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Abstract

Naftopidil, a selective α1-adrenoceptor antagonist, is commonly used for the
treatment of benign prostatic hyperplasia, a prostatic disease occurring in elderly
men. In drug repositioning studies conducted from our laboratory, we
demonstrated that naftopidil has growth inhibitory effects by inducing G1 cell
cycle arrest in cancer cells, fibroblasts, and vascular endothelial cells. Moreover,
naftopidil has been shown to bind directly to and inhibit the polymerization of
tubulins; thus, naftopidil may exhibit general cytotoxicity in many types of cells.
Recent evidence has supported that additive naftopidil treatment in combination
with chemotherapy could be a new clinical application for the treatment of
prostate cancer.
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8.1 Introduction

In the clinical setting, benign prostatic hyperplasia (BPH), a common prostatic
disease in elderly men (Kawabe 2006), is generally treated using α1-adrenoceptor
(AR) antagonists. Indeed, in patients with BPH, α1-AR antagonists have been shown
to decrease prostatic smooth muscle tone and rapidly affect urinary flow.

Based on the selectivity for α1-AR, α1-AR antagonists can be classified as
subtype-nonselective α1-AR antagonists or subtype-selective α1-AR antagonists.
Importantly, research has demonstrated that cardiovascular side effects are less
frequent in patients administered with subtype-selective α1-AR antagonists than in
those patients administered with subtype-nonselective α1-AR antagonists
(Roehrborn and Schwinn 2004). In Japan, only subtype-selective α1-AR antagonists,
which were developed in Japan, are prescribed for patients with BPH because these
drugs exhibit high tolerability with fewer side effects (Yokoyama et al. 2006;
Tsuritani et al. 2010).

α1-ARs are divided into α1A, α1B, and α1D subtypes (Bylund et al. 1994). α1A-AR
is the most abundant subtype in the prostate gland, followed by α1D-AR (Walden
et al. 1999). Tamsulosin is an α1A-AR- and α1D-AR-selective antagonist, and
silodosin is a highly selective α1A-AR antagonist. Naftopidil is also an α1A-AR-
and α1D-AR-selective antagonist but has a comparatively higher selectivity for α1D-
AR than tamsulosin. Notably, naftopidil has been shown to enhance bladder capac-
ity, promote voiding by blocking the activity of afferent nerves (Yokoyama et al.
2006), and clinically alleviate obstructive voiding and storage symptoms associated
with BPH (Nishino et al. 2006; Takahashi et al. 2006).

8.2 History of a1-AR Antagonists

The global incidence of prostate cancer (PCa) in men is increasing continuously
(Gronberg 2003). The majority of PCa cases arise in the prostate, concomitant with
BPH (Bostwick et al. 1992). The incidence of BPH has been shown to increase with
age, to a greater extent than that of PCa (Alcaraz et al. 2009). Thus, generally, α1-AR
antagonists are often administered for the treatment of BPH before the diagnosis
of PCa.

In two observational cohort epidemiological studies, a low prevalence of PCa has
been reported in patients with BPH administered with α1-AR antagonists. Indeed,
the quinazoline-based, subtype-nonselective α1-AR antagonists doxazosin and
terazosin were shown to decrease PCa incidence (Harris et al. 2007). Additionally,
alfuzosin, a subtype-nonselective α1-AR antagonist, and tamsulosin, a subtype-
selective α1-AR antagonist, reduce the incidence of high-grade PCa in a manner
related to the cumulative duration of α1-AR antagonist administration (Murtola et al.
2009). These data strongly suggested that α1-AR antagonists may have anticancer
effects.

Drug repositioning (DR) is a strategy used to develop new applications for
existing approved drugs by discovering novel therapeutic effects or drug targets
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(Masuda et al. 2020). Based on epidemiological evidence, quinazoline-based, sub-
type-nonselective α1-AR antagonists, such as doxazosin, prazosin, and terazosin,
have been extensively investigated and have been shown to have growth inhibitory
effects in PCa cells (Kyprianou 2000). In PCa cells, the growth inhibitory effects of
quinazoline-based, subtype-nonselective α1-AR antagonists have been shown to be
involved with apoptosis induction (Kyprianou and Benning 2000; Lin et al. 2007).
Kyprianou et al. evaluated the structures of quinazoline-based compounds and
reported that quinazoline-based, subtype-nonselective α1-AR antagonist-induced
apoptosis may be independent of the α1-AR signal and biological characteristics of
PCa cells (Anglin et al. 2002; Benning and Kyprianou 2002). Additionally, Garrison
et al. reported that doxazosin and the novel lead quinazoline-derived compound
DZ-50 reduced the viability of vascular endothelial cells, leading to the suppression
of tumor vascularity in PCa xenografts (Garrison et al. 2007). Although doxazosin
and DZ-50 have quinazoline-based structures, these effects in vascular endothelial
cells may not involve an apoptotic mechanism. Notably, several studies
demonstrated that the subtype-selective α1-AR antagonist tamsulosin has no growth
inhibitory effects in PCa cells (Kyprianou and Benning 2000; Benning and
Kyprianou 2002).

8.3 Important Observations

8.3.1 Anticancer Effects of Naftopidil in PCa Treatment

In DR studies from our laboratory, we demonstrated that naftopidil has growth
inhibitory effects by inducing G1 cell cycle arrest in PCa cells, renal cell carcinoma
(RCC) cells, and colon adenocarcinoma cells, as well as in normal prostatic
fibroblasts and vascular endothelial cells (Kanda et al. 2008; Hori et al. 2011;
Iwamoto et al. 2013; Ishii and Sugimura 2015) (Fig. 8.1).

In PCa cells, naftopidil inhibits cell proliferation in human LNCaP cells, which
are androgen sensitive and androgen receptor positive, as well as human PC-3 cells,
which are androgen insensitive and androgen receptor negative, in a concentration-
dependent manner (Kanda et al. 2008). The antiproliferative mechanisms of
naftopidil involve the induction of G1 cell cycle arrest linked to increased expression
of p27 and p21 in LNCaP cells and p21 in PC-3 cells as well as the inhibition of
AKT phosphorylation at Ser473, particularly in PC-3 cells. In vivo analyses have
shown that oral administration of naftopidil suppresses PC-3 tumor growth by
reducing microvessel density (MVD). Additionally, naftopidil-induced apoptosis
was not detected by Hoechst 33258 staining, DNA ladder formation, or poly-
(ADP ribose) polymerase cleavage.

Additionally, Hori et al. demonstrated that naftopidil exerts antiproliferative
effects, which are independent of α1-AR subtype (α1A, α1B, and α1D) expression in
PCa cells and normal prostatic fibroblasts; these findings supported that naftopidil is
likely to promote G1 cell cycle arrest in several types of cells (Hori et al. 2011).
Accordingly, we hypothesized that the antiproliferative effects of naftopidil may be
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related to its off-target effects. Interestingly, naftopidil strongly inhibits the prolifer-
ation of normal prostatic fibroblasts compared with that of PCa cells and decreases
the secretion of the tumorigenic soluble factor interleukin-6 derived from normal
prostatic fibroblasts, implying that stromal support of PCa cells may be suppressed
by naftopidil in the tumor microenvironment. Importantly, no antiproliferative
effects were observed following tamsulosin treatment in PCa cells or normal pros-
tatic fibroblasts.

Similar to the results in PCa cells and normal prostatic fibroblasts, Iwamoto et al.
demonstrated that naftopidil inhibits RCC cell and vascular endothelial cell prolifer-
ation via promotion of G1 cell cycle arrest (Iwamoto et al. 2013). In an in vivo RCC
xenograft model, oral administration of naftopidil was found to strongly decrease
MVD in tissues, suggesting that naftopidil may have both direct effects in cancer
cells and indirect effects in stromal cells, such as fibroblasts and vascular endothelial
cells, in the tumor microenvironment. Additionally, tamsulosin did not show any
antiproliferative effects in RCC cells or vascular endothelial cells. However,
naftopidil has been shown to inhibit the proliferation of human lung fibroblasts
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Fig. 8.1 Growth inhibitory effects of naftopidil in the tumor microenvironment. The tumor
microenvironment in prostate cancer (PCa) includes a number of cells, such as androgen-sensitive
PCa cells, androgen-insensitive PCa cells, normal fibroblasts, carcinoma-associated fibroblasts
(CAFs), and vascular endothelial cells. Our studies of drug repositioning suggested that naftopidil
may induce G1 cell cycle arrest to block highly proliferative cell growth (Kanda et al. 2008; Hori
et al. 2011; Iwamoto et al. 2013; unpublished data). n.e., not examined
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and bleomycin-induced lung fibrosis in mice (Urushiyama et al. 2019). Additionally,
naftopidil also induces G1 cell cycle arrest and decreases the mRNA expression of
COL4A1 (which encodes type IV collagen) and ACTA2 (which encodes α smooth
muscle actin) in human lung fibroblasts. These results suggested that naftopidil may
have potent therapeutic effects on the tumor stroma of PCa, including fibroblasts and
vascular endothelial cells.

Carcinoma-associated fibroblasts (CAFs) are present in the tumor microenviron-
ment of PCa and are characterized as activated fibroblasts that promote PCa cell
proliferation. In the PCa cell microenvironment, normal fibroblasts and CAFs
secrete various growth factors, cytokines, extracellular matrix proteins, and
microRNAs, which function to support PCa cell survival and proliferation in a
paracrine manner (Ishii et al. 2018b). In our laboratory, we examined the effects of
naftopidil on the proliferation of primary cultured CAFs derived from patients with
PCa. Naftopidil weakly inhibited the proliferation of primary cultured CAFs com-
pared with that of PCa cells, normal prostatic fibroblasts, and vascular endothelial
cells (unpublished data; Fig. 8.1). This result may be explained by the slower
proliferation of CAFs compared with that of other cells. Because naftopidil inhibits
cell cycle progression, highly proliferative cells may be strongly affected by
naftopidil in the tumor microenvironment of PCa. Additional work is needed to
fully elucidate the roles of naftopidil in CAFs.

Clinical studies have shown that the incidence of PCa is reduced in patients with
BPH administered with naftopidil for at least 3 months compared with that in
patients administered with tamsulosin (Yamada et al. 2013). Moreover, our DR
studies in patients with latent PCa concomitant with BPH also suggested that
naftopidil may have applications in long-term prevention by blocking progression
to clinical PCa. Thus, long-term naftopidil use for patients with BPH may have
various clinical benefits, and naftopidil may have application in the chemopreven-
tion of PCa in patients with BPH.

8.3.2 New Clinical Applications of Naftopidil in PCa Treatment

Recently, we proposed two possible clinical applications of naftopidil, i.e., in
combination treatment with radiotherapy (RT) or as a chemotherapy for PCa treat-
ment (Iwamoto et al. 2017; Ishii et al. 2018a).

Clinically, α1-AR antagonists, including naftopidil, improve outcomes in patients
with PCa and urinary morbidities related to brachytherapy (Merrick et al. 2005) and
extra beam RT (Prosnitz et al. 1999) without impairing safety. Indeed, additive
naftopidil treatment combined with RT has been shown to increase RT efficacy in
PC-3 cells by directly suppressing growth and by blocking the RT-induced expres-
sion of the antioxidant enzyme manganese superoxide dismutase (Iwamoto et al.
2017). Conversely, additive tamsulosin treatment combined with RT did not exert
these effects.

Additionally, additive naftopidil treatment combined with docetaxel (DTX) was
shown to promote DTX efficacy in LNCaP cell-derived tumors (sub-renal capsule
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grafting) and PC-3 cell-derived tumors (intratibial injection) in an in vivo analysis
(Ishii et al. 2018a). Notably, additive naftopidil treatment showed synergistic effects
on DTX-dependent apoptosis in PCa cells in both in vitro and in vivo analyses.
Particularly in patients with castration-resistant PCa having bone metastases, this
combined treatment strategy can result in enhanced clinical outcomes compared with
DTX treatment alone. We suggest that a combination of G1 cell cycle arrest-inducing
naftopidil and G2/M cell cycle arrest-inducing DTX may strongly inhibit cell cycle
progression (Fig. 8.2).

8.3.3 Structure of Subtype-Selective a1-AR Antagonists With
Anticancer Effects

Among approved drugs and unapproved compounds, the five subtype-selective α1-
AR antagonists can be divided into two groups: the α1A-AR highly selective
antagonists tamsulosin, silodosin, and RS100329 and the α1D-AR highly selective
antagonists naftopidil and BMY7378. Importantly, Hori et al. demonstrated that
naftopidil and RS100329 show antiproliferative effects in PCa cells and normal
prostatic fibroblasts (Hori et al. 2011). Moreover, both naftopidil and RS100329
have a phenylpiperazine-based structure and have been shown to promote G1 cell
cycle arrest. Similarly, in small-cell lung carcinoma cells, the Ca2+/calmodulin-
dependent protein kinase inhibitor KN-62, which exhibits a phenylpiperazine-
based structure, also induces G1 cell cycle arrest (Williams et al. 1995, 1996).
Conversely, BMY7378, which also has a phenylpiperazine-based structure, does
not induce G1 cell cycle arrest at low concentrations (10 μM) but weakly promotes
G1 cell cycle arrest in PCa cells when used at a fivefold higher concentration (Hori
et al. 2011). Tamsulosin and silodosin, which do not have a phenylpiperazine-based

G1
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S 
phase

G2
phase

M 
phase

Naftopidil

Docetaxel

Fig. 8.2 The additive effects
of naftopidil treatment
combined with chemotherapy
for prostate cancer. Naftopidil
inhibits the proliferation of
prostate cancer (PCa) cells by
inducing G1 cell cycle arrest.
Docetaxel (DTX) induces G2/
M cell cycle arrest and
apoptosis in PCa cells by
inhibiting microtubule
depolymerization. Our studies
of drug repositioning strongly
suggested that the
combination of G1 cell cycle
arrest-inducing naftopidil and
G2/M cell cycle arrest-
inducing DTX may inhibit
cell cycle progression
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structure, did not induce G1 cell cycle arrest. These reports led us to hypothesize that
α1-AR antagonists with a phenylpiperazine-based structure may suppress the prolif-
eration of cancer cells and stromal cells by inducing G1 cell cycle arrest.

In studies evaluating the mechanisms of growth inhibition by phenylpiperazine
derivatives, including naftopidil, Ishii and Sugimura demonstrated that naftopidil
can bind directly to tubulins and that three phenylpiperazine derivatives, i.e.,
naftopidil, RS100329, and BMY7378, inhibit the polymerization of tubulin; indeed,
the phenylpiperazine-based structure of these derivatives shows tubulin
polymerization-inhibitory activity (Ishii and Sugimura 2015). These findings sug-
gest that the chemical structures of α1-AR antagonists contribute to differences in the
growth inhibitory mechanisms of these compounds.

In a comparison of the growth inhibitory effects of the three phenylpiperazine
derivatives, researchers have shown that the characteristics of the compound
strongly depend on the substituent group. Our studies of DR suggest that the existing
tubulin-binding drug naftopidil may exert a broad-spectrum cellular cytotoxicity in
various cell types. For example, naftopidil inhibits the proliferation of cancer cells,
such as PCa cells, RCC cells, and colon adenocarcinoma cells, as well as stromal
cells, such as fibroblasts, CAFs, and vascular endothelial cells. Therefore, modifica-
tion of the substituent group on naftopidil may facilitate the design and synthesis of
novel tubulin-binding drugs.

After we reported that the phenylpiperazine derivative naftopidil could act as a
tubulin-binding drug (Ishii and Sugimura 2015), several groups designed and
synthesized new phenylpiperazine derivatives having antiproliferative effects (Guo
et al. 2015; Prinz et al. 2017; Demirci et al. 2019). Particularly, Prinz et al. focused
on the phenylpiperazine-based structure and developed a new tubulin polymeriza-
tion inhibitor (Prinz et al. 2017). Thus, developing potent naftopidil-based anticancer
drugs without compromising safety in patients with PCa is possible.

8.4 Concluding Remarks

Clinically, naftopidil has high tolerability with fewer side effects in patients with
BPH. Our studies of DR imply that naftopidil-inhibited cell cycle progression may
block the progression of latent PCa concomitant with BPH to clinical PCa. We
believe that long-term orally active naftopidil may have clinical benefits in patients
with BPH as a chemopreventive agent for PCa during BPH treatment.

Acknowledgments We would like to thank Drs. Hideki Kanda, Yasuhide Hori, and Yoichi
Iwamoto for their assistance during the experiments and Mrs. Izumi Matsuoka and Ms. Yumi
Yoshikawa for the technical support.

8 Drug Repositioning of the Phenylpiperazine Derivative Naftopidil in. . . 117



References

Alcaraz A, Hammerer P, Tubaro A, Schroder FH, Castro R (2009) Is there evidence of a relation-
ship between benign prostatic hyperplasia and prostate cancer? Findings of a literature review.
Eur Urol 55:864–873. https://doi.org/10.1016/j.eururo.2008.11.011

Anglin IE, Glassman DT, Kyprianou N (2002) Induction of prostate apoptosis by alpha1-
adrenoceptor antagonists: mechanistic significance of the quinazoline component. Prostate
Cancer Prostatic Dis 5:88–95. https://doi.org/10.1038/sj.pcan.4500561

Benning CM, Kyprianou N (2002) Quinazoline-derived alpha1-adrenoceptor antagonists induce
prostate cancer cell apoptosis via an alpha1-adrenoceptor-independent action. Cancer Res 62:
597–602

Bostwick DG, Cooner WH, Denis L, Jones GW, Scardino PT, Murphy GP (1992) The association
of benign prostatic hyperplasia and cancer of the prostate. Cancer 70:291–301. https://doi.org/
10.1002/1097-0142(19920701)70:1+<291::aid-cncr2820701317>3.0.co;2-4

Bylund DB et al (1994) International Union of Pharmacology nomenclature of adrenoceptors.
Pharmacol Rev 46:121–136

Demirci S, Hayal TB, Kiratli B, Sisli HB, Demirci S, Sahin F, Dogan A (2019) Design and
synthesis of phenylpiperazine derivatives as potent anticancer agents for prostate cancer.
Chem Biol Drug Des 94:1584–1595. https://doi.org/10.1111/cbdd.13575

Garrison JB, Shaw YJ, Chen CS, Kyprianou N (2007) Novel quinazoline-based compounds impair
prostate tumorigenesis by targeting tumor vascularity. Cancer Res 67:11344–11352. https://doi.
org/10.1158/0008-5472.CAN-07-1662

Gronberg H (2003) Prostate cancer epidemiology. Lancet 361:859–864. https://doi.org/10.1016/
S0140-6736(03)12713-4

Guo FJ, Sun J, Gao LL, Wang XY, Zhang Y, Qian SS, Zhu HL (2015) Discovery of
phenylpiperazine derivatives as IGF-1R inhibitor with potent antiproliferative properties
in vitro. Bioorg Med Chem Lett 25:1067–1071. https://doi.org/10.1016/j.bmcl.2015.01.011

Harris AM et al (2007) Effect of alpha1-adrenoceptor antagonist exposure on prostate cancer
incidence: an observational cohort study. J Urol 178:2176–2180. https://doi.org/10.1016/j.
juro.2007.06.043

Hori Y et al (2011) Naftopidil, a selective {alpha}1-adrenoceptor antagonist, suppresses human
prostate tumor growth by altering interactions between tumor cells and stroma. Cancer Prev Res
(Phila) 4:87–96. https://doi.org/10.1158/1940-6207.CAPR-10-0189

Ishii K, Sugimura Y (2015) Identification of a new pharmacological activity of the phenylpiperazine
derivative naftopidil: tubulin-binding drug J. Chem Biol 8:5–9. https://doi.org/10.1007/s12154-
014-0122-0

Ishii K et al (2018a) Additive naftopidil treatment synergizes docetaxel-induced apoptosis in human
prostate cancer cells. J Cancer Res Clin Oncol 144:89–98. https://doi.org/10.1007/s00432-017-
2536-x

Ishii K, Takahashi S, Sugimura Y, Watanabe M (2018b) Role of stromal paracrine signals in
proliferative diseases of the aging human prostate. J Clin Med 7. https://doi.org/10.3390/
jcm7040068

Iwamoto Y et al (2013) Oral naftopidil suppresses human renal-cell carcinoma by inducing G
(1) cell-cycle arrest in tumor and vascular endothelial cells. Cancer Prev Res (Phila) 6:1000–
1006. https://doi.org/10.1158/1940-6207.CAPR-13-0095

Iwamoto Y et al (2017) Combination treatment with naftopidil increases the efficacy of radiother-
apy in PC-3 human prostate cancer cells. J Cancer Res Clin Oncol 143:933–939. https://doi.org/
10.1007/s00432-017-2367-9

Kanda H, Ishii K, Ogura Y, Imamura T, Kanai M, Arima K, Sugimura Y (2008) Naftopidil, a
selective alpha-1 adrenoceptor antagonist, inhibits growth of human prostate cancer cells by G1
cell cycle arrest. Int J Cancer 122:444–451. https://doi.org/10.1002/ijc.23095

Kawabe K (2006) Latest frontiers in pharmacotherapy for benign prostatic hyperplasia. Yakugaku
Zasshi 126:199–206. https://doi.org/10.1248/yakushi.126.199

118 K. Ishii et al.

https://doi.org/10.1016/j.eururo.2008.11.011
https://doi.org/10.1038/sj.pcan.4500561
https://doi.org/10.1002/1097-0142(19920701)70:1+3.0.co;2-4
https://doi.org/10.1002/1097-0142(19920701)70:1+3.0.co;2-4
https://doi.org/10.1002/1097-0142(19920701)70:1+3.0.co;2-4
https://doi.org/10.1002/1097-0142(19920701)70:1+3.0.co;2-4
https://doi.org/10.1111/cbdd.13575
https://doi.org/10.1158/0008-5472.CAN-07-1662
https://doi.org/10.1158/0008-5472.CAN-07-1662
https://doi.org/10.1016/S0140-6736(03)12713-4
https://doi.org/10.1016/S0140-6736(03)12713-4
https://doi.org/10.1016/j.bmcl.2015.01.011
https://doi.org/10.1016/j.juro.2007.06.043
https://doi.org/10.1016/j.juro.2007.06.043
https://doi.org/10.1158/1940-6207.CAPR-10-0189
https://doi.org/10.1007/s12154-014-0122-0
https://doi.org/10.1007/s12154-014-0122-0
https://doi.org/10.1007/s00432-017-2536-x
https://doi.org/10.1007/s00432-017-2536-x
https://doi.org/10.3390/jcm7040068
https://doi.org/10.3390/jcm7040068
https://doi.org/10.1158/1940-6207.CAPR-13-0095
https://doi.org/10.1007/s00432-017-2367-9
https://doi.org/10.1007/s00432-017-2367-9
https://doi.org/10.1002/ijc.23095
https://doi.org/10.1248/yakushi.126.199


Kyprianou N (2000) Induction of apoptosis by alpha1-adrenoceptor antagonists in benign prostatic
hyperplasia and prostate cancer. Prostate Cancer Prostatic Dis 3:S24–S25. https://doi.org/10.
1038/sj.pcan.4500450

Kyprianou N, Benning CM (2000) Suppression of human prostate cancer cell growth by alpha1-
adrenoceptor antagonists doxazosin and terazosin via induction of apoptosis. Cancer Res 60:
4550–4555

Lin SC et al (2007) Prazosin displays anticancer activity against human prostate cancers: targeting
DNA and cell cycle. Neoplasia 9:830–839. https://doi.org/10.1593/neo.07475

Masuda T, Tsuruda Y, Matsumoto Y, Uchida H, Nakayama KI, Mimori K (2020) Drug
repositioning in cancer: the current situation in Japan. Cancer Sci. https://doi.org/10.1111/cas.
14318

Merrick GS, Butler WM, Wallner KE, Allen Z, Galbreath RW, Lief JH (2005) Brachytherapy-
related dysuria. BJU Int 95:597–602. https://doi.org/10.1111/j.1464-410X.2005.05346.x

Murtola TJ, Tammela TL, Maattanen L, Ala-Opas M, Stenman UH, Auvinen A (2009) Prostate
cancer incidence among finasteride and alpha-blocker users in the Finnish Prostate Cancer
Screening Trial. Br J Cancer 101:843–848. https://doi.org/10.1038/sj.bjc.6605188

Nishino Y, Masue T, Miwa K, Takahashi Y, Ishihara S, Deguchi T (2006) Comparison of two
alpha1-adrenoceptor antagonists, naftopidil and tamsulosin hydrochloride, in the treatment of
lower urinary tract symptoms with benign prostatic hyperplasia: a randomized crossover study.
BJU Int 97:747–751., discussion 751. https://doi.org/10.1111/j.1464-410X.2006.06030.x

Prinz H et al (2017) N-Heterocyclic (4-phenylpiperazin-1-yl)methanones derived from
phenoxazine and phenothiazine as highly potent inhibitors of tubulin polymerization. J Med
Chem 60:749–766. https://doi.org/10.1021/acs.jmedchem.6b01591

Prosnitz RG, Schneider L, Manola J, Rocha S, Loffredo M, Lopes L, D’Amico AV (1999)
Tamsulosin palliates radiation-induced urethritis in patients with prostate cancer: results of a
pilot study. Int J Radiat Oncol Biol Phys 45:563–566. https://doi.org/10.1016/s0360-3016(99)
00246-1

Roehrborn CG, Schwinn DA (2004) Alpha1-adrenergic receptors and their inhibitors in lower
urinary tract symptoms and benign prostatic hyperplasia. J Urol 171:1029–1035. https://doi.org/
10.1097/01.ju.0000097026.43866.cc

Takahashi S, Tajima A, Matsushima H, Kawamura T, Tominaga T, Kitamura T (2006) Clinical
efficacy of an alpha1A/D-adrenoceptor blocker (naftopidil) on overactive bladder symptoms in
patients with benign prostatic hyperplasia. Int J Urol 13:15–20. https://doi.org/10.1111/j.
1442-2042.2006.01222.x

Tsuritani S, Nozaki T, Okumura A, Kimura H, Kazama T (2010) A prospective, randomized,
controlled, multicenter study of naftopidil for treatment of male lower urinary tract symptoms
associated with benign prostatic hyperplasia: 75 mg once daily in the evening compared to
25 mg thrice daily. Urol Int 85:80–87. https://doi.org/10.1159/000315994

Urushiyama H et al (2019) Naftopidil reduced the proliferation of lung fibroblasts and bleomycin-
induced lung fibrosis in mice. J Cell Mol Med 23:3563–3571. https://doi.org/10.1111/jcmm.
14255

Walden PD, Gerardi C, Lepor H (1999) Localization and expression of the alpha1A-1, alpha1B and
alpha1D-adrenoceptors in hyperplastic and non-hyperplastic human prostate. J Urol 161:635–
640

8 Drug Repositioning of the Phenylpiperazine Derivative Naftopidil in. . . 119

https://doi.org/10.1038/sj.pcan.4500450
https://doi.org/10.1038/sj.pcan.4500450
https://doi.org/10.1593/neo.07475
https://doi.org/10.1111/cas.14318
https://doi.org/10.1111/cas.14318
https://doi.org/10.1111/j.1464-410X.2005.05346.x
https://doi.org/10.1038/sj.bjc.6605188
https://doi.org/10.1111/j.1464-410X.2006.06030.x
https://doi.org/10.1021/acs.jmedchem.6b01591
https://doi.org/10.1016/s0360-3016(99)00246-1
https://doi.org/10.1016/s0360-3016(99)00246-1
https://doi.org/10.1097/01.ju.0000097026.43866.cc
https://doi.org/10.1097/01.ju.0000097026.43866.cc
https://doi.org/10.1111/j.1442-2042.2006.01222.x
https://doi.org/10.1111/j.1442-2042.2006.01222.x
https://doi.org/10.1159/000315994
https://doi.org/10.1111/jcmm.14255
https://doi.org/10.1111/jcmm.14255


Williams CL, Porter RA, Phelps SH (1995) Inhibition of voltage-gated Ca2+ channel activity in
small cell lung carcinoma by the Ca2+/calmodulin-dependent protein kinase inhibitor KN-62
(1-[N,O-bis(5-isoquinolinesulfonyl)-N-methyl-L-tyrosyl]-4-phenylpiperaz ine). Biochem
Pharmacol 50:1979–1985. https://doi.org/10.1016/0006-2952(95)02096-9

Williams CL, Phelps SH, Porter RA (1996) Expression of Ca2+/calmodulin-dependent protein
kinase types II and IV, and reduced DNA synthesis due to the Ca2+/calmodulin-dependent
protein kinase inhibitor KN-62 (1-[N,O-bis(5-isoquinolinesulfonyl)-N-methyl-L-tyrosyl]-4-
phenyl piperazine) in small cell lung carcinoma. Biochem Pharmacol 51:707–715. https://doi.
org/10.1016/s0006-2952(95)02393-3

Yamada D et al (2013) Reduction of prostate cancer incidence by naftopidil, an alpha1-
adrenoceptor antagonist and transforming growth factor-beta signaling inhibitor. Int J Urol
20:1220–1227. https://doi.org/10.1111/iju.12156

Yokoyama T, Kumon H, Nasu Y, Takamoto H, Watanabe T (2006) Comparison of 25 and
75 mg/day naftopidil for lower urinary tract symptoms associated with benign prostatic hyper-
plasia: a prospective, randomized controlled study. Int J Urol 13:932–938. https://doi.org/10.
1111/j.1442-2042.2006.01443.x

120 K. Ishii et al.

https://doi.org/10.1016/0006-2952(95)02096-9
https://doi.org/10.1016/s0006-2952(95)02393-3
https://doi.org/10.1016/s0006-2952(95)02393-3
https://doi.org/10.1111/iju.12156
https://doi.org/10.1111/j.1442-2042.2006.01443.x
https://doi.org/10.1111/j.1442-2042.2006.01443.x

	8: Drug Repositioning of the Phenylpiperazine Derivative Naftopidil in Prostate Cancer Treatment
	8.1 Introduction
	8.2 History of α1-AR Antagonists
	8.3 Important Observations
	8.3.1 Anticancer Effects of Naftopidil in PCa Treatment
	8.3.2 New Clinical Applications of Naftopidil in PCa Treatment
	8.3.3 Structure of Subtype-Selective α1-AR Antagonists With Anticancer Effects

	8.4 Concluding Remarks
	References


