Am J Transl Res 2017;9(8):3787-3795
www.ajtr.org /ISSN:1943-8141/AJTRO054007

Original Article
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Abstract: Prostate cancer (PCa) is the most common malignant tumor and the second leading cause of cancer
related death among men in western countries. REGy, a proteasome activator, is reported to play important roles
in various human cancers. However, the expression patterns and potential roles of REGy in prostate cancer have
never been reported. In this study, we found for the first time that REGy is overexpressed in prostate cancer tissues
and cell lines at both protein and mRNA levels. In addition, we demonstrated that knockdown of REGy significantly
inhibited cell proliferation and induced apoptosis and cell cycle arrest in PCa cell lines PC-3 and DU145. Moreover,
we observed that the expressions of P21 were increased while the levels of cycinD1 and bcl-2 were decreased after
knockdown of REGy in PCa cells. And the stabilization of P21 was enhanced after REGy knockdown in PC-3 cells.
In summary, our findings suggest that REGy may play important roles in prostate cancer and may serve as a novel

therapeutic target in the treatment of PCa patients.
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Introduction

Prostate cancer (PCa) is the most common
malignant tumor and the second leading cause
of cancer related death among men in western
countries [1]. It is reported that the 5-year sur-
vival rate of early stage prostate cancer is over
99% while that of advanced metastatic disease
is only 28% [2]. Nowadays, several therapy
methods have been applied to advanced PCa
treatment, such as androgen deprivation thera-
py [3] and docetaxel chemotherapy [4]. How-
ever, the prognosis of advanced PCa patients is
still poor. Thus, the identification of novel mol-
ecule involved in the tumorigenesis and devel-
opment of prostate cancer will be helpful for
early diagnosis and treatment of PCa patients.

REGy, also known as PA28y, PSME3 and Ki
antigen, is a member of the 11 s family of pro-
teasome activators that bind to and activate
20 s core proteasome [5, 6]. It was shown to
regulate the degradation of a series of impor-
tant proteins in an ubiquitin- and ATP-inde-
pendent manner, including steroid receptor

coactivator 3 (SRC-3) [7], the cell cycle inhibi-
tors (p16, p21 and p53) [8, 9] and c-Myc [10].
Recently, accumulating evidences suggest the
importance of REGy in the carcinogenesis and
development of various human cancers includ-
ing breast cancer [11], thyroid cancer [12] and
skin cancer [13]. However, the expression pat-
tern and biological functions of REGy in pros-
tate cancer have never been investigated.

In the present study, we are aimed to investi-
gate the expression and biological roles of REGy
in prostate cancer. We found that REGy is over-
expressed in prostate cancer tissues and cell
lines compared with the adjacent normal tis-
sues and the normal prostate epithelial cell line
RWPE-1. In addition, we demonstrated that
knockdown of REGy significantly inhibited prolif-
eration and induced apoptosis and cell cycle
arrest in PCa cell lines PC-3 and DU-145.
Furthermore, we observed that knockdown of
REGy altered multiple apoptosis and cell cycle
related proteins expression in PCa cells. And
the stabilization of P21 was enhanced after
knockdown of REGy in PC-3 cells. Our results
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suggest that REGy is upregulated and may act
as an oncogenic protein in prostate cancer.

Materials and methods
Tissue samples

Eighteen paired prostate cancer tissues (T),
adjacent tissues (AT) and the matched nor-
mal prostate tissues (N) were obtained from
the Department of Urology, Shanghai Tenth
People’s Hospital, Tongji University. These
patients did not receive any local or systemic
treatment before operation. All fresh tissue
samples were fixed in 4% paraformaldehyde for
IHC staining or immediately snap-frozen in lig-
uid nitrogen and stored in liquid nitrogen until
further use. Our work has been carried out in
accordance with The Code of Ethics of the
World Medical Association (Declaration of He-
Isinki). Written informed consent was obtained
from all patients, and this study was approved
by the Ethics Committees of Shanghai Tenth
People’s Hospital.

Cell lines

Prostate cancer cell lines (PC-3, DU145 and
LNcaP) and normal prostatic epithelial cell
(RWPE-1) were obtained from the American
Type Culture Collection (ATCC, Rockville, USA).
PC-3, DU145 and LNcaP were maintained in
RPMI-1640 (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (Gibco), 50 U/ml of
penicillin and 50 pg/ml of streptomycin (In-
vitrogen, USA). RWPE-1 cells were cultured in
keratinocyte serum-free media supplemented
with bovine pituitary extract (0.05 mg/ml) and
epidermal growth factor (5 ng/ml). All cell lines
were incubated in a humidified incubator con-
taining 5% CO, at 37°C.

Immunohistochemistry (IHC)

For IHC staining, fresh tissue samples were
fixed in 4% paraformaldehyde, dehydrated th-
rough a graded series of ethanol solution and
embedded in paraffin. After routine rehydra-
tion, antigen retrieval, and blocking, the sec-
tions were incubated with primary antibody
against REGy (Invitrogen, USA) at 4°C over-
night. Then, the sections were incubated with
biotinylated goat anti-rabbit antibody IgG for 20
min at room temperature and for 30 min with
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Streptavidin-HRP peroxidase. Subsequently,
Diaminobenzidine (DAB)-H,0O, was used as a
substrate for the peroxidase enzyme.

Western blot

Total proteins were extracted from tissue sam-
ples or cells, separated by 10% sodium lauryl
sulfate-polyacrylamide gels (SDS-PAGE) and
transferred onto a nitrocellulose (NC) mem-
brane. Membranes were blocked with 5%
non-fat milk in PBS for 1 h at room temperature
and then incubated with primary antibody
against REGy (Invitrogen, USA), P21 (BD
Biosciences, Erembodegem, Belgium), cyclinD1
and bcl-2 (Abcam, Cambridge, MA). B-actin
(Abcam, Cambridge, MA) was used as an inter-
nal control. After incubated with a fluorescent-
labelled secondary antibody (Jackson immno
research; 1:5,000 dilutions) for 1 h at 4°C,
membranes were washed three times and the
specific signals were visualized by a LI-COR
Odyssey Infrared Imaging System. Three inde-
pendent experiments were carried out.

RNA isolation and qRT-PCR

Total RNA was extracted from human tissues or
cultured cells with Trizol reagent (Invitrogen,
CA, USA), and the corresponding cDNA was
generated with the cDNA synthesis kit (Takara,
Kyoto, Japan) according to the manufacturer’s
instructions. Quantitative real time-PCR (qRT-
PCR) was performed using SYBR Green PCR Kit
(Takara Biotechnology, Dalian, China) with an
ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA, USA). -
actin was used as internal control for REGy. The
primer sequences (Biosune Biotech, Shang-
hai, China) were as follows: 5-AAGGTTGATTC-
TTTCAGGGAGC-3’ (sense) and 5-AGTGGATCT-
GAGTTAGGTCATGG-3’ (antisense) for REGy; 5'-
TCAAGATCATTGCTCCTCCTGA-3’ (sense) and 5'-
CTCGTCATACTCCTGCTTGCTG-3’ (antisense) for
B-actin. The relative expression level of REGy
MmRNA was determined by 2-AACt method nor-
malized to B-actin. Assays were repeated for
three times.

Transient transfection
Small interfering RNA specifically targeting
human REGy (si-REGy) and non-specific nega-

tive control oligos (si-NC) were purchased from
GenePharma (Shanghai, China). Cell transfec-
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tions were performed using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.
USA) according to the manufacturer’s instruc-
tions. The sequences of si-REGy were: 5’-CAG-
AAGACUUGGUGGCAAATT-3’ (sense) and 5-UU-
UGCCACCAAGUCUUCUGTT-3’ (antisense). The
sequences of si-NC were: 5-UUCUCCGAACG-
UGUCACGUTT-3’ (sense) and 5-ACGUGACAC-
GUUCGGAGAATT-3’ (antisense). Total RNA or
protein was extracted after 48 h following
transfection.

MTT assay

Cell proliferation was evaluated by the MTT
assay following the manufacturer’s guideline.
Briefly, the cells (PC-3 and DU145) were effec-
tively transfected with si-REGy or si-NC and
seeded into 96-well plates. After incubated for
different time, 100 ul of full medium contain-
ing 0.5 mg/mL MTT (Sigma-Aldrich, St. Louis,
Mo, USA) were added to each well and main-
tained at 37°C for 4 h. Subsequently, 150 pl
DMSO was add to each well to dissolve the
formazan crystals and the absorbance at 490
nm was measured using a microplate reader
(SpectraMax 190; Molecular Devices Sunny-
vale, CA, USA). Each experiment was performed
in triplicate.

Colony formation assay

For colony formation assays, cells were trans-
fected respectively with si-NC or si-REGy for 24
h and plated in 6-well plates at 1 x 103/well for
2 weeks. The plates were then washed twice
with cold PBS, fixed with methanol, and stained
with 0.1% crystal violet (0.1% in 20% metha-
nol). Images of stained tumor cell colonies were
recorded with a digital camera.

Apoptosis and cell cycle analysis

Cell apoptosis was measured by flow cytometry
using Annexin V-FITC Apoptosis Kit (BD Bio-
sciences, Erembodegem, Belgium) in accor-
dance with the manufacturer’s instructions.
Briefly, transfected cells were collected, was-
hed twice with cold PBS and resuspended in
Annexin V-binding buffer. After that, cells were
stained with fluorescein isothiocyanate (FITC)
and propidium iodide (Pl) in the dark at room
temperature for 15 min. Apoptosis rate were
also detected by using BD FACS Calibur
(Beckman Coulter, CA, USA). Cell cycle distribu-
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tion was measured by propidium iodide (PI)
staining and analyzed by flow cytometry. After
48 h of transfection, cells were harvested and
washed twice with pre-cooled PBS. Then, cells
were fixed in 70% ethanol at 4°C overnight and
washed with cold PBS. Cells were collected and
resuspended in PBS containing Pl and 50 ug/
ml RNase A (Sigma-Aldrich) in the dark at 37°C
for 30 min. Cell cycle distribution was analyzed
by flow cytometry using BD FACS Calibur. Three
independent experiments were conducted.

Statistical analysis

Data were analyzed by SPSS software (Version
17.0, SPSS, Inc., Chicago, IL, USA) and Graph-
Pad Prism software (Version 5.0, GraphPad
Prism Software Inc., San Diego, CA). All cont-
inuous data were presented as the mean *
standard deviation (SD) and analyzed using
Student’s t-test. *P<0.05 were considered sta-
tistically significant.

Results

REGy is overexpressed in PCa tissues and cell
lines at both protein and mRNA levels

To study the potential roles of REGy in the
development of prostate cancer, we detected
the expression patterns of REGy in PCa tissues
and cell lines at both protein and mRNA levels.
Results of Immunohistochemistry (IHC) indicat-
ed that REGy is significantly overexpressed in
prostate cancer tissues compared with normal
prostate tissues (Figure 1A). In addition, data
from western blot and qRT-PCR showed that
both the protein and mRNA levels of REGy are
higher in PCa tissues than that in normal pros-
tate tissues (Figure 1B, 1C). Furthermore, we
found that REGy is markedly overexpressed in
three PCa cell lines (PC-3, DU145 and LNcaP)
compared to normal prostatic epithelial cell
RWPE-1 (Figure 1D, 1E). The overexpression of
REGy in prostate cancer was also confirmed by
Oncomine database (Figure 1F). These results
suggest that REGy may play an oncogenic role
in prostate cancer development.

Knockdown of REGy inhibited proliferation in
PCa cells

Small interfering RNA targeting REGy (si-REGy)
was transfected to suppress the expression of
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Figure 1. REGy is overexpressed in prostate cancer. (A) Immunohistochemistry (IHC) staining of REGy in prostate
cancer tissues (T), adjacent tissues (AT) and the matched normal prostate tissues (N). The representative images
were showed. Scale bar = 200 um for 10 x and 100 um for 20 x. (B and C) Relative protein (B) and mRNA (C) levels
of REGy in prostate cancer tissues (Tumor) and normal prostate tissues (Normal) detected by western blot and qRT-
PCR, respectively. (D and E) Relative protein (D) and mRNA (E) levels of REGy in PCa cell lines (PC-3, DU145 and
LNcaP) and normal prostatic epithelial cell (RWPE-1) detected by western blot and qRT-PCR, respectively. (F) REGy
expression (median of expression intensity) in prostate cancer tissues (Tumor) and normal prostate tissues (Normal)
from Oncomine database (Magee Prostate). Data are represented as mean + SD. *P < 0.05.

REGy in PCa cells, and non-specific negative
control oligos (si-NC) was used as a control. The
inhibition of REGy expression was confirmed by
gRT-PCR and western blot (Figure 2A, 2B). MTT
and colony formation assay were performed to
investigate cell proliferation after knockdown
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of REGy. Data of MTT assay showed that knock-
down of REGy significantly inhibited prolifera-
tion in PCa cell lines PC-3 and DU145 (Figure
2C, 2D). In addition, the colony formation rate
of cells was significantly inhibited following
REGy knockdown (Figure 2E, 2F).
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Figure 2. Knockdown of REGy inhibited proliferation in PCa cells. (A and B) Relative mRNA levels (A) and protein
expressions (B) of REGy in PCa cells (PC-3 and DU145) after 48 h transfection of si-NC or si-REGy. (C and D) Cell
proliferation of PC-3 and DU145 after REGy knockdown as determined by MTT assay. (E and F) Colony formation
rates of PC-3 and DU145 following knockdown of REGy. Data are represented as mean + SD. *P < 0.05.

Knockdown of REGy induced apoptosis and
cell cycle arrest in PCa cells

As the proliferation of PCa cells was inhibited
after REGy knockdown, we presumed that this
procedure may correlate with cell apoptosis
and/or cell cycle distribution, which were per-
formed by flow cytometry. Results indicated
that knockdown of REGy remarkably promoted
apoptosis in PCa cells (Figure 3A, 3B). More-
over, we observed that the percentage of cells
was significantly increased in GO/G1 phase
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while decreased in G2/M phase when REGy
expression was inhibited (Figure 3C, 3D). These
data suggest that knockdown of REGy may
inhibit proliferation by inducing apoptosis and
cell cycle arrest in PCa cells.

Knockdown of REGy altered multiple apopto-
sis and cell cycle related protein levels in PCa
cells

To further understand the effect of REGy on
PCa cells proliferation, apoptosis and cell cycle

Am J Transl Res 2017;9(8):3787-3795
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Figure 3. Knockdown of REGy induced apoptosis and cell cycle arrest in PCa cells. A and B: Cell apoptosis of PC-3
and DU145 after REGy knockdown as determined by flow cytometry. C and D: Cell cycle distribution of PC-3 and
DU145 following REGy knockdown as determined by flow cytometry. Data are represented as mean + SD. *P < 0.05.

distribution, we analyzed several apoptosis and
cell cycle related protein expressions in PCa
cells after REGy knockdown. We found that the
expressions of P21 were increased while the
expressions of cycinD1 and bcl-2 were decre-
ased after transfected with si-REGy in PCa cells
(Figure 4A). Previous studies demonstrated
that REGy can regulate the stabilization of P21
via directly degradation, we verified that in PC-3
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cells. After transfected with si-NC or si-REGy,
PC-3 was cultured with full media supplement-
ed with 100 ug/ml cycloheximide (CHX, Am-
resco, Solon, OH) for different time period and
the protein level of P21 was analyzed by west-
ern blot. We observed that knock down of REGy
enhanced the stabilization of P21 in PC-3 cells
(Figure 4B), which was consistent with previous
studies. These results showed that REGy may

Am J Transl Res 2017;9(8):3787-3795
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Figure 4. Knockdown of REGy altered multiple apoptosis and cell cycle re-
lated protein levels in PCa cells. A: The protein expressions of cylclinD4, bcl-2
and P21 measured by western blot in PCa cell lines PC-3 and DU145 after
knock down of REGy, B-actin was used as an internal control. B: The stabi-
lization of P21 in PC-3 after transfected with si-NC or si-REGy by using CHX.

exert its functions by regulating multiple apop-
tosis and cell cycle related protein levels in
prostate cancer.

Discussion

Although androgen deprivation therapy (ADT) is
one of the major treatments for PCa, a large
proportion of the cancer cases develop castra-
tion-resistance, which is characterized by in-
creases in resistance to apoptosis and distant
metastasis [14]. And no standard therapy is
effective for advanced prostate cancer. Despite
the advances in the research of prostate can-
cer, the molecular mechanism of its pathogen-
esis is poor understood and prostate specific
antigen (PSA) still remains the most effective
molecular marker in the diagnosis and progno-
sis prediction in PCa patients [15]. Thus there
is an urgent need to seek more novel biomark-
ers involved in the development of prostate
cancer for the diagnosis and treatment of PCa
patients.

Murata et al. reported that the REGy-deficient
mice showed a retarded growth compared with
that of REGy (+/-) or REGy (+/+) mice, suggest-
ing its regulatory effects on cell proliferation
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and body growth [14]. An
increasing number of studies
have shown that REGy is up-
regulated in multiple human
cancers including pancreatic
cancer [15], lung cancer [16]
and hepatocellular carcinoma
[17], indicating its pivotal role
in cancer development. In this
study, we found for the first
time that REGy is overex-
pressed in prostate cancer
tissues and cell lines at both
MmRNA and protein levels by
using immunohistochemical
analysis, western blot analy-
sis, gRT-PCR and Oncomine
data mining. In addition, we
explored the biological effects
of REGy on PCa cells prolifera-
tion, apoptosis and cell cycle
distribution. We demonstrat-
ed that knockdown of REGy
significantly inhibited the pro-
liferation, induced apoptosis
and promoted cell cycle ar-
rest in PC-3 and DU145 cells.
These results suggest that REGy is upregulated
and may act as an oncogenic protein in pros-
tate cancer.

To the best our knowledge, REGy exerts its
function by degrading target proteins and regu-
lating multiple cancer-related pathways [18].
We analyzed several apoptosis and cell cycle
related proteins expression in PCa cells after
REGy knockdown. We observed that the expres-
sions of P21 were increased while the expres-
sions of cycinD1 and bcl-2 were decreased
after knock down of REGy in PCa cells. More-
over, knock down of REGy enhanced the stabili-
zation of P21 in PC-3 cells. These suggest that
REGy may affect cell proliferation, apoptosis
and cell cycle distribution by regulating the lev-
els of P21, cycinD1 and bcl-2 in prostate can-
cer. As the weakness of our study, we didn’t
comprehensively disclose the mechanism by
which REGy plays its roles in prostate cancer.
Thus, further study is needed to fully under-
stand the importance of REGy in the pathogen-
esis and development of prostate cancer.

In conclusion, our data showed that REGy is
overexpressed in prostate cancer tissues and
cell lines, and knockdown of REGy significantly

Am J Transl Res 2017;9(8):3787-3795
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inhibited proliferation and induced apoptosis
and cell cycle arrest in PCa cells. In addition,
REGy may exert its functions by regulating the
expression levels of P21, cycinD1 and bcl-2 in
prostate cancer. These findings suggest that
REGy may play important roles in PCa and may
serve as a novel therapeutic target in the treat-
ment of prostate cancer patients.
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