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Effects of shRNA-mediated silencing of PDESA3 on intracellular
c¢GMP and free Ca** levels and human prostate smooth muscle
cell proliferation from benign prostatic hyperplasia
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Abstract. Benign prostatic hyperplasia (BPH) with lower
urinary tract symptoms (LUTS) is a common disease among
elderly men, for which safe and effective treatment strategies
remain limited. The aim of the present study was to explore
the potential effects of phosphodiesterase SA3 (PDE5A3)
silencing on human prostate smooth muscle cells (HPSMCs).
HPSMCs were initially obtained from patients with
BPH/LUTS. Short hairpin RNA (shRNA) targeting the
PDESA3 gene was subsequently transfected into cultured
HPSMCs. The expression of PDESA3 was measured using
reverse transcription-quantitative PCR and western blotting.
cGMP levels were then measured using western blotting
and immunocytochemical staining and intracellular Ca*
concentration was measured using rhod2-AM in HPSMCs
after transfection. HPSMC proliferation was also observed
within 4 days. Cells transfected with PDE5A3-shRNA?2
exhibited the most notable decline in PDE5SA3 expression
compared with that in the Control or NC groups. cGMP
levels in HPSMCs transfected with PDE5SA3-shRNA2 was
significantly increased compared with those in the Control or
NC groups, whereas intracellular Ca** concentrations in cells
in the PDE5SA3-shRNA2 group were decreased compared
with that in the Control or NC groups. The proliferation of
HPSMC:s in the PDE5A3-shRNA2 group was also inhibited
compared with that in the Control or NC groups after 72 h of
culture. In conclusion, shRNA-mediated silencing of PDESA3
was able to increase the levels of cGMP whilst reducing the
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concentration of Ca?* in HPSMCs, in turn suppressing their
proliferation. These findings may potentially provide a novel
therapeutic target for treating BPH/LUTS.

Introduction

Benign prostatic hyperplasia (BPH) is an irregular benign
hyperplasia of smooth muscle cells and other stromal cells in
the transitional area of the prostate gland (1,2). BPH may be
induced by a variety of risk factors, including obesity, hyper-
lipidemia, type 2 diabetes and certain androgenic hormone
disorders, which may lead to a series of lower urinary tract
symptoms (LUTS) (3,4). BPH with LUTS is a common
disease that is associated with androgen among older men (4).
According to statistical data in the USA, the incidence of BPH
in men aged >50 years is ~50%, where the incidence in men
aged >80 years can reach as high as 80% (5). Accumulating
evidence suggest that BPH/LUTS is also closely associated
with the occurrence of erectile dysfunction (ED), where
severe bladder outlet obstruction may induce sexual dysfunc-
tion (6-8). Since BPH/LUTS can significantly reduce the life
quality of older men (5,6,9), a safe and effective therapeutic
strategy for this condition is warranted.

Phosphodiesterases (PDEs) by regulate the intracellular
concentrations of cyclic nucleotides by catalyzing the hydro-
lysis of both cyclic adenosine monophosphate (cAMP) and
cyclic guanosine monophosphate (cGMP) (10). The PDE super-
family consists of 11 gene families (PDE1-11), each presenting
distinct affinities for cAMP and cGMP (11). Among them,
phosphodiesterase 5 (PDES) is a specific cGMP hydrolase, such
that the inhibition of PDES activity can block cGMP hydro-
lysis and reduce intracellular Ca*" concentration to promote
smooth muscle relaxation (12). This suggests that PDES may
serve as a potentially promising target for the treatment of
BPH/LUTS (13,14). However, since PDES is ubiquitously
expressed in the human body and participates in a number of
physiological and pathological processes in numerous tissues
or organs, inhibition of PDES5 using traditional inhibitors may
induce various adverse side effects (15,16). Therefore, an
effective inhibitor targeting PDES5 that causes fewer adverse
side effects is required.
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PDES can be divided into three subtypes based on the
different terminal sequences, namely PDESA1, PDESA2 and
PDES5A3 (17). In particular, PDESA3 is mainly found in human
smooth muscle tissues but is absent in a number of essential
organs and tissues, including the brain, lung, liver, kidney and
skeletal muscle (15). Short-hairpin RNA (shRNA) is a versatile
tool that has the potential to modulate cell gene expression in
a stable manner (18). Pan et al (19) previously revealed the
effects of shRNA-mediated downregulation of PDE5SA3 on
¢GMP in smooth muscle cells of human corpus cavernosum.
However, this study of PDE5A3 was mainly performed on the
penis, whilst the role of PDESA3 in human prostate smooth
muscle cells and patients with BPH/LUTS remain poorly
understood.

The aim of the present study was to effectively silence the
expression of the PDESA3 gene stably by shRNA transfection
and observe its effects on the intracellular levels of cGMP and
free Ca’* in human prostate smooth muscle cells (HPSMCs),
with specific focus on HPSMC proliferation. The purpose
of the present study was to identify a potential target for the
treatment of BPH/LUTS.

Materials and methods

Tissue collection and cell culture. Prostate tissues from six
male patients with BPH (67.3+8.4 years old) who underwent
transurethral resection of the prostate were initially collected.
Surgery was performed at the Department of Urology, Nanjing
First Hospital, Nanjing Medical University (Nanjing, China).
The present study was approved by the Ethics Committee of
Nanjing Medical University and written informed consents
were collected from all participants. The BPH tissues were
placed in sterile tubes containing PBS before being immedi-
ately transported on ice to the laboratory. After being briefly
washing three times using fresh sterile PBS, BPH tissues
were sliced into small pieces and digested using collagenase
(type I, 0.075%; Sigma-Aldrich; Merck KGaA) at 37°C on
an orbital shaker. After 30 min enzymatic digesting, the cell
suspension was strained using a 75-ym mesh (Corning, Inc.)
and subsequently centrifuged at 400 x g for 5 min at room
temperature (RT). The cell pellet was then resuspended in
fresh DMEM containing 10% FBS and centrifuged once more
(400 x g for 5 min at RT) to remove any residual collagenase
and thereafter cultured on new dishes. Cells in all dishes were
cultured at 37°C in an incubator with 5% CO, and 95%air (20).
After continuous culture to passage 3 and differential velocity
adherent (smooth muscle cells require longer adherence
time compared with fibroblasts), the stromal cells (except
smooth muscle cells) were gradually removed and homoge-
neous HPSMCs were finally obtained. Cellular assays were
performed in 24-well plates or 96-well microplates (Corning,
Inc.) with an initial seeding density of 1x10* cells per well or
2,000 cells per well, respectively.

Cell identification. Freshly isolated HPSMCs at passage 3
were gathered, washed three times with PBS containing
1% bovine serum albumin (BSA; Beijing Solarbio Science &
Technology Co., Ltd.) and centrifuged at 400 x g for 5 min
at RT. Subsequently, cells were fixed at RT in 4% buffered
paraformaldehyde for 20 min before 0.1% Triton X-100 was

Table I. Sequences of shRNAs used for the present study.

Name Sequence

shPDE5SA3-1 5'-GCTCAAGACTCTTGGAATTAG-3'
shPDE5A3-2 5'-GCATATCCATGGACTGATATC-3'
shPDES5SA3-3 5'-GCTCAGCTCTATGAGACTTCA-3'
shPDE5A3-4 5-GGATGAAGATTGCTCCGATTC-3'

Negative control 5-TTCTCCGAACGTGTCACGT-3'

PDESA3, phosphodiesterase 5A3; sh, small hairpin.

utilized to permeabilize the cell membranes for 10 min at RT.
After rinsing twice, blocking solution (1% BSA in PBS) was
applied for 30 min at RT and the cells were subsequently incu-
bated with primary antibodies against a-smooth muscle actin
(0-SMA;cat.no.ab32575; 1:100; Abcam), trasngelin-1 (SM22a;
cat. no. ab212857, 1:200; Abcam), Desmin (cat. no. ab271829;
1:100; Abcam), Calponin (cat. no. MABT1504; 1:300;
Sigma-Aldrich; Merck KGaA) and smooth muscle myosin
heavy chain (SMMHC; cat. no. ab133567; 1:100; Abcam) at
4°C overnight. The cells were then washed three times with
PBS and incubated with FITC-conjugated secondary anti-
bodies (cat. nos. ab7086 and ab7064, 1:300; Abcam) at RT for
1 h. Thereafter, the cells were incubated with DAPI (5 mg/ml,
Beyotime Institute of Biotechnology) at RT for 10 min and
rinsed three times with PBS. Fluorescent signals were detected
at x200 magnification using a Nikon A1R confocal microscope
(Nikon Corporation) with the NIS-Elements AR 4.0 software
package (Nikon Corporation).

In addition to immunofluorescence staining, collected
and washed HPSMCs (1x10%100 ul) were also incubated
with conjugated primary antibodies against CD31 (FITC;
cat. no. 557508; 1:200; BD Biosciences), CD34 (phycoerythrin
(PE); cat. no. NBP2-34713PE, 1:200; Novus Biologicals,
LLC), CD45 (PE; cat. no. 560975; 1:200; BD Biosciences),
CD14 (FITC; cat. no. 561712, 1:200; BD Biosciences), kinase
insert domain receptor (KDR; PE; cat. no. FAB357P; 1:200;
R&D Systems, Inc.), CD29 (PE; cat. no. 557332, 1:200;
BD Biosciences), platelet-derived growth factor receptor 3
(PDGFR-f; PE; cat. no. 558429, 1:200; BD Biosciences) and
CD90 (PE; cat. no. 561970, 1:200; BD Biosciences) at RT for
40 min in the dark. After washing twice, the collected cells
were resuspended in PBS and further investigated using a
BD FACSCalibur™ flow cytometer (BD Biosciences). All
flow cytometry data were analyzed using FlowJo (version
10.0.7; FlowJo LLC). IgG-matched isotypes (PE; Mouse IgG,
cat. no. 555749, 1:200; cat. no. 554679, FITC-Mouse IgG 1:200;
BD Biosciences) were utilized for each procedure.

ShRNA transfection. According to the design principles
for the RNA interference target sites, PDESA3 shRNA
sequences were designed based on the PDE5SA3 sequence
(GenBank accession number: NM_033437; https:/www.ncbi.
nlm.nih.gov/nuccore/NM_033437.4), where four of which
were eventually selected. The corresponding sequences are
shown in Table I. The target non-homologous shRNA was
also selected as a negative control. The shRNA lentiviral
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Table II. Primer sequences for reverse transcription-quantitative PCR.

Name Primer sequence Primer length (bp)
PDESA3 F: 5-GCTTTTGTCATCTTTTGTGGCTT-3' 139

R: 5-GCTCTCTTGTTTCTTCCTCTGCT-3'
GAPDH F: 5-CATCTTCTTTTGCGTCGCCA-3' 115

R: 5-TTAAAAGCAGCCCTGGTGACC-3'

PDESA3, phosphodiesterase 5A3; F, forward; R, reverse.

particles were constructed as previously described (21).
Lentiviruses were generated by transfecting 293T cells with
1.5 pg shRNA-encoding plasmids (pGLV3/H1/GFP + Puro;
Shanghai Jikai Gene Chemical Technology Co., Ltd.). For
transduction, the HPSMCs were passaged to 60% confluence
in a 24-well plate before Opti-MEM medium (0.5 ml per well;
Gibco; Thermo Fisher Scientific, Inc.) with 5 yg/ml poly-
brene (Sigma-Aldrich; Merck KGaA) was added to the cells.
Subsequently, the viral particles were added at a multiplicity
of infection of 10. After 24 h incubation in 5% CO, at 37°C,
the viral particle-containing medium was removed and fresh
DMEM with 10% FBS was added for further incubation.
After 2 days, cells were screened using 3 ug/ml puromycin
(Sigma-Aldrich; Merck KGaA) for 4 days at 37°C. Cells
were then assigned to the control group (no transfection),
NC group (transfected with NC shRNA), shPDESA3-1 group
(transfected with PDE5SA3-shRNA1), shPDE5SA3-2 group
(transfected with PDE5A3-shRNA2), shPDE5SA3-3 group
(transfected with PDESA3-shRNA3) and shPDESA3-4 group
(transfected with PDE5A3-shRNA4). Transfection efficiency
was monitored using flow cytometric analysis and fluores-
cence microscopy, which was verified further by reverse
transcription-quantitative PCR (RT-qPCR) and western blot
analysis. For flow cytometric analysis, the transfected cells
were gathered, washed three times with PBS containing
1% BSA, centrifuged at 400 x g for 5 min at RT and inves-
tigated further using a BD FACSCalibur™ flow cytometer
(BD Biosciences) using the FITC channel. All flow cytometry
data were analyzed using Flow Jo (version 10.0.7; FlowJo
LLC). For fluorescence detection, the transfected cells were
washed twice using PBS and observed using fluorescence
microscopy at x100 magnification. The transfection efficiency
was decided by the proportion of GFP-positive cells.

RT-gPCR. The extraction of total RNA in cells was
carried out using the TRIzol™ Plus RNA purification kit
(cat. no. 12183555; Invitrogen; Thermo Fisher Scientific, Inc.)
on the basis of manufacturer's protocol. The purified RNA
was then reverse transcribed to cDNA using High-Capacity
cDNA Reverse Transcription kit (cat. no. 4368814; Applied
Biosystems,; Thermo Fisher Scientific, Inc.). To perform
reverse transcription, the conditions were set as following:
25°C for 10 min, 37°C for 120 min and 85°C for 5 min.
LightCycler 480 System (Roche Applied Science) was
utilized to carry out the RT-qPCR experiments. According
to the specifications, the qPCR reaction mixture volume was
20 ul and included 10 ul 2X SYBR™ Green PCR Master

Mix (cat. no. 4309155; Applied Biosystems; Thermo Fisher
Scientific, Inc.), 1 ul cDNA template, 1 pl forward primer
(10 uM), 1 ul reverse primer (10 uM) and 7 ul sterile water.
The gPCR conditions were set as following: 95°C for 10 min,
followed by 40 cycles at 95°C for 20 sec and 60°C for 1 min.
Relative expression of PDE5SA3 mRNA was expressed as
2-44C4(22). GAPDH was utilized as the control for normaliza-
tion. The specific primer sequences of PDESA3 and GAPDH
are shown in Table II.

Western blotting. Total proteins were extracted from HPSMCs
in each treatment groups using a Total Protein Extraction
Kit (cat. no. KGP2100; Nanjing KeyGen Biotech Co., Ltd.).
Protein concentration was quantified using a bicinchoninic
acid protein assay kit (Nanjing KeyGen Biotech Co., Ltd.).
SDS-PAGE and immunoblotting were performed according
to the manufacturer's protocols (Bio-Rad Laboratories,
Inc.). Briefly, polyvinylidene fluoride membranes (EMD
Millipore) were blocked using 5% skim milk dissolved in TBS
(pH 7.5)-0.1% Tween-20 (TBS-T) for 2 h at RT after protein
transfer from 12% SDS-PAGE gels (50 mg/lane). Subsequently,
the membranes were incubated overnight at 4°C with either
the rabbit polyclonal anti-PDE5A3 antibody (cat. no. ab64179;
1:1,000; Abcam) or rabbit polyclonal anti-cGMP antibody
(cat. no. ab12416; 1:2,000; Abcam). The membranes were
then washed with TBS-T and incubated with horseradish
peroxidase (HRP)-conjugated anti-rabbit secondary antibody
(1:5,000; cat. no. KGAA35; Nanjing KeyGen Biotech Co.,
Ltd.) at RT for 2 h. Enhanced Chemiluminescence Detection
Kit (Bio-Rad Laboratories, Inc.) and the ImageJ software
(version 1.5i; National Institutes of Health) were used to detect
and semi-quantitatively analyze the immunoreactive proteins.
This experiment was performed three times.

Immunocytochemical staining. The pretreatment process
was identical to that of immunofluorescence staining afore-
mentioned. After and blocking, HPSMCs were incubated
with the rabbit anti-cGMP antibody (cat. no. ab12416;
1:100; Abcam) at 4°C overnight. On the following day, each
sample was washed three times with PBS for 5 min each
time, before incubation with HRP labeled goat anti-rabbit II
(cat. no. KGA A35; 1:500; Nanjing KeyGen Biotech Co., Ltd.)
for 30 min at RT. Diaminobenzidine (DAB; cat. no. KGP1045;
1:10; Nanjing KeyGen Biotech Co., Ltd.) was used for 5 min
at RT for coloring, and nuclear counterstain was performed
in hematoxylin (Beijing Solarbio Science & Technology Co.,
Ltd., H8070) for 3 min at RT. All samples were detected by
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Figure 1. HPSMCs identification. (A) Cell morphology of freshly isolated and cultured HPSMCs at passages 0 and 3. Scale bar, 50 ym. (B) Immunofluorescence
staining of a-SMA, SM22a, Desmin, Calponin and SMMHC (all green), and cell nucleus (blue) in HPSMCs at passage 3. Scale bar, 50 gm. (C) Flow cyto-
metric analysis revealed that HPSMCs were positive for CD29, PDGFR-3 and CD90, whilst negative for CD31,CD34, CD45, CD14 and KDR. HPSMC, human
prostate smooth muscle cells; SMMHC, smooth muscle myosin heavy chain; PDGFR-f, platelet-derived growth factor receptor §; KDR, kinase insert domain

receptor; SM22a., transgelin-1.

light microscopy at x200 magnification after re-staining. The
level of cGMP was assessed using the Image Pro Plus soft-
ware (version 6.0.0.260; Media Cybernetics, Inc.). The mean
density=total density/cell area.

Intracellular free Ca** assay. The level of intracellular free
Ca® in HPSMCs was determined at 48 h after 4 days puro-
mycin screening using thod2-AM (cat. no. R1244; Invitrogen;
Thermo Fisher Scientific, Inc.). In order to remove extracel-
lular Ca** and detect only intracellular free Ca*, the cultured
cells were washed with sterile PBS along with a chelator solu-
tion (10 mM glucose, 10 mM EGTA, 110 mM NacCl, 10 mM
HEPES, pH 7.4). The HPSMCs were then incubated with
rhod2-AM 4 uM) in serum-free DMEM at 37°C for 30 min.
After rinsing the HPSMCs three times using serum-free
DMEM, the signal of intracellular free Ca®* was detected
using fluorescence microscopy at x200 magnification and
assessed further using the Image-Pro Plus software (version

6.0.0.260; Media Cybernetics, Inc.). The mean density=total
fluorescence density/cell area.

MTT assay. HPSMCs in logarithmic phase were collected
before 3,000 cells from each group were inoculated into three
duplicated wells. After cell incubation for 24, 48, 72 and 96 h
at 37°C, 5 mg/ml MTT (20 pl) solution (Beyotime Institute of
Biotechnology) was added to each well at the corresponding
time points, followed by incubation at 37°C for 3 h. Thereafter,
the culture medium and MTT in each well were removed
and 150 u1 DMSO (Beyotime Institute of Biotechnology)
was added into each well before the plates were continuously
shaken for 10 min. The optical density value at 570 nm in each
well was detected using a microplate reader.

Assessment of cell proliferation by EAU assay. The proliferation
of HPSMCs were also detected using BeyoClick™ EdU-555
kit (cat. no. C0075; Beyotime Institute of Biotechnology)
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Figure 2. Lentiviral transfection. Observation of cells using (A) light and (B) fluorescent microscopy after transfection. Scale bar, 50 gm. (C) Transfection
efficiency of lentiviral particles as detected by immunofluorescence. (D) Transfection efficiency of lentiviral particles as detected by flow cytometric analysis.
NC, negative control; PDESA, phosphodiesterase 5A; sh, small hairpin; GFP, green fluorescent protein.

according to the manufacturer's protocols. HPSMCs were
seeded in 96-well plates at 1,000 cells per well. After 72 h of
seeding, HPSMCs were incubated with EdU (10 M) for 2 h
at 37°C. After fixation with 4% paraformaldehyde at RT for
10 min, cell nuclei were stained with DAPI (5 mg/ml; Beyotime
Institute of Biotechnology) for 15 min at RT. EdU-positive cells
were detected using fluorescence microscopy at x100 magnifi-
cation and automatically quantified using the Image-Pro Plus
software (version 6.0.0.260; Media Cybernetics, Inc.). The
proportion of EdU-positive cells were calculated.

Statistical analysis. Each experiment was repeated three
times. All data were presented as the mean + SEM. One-way
analysis of variance (ANOVA) was introduced to assess
statistical comparisons of the data among multiple groups. If
ANOVA revealed a significant difference, Tukey's post hoc
test was utilized to compare between each group. P<0.05 was
considered to indicate a statistically significant difference.

Results

HPSMCs identification and transfection. HPSMCs were
isolated from the hyperplastic prostate. After culture for
2 days, HPSMCs at passage 0 emerged with shuttle-like or
polygon morphologies (Fig. 1A). Subsequently, at passage 3,
HPSMCs became fusiform and arranged themselves into
bundles (Fig. 1A). All spindle cells exhibited a-SMA, SM22a,
Desmin, Calponin and SMMHC staining whereas unstained
cells were could not be clearly observed (Fig. 1B). Flow cyto-
metric analysis revealed that HPSMCs were tested positive for
CD29, PDGFR-f, and CD90 but negative for CD31, CD34,
CD45, CDI14 and KDR (Fig. 1C). These findings suggest that
the cells isolated expressed smooth muscle cell markers.
Following transfection with PDE5A3 shRNA, HPSMCs in
each of the groups were observed by light and fluorescence
microscopy (Fig. 2A and B). In addition, flow cytometry was
also utilized to detect the percentage of GFP-positive cells
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Figure 3. mRNA and protein expressions of PDE5SA3 after transfection with the different sSiRNAs. (A) The mRNA expression levels of PDESA3 as measured
using reverse transcription-quantitative PCR. (B) The protein expression levels of PDE5SA3 according to western blotting. "P<0.05 vs. Control and NC; "P<0.05
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(Fig. 2D). The transfection efficiency of this lentiviral method
in each group was found to be >90% (Fig. 2C and D) and no
statistic significances could be observed among the five groups
(Fig. 20).

Cells transfected with PDE5A3-shRNA2 exhibits a notable
decline in PDE5A3. RT-qPCR and western blotting data
demonstrated that there was no notable difference between
the NC and Control group regarding the mRNA and protein
expressions of PDE5SA3 after transfection. By contrast,
PDESA3 expression was significantly decreased in the
PDE5A3-shRNAI1-4 groups compared with that in the Control
and NC group (Fig. 3A and B). In addition, the mRNA and
protein expression of PDE5SA3 in PDE5A3-shRNA2 group
exhibited significant reductions compared with that in the
other three transfected groups (Fig. 3A and B).

PDE5A3-shRNA2 mediated silencing of PDESA3 increases
intracellular cGMP levels. PDESA3-shRNA2 was subse-
quently utilized to transfect HPSMCs, which significantly
reduced the protein expression of PDESA3 compared with that
in the Control and NC group (Fig. 4). Western blotting results
revealed that the intracellular level of cGMP was significantly
increased in the PDESA3-shRNA?2 group compared with that
in the Control and NC groups (Fig. 4). This was further veri-
fied by immunocytochemical staining for cGMP (Fig. 5), the
mean density of cGMP in the PDESA3-shRNA2 group was
significantly higher compared with that in the Control and NC
groups.

PDES5A3-shRNA2 mediated silencing of PDE5SA3 reduces
intracellular free Ca** levels. Extracellular Ca?* could not
be detected (Fig. 6). Compared with that in the Control and
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Figure 5. Immunocytochemical staining of cGMP. Representative images in
the (A) Control, (B) NC and (C) PDESA3-shRNA2 groups. Scale bar, 20 zm.
(D) Evaluation of mean density. "P<0.05, vs. Control and NC. NC, negative
control; PDESA3, phosphodiesterase 5A3; sh, short hairpin.

NC groups, the concentration of Ca* in the cytosol was
significantly reduced in the PDE5SA3-shRNA?2 group (Fig. 6).

PDES5A3-shRNA2 mediated silencing of PDE5A3 inhibits
HPSMC proliferation. MTT assay, which was used to explore
the number of viable cells, revealed that there were no signifi-
cant differences among the three groups within the beginning
2 days (Fig. 7A). Subsequently, the difference became signifi-
cant, where the viability of HPSMCs in the PDE5SA3-shRNA2
group was significantly reduced compared with that in the
Control and NC group after 72 and 96 h of culture (Fig. 7A).
Similar trends could be observed after the EdU assay.
Specifically, the percentage of EdU-positive HPSMCs in
the PDESA3-shRNA2 group was significantly decreased
compared with the that in the Control and NC groups after
72 h of culture (Fig. 7B and C).

Discussion

BPH/LUTS is a common disease among older men that can
greatly reduce the quality of life (5,6,9). Current strategies for
the pharmacotherapy of BPH/LUTS, including a-blockers
and 5-a reductase inhibitors, including tamsulosin, doxa-
zosin and finasteride, have been proven to induce potential
adverse effects on sexual function and increase the incidence
of ED among older patients (23,24). PDES inhibitors (PDES5i),
including sildenafil, vardenafil and tadalafil, are currently
considered as the first-line choice for the clinical treat-
ment of ED (25). A preclinical study previously conducted
by Tinel et al (26) revealed that PDESi could inhibit the
expression of PDES in the prostate and urethral smooth
muscle tissues, inhibit the proliferation of prostate stromal
cells, induce the relaxation of lower urinary tract tissue to
eventually alleviate the manifestations of BPH/LUTS. These

D 0.20
015y T L

0.10
0.05
0.00

Mean density

NC

PDES5A3-shRNA2 ]—‘ *

Control

Figure 6. Concentration of intracellular free Ca?*. Representative images in
the (A) Control, (B) NC and (C) PDE5SA3-shRNAZ2 group. Scale bar, 20 ygm.
(D) Evaluation of mean density. “P<0.05 vs. Control and NC. NC, negative
control; PDESA3, phosphodiesterase 5A3; sh, short hairpin.

findings were verified further by Gacci ef al (27) in a clinical
study. However, the application of PDES5i for BPH/LUTS
usually requires long-term administration and high burden
that is frequently accompanied with side effects, including
headache and facial flushing (28,29). In addition, it is difficult
for some patients to achieve the desired therapeutic effect
from PDESi, increasing the difficulty for promoting PDES5i
in a clinical setting (28). PDE5SA3 is a subtype of PDES that
is mainly found in the human smooth muscle tissue (15) and
can serve as a potentially promising target for the precision
therapy of BPH/LUTS. In the present study, HPSMCs from
the prostates of patients with BPH/LUTS were obtained and
a series of experiments were conducted on these cells isolated
from the nidus. shRNA was utilized to transfect HPSMCs
and silence the expression of the PDE5SA3 gene, following
which its effects on the level of cGMP and free Ca** in
HPSMCs, in addition to their proliferation, were assessed. To
the best of our knowledge, the present study was the first to
investigate the effect of PDE5SA3 silencing on HPSMCs from
patients with BPH.

PDES is the most important enzyme regulating the intra-
cellular levels of cGMP (12). The inhibition of PDES activity
can block cGMP hydrolysis, where the increased cGMP can
reduce intracellular Ca** concentration via the activation of
protein kinase G and subsequent phosphorylation to eventu-
ally promote smooth muscle relaxation (12-14). The effects of
intracellular Ca** on smooth muscle contraction have already
been well defined (30,31). Results from the present study
indicated that the specific inhibition of PDESA3 expression by
shRNA transfection could also increase the levels of cGMP and
reduce the concentration of Ca** in HPSMCs. Increased pros-
tatic smooth muscle tone and hyperplastic growth contribute
to urethral obstruction and symptoms in BPH (32-34).
Elliot et al (35) also reported that in addition to other stromal
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Figure 7. Evaluation of HPSMC proliferation. (A) MTT assay results. (B) EdU assay data. (C) Representative images of EdU positive cells. Scale bar, 50 gm.
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cell proliferation, increases in prostate smooth muscle cell are
also associated with increasing the prostate volume during
BPH. A previous study from Wharton et al (36) found that PDES
inhibition may exert antiproliferative effects on smooth muscle
cells, which is by another study from Chen et al (37), which
reported that PDES inhibitors may also exert antiproliferative
effects on smooth muscle cells through the cGMP pathway.
The present study revealed that shRNA-mediated silencing of
PDE5A3 could not only alter the levels of cGMP and Ca*",
but also decrease the proliferation of HPSMCs. These findings
suggested a possibility for exploring the use of specific PDES
inhibitors for the treatment of BPH/LUTS. Future specific
inhibitors targeting PDESA3 may prove to be more feasible
and promising due to their positive effects on HPSMCs and
potential avoidance of the side effects caused by the traditional
inhibitors.

A number of limitations in the present study should be
acknowledged when interpreting the results. The role of
PDESA3 was only detected in vitro, such that evidence from
in vivo experiments was absent, which should be the focus
of future studies. In future studies, PDESA3 knock-out mice
should be obtained for prostate tissue isolation for tension
measurements. Partial functions of HPSMCs were explored
after shRNA transfection and other alterations in the mechan-
ical contractile force and cell migration required further
exploration. Additionally, the underlying mechanism during
PDES5A3-mediated regulation should be explored in a future
study.

In summary, findings of the present study confirmed
that shRNA-mediated silencing of PDE5A3 could increase
the level of cGMP and reduce the concentration of Ca*" in
HPSMCs, whilst decreasing the proliferation of HPSMCs.
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These findings may provide a novel molecular target for the
treatment of BPH/LUTS.
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