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Resveratrol inhibits proliferation and promotes apoptosis
via the androgen receptor splicing variant 7 and PI3K/AKT
signaling pathway in LNCaP prostate cancer cells
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Abstract. Prostate cancer is a common malignant tumor of
the male genitourinary system and its incidence increases with
age. Studies have shown that resveratrol (Res) inhibits cancer
cell proliferation, migration, invasion and promotes apoptosis.
The present study evaluated the effect of Res in two human
prostate cancer cell lines (the androgen-dependent LNCaP
cell line and the non-androgen-independent LNCaP-B cell
line) on proliferation and apoptosis. A proliferation assay was
used to demonstrate that Res inhibited proliferation of LNCaP
and LNCaP-B cells in the range of 25-100 uM, and the effect
was time- and dose-dependent. Using flow cytometry, it was
reported that various concentrations of Res induced apoptosis
in LNCaP and LNCaP-B cells, and that the apoptotic effect of
Res was dose-dependent. A chemiluminescence assay showed
that Res inhibited prostate specific antigen levels in LNCaP
and LNCaP-B cells. Reverse transcription quantitative-PCR
showed that Res inhibited the expression of androgen receptor
(AR) in LNCaP and LNCaP-B cells at the mRNA level. Western
blot analysis showed that Res suppressed the expression of AR
protein as well as protein kinase B (AKT) phosphorylation. To
study the effect of Res on the expression of AR splicing variant
7 (ARV7) and the PI3K/AKT signaling pathway in prostate
cancer cells, as well as the underlying molecular mechanisms,
the recombinant ARV7 expression vector Pcdna3.1-ARV7 was
transfected into LNCaP and LNCaP cells and the aforemen-
tioned experiments were repeated. It was revealed that Res
acted via the ARV7 and the AKT pathways. Taken together,
the present results suggested that Res suppresses the prolifera-
tion of prostate cancer cells, promotes apoptosis and inhibits
the expression of AR mRNA and protein. These effects likely
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resulted from inhibition of ARV7 and the AKT signaling
pathway.

Introduction

Prostate cancer (PCa) is acommon malignant tumor in the male
genitourinary system. According to estimates by American
Cancer Society, in the United States, 164,690 new cases of
PCa were diagnosed and PCa accounted for nearly 19% of all
male newly diagnosed cancers in 2018 (1). Surgery, endocrine
therapy, radiation and chemotherapy are the current preferred
therapeutic approaches (2). For some patients with advanced
PCa, endocrine therapy is the treatment of choice (3), and this
delays disease progression temporarily. Nevertheless, eventu-
ally PCa treatment becomes difficult due to the development
of castration-resistant prostate cancer (CRPC) (4,5).

The androgen receptor (AR) is considered to be the most
important factor in the progression of PCa in CRPC (6,7). AR
is a member of the nuclear receptor superfamily of proteins and
is a class of nuclear transcription factors that facilitate entry
into cells of testosterone and double-hydrogen testosterone to
form androgen-androgen receptor complexes (8). AR and heat
shock protein (HSP90) dissociate and are transported to the
prostate, seminal vesicle and epididymis the nuclei of target
tissues, such as the skeletal muscle system, which modulates
activation and inhibition of target genes, thereby mediating the
effects of androgens (9,10). Studies have shown that abnormal
expression of AR is one of the key factors in the progression
of CRPC (11-13). Prostate specific antigen (PSA) has been
suggested as a molecular target for prostate cancer because it
is not only active in prostate tissues, but also plays a key role
in the signaling pathway of prostate cancer (14). The combi-
nation of androgens and AR induces the dissociation of AR
from HSP90 and stimulates AR phosphorylation to activate
the activity of downstream proteins (15). These proteins acti-
vate or inhibit target genes, which regulate the proliferation,
survival and production of PSA in prostate cells (16).

ARV7 is a truncated AR that functions as an AR
shear-variant (AR-V). Alike AR, ARV7 retains an
NH,-terminal domain (NTD) and DNA-binding domain
(DBD), but lacks the full-length ligand-binding domain
(LBD) of AR. The binding of androgen to AR LBD allows
the ligand-binding receptor to enter the nucleus and then tran-
scriptionally regulate androgen-responsive genes. Therefore,
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ARV7 is not available to bind to the androgen ,and regulates
the transcriptional activation of downstream target genes
in the absence of androgens (17,18). ARV7 is considered to
play an important role in the process of castration resistance
in PCa invasion, metastasis, hormone therapy resistance and
biochemical recurrence (18).

Resveratrol (Res) is a natural polyphenol compound
containing a stilbene moiety. The formula is C,,H,,0;. It is
found in several plants, including grapes and blueberries (19).
A previous clinical pharmacological study has demon-
strated that the cell proliferation antigen Ki-60 expression
in tumor tissues is significantly decreases after patients are
treated with Res, which means that Res may have potential
antitumor effects (20). The antitumor mechanism of Res is
mainly through cell cycle arrest and the induction of apop-
tosis, including upregulation of p21 cyclin-dependent kinase
inhibitor 1 (Cipl/WAF1), Bax/Bcl-2, Bak and p53 and activa-
tion of caspases signaling pathways (21). Several in vitro and
in vivo studies have shown that Res inhibits the proliferation of
several cancer types, including breast cancer, leukemia, colon
cancer, lung cancer, liver cancer and thyroid cancer (22,23).
In addition, studies have shown that resveratrol inhibits cell
proliferation by interfering with AR synthesis in prostate
cancer cells (24,25).

The present study investigated the effects of Res in vitro
on proliferation and apoptosis in PCa cell lines (LNCaP and
LNCaP-B). Alterations in the expression of AR protein and
the levels of AKT phosphorylation were analyzed. Finally,
the effects of Res on PCa cell proliferation and apoptosis via
ARV7 and the PI3K/AKT signaling pathway were measured.

Materials and methods

Cell culture. The human PCa cell line LNCaP and human
normal prostate cell line RWPE-1 were obtained from
Shanghai Institute of Biochemistry and Cell Biology. Both
cell lines purchased are certified by the American Type
Culture Collection. PCa cells were routinely cultured in
RPMI-1640 medium supplemented with 10% (v/v) fetal
bovine serum (FBS) and RWPE-1 cells were cultured
according to the manufacture's direction in K-SFM medium
(all Gibco; Thermo Fisher Scientific, Inc.), penicillin 100 U/ml
and streptomycin 100 U/ml (both Beijing Solarbio Science &
Technology Co., Ltd.) at 37°C under an atmosphere of 5% CO,
in humidified air.

Reagents and antibodies. Resveratrol (Res), docetaxel (PC)
and bicalutamide were purchased from Sigma-Aldrich; Merck
KGaA and were dissolved in 100% DMSO to create stock solu-
tions of 50 mM and stored at -20°C. These were subsequently
diluted in RPMI-1640 medium to the desired concentration
for the experiments and the final concentration of DMSO that
was given to the cells was 0.05%. Antibodies against AKT
(cat. no. 4685), phosphorylated (p-)AKT (cat. no. 4058) were
obtained from Cell Signaling Technology, Inc. Antibodies
against AR (cat. no. 133273), ARV7 (cat. no. 15656) and
GAPDH (cat. no. 9485) were purchased from Abcam. GAPDH
was used as a loading control. The goat anti-rabbit and
anti-mouse IgG-HRP secondary antibodies were purchased
from Wuhan Boster Biological Technology, Ltd. The AKT

pathway activator (phen) was purchased from Selleck
Chemicals, primers (ARV7 and GAPDH) were purchased
from Angen Biotech Co., Ltd. SYBR® Premix Ex Taq™ II
(Tli RNaseH Plus) and the PrimeScript™ RT Reagent kit
with gDNA Eraser (Perfect Real Time) were purchased from
Bao Biological Engineering Co., Ltd. (http:/www.takara.
com.cn). Lipofectamine® 2000 was purchased from Thermo
Fisher Scientific, Inc., and the miRcute miRNA First-Strand
cDNA Synthesis kit was purchased from Tiangen Biochemical
Technology Co., Ltd.

Constructionofthe hormone-resistant PCacellline(LNCaP-B)
and induction of ARV7 over-expression in LNCaP-B cells.
LNCaP cells in the androgen-dependent logarithmic growth
phase were digested with trypsin and inoculated in a medium
containing 10% non-androgen (activated charcoal-treated)
FBS and cultured at 37°C with 5% CO,. After 10 generations
of culture, bicalutamide (1.0 uM) was added to the culture
medium for 20 generations, and then the concentration of
bicalutamide was increased to 5.0 yM to continue subculture.
By 6 months of subculture, hormone-resistant prostate cancer
cells had been constructed successfully.

The ARV7 overexpression vector was based on the
PCDNA3.1 plasmid (Guangzhou RiboBio Co., Ltd.). The
primers were designed and the RNA fragment of the ARV7
gene was obtained using the cell genome cDNA as a template.
The fragment was inserted into multiple cloning sites down-
stream of the plasmid PCDNA3.1 to obtain the wild-type
ARV7-overexpression vector. The PCDNA3.1-ARV7 plasmid
and DH5a competent cells mixed culture PCDNA3.1-ARV7.
The constructed PCDNA3.1-ARV7 vector and PCDNA3.1
vector were introduced into LNCaP-B cells, respectively, using
Lipofectamine 2000 reagent according to the manufacturer's
instructions, and ARV7 protein expression was verified using
western blotting.

Cell viability assay. Cell viability was determined using an
MTT assay. Briefly, the PCa cell lines LNCaP and LNCaP-B
(5x10° cells/well) were seeded in 96-well plates. Cells were
cultured overnight (37°C, 5% CO,), and the cells were incubated
with various concentrations of RES (25, 50, 100 and 200 xM)
dissolved in DMSO and PC (5 uM) and various concentra-
tions (200 ul/wells) of RES, RES+ARV7 and RES+phen for
12, 24,48 and 72 h (at 37°C in 5% CO,). DMSO (0.05%) was
used as the negative control (NC) group. MTT (0.5 mg/ml,
20 ul/well) was added to each well 4 h in advance. After 4 h
incubation (at 37°C in 5% CO,), DMSO (150 ul/well) was
added to each well, and the cells were measured at 492 nm
using a Multiskan Ascent microplate photometer. Viability
was expressed as the percent viable cells compared with
vehicle-treated control cells that were arbitrarily assigned as
100% viability.

Flow cytometric analysis for apoptosis assay. A flow cyto-
metric assay was conducted to analyze the apoptosis of PCa
cells. Cells plated in 6-cm plates were treated with various
concentrations of Res (50 and 100 uM), PC (5 uM),RES+ARV7
and RES+phen. After 24-h treatment, cells were washed with
phosphate buffer saline and harvested. The apoptosis assay
was performed according to the manufacturer's protocol of
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the Annexin V/7-ADD apoptosis kit (BD Pharmingen™; BD
Biosciences). The sedimented cells were resuspended with
500 ul binding buffer based on the instructions. Subsequently,
5 ul Annexin V-7AAD and 5 ul Annexin V-APC were added to
the cell suspension and cells were incubated at room tempera-
ture for 15 min in the dark. The stained cells were analyzed
using BD FACSCanto II flow cytometry (BD Pharmingen™;
BD Biosciences) and the data analyses were performed using
SPSS 19.0 software (IBM, Corp.).

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from LNCaP and LNCaP-B cells treated with
various drugs in each group, using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). The concentration and
purity of RNA were measured using UV spectrophotometry
(Thermo Fisher Scientific, Inc.). One microgram of the total
RNA was used as a template and was reverse transcribed
into cDNA using PrimeScript™ RT Reagent kit with gDNA
Eraser (Perfect Real Time) to obtain a template of the reaction
system. The condition for reverse transcription was at 37°C
for 15 min, followed by 85°C for 5 sec. The expression levels
of AR, ARV7 and GAPDH in the cells were analyzed using
two-step fluorescence quantitative PCR. A 10-ul reaction
system was generated. The qPCR reaction was performed
using the LightCycler 480 II DNA Amplifier according to the
manufacturer's instructions. The reaction conditions were as
follows: Pre-denaturation at 95°C for 2 min followed by 95°C
for 15 sec, and 60°C for 30 sec was performed for a total of
40 cycles. After completion of the reaction, the relative expres-
sion levels of AR and ARV7 in the cells were expressed using
2-44C4 normalization (26). The designed specific primers for
each gene are listed in Table L.

Western blot analysis. PCa cells were treated with various
concentrations of Res or PC for 24 h. Cells were lysed in RIPA
lysis buffer (Beyotime Institute of Biotechnology) and total
proteins were extracted at 4°C. The total protein concentrations
were determined using the BCA assay (Beyotime Institute of
Biotechnology). The proteins (20 ug/lane) were loaded on
a 12% gel, and resolved using SDS-PAGE with a constant
voltage of 80 V. Then the proteins were transferred to PVDF
membranes (EMD Millipore) using the Bio-Rad PowerPac
Basic Power Supply system. Membranes were blocked in 5%
skimmed milk in Tris-Buffered Saline Tween-20, followed
by incubation with primary antibodies overnight at 4°C. The
dilutions of ARV7, Bax, Bcl-2, AR, AKT, p-AKT and GAPDH
were all 1:1,000. Blots were then probed with the IgG-HRP
secondary antibody (1:1,000) at room temperature for 1 h, and
protein bands were detected using chemiluminescence reagent
(EMD Millipore), under the Tanon5200 chemiluminescent
imaging system (Tanon Science and Technology Co., Ltd.).
ImagelJ 1.8.0 software (National Institutes of Health) was used
to quantify western blotting images.

Statistical analysis. All the data analyses were performed
using SPSS 19.0 software. All experiments were repeated
at least three times and P<0.05 was considered to indicate
a statistically significant difference. All experiments were
performed in triplicate. Data are expressed as the mean + SD.
A Student's unpaired t-test was used for determining the
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Table I. The primer sequences of the reverse transcription
quantitative-PCR.

Gene Primer sequence (5'—3")
AR F: AGGGCAGATCTTGTCCACCG

R: TTGCTCAGAAGAGTTCAACA
ARV7 F: AGGGCAGATCTTGTCCACCG

R: TTGCTCAGAAGAGTTCAACA
GAPDH F: CGGAGTCAACGGATTTGGTCGTAT

R: AGCCTTCTCCATGGTGGTGAAGAC

F, forward; R, reverse; AR, androgen-androgen receptor; ARV7,
androgen-androgen receptor splice variant 7.

differences between two groups and for more than two group
comparisons one-way ANOVA test with a Tukey's post hoc
test was used.

Results

Effects of Res on proliferation of PCa cells and effects of
ARV7 overexpression on proliferation of LNCaP-B cells.
Various concentrations of Res (25, 50, 100 and 200 uM) and
PC (5 uM) were used to treat LNCaP and LNCaP-B cells for
24,48 and 72 h. The proliferative capacities of both cell types
were significantly inhibited compared with the control, and
the effects were time- and dose-dependent (Fig. 1A and B).
The results suggested that Res inhibited the proliferation of
PCa cells. Nevertheless, following administration of relatively
various concentrations of Res (25, 50, 100 and 200 M) to
RWPE-1 cells for 12, 24, 48 and 72 h, the viability of PCa
cells was significantly lower compared with that of normal
cells after Res treatment after 48 and 72 h (Fig. 1C). To
further investigate the molecular mechanism of ARV7
inhibition in PCa cells mediated by Res, an overexpression
vector (PCDNA3.1-ARV7) of ARV7 was constructed and
transfected it into LNCaP-B cells. Western blot analysis veri-
fied that, compared with cells transfected with empty vector
(PCDNA3.1), ARV7 protein levels in cells transfected with
ARV7 overexpression vector (ARV7) increased significantly
(Fig. 1D). It was demonstrated that the Res+ARV7 group and
the Res+phen group restored the inhibitory effect of Res on the
proliferation of LNCaP-B cells compared with Res treatment
alone (Fig. 1E). This suggests that effect of Res on the prolif-
eration of LNCaP-B cells may be associated with the ARV7
and AKT pathways.

Effects of Res on the apoptosis of PCa cells and the effect of
ARV7 on apoptosis of LNCaP-B cells induced by Res. Flow
cytometry was used to measure the effects of various concentra-
tions of Res on apoptosis in LNCaP and LNCaP-B. Compared
with the NC group, after treatment of LNCaP and LNCaP-B
cells with various concentrations of Res (50 and 100 M) for
24 h, the apoptosis level of LNCaP cells increased by approxi-
mately 33.3 and 75.9%, respectively, and the apoptosis level
of LNCaP-B cells increased by approximately 9.6 and 33%,
respectively. (Q1, Q2, Q3, Q4 represented dead cells, late
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Figure 1. Res inhibits LNCaP and LNCaP-B cell proliferation and the effects of ARV7 overexpression on proliferation of LNCaP-B cells. (A and B) The cell
viability of LNCaP and LNCaP-B cells exhibited a significant decrease in a dose- and time-dependent manner, which was measured using an MTT assay.
(C) The effect of Res on the cell viability of RWPE-1 cells was significantly less compared with PCa cells. (D) Western blot analysis verified that, compared
with cells transfected with empty vector, ARV7 protein levels in cells transfected with the ARV7-overexpression vector increased significantly. (E) Compared
with the Res+ARV7 group and the Res+phen group, Res group shows stronger inhibition in LNCaP-B cells. The data are presented as the mean + SD for three

wkk

independent experiments, ‘P<0.05, “P<0.01 and “"P<0.001, vs. cells treated with DMSO (control). Res, resveratrol; ARV7, AR splicing variant 7; Vector, empty

vector; phen; AKT pathway activator.

apoptotic cells, viable cells, and early apoptotic cells, respec-
tively.) Therefore, the total number of early and late apoptotic
cells in the two cell lines was significantly higher compared
with those in the control group. The effect of Res on apoptosis
of LNCaP and LNCaP-B cells was concentration-dependent
(P<0.05 and P<0.01; Fig. 2A and B, respectively).

The effects of overexpression of ARV7 on Res-induced
apoptosis in LNCaP-B cells were also studied. Upregulation
of ARV7 suppressed Res-induced apoptosis by approximately
26%. It was reported that Res+ARV7 and Res+phen treatment
reversed Res-induced apoptosis in LNCaP-B cells (Fig. 2C). In
order to further study the relevant molecular mechanisms, the
levels of apoptosis-associated proteins were measured using
western blotting. The results showed that all concentrations of
Res increased the expression levels of pro-apoptotic proteins
Bax and the expression levels of antiapoptotic protein Bcl2 were
lower compared with those in control group (Fig. 2D and E).
In addition, compared with the effect of Res on PCa cells,

Res+ARV7 and Res+phen treatment increased the expression
of antiapoptotic protein Bcl2 and decreased the expression of
pro-apoptotic protein Bax (Fig. 2F). These results suggested
that Res not only inhibits the proliferation of PCa cells, but
also induces apoptosis. These results also suggested that the
pro-apoptotic effect of Res on LNCaP-B cells is associated
with the ARV7 and AKT pathway signaling pathways.

Effect of Res on secretion of PSA by PCa cells.
Chemiluminescence detection showed that various concentra-
tions of Res (25, 50 and 100 xM) and PC (5 uM) applied to
LNCaP and LNCaP-B cells for 24 h, caused PSA content in
both cell lines to be significantly lower compared with that of
the control group ('P<0.05 and “P<0.01). Furthermore, it was
also revealed that Res decreased PSA levels in LNCaP and
LNCaP-B cells in a concentration-dependent manner (Fig. 3).
This suggested that Res inhibited the secretion of PSA by
LNCaP and LNCaP-B cells.
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Figure 2. Res induces apoptosis in LNCaP and LNCaP-B cells and the effect of ARV7 on apoptosis of LNCaP-B cells. (A and B) LNCaP and LNCaP-B
cells were treated with various concentrations of Res (50 and 100 #M) and PC (5 uM) for 24 h, then the cells were harvested and analyzed using Annexin
V/7-ADD double staining. The column represents the corresponding apoptosis rate. (C) The effect of overexpression of ARV7 on Res-induced apoptosis
was compared with the Res+ARV7 and the Res+phen group using Annexin V/7-ADD double staining. The column represents the corresponding apoptosis
rate. (D and E) Western blotting analysis was conducted to measure the expression levels of apoptosis-associated proteins in the LNCaP and LNCaP-B
cells following treatment with different concentrations of Res (25, 50 and 100 #M) and PC (5 uM). (F) Western blotting analysis was conducted to measure
the expression levels of apoptotic-associated protein in LNCaP-B cells comparing with the Res+ARV7 and the Res+phen group. The data are presented as
the mean + SD for three independent experiments. "P<0.05, "“P<0.01 vs. cells treated with DMSO (control). Res, resveratrol; ARV7, AR splicing variant 7;
Vector, empty vector; phen; AKT pathway activator; NC, negative control; PC, docetaxel.

Effect of Res on AR mRNA levels in PCa cells. The effect of
various concentrations of Res on mRNA levels in PCa cells
was measured using RT-qPCR. It was demonstrated that,
after treatment of LNCaP and LNCaP-B cells with various
concentrations of Res (25, 50 and 100 M) and PC (5 uM) for
24 h, expression levels of AR mRNA in the two PCa cells were
significantly lower compared with those of the control group
(Fig.4A and B). It was also reported found that, with increasing

Res concentrations, the effect of Res on the downregulation
of AR mRNA levels in PCa cells was dose-dependent. These
results indicated that Res inhibited the expression levels of AR
in LNCap and LNCap-B cells in a dose-dependent manner.

Effect of Res on AR and ARV7 protein levels in PCa cells. The
effect of various concentrations of Res on levels of AR protein
in PCa cells was measured using western blotting. Expression
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Figure 3. Chemiluminescence was conducted to measure PSA levels in
LNCaP and LNCaP-B cells following treatment with different concentrations
of Res (25, 50 and 100 yM) and PC (5 uM). The data are presented as the
mean + SD for three independent experiments. "P<0.05 and “P<0.01 vs. cells
treated with DMSO (control). PSA, prostate specific antigen; Res, resveratrol;
NC, negative control; PC, docetaxel.

levels of AR protein in the two PCa cells were significantly
lower compared with those in the control group after treatment
of LNCaP and LNCaP-B cells with various concentrations of
Res (25, 50 and 100 #M) for 24 h. It was also shown that Res
was associated with decreases of AR expression in PCa cells
in a concentration-dependent manner (Fig. SA and B). Western
blot analysis showed that Res was associated with lower levels
of AR protein in LNCaP and LNCaP-B cells.

Studies have shown that PCa castration-resistance is
associated with expression levels of ARV7 (27,28). Therefore,
expression levels of ARV7 in LNCaP and LNCaP-B cells were
examined using western blotting. ARV7 was expressed at
low levels in LNCaP cells but positive in LNCaP-B (Fig. 5C).
This suggested that the hormone resistance of LNCaP-B may
be associated with high expression of ARV7. The effect of
Res on ARV7 expression was further examined and it was
revealed that Res inhibited ARV7 expression (Fig. 5D). This
suggested that the inhibitory effect of Res on hormone-resis-
tant LNCaP-B cells may be associated with the inhibition of
ARV7 expression.

Effect of Res on the AKT signaling pathway in PCa cells and
the effect of ARV7 on the AKT signaling pathway in LNCaP-B
cells. Western blotting was used to measure the effect of Res
on the AKT signaling pathway in PCa cells. After treatment
of LNCaP and LNCaP-B cells with various concentrations
of Res (25, 50 and 100 yM) for 24 h, levels of p-AKT in
the two PCa cells were significantly lower compared with
those in the control group (Fig. 6A and B). Res inhibited the
AKT phosphorylation in a concentration-dependent manner.
These results suggested that Res may have inhibited AKT
phosphorylation in LNCaP and LNCaP-B cells.

The molecular mechanism of Res-mediated ARV7 inhibi-
tion in PCa was further investigated. Compared with the Res
group, the Res+ARV7 and Res+AKT pathway activator groups
showed significantly higher levels of p-AKT (Fig. 6C). These
results suggested that overexpression of ARV7 significantly
decreased Res-induced phosphorylation of AKT.

Discussion

Advanced PCa is very common (29). It is usually treated with
castration combined with anti-androgen medications; however,
afteracertain period of treatment, castration-resistant PCa often
develops. Studies have demonstrated that about 90% of patients
with PCa eventually develop into castration-resistant PCa and
the average survival time is only 16-18 months (30,31). For
castration-resistant PCa, despite the fact that comprehensive
treatment with chemotherapy and other treatments can prolong
progression-free survival (PFS), these treatments ultimately
fail to effectively prevent the progression of the disease (32).
Therefore, improved treatments for castration-resistant PCa
need to be developed.

Res has a structure similar to diethylstilbestrol and
possesses estrogenic activity; it is considered to be a natural
phytoestrogen (33). Kuwajerwala ef al (34) showed that Res
inhibited the proliferation of PCa cells. Res is expected to
become a drug for clinical treatment of PCa. The present study
demonstrated that Res significantly inhibited the proliferation
of LNCaP and LNCaP-B cells in a concentration range of
25-100 uM. This effect had a dual dependence on time and
dose. In addition, the number of early apoptotic cells and late
apoptotic cells in the two cell lines increased significantly
after Res was applied to LNCaP and LNCaP-B cells for
24 h. Moreover, the effect of Res on apoptosis of LNCaP and
LNCaP-B cells also increased in a concentration-dependent
manner. These results suggested that Res inhibits proliferation
in androgen-dependent PCa LNCaP cells and hormone-resis-
tant PCa LNCaP-B cells, possibly achieved by inducing
apoptosis in LNCaP and LNCaP-B cells.

The prostate is a target organ of androgens, which are
the most important factors affecting the growth of PCa.
Androgens bind to the AR and activate the AR signaling
pathway, thereby regulating PCa cell proliferation and
apoptosis (35). A previous study have shown that castra-
tion resistance in PCa involves abnormalities regarding
the AR, for example the AR signaling pathway remains
activated (36). In addition, another study have shown that
the AR is highly expressed in castration-resistant PCa
and there is amplification of AR mRNA (37). Therefore,
antagonizing or blocking AR activity remains key in
castration treatment of PCa. PSA has been suggested as a
molecular target for prostate cancer because it is not only
active in prostate tissues, but also plays a key role in the
signaling pathway of PCa (14). In the current study, the
effects of various concentrations of Res on PSA secretion
and AR expression in PCa LNCaP and LNCaP-B cells
were examined, and on the levels of AKT phosphorylation
in PCa cells. It was shown that various concentrations of
Res significantly inhibited secretion of PSA by LNCaP and
LNCaP-B cells, inhibited the expression of AR mRNA and
protein, and inhibited AKT phosphorylation. This inhibition
was concentration-dependent. These data suggested that
AR expression changes and abnormal signaling pathways
are important factors in the treatment of hormone-resistant
PCa cells, as well as hormone-dependent PCa, and the
emergence of AR-Vs is one of the important AR changes.

A Previous study have shown that ARV7 mRNA
and protein levels are significantly increased in
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Figure 4. Reverse transcription-quantitative PCR was conducted to measure expression levels of AR mRNA in (A) LNCaP and (B) LNCaP-B cells that were
treated with various concentrations of Res (25, 50 and 100 M) and PC (5 uM) for 24 h. The data are presented as the mean + SD for three independent experi-
ments. “P<0.01 vs. cells treated with DMSO (control). AR, androgen-androgen receptor; Res, resveratrol; NC, negative control; PC, docetaxel.
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Figure 5. Res inhibits the expression of AR and ARV7 in LNCaP and LNCaP-B cells. (A and B) Western blotting analysis was conducted to measure the
expression levels of AR protein in the LNCaP and LNCaP-B cells following treatment with different concentrations of Res (25, 50 and 100 xM) and PC
(5 uM) for 24 h. (C) Western blotting analysis was conducted to measure the expression levels of the AR splice variant ARV7 in in LNCaP and LNCaP-B
cells. (D) Western blotting analysis was conducted to measure the expression levels of the AR splice variant ARV7 in the hormone resistance of LNCaP-B
cells, which were treated with various concentrations of Res (25, 50 and 100 xM) and PC (5 uM) for 24 h. The data are presented as the mean + SD for
three independent experiments. “P<0.05, “P<0.01 compared with the cells treated with DMSO (control). AR, androgen-androgen receptor; Res, resveratrol;
NC, negative control; PC, docetaxel; ARV7, AR splicing variant 7.
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Figure 6. Res inhibits AKT phosphorylation in LNCaP and LNCaP-B cells. (A and B) Western blotting analysis was conducted to measure the expression
levels of AKT signaling pathway protein in the LNCaP and LNCaP-B cells following treatment with different concentrations of Res (25, 50 and 100 #M) and
PC (5 uM). (C) Western blotting analysis was conducted to measure the expression levels of AKT protein in LNCaP-B cells compared with the Res+ARV7 and
the Res+phen group. The data are presented as the mean =+ standard deviation for three independent experiments. “P<0.05 and “P<0.01 vs. cells treated with
DMSO (control). p-, phosphorylated; Res, resveratrol; NC, negative control; PC, docetaxel.

hormone-independent PCa cells and clinical specimens, and
are associated with postoperative recurrence, distant metas-
tasis and shortened survival time (38). It is also hypothesized
that the structural features of AR-cleavage variants may acti-
vate downstream target genes through androgen-independent
pathways to effect proliferation of PCa and eventually
develop into androgen-independent PCa (39). This suggests
that ARV7 may play an important role in castration-resistant
PCa. Moreover, it present study reported that ARV7 expres-
sion was low in LNCaP cells and higher in LNCaP-B cells,
suggesting that the hormone resistance of LNCaP-B cells may
be associated with high expression of ARV7. This result was
consistent with the results of Guo et al (27), who suggested
that ARV7 played an important role in castration-resistant
PCa. The current study further examined the effect of Res
on ARV7 expression and showed that Res inhibited ARV7

expression. It was also further demonstrated that inhibition of
LNCaP-B cells by Res may be associated with the inhibition
of ARV7 expression.

A previous review suggested that the PI3K/AKT signaling
pathway is an important pathway affecting biological
processes, including cell proliferation, cycle progression,
migration and angiogenesis (40). Liao ef al (41) showed that
the intensity of AKT expression in prostate tumor tissues
is positively correlated with PSA levels, and that increased
PSA expression is associated with tumor progression.
Another study showed that the activation of the PI3K/AKT
pathway promotes the anti-apoptotic effect of PCa cells and
the tumor progression (42). AKT is frequently activated
in PCa cells, providing proliferation and survival signals,
and regulating AR activity through phosphorylation (43).
In line with these studies, the present results suggested
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that Res inhibits the AKT phosphorylation in LNCaP and
LNCaP-B cells, and that the regulation of AR expression
has a significant effect on hormone resistance. Res+ARV7
treatment elevated the levels of p-AKT, suggesting that over-
expression of ARV7 reversed the inhibition effect of Res on
AKT phosphorylation.in PCa. The inhibitory effect of Res
on the AKT pathway is associated with ARV7. The effect of
overexpression of ARV7 on Res inhibition of PCa prolifera-
tion and apoptosis was also investigated. Compared with the
Res group, the Res+ARV7 and Res+phen groups restored
the inhibitory effect of Res on LNCaP-B cell proliferation. It
was shown that Res inhibited the proliferation of LNCaP-B
cells in association with the ARV7 and AKT pathways. The
apoptosis assay showed that the Res+ARV7 and Res+phen
groups restored the proapoptotic effect of Res in LNCaP-B
cells, and that this effect was associated with the ARV7 and
AKT pathways.

Taken together, the present data suggested that Res inhibits
the proliferative capacity of androgen-dependent LNCaP cells
and hormone-resistant LNCaP-B cells, and induced apoptosis
in both of these PCa cell lines. Res also inhibited the secretion
of PSA. These effects may be associated with Res inhibiting
AKT phosphorylation in LNCaP and LNCaP-B cells and by
regulation of AR mRNA and protein expression levels. It was
also demonstrated that Res induced proliferation and apoptosis
in LNCaP-B cells, possibly by causing decreased expression
of ARV7 and inhibiting the activation of the AKT pathway.
One limitation of the present study is that it was limited to
in vitro data. Therefore, in the future, in vivo studies should
be considered. In summary, these findings show the value of
investigating the anticancer effects of Res and may provide a
preliminary theoretical basis for its clinical application in the
treatment of PCa.
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