
Abstract. A retrospective observational cohort study has
shown that exposure to alpha-1 adrenergic receptor (AR)
blocker reduces the risk of bladder cancer (BCa). We
investigated the antitumor activity of alpha-1 blockers, that
are administered long-term therapeutically, in BCa. The
antitumor activity of alpha-1 blockers was evaluated in terms
of cell viability, cell cycle, competition, and apoptotic
signaling in BCa cells. Our cell viability studies showed that
naftopidil was one of the strongest alpha-1 AR blockers,
regarding its antitumor action in BCa cells, independent of
the grade of malignancy, but with no similar action on
normal human bladder cells. Oral administration of
naftopidil reduced tumor volume in a xenograft model. Our
own competitive analysis using an alpha-1 AR agonist and
other alpha-1 AR blockers showed that naftopidil activated
cell death signaling without inhibitory action on alpha-1
ARs. We conclude that naftopidil has potential as an
antitumor drug against BCa in vitro and in vivo. This finding
provides a rationale for developing naftopidil in grade-
independent treatment of BCa.

Bladder cancer (BCa) is the sixth most common cancer and
the eighth most common cause of death. In 2014, there were
approximately 16,600 or 74,690 new cases of BCa and 5,400

or 15,580 deaths attributed to BCa in Japan or the United
States (1, 2). About 80% of BCas are non-muscle invasive
bladder cancer (NMIBCa) (3). The most common therapeutic
regimen comprises of surgery, transurethral resection of
bladder tumor (TURBT) at the site of NMIBCa, and
treatment with Bacillus Calmette-Guerin (BCG), which
stimulates the immune response and prevents recurrence.
However, toxicity is a major concern when using BCG. Side-
effects include severe cystitis, hematuria, reduced bladder
capacity, and systemic toxicity such as fever, toxic hepatitis,
and BCG sepsis (4). BCG therapy is, therefore, limited to 1
year, even in high-risk BCa (5). Many trials have aimed to
reduce the side-effects of BCG therapy while maintaining its
efficacy and have found that the standard dose may be the
most effective (4). Some agents, including epirubicin, are
effective against NMIBCa in intravesical chemotherapy, but
the therapeutic effect is weaker than that of BCG (6, 7). 

Drug repositioning allows for development of new
therapeutic strategies with drugs that are already in clinical
use and have established side-effect profiles. A recent
retrospective observational cohort study showed that
quinazoline-based alpha-1 adrenergic receptor (AR) blockers,
such as doxazosin and terazosin, can reduce the risk of BCa
and prostate cancer (PCa) (8, 9). Another study showed that
doxazosin suppressed the growth and induced apoptosis in
BCa cells in vitro (10, 11). The alpha-1D AR blocker and
piperazine-based drug naftopidil was shown to induce cell
death of PCa cells (12, 13) and to reduce the risk of PCa in
a retrospective cohort study (14). Naftopidil is used in the
treatment of benign prostatic hyperplasia (BPH) and works
primarily by inhibiting alpha-1D ARs (15). We previously
reported that naftopidil suppressed BCa, PCa, and renal
cancer cells in serum-free in vitro cultures (16). Based on
these findings, we tested the antitumor effect of a number of
alpha-1AR blockers on BCa cells.
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Because of their alpha-1 AR-blocking activity, some
alpha-1 AR blockers have been used for the treatment of
hypertension (doxazosin, prazosin, and terazosin) and BPH
(naftopidil, prazosin, tamsulosin, and terazosin). Alpha-1 AR
blockers are classified in three types based on the target
receptor, alpha-1A AR (tamsulosin), alpha-1D AR (naftopidil
and prazosin), and non-selective blockers (doxazosin and
terazosin). In phenylephrine-induced pupil dilatation,
doxazosin, prazosin, tamsulosin, and terazosin were 10.1-,
22.4-, 332-, and 6.4-fold more active, respectively, than with
naftopidil (17). Furthermore, the affinity of naftopidil for
alpha-1D AR was lower than that of other alpha-1 drugs
(18). These reports led us to hypothesize that naftopidil has
little or no systemic toxicity.

In the present study, we investigated the effect of alpha-1
blockers on cell growth in BCa cells of different malignancy
grades and normal human cells.

Materials and Methods
Materials and reagents. Fetal bovine serum (FBS) was purchased
from Biowest (Nuaillé, France). 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) was purchased from
Dojindo Laboratories (Kumamoto, Japan). Pan caspase inhibitor, z-
VAD-FMK, was purchased from Enzo Life Sciences (Farmingdale,
NY, USA). Formalin neutral buffer was purchased from Kenei-
Pharm (Osaka, Japan). RPMI-1640 medium, penicillin-streptomycin
mix solution, and Lipofectamine LTX with Plus Reagent kit for
transfection were purchased from Life Technologies Japan (Tokyo,
Japan). Phentolamine was purchased from LKT Laboratories (St.
Paul, MN, USA). N,N-Dimethylformamide (DMF) and sodium
dodecyl sulfate (SDS) were purchased from Nacalai Tesque (Kyoto,
Japan). Phosphate-buffered saline (PBS) was purchased from Santa
Cruz Biotechnology (Dallas, TX, USA). Forskolin, GF109203X,
H89, and methoxamine were purchased from Sigma-Aldrich Japan
(Tokyo, Japan). In situ apoptosis detection kit was purchased from
Takara Bio (Otsu, Japan). Doxazosin, phenylephrine, tamsulosin,
and terazosin were purchased from Tokyo Chemical Industry
(Tokyo, Japan). Hydrochloric acid, Triton X-100, and yohimbine
were purchased from Wako (Osaka, Japan). Naftopidil was provided
by Asahi Kasei Pharma (Tokyo, Japan).

Cell lines and cell culture. Three BCa cell lines, KK-47 (grade: I),
5637 (grade: II), and T-24 (grade: III), were used in this study. KK-
47 cells were generously provided by Dr. Seiji Naito at the
Department of Urology, Kyushu University (Fukuoka, Japan) (19).
T-24 and 5637 cells were purchased from the American Type Culture
Collection (Manassas, VA, USA). Human renal proximal tubular
epithelial cells (HRPTEC) were purchased from Kurabo Industries
(Osaka, Japan). All cells were cultured in RPMI-1640 medium
supplemented with 10% (v/v) heat-inactivated FBS and 1.0%
penicillin-streptomycin (final concentration: 100 U/ml-100 μg/ml)
and were maintained with a humidified atmosphere of 5% CO2 and
95% air at 37˚C in a CO2 incubator (Sanyo, Osaka, Japan).

Measurement of cell viability and proliferation using the MTT assay.
Cells were seeded in 96-well plates and cultured in RPMI-1640
medium with 10% FBS. The following day, the medium was

replaced with RPMI-1640 medium with 5% FBS with alpha-1 AR
blockers, and plates were returned to the CO2 incubator. Cell
viability was assayed with the MTT assay, as described previously
(20). Cell viability percentage was calculated as (Ax − An)/(Ac −
An) ×100 using the following absorbance measurements: An:
negative control (no cells: 0%); Ac: positive control (drug non-
treated cells: 100% viability) cells; and Ax: drug-treated cells.

Evaluation of antitumor effect of orally administered naftopidil using
a xenograft model. Animal experiments were approved by the Hyogo
College of Medicine Animal Experiment Committee (#12-028) and
performed according to the Regulations for Animal Experimentation
at Hyogo College of Medicine. Nude BALB/cAJcl-nu/nu mice (male,
5-6 weeks old) were obtained from Clea Japan (Shizuoka, Japan).
KK-47 (1×107 cells/mouse) were suspended in 100 μl of RPMI-1640
medium and subcutaneously inoculated into the right flank of mice.
The longest diameter (L) and the shortest length (S) of the inoculated
tumors were measured using calipers and tumor volume (V) was
calculated as: V=L×S2×0.5. Seven days after inoculation, mice with
tumors were divided into three groups with no significant difference
in tumor size; 0, 10, and 100 mg/kg naftopidil. Naftopidil was
prepared in 100 μl of saline and was orally administered to xenograft
mice with a feeding tube once daily for 36 days.

Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate (dUTP) nick-end labeling (TUNEL) staining. TUNEL
staining was performed to detect in situ DNA fragmentation, a
marker of apoptosis, using an in situ apoptosis detection kit. Briefly,
cells treated with naftopidil were fixed with 10% formalin diluted
with PBS and permeabilized by 0.2% Triton X-100 in PBS. After
washing with PBS, DNA nick-ends in cells were labeled with
fluorescein isothiocyanate (FITC)-dUTP for 90 min at 37˚C. FITC
images were visualized at emission and excitation wavelengths of
488 and 458 nm, respectively, using a confocal scanning laser
microscope (LSM 510 META; Carl Zeiss, Oberkochen, Germany).

Measurement of caspase-3 activity in living cells treated with
naftopidil by fluorescence resonance energy transfer (FRET) probe.
pSCAT3.1, an overexpression plasmid for SCAT3.1 protein (a
FRET-based indicator of caspase-3 activation), was a kind gifted
from Dr. A. Miyawaki (Riken, Wako, Japan) (21). One day after
cells were seeded on a 6-well plate, they were transfected with
pSCAT3.1 using Lipofectamine LTX with Plus Reagent and
cultured for 24 hours. Transfected cells were seeded on 35-mm non-
coated glass-bottom dishes (Matsunami Glass, Kishiwada, Japan)
and cultured in RPMI-1640 medium with 10% FBS overnight.
Medium was replaced with RPMI-1640 medium containing 5% FBS
with or without 40 μM naftopidil. SCAT3.1 images were visualized
at emission and excitation wavelengths of 477 or 530 nm and 458
nm, respectively, using a confocal scanning laser microscope (LSM
780; Carl Zeiss, Oberkochen, Germany). The fluorescence intensity
of SCAT3.1 images at 477 nm (FI, 477 nm) or 530 nm (FI, 530 nm)
was measured using ImageJ (Rasband W.S., the National Institutes
of Health, Bethesda, MD, USA) and the emission ratio was
calculated as: FRET ratio=(FI, 530 nm)/(FI, 477 nm).

Statistical analysis. All data are expressed as the mean±standard
error of the mean (SEM). Statistical comparisons between groups
were performed using Student’s t-test of Excel (indicated in each
figure legend), where p<0.05 was considered statistically significant.
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Results

Naftopidil reduces the viability of BCa cells independently of
malignancy grade but not that of normal human urothelial
cells. We previously reported that naftopidil reduced the
viability of BCa cells in serum-free conditions (16). In order
to investigate the antitumor effect of naftopidil, we used other
alpha-1 AR blockers (doxazosin, prazosin, terazosin, and

tamsulosin) and non-selective alpha AR blockers (yohimbine
and phentolamine), and three BCa cell strains (KK-47, 5637,
and T-24 cells) were treated with each drug at 30 μM for 48 h.
As shown in Figure 1A, naftopidil and doxazosin strongly
inhibited cell viability of all BCa cell lines. Viability of T-24
cells was weakly suppressed by prazosin, terazosin and
yohimbine. To investigate the toxicity of naftopidil and
doxazosin, normal human cells, HRPTEC, were treated with
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Figure 1. Effects of naftopidil on bladder cancer cell viability. A: Effects of naftopidil, other alpha-1 adrenergic receptor (AR) blockers (prazosin,
doxazosin, terazosin, and tamsulosin), and non-selective alpha AR blockers (yohimbine and phentolamine) on bladder cancer cell viability. 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay was carried out in KK47, 5637, and T-24 cells untreated and treated with
naftopidil or other blockers at 30 μM for 48 h. Each point represents the mean±SEM (MTT intensities for cells untreated; n=5 independent
experiments). B: MTT assay was carried out in bladder cancer cells treated with naftopidil at the concentrations indicated for 24, 48, and 72 h. Each
point represents the mean±SEM (MTT intensities for cells not treated with naftopidil; n=4 independent experiments). 



naftopidil and doxazosin. Cell viability of HPRTECs decreased
to 80.3% and 60.5% following treatment with naftopidil and
doxazosin, respectively. The dose–response curve for viability
of KK-47 cells treated with naftopidil is shown in Figure 1B.
The 50% inhibitory concentrations (IC50), that were calculated
from the dose response of cell viability in KK-47, 5637, and
T-24 cells, were 41.3, 42.7 and 39.6 μM at 24 h; 40.4, 37.2 and
31.1 μM at 48 h; and 32.5, 18.0 and 20.3 μM at 72 h (Figure
1B, right). IC50 values showed that naftopidil inhibited cell
viability of all BCa cells in a time-dependent manner. Our
findings indicated that naftopidil has a high antitumor activity
against BCa cells and low cytotoxicity against normal cells.

Antitumor effect of naftopidil in vivo. The antitumor effects
of naftopidil were examined in a xenograft model of BCa.

KK-47 cells were subcutaneously injected into the
abdominal region of nude mice. Antitumor therapy with
naftopidil was initiated 7 days later, and mice received 0,
10, or 100 mg/kg naftopidil daily for 36 days. On day 36,
the mean tumor size (±SEM) was 2,875.6±628.5,
2862.3±341.3, and 1,690.0±989.0 mm3 in the 0, 10 and 100
mg/kg naftopidil-treated groups, respectively (Figure 2A).
The 100 mg/kg naftopidil dose caused a suppression of
tumor growth without significantly affecting body weight
(Figure 2B), suggesting that naftopidil has antitumor effects
in KK-47 tumors without severe side-effects.

Naftopidil inhibits cell viability through a non-AR
mechanism. We found that naftopidil strongly inhibited cell
viability of all three BCa cell lines. It is known that
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Figure 2. In vivo study of antitumor action against bladder cancer cells. Nude mice were subcutaneously injected with KK47 cells (1×107

cells/mouse). The mice were divided into three groups (n=6, 5, and 5), and naftopidil (0, 10, and 100 mg/kg/day) was administered orally daily.
Tumor volume (A) was measured every 2 to 3 days and body weight (C) was measured once weekly. B: Nude mice at 36 days after starting treatment.
Note the tumor on the right flank of each mouse (left) and the tumor removed from each mouse (right).



naftopidil has a high affinity for alpha-1D AR but very low
inhibitory activity (17, 18). To investigate the role of alpha-
1 AR in naftopidil-induced inhibition of cell viability, three
BCa cell lines were treated with both naftopidil and the
alpha-1 agonist, methoxamine or phenylephrine. Alpha-1
agonist treatment had no effect on naftopidil-induced

inhibition of cell viability (Figure 3A). Since adrenaline
agonists induce protein kinase A (PKA) and protein kinase
C (PKC) activation via alpha-1D AR (22), we tested whether
PKA and PKC were involved in naftopidil-induced inhibition
of cell viability using the PKA inhibitor H89, the PKA
activator forskolin, and the PKC inhibitor GF109203X.

Nakagawa et al: Effects of Alpha-1 Blockers on BCa

1567

Figure 3. Naftopidil inhibits cell viability via a non-adrenergic receptor (AR) pathway. A: Effects of alpha-1 AR agonists (phenylephrine and
methoxamine) on bladder cancer cell viability. Bladder cancer cells were treated with both naftopidil (40 μM) and the alpha-1 agonist, methoxamine
(30 μM) or phenylephrine (40 μM) for 48 h. Each point represents the mean±SEM (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) intensities for cells untreated with naftopidil or other blocker; n=5 independent experiments). B: Effects of drugs acting on the alpha-1 AR
pathway (H89, forskolin, and GF109203X) on viability of bladder cancer cells treated with naftopidil. BCa cells were treated with H89, forskolin,
and GF109203X in the absence or presence of naftopidil (40 μM) for 48 h. Each point represents the mean±SEM (MTT intensities for cells not
treated with naftopidil or other inhibitors; n=5 independent experiments).
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Figure 4. Apoptosis analysis. A: Bladder cancer cells were treated with naftopidil (con, naftopidil: 0, 40 μM) for 24 h and then terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) staining was performed. Bars=50 μm. B: TUNEL-
positive cells, shown as percentage of the control from A. C: Naftopidil induced caspase activation in all bladder cancer cells. 3-(4,5-Dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assay was performed in KK47, 5637, and T-24 cells not treated and treated with pan-caspase
inhibitor, z-VAD-FMK, and naftopidil (40 μM) for 48 h. Each point represents the mean±SEM (MTT intensities for cells not treated with naftopidil
and z-VAD-FMK; n=5 independent experiments). D: Fluorescence resonance energy transfer probe for caspase-3 activity, SCAT3.1, was
overexpressed in bladder cancer cells. These cells were treated with naftopidil (con, naftopidil: 0, 40 μM) for 24 h and observed.



These drugs did not affect naftopidil-induced cell death
(Figure 3B) suggesting that cell death by naftopidil was
regulated through a pathway not involving alpha-1D AR.

Naftopidil-induces apoptosis of BCa cells via caspase-3
activation. A previous study that examined the mechanism
of action of naftopidil in PCa cell growth using the TURBT
method in vivo found that naftopidil-induced cell death does
not involve apoptosis (12). Therefore, we examined whether
the grade-independent inhibition of cell growth was
attributable to increased apoptosis. As shown in Figure 4A
and B, naftopidil treatment dramatically increased the
number of TUNEL-positive cells in all BCa cell lines. These
results clearly demonstrate that naftopidil induces apoptosis
of BCa cells. The pan-caspase inhibitor z-VAD-FMK
markedly reduced naftopidil-induced cell death (Figure 4C).
Moreover, in the analysis of FRET ratio reduction by
caspase-3 activation using a SCAT3.1 indicator, naftopidil
significantly reduced the FRET ratio of SCAT3.1 in KK-47
cells and T-24 cells (Figure 4D). Taken together, these results
indicate that naftopidil induces cell death via apoptosis.

Discussion

Based on the evidence from previous studies, we
hypothesized that alpha-1 blockers may be an effective and
low-toxic drug option for BCa. Of all the alpha-1 AR
blockers studied, naftopidil and doxazosin exhibited the
highest antitumor activity. Moreover, naftopidil had lower
toxicity than doxazosin in normal human cells. The
antitumor activity of naftopidil was independent of
malignancy grade of BCa cells. Naftopidil induced cell death
in BCa cells not by inhibition of alpha-1 AR but by
activating the caspase-3-dependent apoptotic pathway. Taken
together, these results demonstrate that, compared to other
alpha-1 AR blockers, naftopidil had higher antitumor activity
against BCa cells and lower cytotoxicity towards normal
cells and that this action was independent of its alpha-1 AR
blocker activity.

Cell death by naftopidil is not associated with the apoptotic
pathway in vivo (14). Numerous reports have shown that
apoptosis is related to activation of proteases, such as
caspases, condensation of nuclear chromatin, fragmentation
of genomic DNA, and redistribution of phosphatidylserine to
the extracellular surface (21-23). Our data show that
naftopidil induced genomic DNA fragmentation by TUNEL
and caspase-3 activation by FRET. Naftopidil-induced cell
growth suppression was inhibited by a pan-caspase inhibitor.
These findings indicate that naftopidil induces apoptosis via a
caspase-3-dependent cascade.

Thus far, BCG is the only prophylactic measure available
clinically for NMIBCa. Cancer prophylaxis without serious
side-effects is the main objective of cancer chemoprevention

(4, 6, 7). We show that naftopidil selectively induced cell death
in BCa cells without altering body weight of mice. Naftopidil
for BHP treatment is orally administered at a higher dose than
other alpha-1 blockers (the medicinal dosage for BHP;
naftopidil, doxazosin, prazosin, terazosin, and tamsulosin: 50
mg/day, 4 mg/day, 1 mg/day, 2 mg/day, and 0.2 mg/day,
respectively) because the affinity of naftopidil for alpha-1 AR
(Ki for 1A, 1B, and 1D: 23, 7.8, and 4.4 nM, respectively) is
lower than that of other alpha-1 AR blockers (prazosin Ki for
1A, 1B, and 1D: 0.12, 0.028, and 0.078 nM, respectively;
tamsulosin Ki for 1A, 1B, and 1D: 0.012, 0.12, and 0.03 nM,
respectively) (18). The molecular weight of naftopidil (392.5
g/mol) is similar to that of other alpha-1AR blockers
(doxazosin, prazosin, tamsulosin: 547.6 g/mol, 383.4 g/mol,
and 408.5 g/mol). Our results indicate that of all alpha-1AR
blockers, naftopidil had the lowest ratio of (antitumor
effect)/(alpha-1AR block) at an effective concentration. Taken
together, these data indicate that the toxicity of orally
administered naftopidil in humans may be low.

In conclusion, our study suggests that piperazine-based
alpha-1 AR blockers (doxazosin and naftopidil) but not the
sulfonamide- (tamsulosin) or the quinazoline-based alpha-1
AR blockers (prazosin and terazosin) induce cell death in
BCa cells via a mechanism independent of alpha-1 AR
blockade. Future studies will explore the apoptotic signaling
triggered by naftopidil via the caspase pathway. Perhaps
naftopidil may be a viable therapeutic option in recurrence
prevention after TURBT for patients with BCa.
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