic SVHUC cells could undergo neo-
plastic/malignant transformation induced by a 
chemical carcinogen MCA during the course of 
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Figure 1. Effects of α1-blockers on neoplastic transformation of urothelial cells. A. MTT assay in SVHUC-AR or SVHUC-
control cells exposed to MCA, subcultured for 6 weeks in the presence of ethanol (mock), silodosin (0.1-10 µM), 
tamsulosin (0.01-1 µM), or naftopidil (0.1-10 µM), and further incubated for 96 hours without α1-blocker treat-
ment. The cell viability is presented relative to that in each subline with mock treatment. B. Wound-healing assay 
in SVHUC-AR or SVHUC-control cells exposed to MCA, subcultured for 6 weeks in the presence of ethanol (mock), 
silodosin (0.1-10 µM), tamsulosin (0.01-1 µM), or naftopidil (0.1-10 µM), and further incubated for 24 hours without 
α1-blocker treatment. The cell migration is presented relative to that in each subline with mock treatment. Each 
value represents the mean (± SD) from three independent experiments. *P<0.05 (vs. mock treatment).

6-week culture [15]. SVHUC-derived sublines 
(i.e. SVHUC-control, SVHUC-AR) exposed to 
MCA for 48 hours three times were subcultured 
with various concentrations of silodosin, tam-
sulosin, or naftopidil (i.e. pharmacologically 
reachable serum concentrations of respective 
drugs after oral administration and 10/100 
times higher doses [16-18]) for 6 weeks during 
the process of transformation. Oncogenic activ-
ity in the transformed cells was then monitored 
by subsequent assays for cell viability (via MTT 
assay with 4-day culture; Figure 1A), cell migra-
tion (via wound-healing assay with 24-hour cul-
ture; Figure 1B), and colony formation (via clo-
nogenic assay with 2-week culture; Figure 2) 
with no further α1-blocker treatment that could 
directly affect their results. We thus compared 
the degree of neoplastic transformation in uro-
thelial cells with carcinogen challenge but did 
not intend to simply assess the effects of 
α1-blockers on the growth of SVHUC-derived 
cells. In these assays, silodosin treatment 

resulted in significant reduction in cell viability, 
cell migration, and colony formation of MCA-
SVHUC-AR cells, but not cell viability/migration 
of AR-negative MCA-SVHUC-control cells, indi-
cating, as consistent with our previous observa-
tions [7], the inhibition of neoplastic transfor-
mation of AR-positive urothelial cells by silodo-
sin. However, tamsulosin and naftopidil failed 
to considerably prevent the neoplastic trans- 
formation of MCA-SVHUC-AR or MCA-SVHUC-
control cells.

A quantitative PCR analysis was also employed 
to compare the expression levels of oncogenes 
and tumor suppressors for urothelial cancer in 
those undergoing neoplastic transformation 
while treating with α1-blockers. In MCA-SVHUC-
AR cells, the expression of c-fos/NF-κB1 and 
p27/PTEN was significantly down- and up-regu-
lated, respectively, by 6-week silodosin treat-
ment (Figure 3), further supporting its preven-
tive effect on urothelial tumorigenesis. By con-
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Figure 2. Effects of α1-blockers on neoplastic transformation of urothelial cells determined by colony-forming ability. 
SVHUC-AR cells first exposed to MCA and subsequently cultured for 6 weeks in the presence of ethanol (mock), silo-
dosin (0.1-10 µM), tamsulosin (0.01-1 µM), or naftopidil (0.1-10 µM) were seeded for clonogenic assay (additional 
2-week culture without α1-blocker treatment). The number of colony consisting of ≥20 cells is presented relative to 
that in each subline with mock treatment. Each value represents the mean (± SD) from three independent experi-
ments. *P<0.05 (vs. mock treatment).

trast, no considerable changes in their expres-
sion levels in tamsulosin- or naftopidil-treated 
cells were seen.

Efficacy of α1-blockers in urothelial tumor 
growth

We compared cell proliferation and migration of 
bladder cancer lines/sublines (i.e. AR-positive 
UMUC3, UMUC3-AR-shRNA, AR-negative 5637, 
5637-AR) cultured with various concentrations 
of silodosin, tamsulosin, or naftopidil. In accor-
dance with our previous findings [10], MTT 
assay showed significant decreases in the via-
bility of AR-positive cells (Figure 4A, 4B), but 
not that of AR-negative cells (Figure 4C, 4D), by 

silodosin treatment. However, tamsulosin and 
naftopidil did not considerably affect the growth 
of AR-positive/AR-negative cells. Similarly, a 
wound-healing assay showed that the migra-
tion of AR-positive cells was significantly inhib-
ited by silodosin, but not by tamsulosin or naf-
topidil (Figure 5A, 5B), while these 3 α1-blockers 
did not considerably affect that of AR-negative 
cells (Figure 5C, 5D).

Efficacy of α1-blockers in ELK1/NF-κB expres-
sion

We have previously demonstrated that  
silodosin inhibits the expression of not only 
ELK1 but also NF-κB in bladder cancer  
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Figure 3. Effects of α1-blockers on neoplastic transformation of urothelial cells determined by the expression of on-
cogenes and tumor suppressor genes. SVHUC-AR cells first exposed to MCA and subsequently cultured for 6 weeks 
in the presence of ethanol (mock), silodosin (10 µM), tamsulosin (1 µM), or naftopidil (10 µM) were subjected to 
RNA extraction and subsequent real-time PCR for c-fos, NF-κB1, p27, and PTEN. Expression of each specific gene 
was normalized to that of GAPDH, and transcription amount is presented relative to that of mock treatment. Each 
value represents the mean (± SD) of three determinants. *P<0.05 (vs. mock treatment).

cells [10]. To further explore the differences  
in the effects of silodosin versus tamsulo- 
sin/naftopidil on urothelial tumorigenesis  
and tumor growth, we performed western  
blot for ELK1 and NF-κB/p65 in AR-posi- 
tive SVHUC-AR (Figure 6A) and UMUC3  

(Figure 6B). As expected, silodosin reduced the 
expression levels of ELK1 and NF-κB in  
both lines. However, no significant inhibitory  
effects of tamsulosin and naftopidil on EL- 
K1/NF-κB expression were detected in these 
cells.

Figure 4. Effects of α1-blockers on the viability of bladder cancer cells. MTT assay in UMUC3 (A), 5637-AR (B), 
UMUC3-AR-shRNA (C), and 5637 (D) cells cultured in medium containing 5% FBS as well as ethanol (mock), silodo-
sin (0.1-10 µM), tamsulosin (0.01-1 µM), or naftopidil (0.1-10 µM) for 96 hours. Cell viability is presented relative to 
that in each line with mock treatment. Each value represents the mean (± SD) from three independent experiments. 
*P<0.05 (vs. mock treatment).
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Figure 5. Effects of α1-blockers on the migration of bladder cancer cells. Wound-healing assay in UMUC3 (A), 5637-
AR (B), UMUC3-AR-shRNA (C), and 5637 (D) cells. The cells grown to confluence were gently scratched, and the 
wound area was measured after 24-hour culture in serum-free medium containing ethanol (mock), silodosin (10 
µM), tamsulosin (1 µM), or naftopidil (10 µM). The migration determined by the rate of cells filling the wound area 
is presented relative to that in each line with mock treatment. Each value represents the mean (± SD) from three 
independent experiments. *P<0.001 (vs. mock treatment).

Impact of α1-blocker therapy for 
BPH on bladder cancer develop-
ment/progression

We next investigated the potential 
role of α1-blocker therapy in the 
development and progression of 
bladder cancer in BPH patients. We 
collected and analyzed clinical data 
from a total of 1,299 men who had 
received one of the α1-blockers for 
their BPH. Of these, 141 (10.9%) 
patients, including those with silo-
dosin [49/540 (9.1%)], tamsulosin 
[64/523 (12.2%)], and naftopidil 
[28/236 (11.9%)], were found to 
develop bladder tumors histopatho-

Figure 6. Effects of α1-blockers on the expression of ELK1/NF-κB in 
urothelial cells. Western blot of ELK1 and NF-κB in SVHUC-AR (A) and 
UMUC3 (B) cells treated with ethanol (mock), silodosin (Sil, 10 µM), 
tamsulosin (Tam, 1 µM), or naftopidil (Naf, 10 µM) for 48 hours. GAP-
DH served as an internal control. Densitometry values for ELK1/NF-κB 
standardized by GAPDH that are relative to those of mock treatment 
are included below the lanes.
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Table 2. Clinicopathologic features of bladder tumors in men who received α1-blocker therapy

Silodosin Tamsulosin Naftopidil
P value

Sil vs. Tam Sil vs. Naf Sil vs. Tam+Naf Tam vs. Naf
Bladder tumors 49/540 (9.1%) 64/523 (12.2%) 28/236 (11.9%) 0.094 0.232 0.082 0.884
Age (mean ± SD, yr) 74.3 ± 7.9 75.6 ± 9.9 71.8 ± 8.0 0.426 0.196 0.904 0.055
Tumor grade 0.418 0.188 0.257 0.488
    Low grade 32 (65.3%) 37 (57.8%) 14 (50.0%)
    High grade 17 (34.7%) 27 (42.2%) 14 (50.0%)
Tumor stage 0.330 0.397 0.300 0.977
    NMI (≤pT1) 45 (91.8%) 55 (85.9%) 24 (85.7%)
    MI (≥pT2) 4 (8.2%) 9 (14.1%) 4 (14.3%)
Recurrence of NMI 16 (35.6%) 27 (49.1%) 12 (50.0%) 0.174 0.245 0.137 0.941
Progression of NMI 1 (2.2%) 6 (10.9%) 5 (20.8%) 0.090 0.009 0.034 0.241
Progression of MI 0 (0%) 7 (77.8%) 2 (50.0%) 0.009 0.103 0.015 0.317
Sil: silodosin; Tam: tamsulosin; Naf: naftopidil; NMI: non-muscle-invasive; MI: muscle-invasive.

logically confirmed as urothelial carcinomas  
following α1-blocker therapy (Table 2). Thus,  
the incidence of bladder cancer was marginally 
lower in silodosin patients than in tamsulosin 
(P=0.094) or tamsulosin+naftopidil (P=0.082) 
patients, but not in naftopidil patients (P= 
0.232). Meanwhile, the naftopidil cohort was 
marginally (P=0.055) younger than the tamsu-
losin cohort. Bladder cancers included 83 low-
grade and 58 high-grade urothelial carcinomas 
as well as 124 non-muscle-invasive and 17 
muscle-invasive tumors, but significant differ-
ences in tumor grade or pT stage were not 
observed between any of two cohorts.

We then assessed possible associations be- 
tween α1-blocker therapy and patient out-
comes. There were no significant differences in 
the risk of intravesical recurrence of non-mus-
cle-invasive bladder tumors between two 
cohorts (Figure 7A). However, in those with 
non-muscle-invasive bladder cancer, the silo-
dosin cohort had a lower risk of disease pro-
gression, compared with the tamsulosin cohort 
(P=0.095), naftopidil cohort (P=0.011), or tam- 
sulosin+naftopidil cohorts (P=0.035) (Figure 
7B). Similarly, in those with muscle-invasive 
tumor, silodosin treatment was associated with 
a lower risk of disease progression, compared 
with tamsulosin treatment (P=0.006) or tamsu-
losin or naftopidil treatment (P=0.028) (Figure 
7C). Naftopidil patients with muscle-invasive 
tumor also tended to show better prognosis, 
compared with tamsulosin patients (P=0.074). 
Additionally, in all cases, different α1-blocker 
treatments were not considerably associated 
with overall survival (Figure 7D), while only a 

small subset of patients in these cohorts died 
of bladder cancer during follow-up. To further 
determine if silodosin therapy was an indepen-
dent predictor of disease progression of non-
muscle-invasive tumors, multivariate analysis 
was performed with the Cox model, including 
dichotomized tumor grade, pT stage, and 
α1-blocker therapy (Table 3). In these sub-
groups, silodosin therapy showed significance 
and a trend toward significance for the progres-
sion, compared with naftopidil therapy [hazard 
ratio (HR)=0.086, 95% confidence interval (CI)= 
0.008-0.905, P=0.041] and tamsulosin (HR= 
0.137, 95% CI=0.016-1.191, P=0.072) or tam-
sulosin/naftopidil (HR=0.128, 95% CI=0.016-
1.036, P=0.054) therapy, respectively.

Discussion

Using preclinical models for urothelial cancer, 
we previously demonstrated evidence indicat-
ing that AR activation was associated with the 
induction of the expression and/or activity of 
ELK1, a transcription factor whose phosphory-
lation via the MAPK/ERK pathway is known to 
lead to activation of downstream targets, 
including a proto-oncogene c-fos [6, 7]. ELK1 is 
thus suggested to contribute to modulating uro-
thelial tumorigenesis and tumor progression, 
presumably via the AR pathway. We also dem-
onstrated that silodosin could inactivate ELK1 
signals in both non-neoplastic urothelial cells 
and bladder cancer cells possessing a func-
tional AR, and thereby exhibited an anti-tumor 
activity [7, 10]. However, clinical significance of 
silodosin, as well as other selective α1-blockers 
prescribed in men with BPH, in bladder cancer 
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Figure 7. Kaplan-Meier curves for recurrence-free survival (A) or progression-free survival (B) in 124 patients with non-muscle-invasive bladder cancer, progression-
free survival in 17 patients with muscle-invasive tumor (C), and overall survival in all 141 cases (D), according to the status of silodosin (Sil)/tamsulosin (Tam)/
naftopidil (Naf) treatment. Comparisons between two groups were made by the log-rank test.
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ences in the risk of intravesical 
recurrence of non-muscle-inva-
sive tumor or mortality of all cases 
between any of two treatment 
groups.

It remains uncertain why, of  
the three selective α1-blockers 
examined in this study, only silo-
dosin has exhibited anti-tumor 
effects in in vitro models for uro-
thelial cancer. Currently, silodosin 
appears to be the only α1-blocker 
which shows true selectivity for 
α1A, while naftopidil is selective  
for α1D with approximately 3-fold 
higher affinity than α1A [11, 12]. 
Meanwhile, anti-proliferative effe- 
cts of non-selective α1-blockers, 
such as terazosin and doxazosin, 

Table 3. Multivariate analysis for progression-free survival in 
men with non-muscle-invasive bladder tumor
Variable HR 95% CI P value
Silodosin vs. Tamsulosin
    Tumor grade (high vs. low) 12.56 2.314-68.14 0.003
    Tumor stage (pT1 vs. non-invasive) 9.722 1.064-88.81 0.044
    α1-Blocker 0.137 0.016-1.191 0.072
Silodosin vs. Naftopidil
    Tumor grade (high vs. low) 18.85 1.557-228.2 0.021
    Tumor stage (pT1 vs. non-invasive) 2.009 0.296-13.64 0.476
    α1-Blocker 0.086 0.008-0.905 0.041
Silodosin vs. Tamsulosin or Naftopidil
    Tumor grade (high vs. low) 12.55 3.082-51.07 <0.001
    Tumor stage (pT1 vs. non-invasive) 3.176 0.855-11.80 0.084

    α1-Blocker 0.128 0.016-1.036 0.054
HR: hazard ratio; CI: confidence interval.

remained unknown. The present study aimed 
to investigate the efficacy of silodosin, tamsulo-
sin, and naftopidil in urothelial cancer out-
growth in cell line models and BPH patients.

In an in vitro system with non-neoplastic cells 
with carcinogen challenge, we compared onco-
genic activities (e.g. cell viability/proliferation, 
cell migration, colony formation, expression of 
oncogenes and tumor suppressor genes) and 
found that tamsulosin or naftopidil did not con-
siderably prevent the neoplastic/malignant 
transformation of urothelial cells. Similarly, in 
bladder cancer cells, tamsulosin and naftopidil 
showed no significant effects on their viability/
proliferation and migration. As expected, how-
ever, silodosin strongly inhibited both the  
carcinogen-mediated neoplastic transforma-
tion of AR-positive urothelial cells and the 
growth of AR-positive bladder cancer cells. 
Correspondingly, in BPH patients treated with 
an α1-blocker, bladder cancer incidence was 
marginally lower in the silodosin cohort, com-
pared with tamsulosin cohort or tamsulosin 
and naftopidil cohorts. Silodosin therapy was 
also associated with a significantly lower risk of 
the progression of non-muscle-invasive blad-
der cancer, compared with naftopidil therapy, 
as an independent prognosticator, or tamsulo-
sin or naftopidil therapy in a univariate setting. 
In addition, the risk of disease progression of 
muscle-invasive tumors was significantly lower 
in silodosin patients than in tamsulosin patients 
or tamsulosin and naftopidil patients in a uni-
variate setting. There were no significant differ-

independent of α1-blockade, have been docu-
mented in non-urothelial cancer, including 
prostate cancer cells [19-21]. In particular, it 
was shown in prostate cancer that terazosin 
and doxazosin similarly inhibited the cell viabil-
ity of AR-positive LNCaP versus AR-negative 
PC3 lines [21]. In addition, silodosin [22] or naf-
topidil [22, 23] more strongly suppressed the 
growth of LNCaP cells than tamsulosin, primar-
ily via inducing apoptosis. In one of the studies, 
the incidence of prostate cancer was shown to 
be significantly lower in men with ≥3-month 
naftopidil therapy than in those with tamsulo-
sin therapy [23]. We here demonstrated down-
regulation of the expression of c-fos, a down-
stream target of ELK1, by 6-week silodosin 
treatment in MCA-exposed AR-positive urothe-
lial cells. More importantly, we found that the 
expression of ELK1 as well as NF-κB was inhib-
ited by silodosin, but not by tamsulosin or naf-
topidil, in both non-neoplastic urothelial cells 
and bladder cancer cells possessing a func-
tional AR, which may be an underlying reason 
for the differences in the anti-tumor activity of 
silodosin versus tamsulosin/naftopidil. None- 
theless, further studies are required to deter-
mine exactly how α1-blockers affect urothelial 
tumor outgrowth.

In prostate cancer where AR is well-known to 
play a critical role in its progression, the inhibi-
tory effects of silodosin on the proliferation of 
AR-positive LNCaP and C4-2 cells were found to 
be more prominent than those in AR-negative 
PC3 and DU145 cells, although silodosin con-
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siderably reduced the levels of ELK1 expres-
sion even in these AR-negative cells [9]. Our 
previous [6, 7, 10] and current observations in 
urothelial cancer have also suggested that  
AR is most likely essential for mediating anti-
tumor properties of silodosin. Of note, non-neo-
plastic urothelial cells usually express the AR 
[24], while its expression is often down-regulat-
ed in bladder cancers, especially advanced 
cases (e.g. 80% in non-neoplastic urothelial tis-
sues, 55% in low-grade tumors, 36% in high-
grade tumors, 51% in non-muscle-invasive 
tumors, 33% in muscle-invasive tumors [25]). 
Nonetheless, AR activation in bladder cancer 
has been linked to resistance to conventional 
non-surgical treatments, such as BCG immuno-
therapy [26], chemotherapy [27, 28], and radio-
therapy [29]. Thus, novel therapeutic modali-
ties, apart from the application of androgen 
deprivation therapy [2], may especially be 
required for AR-positive urothelial cancers.

There are several limitations in our investiga-
tion, especially in clinical data. First, the pres-
ent study is subject to potential selection bias 
due to the retrospective design. Second, we did 
not consider the duration of α1-blocker therapy, 
mainly because a history of α1-blocker therapy 
at outside institutions was unavailable in most 
of the patients. Additionally, although those 
who had developed bladder tumors prior to the 
treatment with an α1-blocker were excluded 
from analysis, cases where α1-blocker therapy 
had been discontinued for some time before 
the development of de novo (or recurrent) 
tumors were included. Third, because there 
were some cases that had been transferred to 
our institution primarily for the treatment of 
bladder cancer, its incidence in BPH patients 
might be relatively high. Fourth, we compared 
only cases receiving one of α1-blockers, but not 
those with versus without α1-blockers, and the 
benefit of tamsulosin or naftopidil over no 
α1-blocker therapy could not thus be precisely 
assessed. Moreover, most of our in vitro experi-
ments have shown the significant effects of 
silodosin at 1-10 µM (that are indeed tolerable 
doses, as its plasma levels, without acute toxic-
ity in rodents [7, 30]), while plasma levels of 
silodosin in healthy men after receiving phar-
macological doses are up to approximately 0.1 
µM [16].

In conclusion, in vitro evidence indicates that 
both urothelial tumorigenesis and tumor growth 

can be inhibited by silodosin for which AR acti-
vation appears to be required, but not by tam-
sulosin or naftopidil. Available clinical data fur-
ther support that even pharmacological doses 
of silodosin may contribute to preventing the 
development and progression of bladder can-
cer. These findings imply the potential applica-
tion of silodosin to bladder cancer treatment as 
a drug repositioning opportunity and may also 
offer a preferable treatment with silodosin in 
men with BPH and concurrent bladder cancer 
or otherwise in BPH patients with a risk or his-
tory of bladder cancer.
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