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Previous studies have indicated that α1D/1A antagonist naftopidil (NAF) suppresses
prostate growth by decreasing cell proliferation without affecting apoptosis and
prostate volume in benign prostatic hyperplasia (BPH). A NAF-derived α1D/1A
antagonist 1- benzyl-N-(3-(4-(2-methoxyphenyl) piperazine-1-yl) propyl)-1H-indole-2-
carboxamide (HJZ-12) has been reported from our laboratory, which exhibits high
subtype-selectivity to both α1D- and α1A- AR (47.9- and 19.1- fold, respectively) with
respect to a1B-AR in vitro. However, no further study was conducted. In the present study,
a pharmacological evaluation of HJZ-12 in BPH was performed on an estrogen/androgen-
induced rat BPH model and human BPH-1 cell line. In vivo, HJZ-12 exhibited better
performance than NAF in preventing the progression of rat prostatic hyperplasia by not
only decreasing prostate weight and proliferation (similar to NAF) but also, shrinking
prostate volume and inducing prostate apoptosis (different from NAF). In vitro, HJZ-12
exhibited significant cell viability inhibition and apoptotic induction in BPH-1 cell line,
without presenting cell anti-proliferation properties. Intriguingly, the role of HJZ-12 on cell
viability and apoptosis was an α1-independent action. Furthermore, RNA-Seq analysis
was applied to screen out six anti-apoptotic genes (Bcl-3, B-lymphoma Mo-MLV insertion
region 1 [Bmi-1], ITGA2, FGFR3, RRS1, and SGK1). Amongst them, Bmi-1 was involved in
the apoptotic induction of HJZ-12 in BPH-1. Overall, HJZ-12 played a remarkable role in
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preventing the progression of prostatic hyperplasia through α1-independent apoptotic
induction, indicating that it will be a multi-target effective candidate for BPH treatment.

Keywords: apoptosis, multi-target activities, B-lymphomaMo-MLV insertion region 1, benign prostatic hyperplasia,
α1-adrenoceptor antagonist

INTRODUCTION

Prostatic enlargement secondary to benign prostatic hyperplasia
(BPH) resulting in lower urinary tract symptoms (LUTS) is a
common disease with prevalence increasing with age (Parsons,
2010; Aaron et al., 2016). BPH is a multifactorial disease that is
not yet fully understood. It was assumed that the development of
BPH has both static and dynamic components relating to the
prostate. The static component is related to increased prostatic
tissue mass, whereby progressive proliferation leads to increased
prostatic size and consequent bladder outlet obstruction (BOO).
BPH is characterized by a proliferation of both stromal and
epithelial cells of the prostate in the transitional zone
surrounding the urethra (Strand et al., 2017). The dynamic
component is related to variations in smooth muscle tone in
the fibromuscular stroma, prostatic capsule, and bladder neck
(Lepor, 2007; Mcvary et al., 2011; Chughtai et al., 2016).
Therefore, α1-adrenergic receptor (α1-AR) antagonists are
considered for the first line treatment in men with small
prostate and 5α-reductase inhibitors are recommended in men
with large symptomatic prostate (Van Asseldonk et al., 2015; Lim,
2017).

The therapeutic benefit of α1-AR antagonists in the medical
treatment of BPH has been confirmed; they act directly on α1-AR,
which is present in prostate smooth muscle. However, recent
studies indicated that quinazoline based on α1-antagonists
doxazosin inhibits proliferation of human vascular smooth
muscle cells, which is unrelated to its capacity to occupy α1-
AR (Hu et al., 1998). Clinical data also indicated that doxazosin
and terazosin induced prostate apoptosis without affecting the
proliferative capacity of prostate cells in patients with BPH
(Kyprianou et al., 1998; Chon et al., 1999). Terazosin and
doxazosin could also suppress prostate tumor via apoptotic
induction by increasing TGF-β1 protein expression, and they
are independent of the property of α1-AR antagonism
(Kyprianou and Benning, 2000; Benning and Kyprianou, 2002;
Partin et al., 2003). Thus, rapid evidences have implicated the
apoptosis-mediated prostate stromal regression as an additional
molecular mechanism underlying the long-term therapeutic
effect of these drugs in BPH, rather than simply a pure
smooth muscle relaxation of the prostate (Kyprianou, 2003).

Naftopidil (NAF, Supplementary Figure S1) is an
arylpiperazine-based α1D/1A-AR antagonist used for treating
BPH/LUTS in clinic. Unlike terazosin or doxazosin, NAF
mainly blocks α1D subtype and has 17- and three-fold higher
potency for α1D-AR than for the α1B and α1A-ARs, respectively
(Takei et al., 1999). It was reported that NAF exhibits growth
inhibition effects on human prostate cancer cell lines via G1 cell
cycle arrest, indicating its potential benefit in the
chemoprevention of prostate cancer (Kanda et al., 2008; Hori

et al., 2011). Moreover, Kojima et al. has demonstrated that NAF
has significant antiproliferation activity without apoptosis in BPH
patients. NAF may prevent further development of prostate
growth although it may not reduce prostate volume in patients
with BPH (Kojima et al., 2009). α1D-AR may play a significant
role on prostate growth in BPH development; thus, the inhibitory
effect of prostate growth by NAF may probably involve an α1D-
AR-dependent mechanism (Xin et al., 1997; Shibata et al., 2003).

The authors of the present study have been involved in the
molecular optimization of NAF, pharmacological assays, and
structural activity relationship (SAR) research for a long time.
In a previous study, piperazine-derived α1 antagonist 1-benzyl-N-
(3-(4-(2-methoxyphenyl) piperazin-1-yl) propyl) -1H-indole-2-
carboxamide (HJZ-12) exhibited high subtype selectivity on α1D
and α1A-ARs (47.9- and 19.1- fold, respectively, Table 1) with
respect to a1B; these results are better than those obtained in NAF
and tamsulosin (Huang et al., 2015). In the present study, HJZ-12
was hypothesized to suppresses prostate cell growth in BPH by
inducing apoptosis or affecting proliferation. The inhibitory
action of HJZ-12 on prostate growth in rat BPH model and
human BPH epithelial cell line (BPH-1) in vitro was investigated
to test this hypothesis. The findings documented the ability of
HJZ-12 to induce apoptosis by downregulating Bmi-1 protein,
potentially via α1-AR-independent action. These results may have
considerable therapeutic implications in identifying HJZ-12 as a
potential multi-target candidate in BPH/LUTS treatment.

MATERIALS AND METHODS

Chemicals and Reagents
Testosterone propionate, estradiol benzoate and olive oil were
purchased from Aladdin Co., Ltd. (Shanghai, China). NAF
(>99%) and HJZ-12 (>95%) were synthesized in according
with the previous methods (Huang et al., 2015). Pierce BCA
Protein Assay Kit was purchased from Thermo Fisher Scientific

TABLE 1 | aAntagonist affinities of compounds HJZ-12, expressed as pA2, at
α1A-, α1B-, and α1D-AR on isolated rat tissues.

Comp pA2 Affinity ratio

α1A
prostatic

vas
deferens

α1B spleen α1D thoracic
aorta

α1D/
α1B

α1A/
α1B

α1D/
α1A

HJZ-12 8.13 ± 0.01 6.85 ± 0.01 8.56 ± 0.06 47.9 19.1 2.6
NAF 7.48 ± 0.30 6.75 ± 0.01 7.93 ± 0.13 15.1 5.4 2.8
Tamsulosin 9.46 ± 0.13 9.30 ± 0.08 10.00 ± 0.10 5.0 1.4 3.5
Terazosin 7.90 ± 0.15 8.59 ± 0.08 8.83 ± 0.17 1.7 0.2 8.5

apA2 values ± SEM (n � 5–8) from previous data (Huang et al., 2015).

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5940382

Xiao et al. HJZ-12 Induces Apoptosis in BPH

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


(Waltham, MA, United States). Anti-α-smooth muscle actin
(α-SMA, 1/400) was purchased from Sigma-Aldrich (MO,
United States). Anti-β-actin antibody (1/5000), Bcl-3 polyclonal
antibody (1/500) and RRS1 polyclonal antibody (1/500) were
purchased from Bioworld Technology (Inc., United States).
Rabbit monoclonal anti-proliferating cell nuclear antigen (PCNA,
1/1000), and anti-FGFR3 antibody (1/1000) were purchased
from Abcam (Cambridge, MA, United States). Anti-Bmi-1
antibody (1/1000) and anti-cleaved caspase 3 (1/1000) were
purchased from Cell Signaling Technology (Beverly, MA,
United States). All reagents were prepared fresh before use.

In Vivo Study in Rat BPH Model Induced
by E/T
Sprague–Dawley (SD) rats were obtained from Southern Medical
University Laboratory Animal Center (Guangzhou, China). Prior
to drug administration, the rats were handled and treated in
accordance with the guidelines of the European Union Directive
2010/63/EU. The animal use and care protocols were reviewed
and approved by the Ethics Committee of Guangzhou Medical
University (approval number GY 2018-038).

The male SD rats (180–200 g) were divided into six
experimental groups, including a model control, a sham-
operated group, three HJZ-12 (low, middle and high doses)
groups, and a positive control (NAF treatment group). The rats
were anesthetized with intraperitoneally injecting 3% sodium
pentobarbital. The testes of animal were removed in all the
group except in the sham-operated group. After that
gentamycin (0.1 ml/d) was given to the rat for 1 week. Then,
E/T at a ratio of 1:100 (10/1000 μg) (Zhou et al., 2009; Huang
et al., 2016) was applied daily in the castrated rats by subcutaneous
injecting 0.1 ml of olive oil for 4 weeks, and the sham-operated
group is only treated by olive oil without hormones.

Analysis of Wet Weight Index and Volume
Index of Rat Prostate
After the rats were sacrificed, the whole prostate of rat (anterior,
ventral, lateral and dorsal lobes) was dissected out and weighed
immediately, and the prostate volume was subsequently
measured. The wet weight index (mg/g) of the prostate and
bladder and the volume index (cm3/100 g) of the prostate were
calculated as follows: wet weight index � wet weight of the
prostate or bladder (mg)/body weight (g); volume index �
volume of the prostate (mg)/body weight (g) × 100. The
ventral and lateral lobes of prostate were used for other
experiments in this study.

Histological and Immunohistochemical
Studies
Hematoxylin and eosin (HE) staining was carried out according
to the standard protocols. Morphologic changes, including the
relative volume of acinus, stroma and epithelium in rat prostate,
and the epithelial height of rat prostate, were quantitatively
analyzed using an image analysis system (Zeiss AXio Imager

Z2, Germany). The expression of α-smooth muscle actin
(α-SMA) was detected by anti-α-SMA antibody (1/400; MO,
United States). The slide area was divided into 4 × 4 squares,
and 10 randomly selected fields (200 × magnification) were
examined from each section with four sections analyzed per
animal (Yang et al., 2010; Huang et al., 2016).

Western Blot Analysis
The total protein of concentration of each tissue or cell sample
was determined by the Pierce BCA Protein Assay Kit (Waltham,
MA, United States). 12% SDS-polyacrylamide gel and
polyvinylidene-difluoride (PVDF) membranes (Millipore,
Burlington, MA, United States) was used, and the membrane
was blocked for 1 h at room temperature with 5% non-fat milk.
The primary antibodies was incubated overnight at 4°C, including
rabbit monoclonal anti-PCNA, anti-FGFR3 antibody; anti-
β-actin antibody (1/5000), Bcl-3 polyclonal antibody and RRS1
polyclonal antibody (1/500; Bioworld Technology, Inc.,
United States); and anti-Bmi-1 antibody and anti-cleaved
caspase3 (1/1000; CST, Beverly, MA). Then, the HRP-
conjugated anti-mouse or anti-rabbit IgG (1/5000;
Sigma–Aldrich MO, United States) was incubated for 1 h at
room temperature. The enhanced chemiluminescence (ECL)
western blotting detection reagents (GE Healthcare
Biosciences, Pittsburgh, PA, United States) was used to get the
band. The band was analyzed by ImageJ software.

Cell Line and Cell Culture
Benign human prostatic epithelial cell line (BPH-1), purchased
from Guangzhou Huiyuan Pharmaceutical Technology
(Guangzhou, China), were cultured in RPMI 1640 medium
(Gibco, United States) containing 10% fetal bovine serum
(FBS) in a humidified incubator at 37°C and 5% CO2. Human
prostatic stromal myofibroblast cell line (WPMY-1), purchased
from Shanghai Zhong Qiao Xin Zhou Biotechnology Technology
(Shanghai, China), were cultured in DMEM (Gibco,
United States) containing 10% FBS in a humidified incubator
at 37°C and 5% CO2.

Cell Viability Assay
BPH-1 or WPMY-1 cell lines were seeded as 1 × 104 cells per well
in 96-well plates, with 100 μL culture medium. After 24 h, the
cells were treated with compounds (0–100 μM) or vehicle for 24 h
or 48 h. CCK-8 reagent was applied according to instruction
(Dojindo Molecular Technologies, Japan), and the 450 nm
was used as the absorption wavelength in a 96-cell
spectrophotometric plate reader. The concentration required to
inhibit cell growth by 50% (IC50) was calculated from inhibition
curves.

Cell-Cycle Analysis
Cell-cycle analysis was performed using a fluorescent probe PI as
previously described. The BPH-1 cells (3 × 105/well) were seeded
in six-well plates and then cultured for 24 h. They were treated
with different concentrations of HJZ-12 (0, 5, 10, and 15 μM) for
24 h, fixed at 70% ethanol, and then stored at 4°C for subsequent
cell-cycle analysis. The fixed cells were washed with phosphate-
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buffered saline (PBS), incubated with PBS containing 20 μg/ml of
RNaseA and 0.3% NP-40 for 30 min at 37°C, and then stained
with 50 μg/ml of PI for 30 min at 4°C in the dark. The PI
fluorescence emitted from HJZ-12-treated cells was measured
using an Epics XL cytometer (Beckman Coulter, Brea, CA,
United States). Data were analyzed on MultiCycle AV software
(Phoenix Flow Systems, SanDiego, CA, United States).

Detection of Apoptosis via Flow Cytometry
The BPH-1 cells were seeded in six-well plates and then cultured
for 24 h. The cells were treated with different concentrations of
HJZ-12 (0, 5, 10, and 15 μM) for 24 h, collected, and then stained
using an Alexa Fluor® 488Annexin V/dead cell apoptosis kit in
accordance with the manufacturer’s protocol. The green
fluorescence from the Alexa Fluor® 488 Annexin V and the
red fluorescence from PI were detected using an Epics XL
cytometer (Ex � 488 nm and Em � 530 nm for Alexa Fluor®
488 Annexin V and Em � 575 nm for PI) (Huang et al., 2015).
Data were quantitatively analyzed on EXPO32 ADC software
(Beckman Coulter, Brea, CA, United States). The cell population
in the lower left (Annexin V−/PI−), lower right (Annexin V+/PI−)
and upper right (Annexin V+/PI+) quadrants represents live, early
apoptotic and late apoptotic or dead cells, respectively.

TUNEL Analysis
TUNEL assay was performed using the in-situ cell death detection
kit from Roche in accordance with the manufacturer’s
instructions. In brief, after the cells were fixed with 4%
paraformaldehyde and permeabilized in 0.1% Triton X-100,
TUNEL assay was carried by incubating the fixed cells with a
TUNEL reagent containing TMR red-labelled nucleotides at
37 °C for 1 h. The samples were washed in 1 × PBST and
mounting media containing DAPI. Fluorescent images were
captured using a Zeiss fluorescence microscope at 10×
magnification. The total number of DAPI-positive cells and
total number of TUNEL-positive cells were counted from at
least five images from each sample. Each experiment was
repeated four times.

RNA-Seq Assay
The BPH-1 cells were treated with HJZ-12 (15 μM) for 12 h. RNA
was extracted using a TRIzol reagent (Life Technologies, Foster
City, CA, United States). After the rRNA was removed, RNAs
were fragmented and reverse transcribed using random primers.
cDNAs were ligated with adaptors, amplified via PCR and then
sequenced on an Illumina HiSeqTM 2500 sequence analyzer.
Filtered sequences were aligned with HISAT2, and gene
expression was analyzed on DEGseq software. The
differentially expressed genes were subjected to Gene Ontology
(GO) and KEGG pathway analysis and were used to create
heatmaps on the heatmap package of R (Huang et al., 2019).

Bmi-1 Small Interfering RNA (siRNA) and
Control SiRNA Transfection
At a concentration of 5 nM, Bmi-1 siRNA and control siRNA
(RiboBio Inc., Guangzhou, Guangdong, China) were transfected

into BPH-1 cells. The BPH-1 cells were cultured at 37°C in a CO2

incubator until the cells were 50%–60% confluent. Subsequently,
the cells were transfected with RNAiMAX (Thermo Fisher
Scientific, Waltham, MA, United States) in accordance with
the manufacturer’s instructions. The transfection reagent and
Bmi-1-siRNA (60 nM) or control-siRNA were incubated with
BPH-1 cells in Opti-MEM (Gibco, United States) for 10 h, and
then the complete media were changed into RPMI 1640 medium
(Gibco, United States) containing 10% fetal bovine serum (FBS)
for 14 h. Subsequently, the BPH-1 cells were treated with HJZ-12
(15 μM) for 24 h. Protein was collected for Western blot.

Quantitative Real-Time PCR
Total cellular RNA was extracted using a TRIzol reagent (Life
Technologies, Foster City, CA, United States). Reverse
transcription was carried out with PrimeScript RT Master Mix
(Takara, Otsu, Shiga, Japan) in accordance with the manufacturer’s
instructions. Then, qRT-PCR was performed with SYBR Premix
Ex Taq (Takara). GAPDH was used as an internal control. The
following primers were used: Bmi-1, forward: 5′-TGG ACT GAC
AAA TGC TGG AGA-3′ and reverse: 5′-GAA GAT TGG TGG
TGG TTA CCG CTG-3′; Bcl-3, forward: 5′-TTC CTC TGG TGA
ACC TGC CTAC-3′ and reverse: 5′-CGT GTC TCC GTC CTC
ATCTGC-3′;RRS1, forward: 5′-CCCTACCGGACACCAGAG
TAA-3′ and reverse 5′-CCG AAA AGG GGT TGA AAC TTCC-
3′; ITGA2, forward: 5′-ACT GTT CAA GGA GGA GAC-3′ and
reverse 5′-GGT CAAAGGCTTGTT TAGG-3′; FGFR3, forward:
5′-GGG CTT CTT CCT GTT CAT CC-3′ and reverse 5′-TGG
ACTCCAGGGACACTGTTA-3′; SGK1, forward: 5′-GATCTC
CCA ACC TCA GGA GCC-3′ and reverse 5′-CTG GAA AGA
GAA GTG AAG GCCC-3′; and GAPDH, forward 5′-GAA GGT
CGG AGT CAA CGG ATT-3′ and reverse 5′-CGC TCC TGG
AAG ATG GTG AT-3′.

Statistical Analysis
All data were presented as means ± SD. All other data were analyzed
using a one-way ANOVA coupled with Turkey’s multiple
comparisons test. p < 0.05 was the minimal requirement for a
statistically significant difference. The statistical significance in this
study was set at *p < 0.05, **p < 0.01, and ***p < 0.001. All statistical
analyzes were conducted on GraphPad Prism 8.0.

RESULTS

Effects of HJZ-12 on Wet Weight and
Volume Indices of Rat Prostate
In the BPH model group, the values of wet weight, wet weight
index, volume, and volume index of the prostate were
significantly larger than those in the sham-operated group
(Table 2, p < 0.001). As an α1-AR blocker, NAF (10.0 mg/kg)
had moderate effects on inhibiting both prostate wet weight and
wet weight index (p < 0.01) compared with model group.
However, no significant influence on prostate volume and
volume index (p > 0.05) was observed, which was in
accordance with the results of previous reports (Kojima et al.,
2009; Huang et al., 2016; Liu et al., 2020).
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Compound HJZ-12 significantly decreased the wet weight
index and volume index of rat prostate from low to high
concentration (from 1.0 mg/kg to 10.0 mg/kg, p < 0.05)
compared with model group. At an identical dose of
10.0 mg/kg, HJZ-12 administration showed significantly better
inhibitory action on prostate wet weight and wet weight index
than the NAF group (p < 0.01). Moreover, HJZ-12 showed
inhibitory activity on rat hyperplastic prostate volume and
volume index compared with model group (p < 0.05), even at
a low dose (1.0 mg/kg, p < 0.05, relative tomodel group), and such
performance was quite different from that of the pro-drug NAF.

Effects of HJZ-12 on the Histomorphology
of Hyperplastic Prostate
The lumens of prostate acini were normal in the sham-operated
group, and the epithelial cells in the prostatic acini appeared
cuboidal or columnar, and no obvious stromal hyperplasia was
observed. In the model group, the prostatic acini were obviously
dilated, and the glandular epithelial cells were markedly
thickened. The most obvious change was observed in the
groups of treated with high concentration of HJZ-12
(10.0 mg/kg), in which the prostatic acini returned to normal
status, with clear arrangement and uniform size (Figure 1A).

Quantitative analysis (Figure 1B) showed that the epithelial
thickness, relative stroma volume, relative epithelial volume, and
relative acinus volume of the model group were significantly
higher than those of the sham-operated group (p < 0.001). The
NAF-treated group (NAF 10.0 mg/kg) showed no obvious
decrease in the relative epithelial volume and acinus volume
compared with the model group. The HJZ-12 (3.0 mg/kg and
10.0 mg/kg)-treated groups demonstrated reduced epithelial
thickness (p < 0.001), relative epithelial volume (p < 0.05), and
acinus volume (p < 0.01). Only the high dose of HJZ-12 inhibited
the relative stroma volume (p < 0.05) and strongly reduced the
epithelial thickness (p < 0.001).

Effect of HJZ-12 on Prostate α-SMA and
PCNA Expression
In the BPH model, the acinus was surrounded with a SMA-
positive smooth muscle layer compared with that in the sham-
operated group (Figure 2A). Prostatic stromal cells are mainly

composed of a large proportion of SMCs and fibroblasts, and a
growing percentage of SMC is one of the major pathological
changes in BPH. α-SMA is a microfilament protein with
contractile properties that is widely distributed in stromal
smooth muscle in BPH human prostate (Kyprianou et al.,
1998; Quiles et al., 2010; Shimizu et al., 2015). The results of
the present study showed that all the compound groups had
reduced thickness of the SMA-positive layer, and the most
significant reduction was obtained at a high dose of HJZ-12,
indicating HJZ-12 could inhibit the extent of hyperplasia in
stromal tissue in BPH to an extent.

In addition, PCNA was used as a proliferation marker in rat
prostate (Bahey and El-Drieny, 2015). As shown in Figure 2B,
PCNA protein expression was significantly increased in the
prostate of the BPH model compared with that in the sham-
operated group. Expectedly, NAF treatment obviously exhibited a
decrease in PCNA expression. Low dose of HJZ-12 (1.0 mg/kg)
showed no obvious effect on decreasing PCNA expression,
however, middle and high doses of HJZ-12 markedly
downregulated the PCNA protein expression (p < 0.001).

Effect of HJZ-12 on Prostate Apoptosis
The effect of HJZ-12 on prostate apoptosis was subsequently
tested. As shown in Figure 3A, a middle dose (3.0 mg/kg) of HJZ-
12 markedly upregulated the cleaved caspase-3 protein level
compared with the model control group (p < 0.001).
Nevertheless, NAF and the other doses of HJZ-12 showed no
effect on apoptosis. Next, apoptotic cells were measured using
TUNEL assay. The middle dose (3.0 mg/kg) of HJZ-12 also
significantly increased the TUNEL-positive cells in prostate
tissue (p < 0.01, Figure 3B), which was consistent with the
results of cleaved caspase-3. These results suggested that HJZ-
12 rather than NAF showed a potent induction of prostate
apoptosis. Thus, HJZ-12 reduced hyperplasia symptom on
BPH, as indicated by the anti-proliferation and pro-apoptotic
actions in vivo.

Effect of HJZ-12 on BPH-1 and WPMY-1
Cell Viability
As shown in Table 3, NAF displayed no considerable cell viability
inhibition on both BPH-1 in 24 h (IC50 > 50 μM). NAF also
showed moderate inhibition of cell viability, with IC50 values of

TABLE 2 | Effect of HJZ-12 treatment on wet weight and volume of the rat prostate.

Groups Wet weight (mg) Volume (cm3) Wet weight index (mg/g) Volume index (cm3/100 g)

Sham operated 902 ± 109.4a 0.98 ± 0.05a 2.79 ± 0.29a 0.30 ± 0.02a

Model control 2972 ± 85.21 2.57 ± 0.10 10.51 ± 0.35 0.91 ± 0.04
NAF (10.0 mg/kg) 2350 ± 76.68b 2.23 ± 0.04 8.08 ± 0.25b 0.75 ± 0.02
HJZ-12 (1.0 mg/kg) 2010 ± 119.8a 2.02 ± 0.11c 7.32 ± 0.44a 0.73 ± 0.04c

HJZ-12 (3.0 mg/kg) 1919 ± 159.4a 1.94 ± 0.18b 6.59 ± 0.45a 0.65 ± 0.05b

HJZ-12 (10.0 mg/kg) 1684 ± 87.85c,d 1.90 ± 0.16b 5.48 ± 0.37c,d 0.63 ± 0.05b

Values shown are the mean ± SD of 8 animals per group.
ap < 0.001 compared with model control group.
bp < 0.01 compared with model control group.
cp < 0.05 compared with model control group.
dp < 0.01 compared with NAF (10.0 mg/kg) group.
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40.33 ± 3.21 μM, in 48 h. By contrast, HJZ-12 caused 50%
inhibition in 24 and 48 h at concentrations of 23.96 ± 1.05
and 14.76 ± 2.35 μM, respectively. Cell viability results on
WPMY-1 cell line exhibited weaker performance compared
with that on BPH-1 cells: IC50 values of HJZ-12 in 24 and
48 h were 39.13 ± 0.95 and 23.41 ± 1.21 μM, respectively.

Effect of HJZ-12 on Cell-Cycle and Cell
Apoptosis in BPH-1 Cells
As shown in Figure 4, HJZ-12 induced a notable apoptosis on the
BPH-1 cell lines, however, without affecting the cell-cycle
(Supplementary Figure S2). Flow cytometry assay showed
that HJZ-12 increased the percentage of apoptotic cells in a

FIGURE 1 | Histomorphological changes on rat prostate tissue. SD rats were orally administered with a sham (olive oil), model (E/T), NAF (10.0 mg/kg), HJZ-12
LOW (1.0 mg/kg), HJZ-12MID (3.0 mg/kg) and HJZ-12 HIG (10.0 mg/kg) groups for 4 weeks. (A)Histomorphological images. Original magnification × 100. (B) Effect of
HJZ-12 on epithelial thickness, relative stroma volume, relative epithelial volume and relative acinus volume of rat prostate. Columns, mean values; error bars, SD (n �
7–8). Significance was determined using one-way ANOVA coupled with Turkey’s multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the model
control group. #p < 0.001 vs. the sham-operated group.
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FIGURE 2 | Effect of HJZ-12 on α-SMA and PCNA expression of rat prostate. SD rats were orally administered with a sham (olive oil), model (E/T), NAF
(10.0 mg/kg), HJZ-12 LOW (1.0 mg/kg), HJZ-12 MID (3.0 mg/kg) and HJZ-12 HIG (10.0 mg/kg) groups for 4 weeks. (A) The α-SMA images in rat prostate, original
magnification × 200; and quantitative analysis was determined by thickness (μM) of the layer surrounding the acinus. (B) PCNA expression in the prostate tissue
determined using Western blot. Columns, mean values; error bars, SD (n � 5–8). Significance was determined using one-way ANOVA coupled with Turkey’s
multiple comparisons test. **p < 0.01 and ***p < 0.001 vs. the model control group. #p < 0.01 vs. the sham-operated group.

FIGURE 3 | Effect of HJZ-12 on the apoptosis of rat prostate. (A) Protein lysates were collected from rat prostate treated with NAF (10.0 mg/kg), HJZ-12 LOW
(1.0 mg/kg), HJZ-12 MID (3.0 mg/kg) and HJZ-12 HIG (10.0 mg/kg). Western blot and quantitative analysis were used to assess cleaved caspase-3 protein expression.
(B) TUNEL assay was carried out to detect the apoptotic cells and TUNEL-positive cells were captured on a fluorescence microscope (100×). Columns, mean values;
error bars, SD (n ≥ 5). Significance was determined using one-way ANOVA coupled with Turkey’s multiple comparisons test. **p < 0.01 and ***p < 0.001 vs. the
model control group.
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dose-dependent manner in BPH-1 cells (Figure 4A),
approximately by 23%, 62%, and 84% at 5, 10, and 15 μM,
respectively. In addition, HJZ-12 dose-dependently induced
caspase-3 activation (Figure 4B). HJZ-12 induced apoptosis
rather than anti-proliferation in the BPH-1 cells.

Effects of HJZ-12 on Norepinephrine- or
Phenoxybenzamine-Treated BPH-1 Cells
Evidence indicated that activation of α1-ARs by catecholamines
generally enhances growth-related gene expression and cell growth
(Michelotti et al., 2000; Kojima et al., 2009). In the present study,
the effect of HJZ-12 on norepinephrine (NE)- stimulated cell
proliferation in BPH-1 cells was measured to determine
whether or not the role of HJZ-12 on BPH-1 is associated with

its antagonistic activity against α1-ARs. The endogenous agonist
NE (0–50 μM) increased the cell viability from 0 to 30 μM and
decreased upon 30 μM.At 30 μM,NE increased the cell viability by
15.2% (Figure 5A, p < 0.05). As shown in Figure 5B, treatment
with NE (30 μM) did not change the viability inhibition of HJZ-12
in the BPH-1 cells (p > 0.05), suggesting an α1-adrenoceptor-
independent effect of HJZ-12 on BPH-1 cell viability.

The catecholamine neurotransmitter NE binds to α1-ARs
located on the cell membrane and activates phospholipase,
generating a second messenger that ultimately results in
smooth muscle contraction (Mcvary et al., 1998; Shibata et al.,
2003). In order to confirm that whether the apoptotic effects of
HJZ-12 were α1-AR mediated phenomenon, we subsequently
tested the ability of irreversible of α1-AR inhibitor,
phenxoybenzamine, to interfere with the antigrowth action of
HJZ-12 (Hu et al., 1995; Kyprianou and Benning, 2000). As
shown in Figure 5C, exposure to phenoxybenzamine (1 μM)
prior to treatment did not inhibit the apoptotic effect of HJZ-12
against BPH-1. All these data indicated that the anti-growth effect
of HJZ-12 on BPH-1 cells was mediated by α1-adrenoceptor-
independent mechanism.

Bmi-1 Downregulation in HJZ-12-Induced
BPH-1 Cell Apoptosis
To further investigate the mechanism underlying HJZ-12’s
apoptotic induction, the BPH-1 cells were treated with HJZ-12

TABLE 3 | In vitro antiviability (IC50, μM)a of HJZ-12 andNAF in BPH-1 andWPMY-
1 cell lines.

BPH-1 WPMY-1

24 h 48 h 24 h 48 h

HJZ-12 23.96 ± 1.05 14.76 ± 2.35 39.13 ± 0.95 23.41 ± 1.21
Naftopidil (NAF) >50 40.33 ± 3.21 >50 48.59 ± 1.08

aThe cell viability inhibition of BPH-1 cell after treatment with different concentrations for
24 and 48 h, measured by CCK8 cell viability assay. The data expressed as inhibition
percentage of control, are reported as IC50 values (n � 5), which represent the
concentration (μM) of test compounds required to inhibit 50% of cell growth.

FIGURE 4 | Apoptotic induction by HJZ-12 in BPH-1 cells. (A) BPH-1 cells treated with HJZ-12 (0, 5, 10, and 15 μM) for 24 h, were collected. Flow cytometry
analysis with annexin V-FITC/PI staining was used to calculate the apoptotic cells. Representative images and cell death population analysis from three independent
replicates are shown. (B) Protein lysates were collected from BPH-1 cells treated with HJZ-12 (0, 5, 10, and 15 μM) and NAF (40 μM) for 24 h. Western blot assay and
quantitative analysis were used to assess cleaved caspase-3 protein expression. Columns, mean values; error bars, SD (n ≥ 4). Significance was determined using
one-way ANOVA coupled with Turkey’s multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the control group.
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(15 μM) for 12 h, and the total RNA was extracted for high
throughput sequencing (RNA-Seq). Downregulated sequenced-
genes were screened using the following three limiting conditions,
as follows: 1) fold change＞1.5, 2) gene expression is between 1
and 30 and 3) genes are closely related to anti-apoptosis (from
PubMed database). Then, six genes, namely, Bcl-3, Bmi-1,
FGFR3, ITGA2, RRS1, and SGK1, up to the above standards
were screened out (Figure 6A). The RNA-Seq results were then
confirmed via RT-qPCR and Western blot. First, the mRNA
levels of BPH-1 cells treated with HJZ-12 at different
concentrations (0, 5, 10, and 15 μM) for 12 and 24 h were
detected using RT-qPCR. The mRNA levels of four genes
(Bmi-1, FGFR3, RRS1, and Bcl-3) were significantly decreased,
whereas the other two mRNA levels (SGK1 and ITGA2) were
significantly increased (Figure 6B). Then, the expression levels of
Bmi-1, FGFR3, RRS1, and Bcl-3 proteins in BPH-1 cells were
analyzed using Western blot for 24 h. Bmi-1 protein expression
was significantly decreased by HJZ-12 (10 and 15 μM) in
accordance with its mRNA level (Figure 6C, p < 0.05 vs.
negative control).

Next, Bmi-1 siRNA was applied to silence the Bmi-1
expression in BPH-1 cells, mimicking the Bmi-1 status in
HJZ-12 treatment. As shown in Figure 7, we found that Bmi-
1 protein expression was significantly reduced (p < 0.001), and
the apoptotic rate was significantly increased compared with the
NC group (p < 0.01), similar to the HJZ-12 groups. When Bmi-1
siRNA was provided in the presence of HJZ-12 (15 μM), Bmi-1
protein expression was further significantly reduced (p < 0.001)
and the apoptotic rate was further increased, compared with the
HJZ-12 (15 μM) group (p < 0.05). All the above results suggested
that the downregulation of Bmi-1 protein involved in HJZ-12-
induced BPH-1 apoptosis.

DISCUSSION

Combined α1A/α1D-selective antagonists maybe necessary for an
optimal clinical benefit, as the presence of α1D- ARs in human
bladder and spinal cord may play a role in the pathophysiology of
prostatic disease (Schwinn and Michelotti, 2000; Unnikrishnan
et al., 2017). Some recent studies have also demonstrated that

α1-AR antagonists may affect prostate pathophysiology by
inducing apoptosis via mechanisms that transcend smooth
muscle relaxation (Garrison and Kyprianou, 2006). However,
the effect whereby α1D/1A-AR blocker HJZ-12 suppresses the
progress of BPH and induces apoptosis is not well understood.
In the present study, an in vivo anti-BPH study of compound HJZ-
12 in estrogen/androgen-induced rat BPH model was performed.
The results showed that HJZ-12 effectively inhibited the
development of BPH, as indicated by the decreased prostatic
index, and inhibited PCNA and α-SMA expression in the
prostate tissue. In addition, HJZ-12 induced apoptosis and
decreased the hyperplastic prostate volume in vivo, which
differs from NAF. HJZ-12 also inhibited the cell growth of
BPH-1 in vitro without affecting cell cycle but inducing
apoptosis via downregulation of Bmi-1 protein.

In vivo, compound HJZ-12 performed better anti-BPH effect
than NAF under the same dose administration (10.0 mg/kg) in
the rat BPH model. HJZ-12 exhibited clearer arrangement and
more uniform size than NAF according to the histomorphologic
image (Figure 1A). Moreover, HJZ-12 treatment deeply
restrained prostate growth by not only decreasing wet weight
index, but also obviously shrinking volume index (Table 2).
Glandular weight was used to assess the progression of BPH,
because BPH involves epithelial and stromal hyperplasia of the
prostate that results in the increase in the prostate weight (Suzuki
et al., 1994). Prostate volume is also an important marker in BPH-
development, as an increasing ratio of estrogen and androgen
stimulates the prostate enlargement, which causes anatomical
obstruction to urine outflow (Nieto et al., 2014). NAF was
reported to inhibit prostate cell proliferation, which is
mediated through its α1-AR antagonism, as α1D-subtype plays
an significant role in prostate growth (Xin et al., 1997). However,
NAF does not induce apoptosis in vivo and has no inhibitory
effect on prostate volume both in the rat BPHmodel and patients
with BPH (Kojima et al., 2009). Considering the different
performances between HJZ-12 and NAF, the characteristics of
apoptosis may be a potential mechanism of the shrinking prostate
size for HJZ-12 therapy in BPH.

In vitro, the initial mechanism research of HJZ-12 proceeded
upon human BPH-1 cell lines. HJZ-12 and NAF caused 50%
inhibition of cell growth in 48 h at concentrations of 14.76 ±

FIGURE 5 | Effects of HJZ-12 on NE- or phenoxybenzamine-treated BPH-1 cells. (A) NE stimulated BPH-1 cell proliferation at different doses for 24 h. (B)
Expression of the cell viability on BPH-1 cells treated with different doses of HJZ-12, alone or in combination with 30 μM NE was evaluated using CCK8 assays. (C)
Expression of the cell viability on BPH-1 cells treated with different doses of HJZ-12, alone or in combination with 1 μM phenoxybenzamine, was evaluated using CCK8
assays. Columns, mean values; error bars, SD (n ≥ 4). Significance was determined using one-way ANOVA coupled with Turkey’s multiple comparisons test. *p <
0.05 vs. the control group.
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2.35 μM and 40.33 ± 3.21 μM, respectively. Similar with
doxazosin and terazosin (Kyprianou and Benning, 2000;
Kyprianou, 2003), our observation that HJZ-12 exerted a
similar antigrowth effect against human A549 lung cancer cells
and MCF-7 breast cancer cells (Supplementary Table S1),
implying the apoptotic action of HJZ-12 is a global effect

rather than prostate-specific character. α1-ARs coupled
through G proteins modulated diverse intracellular processes,
including activation of vascular smooth muscle contraction and
promotion of proliferative responses. Therefore, some
possibilities to attribute the cellular effects of HJZ-12 to its
already found α1-ARs antagonism existed. However, in the

FIGURE 6 | Screening out downregulation of Bmi-1 under HJZ-12 treatment. (A) Heatmap of RNA-seq data in BPH-1 cells treated with HJZ-12 (15 μM) for 12 h.
(B) qPCR assay of six genes in BPH-1 cell during HJZ-12 (0, 5, 10, and 15 μM) and NAF (40 μM) treatments for 12 and 24 h #p < 0.05, ##p < 0.01, and ###p < 0.001 vs.
the control group of 12 h; *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the control group of 24 h. (C) Protein lysates were collected fromBPH-1 cells treated with HJZ-12 (0,
5, 10, and 15 μM) and NAF (40 μM) for 24 h. Western blot assay and quantitative analysis were used to assess four proteins expression levels. *p < 0.05 and **p <
0.01 vs. the control group. Columns, mean values; error bars, SD (n ≥ 4). Significance was determined using one-way ANOVA coupled with Turkey’s multiple
comparisons test.
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NE-stimulated models, NE did not inhibit the anti-growth effect
of HJZ-12 on BPH-1; this action was in accordance with the
observations that pre-treatment with phenoxybenzamine did not
abrogate the cellular response to HJZ-12- induced apoptosis in
BPH-1 cells, neither. These findings indicated the special α1-
independent role of HJZ-12 against BPH-1 cells, as opposed to
that of NAF. It was reported that the α1-AR subtypes play a direct
role in regulating the cell cycle in several cell types. Moreover, this
regulation may be subtype specific, with the α1A- and α1D-ARs
mediating cell cycle arrest, whereas α1B-AR causes cell-cycle
progression and induces transformation (Gonzalez-Cabrera
et al., 2004). Given that the results of the present study
showed that HJZ-12 did not affect BPH-1 cell cycle arrest, NE
should not inhibit the anti-growth effect of HJZ-12 upon BPH-1.

RNA-Seq assay and additional restricted conditions followed
by RT-qPCR and Western blot verification showed that Bmi-1
protein was involved in HJZ-12-induced apoptosis in BPH-1
cells. The oncogenic polycomb group protein Bmi-1 regulates
both normal and cancer stem cells in multiple tissues. Bmi-1
expression is necessary for normal prostate tubule regeneration in
vivo. Bmi-1 inhibition protects prostate cells from FGF-10-driven
hyperplasia and slows the growth of prostate cancer (Li et al.,

2010; Lukacs et al., 2010). Most reports focused on the role of
Bmi-1 in the development of prostate cancer. However, to what
extent does Bmi-1 affect prostatic hyperplasia is unknown. In the
present study, HJZ-12 could considerably inhibit Bmi-1
expression in an α1-independent manner and induce
apoptosis, which was similar to Bmi-1-siRNA. Moreover, Bmi-
1 siRNA further reduced the Bmi-1 level and triggered apoptosis
in the presence of HJZ-12, implying that downregulation of Bmi-
1 protein via an α1-adrenoceptor-independent mechanism
possibly mediated HJZ-12-induced apoptosis. However,
identifying the mechanism on how HJZ-12 decreased Bmi-1
expression to induce apoptosis in BPH-1 cells requires
additional experiments.

BPH is a multifactorial disease that most likely require multi-
target strategies to improve therapeutic efficacy (Morphy et al.,
2004; Lu et al., 2012). The therapeutic benefit of α1- ARs
antagonists to relax prostate muscle tone has been confirmed
but it is insufficient for patients with big hyperplastic prostate size
in clinical (Mcvary et al., 2011; Van Asseldonk et al., 2015). For
the management of BPH, the use of antagonists to simultaneously
relax the prostate and slow prostate enlargement may be more
effective than monotherapy solely targeting α1A- and α1D-ARs

FIGURE 7 | Bmi-1 mediates the apoptotic induction of HJZ-12 in BPH-1 cells. (A) Downregulation efficacy of Bmi-1 siRNA and HJZ-12 (15 μM) in BPH-1 cells as
examined using Western blot, and quantitative analysis of the protein levels of Bmi-1 normalized to that of β-actin. ***p < 0.001 vs. the NC treatment group, ###p < 0.01
vs. the NC plus 15 μMHJZ-12 treatment group. (B) Effect of Bmi-1 downregulation on apoptosis of BPH-1 cells, as examined using flow cytometry analysis with Annexin
V-FITC/PI staining was used to calculate the apoptotic cells. **p < 0.01 and ***p < 0.001 vs. the NC treatment group, #p < 0.05 vs. the NC plus 15 μM HJZ-12
treatment group. Columns, mean values; error bars, SD (n ≥ 5). Significance was determined using one-way ANOVA coupled with Turkey’s multiple comparisons test.
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(Hieble, 2011). However, the improvement of LUTS/BPH
mediated by the association of 5α-reductase inhibitors with
α1-AR blockers as compared with monotherapy with α1-AR
blockers is only clearly observed after long term therapy;
some adverse effect of 5α-reductase inhibitors might reduce
patient compliance to treatment (Nascimento-Viana et al.,
2016). Thus, the present study reported that HJZ-12, which
could concomitantly relax prostate muscle and shrink
hyperplastic prostate size, may be a multi-target effective
candidate for the treatment of BPH/LUTS and modify the
course of the disease.

In conclusion, piperazine-derived compound HJZ-12
suppressed BPH progress and induced apoptosis through
deregulation of signal transduction pathways, potentially
involving Bmi-1 signaling. Targeting apoptosis in an attempt
to control prostatic growth may be a potentially powerful
therapeutic approach for the effective treatment of BPH.
Studies of more in vitro prostatic cell models are in progress
to investigate the mechanistic aspects of the apoptotic effect of
HJZ-12 against BPH. Overall, our study provided the possibility
of multi-target drug design for treating BPH. Superior and multi-
targeted drugs administration for patients with BPH are hopeful
to be used in clinical in the near future.
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