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Resveratrol promotes regression of renal carcinoma cells via a
renin-angiotensin system suppression-dependent mechanism

JIANCHANG LI*, MINGNING QIU$, LIEQIAN CHEN, LEI LIU, GUOBIN TAN and JIANJUN LIU

Laboratory of Urology, Guangdong Medical University, Zhanjiang, Guangdong 524001, P.R. China

Received July 2, 2015; Accepted October 11,2016

DOI: 10.3892/01.2016.5519

Abstract. The aim of the present study was to investigate
the effect of resveratrol on renal carcinoma cells and explore
possible renin-angiotensin system-associated mechanisms.
Subsequent to resveratrol treatment, the cell viability,
apoptosis rate, cytotoxicity levels, caspase 3/7 activity and
the levels of angiotensin II (Angll), AngllI type 1 receptor
(ATIR), vascular endothelial growth factor (VEGF) and
cyclooxygenase-2 (COX-2) were evaluated in renal carcinoma
cells. The effects of Angll, ATIR, VEGF and COX-2 on
resveratrol-induced cell growth inhibition and apoptosis were
also examined. The results indicated that resveratrol treatment
may suppress growth, induce apoptosis, and decrease AnglI,
ATIR, VEGF and COX-2 levels in renal carcinoma ACHN
and A498 cells. In addition, resveratrol-induced cell growth
suppression and apoptosis were reversed when co-culturing
with ATIR or VEGF. Thus, resveratrol may suppress renal
carcinoma cell proliferation and induce apoptosis via an
ATIR/VEGEF pathway.

Introduction

Resveratrol (molecular formula, C,,H,,0;; CAS number,
501-36-0) is a non-toxic phytoalexin antioxidant and an
effective anticancer compound that can be extracted from
grapes, red wines, berries and peanuts (1), which imparts
cancer chemopreventive and therapeutic responses (2,3).
It is suggested to have potent antitumor properties against
numerous human cancers (4,5). The renin-angiotensin
system (RAS) is classically described as an important
endocrine system that regulates blood pressure and electro-
lyte balance. Studies have demonstrated that RAS may be
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involved in numerous pathophysiological processes, such as
maintaining blood pressure/blood volume homeostasis and
ion-fluid balance, phylogenetic advancement, growth promo-
tion and angiogenesis, ontogeny and phylogeny (6). RAS
is also involved in several cancers, including glioblastoma
multiform (7), and bladder (8) and renal (9) cancers. Previous
studies have suggested that resveratrol may play anticancer
roles via a RAS-dependent pathway, such as in renal (10)
and bladder (8) cancer cells. Angiotensin II (AnglI), which
is known to be the main effector of the RAS pathway, has an
important role in regulating cancer inflammation and tumor
angiogenesis (11). The majority of AnglI effects are mediated
by 2 specific receptors subtypes, consisting of AnglI type
1 receptor (AT1R) and AngllI type 2 receptor (AT2R) (12),
which are detected in astrocytomas (13), esophageal squa-
mous cell carcinoma (14) and renal clear cell carcinoma (15).
ATIR-mediated AnglI activity plays a central role in medi-
ating the majority of the actions of the RAS pathway (16).
Vascular endothelial growth factor (VEGF) and epidermal
growth factor receptor (EGFR) are important molecules in
tumor-associated angiogenesis, as they activate endothelial
cell metastasis and increase vascular permeability (17-19).
Inhibition of VEGF suppresses tumor angiogenesis and
tumor growth in vivo (20). As an important downstream
regulator in RAS, VEGF is reported to be induced by AngllI,
by binding AT1R in pancreatic cancer cells (21). Cyclooxy-
genase-2 (COX-2) is a key enzyme involved in carcinogenesis
and tumor progression, particularly in neoangiogenesis and
lymphovascular invasion (22-24), and has also been detected
as upregulated through mechanisms distinct from the
VEGEF axis (25-27). In the present study, the suppression of
proliferation and induction of apoptosis by resveratrol was
investigated in renal carcinoma cell lines. The levels of the 4
important factors in RAS, consisting of Angll, ATIR, VEGF
and COX-2 were examined, and the potential mechanisms
were analyzed.

Materials and methods

Cell culture and resveratrol treatment. Human renal
carcinoma ACHN and A498 cell lines were purchased from
Guangzhou Jennio Biological Technology Co., Ltd (Guang-
zhou, China). ACHN cells were cultured in high glucose
Dulbecco's modified Eagle medium (Gibco, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
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(v/v) fetal bovine serum (FBS; Gibco, Thermo Fisher Scien-
tific, Inc.). A498 cells were cultured in RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% (v/v) FBS. The two cell lines were cultured at 37°C in a
5% humidified CO, atmosphere. Resveratrol was purchased
from Sigma-Aldrich; Merck Millipore (Darmstadt, Germany).
Resveratrol was dissolved in DMSO to create a stock solution
at a concentration of 100 mM, which was subsequently diluted
in culture medium to the desired concentration for experi-
ments. DMSO was used as the vehicle control.

Enzyme-linked immunosorbent assay (ELISA). Subsequent
to ACHN and A498 cells being treated with resveratrol, the
medium was collected by centrifugation at 400 x g for 15 min
at 4°C, and the liquid supernatant was stored at -80°C until
ELISA. ACHN and A498 cells were lysed with sodium
dodecyl sulfate (SDS) lysis buffer (Beyotime Institute of
Biotechnology, Shanghai, China), and total proteins were
extracted at 4°C. The concentrations of Angll, ATIR, VEGF
and COX-2 in the culture medium and cells were determined
using a human AnglI ELISA kit (catalogue no., ml003766;
Shanghai Enzyme-linked Biotechnology Co., Ltd., Shanghai,
China), an ATIR ELISA kit (catalogue no., ml006788;
Shanghai Enzyme-linked Biotechnology Co., Ltd.), a VEGF
ELISA kit (catalogue no., ml009877; Shanghai Enzyme-linked
Biotechnology Co., Ltd.) and a COX-2 ELISA Kit (catalogue
no., ml006532; Shanghai Enzyme-linked Biotechnology Co.,
Ltd.) in accordance with the manufacturers' protocols.

Cell proliferation assay. Effects of resveratrol treatment on
the cell proliferation of renal carcinoma cells were detected
by Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technolo-
gies, Inc., Mashikimachi, Kumamoto, Japan) assay. ACHN
and A498 cells were seeded in 96-well plates (Corning Incor-
porated, Corning, N'Y, USA) at a density of 5x10? cells per well
with 100 ul culture medium. Subsequent to allowing 24 h for
adhering, resveratrol was added at varying concentrations for
12, 24 and 48 h. The culture medium was then removed and
replaced with 100 xl medium containing CCK-8 reagent (10 pl;
Dojindo Molecular Technologies, Inc.) in each well. The plates
were incubated at 37°C for 2 h. Absorbance at 450 nm was
recorded using a spectrophotometer (EnSpire 2300 Multilabel
Reader; PerkinElmer, Waltham, MA, USA).

Apoptosis detection. Apoptosis cells were quantified using a
fluorescein isothiocyanate Annexin V Apoptosis Detection
Kit (BD Pharmingen, San Diego, CA, USA) according to the
manufacturer's protocol. Cells were cultured in 6-well plates
at a density of 1x10° cells per well. Following 24 h growth,
cells were treated with various resveratrol concentrations and
harvested for the apoptosis assay. Untreated cells were used as
a negative control.

Colony formation assay. Cells (1x10° cells per well) were
seeded into 6-well plates subsequent to 6 h-treatment with
various concentrations of resveratrol and were cultured
for 2 weeks. The number of colonies formed was counted
subsequent to cells being fixed with 4% paraformaldehyde,
and stained with a crystal violet staining solution (Beyotime
Institute of Biotechnology).
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Caspase-Glo 3/7 assays. Cells (5x10° cells per well) were
seeded onto 96-well plates and exposed to different concentra-
tions of resveratrol. Equal volume of Caspase-Glo 3/7 reagent
was subsequently added into each well and incubated for
30 min at room temperature in the dark. The luminescence
was determined using a luminometer (Berthold Sirius L;
Titertek-Berthold, Pforzheim, Germany).

Cytotoxicity assay. The cytotoxicity of resveratrol was assessed
using a lactate dehydrogenase (LDH) Cytotoxicity Assay kit
(Beyotime Institute of Biotechnology) according to the manufac-
turer's protocol. Cells were cultured in 96-well plates (Corning
Incorporated) and then treated with resveratrol for 24 h. The
medium was collected by centrifugation at 400 x g for 5 min.
Supernatant (120 ul/well) was transferred into another 96-well
plate and 60 x1 LDH detection reagent was added to each well,
and then incubated for 30 min at room temperature in the dark.
Absorbance was recorded at 490 nm with a spectrophotometer
(EnSpire 2300 Multilabel Reader; PerkinElmer).

Western blot analysis. The expression of the apoptosis-asso-
ciated proteins caspase 9, B-cell lymphoma 2 (Bcl-2) and
Bcl-2-like protein 4 (Bax) were detected in renal carcinoma
cells. Cells were lysed with radioimmunoprecipitation assay
buffer (Beyotime Institute of Biotechnology) and then total
proteins were extracted at 4°C. Proteins were separated by
SDS-polyacrylamide gel electrophoresis and transferred onto
a polyvinylidene fluoride membrane (EMD Millipore, Bill-
erica, MA, USA). Membranes were then blocked using 5%
non-fat milk in Tris-buffered saline and Tween 20 (TBS-T)
at room temperature for 1 h, and the membranes were then
probed with rabbit anti-human caspase 9 (catalog no., 9502;
dilution, 1:1,000; Cell Signaling Technology, Inc., Danvers,
MA, USA), Bax (catalog no., 2772; dilution, 1:1,000; Cell
Signaling Technology, Inc.) and Bcl-2 rabbit monoclonal
antibodies (catalog no., 2876; dilution, 1:1000; Cell Signaling
Technology, Inc.). The membranes were probed with a
rabbit anti-human GAPDH polyclonal antibody (catalog
no., ab37168; dilution, 1:100,000; Abcam, Cambridge, UK)
as a loading control. The membranes were washed 3 times
with TBS-T for 5 min each time and incubated for 1.5 h
with a horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody (catalog no., E030120; dilution, 1:10,000;
EarthOx Life Sciences, Millbrae, CA, USA).

Statistical analysis. ELISA, colony formation and Caspase-Glo
3/7 assays were repeated 3 times; CCK-8 and cytotoxicity
assays were performed 4 times. One-way analysis of variance
(SPSS 18.0; SPSS, Inc., Chicago, IL, USA) and Student's 7-test
(Microsoft Excel; Redmond, WA, USA) were used to evaluate
the differences between 2 groups of data in all the experiments.
All data were presented as the mean + standard deviation (SD).
P<0.05 was considered to indicate a statistically significant
difference and P<0.01 was considered to indicate an extremely
significant difference.

Results

Resveratrol suppressed growth of renal carcinoma cells. To
determine the effect of resveratrol on cell proliferation in
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Figure 1. Resveratrol suppressed renal carcinoma cell proliferation. (A) Cell growth, as detected by Cell Counting Kit-8 assay, was suppressed in a dose- and
time-dependent manner subsequent to resveratrol treatment. (B) Resveratrol inhibited proliferation in ACHN and A498 cells at 24 h, which was visualized by
microscopy (magnification, x100). (C) Representative pictures and quantification of resveratrol-induced colony formation suppression in renal carcinoma cells
followed 6 h resveratrol treatment. "P<0.05 and “"P<0.01, experimental vs. control groups.

renal carcinoma cells, the present study firstly determined cell
viability by CCK-8 assay. As shown in Fig. 1A, renal carci-
noma cells treated with 25, 50, 100, 150 and 200 resveratrol
for 12,24 and 48 h, cell viability was significantly inhibited
in a dose- and time-dependent manner compared with cells
treated with O uM resveratrol [ACHN cells, P<0.001 for all
concentrations at 12, 24 and 48 h; A498 cells, P<0.001 for all
concentrations at 12,24 and 48 h, with the exception of 25 yM
for 12 h (P=0.0017)]. For morphology analysis, untreated
renal carcinoma cells grew well, whereas the cells treated
with resveratrol were distorted in shape and became round
and underwent apoptosis (Fig. 1B). Furthermore, following
6 h of treatment with resveratrol, colony formation assay was
performed and revealed a marked decrease in colony forma-
tion compared to the control group (ACHN cells, P=0.0158
by 50 uM and P=0.0026 by 100 uM; A498 cells, P=0.0002
by 50 M and P=0.0002 by 100 xM; Fig. 1C).

Resveratrol induced apoptosis in renal carcinoma cells. To
illustrate the functions of resveratrol on apoptosis in renal
carcinoma cells, cytotoxicity, caspase 3/7 activity, cell apoptosis
and expression of caspase 9, Bcl-2 and Bax were determined. It
was found that resveratrol significantly increased cytotoxicity
(ACHN cells: 25 uM, P<0.001; 50 M, P=0.0036; 100 uM,
P=0.0314; 150 uM, P=0.0034; and 200 M, P=0.0007; A498
cells: 25 uM, P<0.001; 50 uM, P=0.0041; 100 uM, P=0.0327;
150 uM, P=0.0032; and 200 xuM P=0.0005; Fig. 2A) and
caspase 3/7 activity (ACHN cells, P<0.001 for 50, 100 and
200 uM; A498 cells, P<0.001 for 50, 100 and 200 uM; Fig. 2B)
in renal cancer cells compared with cells treated with 0 xM
resveratrol. Results of flow cytometry assay revealed that
subsequent to 24 h of treatment with resveratrol, apoptosis was
induced in renal carcinoma cells (Fig. 2C). In addition, resvera-
trol was shown to upregulate cleaved-caspase 9 and Bax levels
and downregulate Bcl-2 level in the two cell lines (Fig. 2D).
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Figure 2. Resveratrol induced apoptosis in renal carcinoma cells. (A) Cytotoxicity of resveratrol was determined by a lactate dehydrogenase assay. (B) Caspase
3/7 activity subsequent to resveratrol treatment was determined by a Caspase-Glo 3/7 assay. (C) Resveratrol-induced apoptosis in renal carcinoma cells
with different concentrations (0, 50, 100 and 200 M) for 24 h, which was analyzed by flow cytometry. (D) Cells were treated with resveratrol (0, 50, 100
and 200 M) for 24 h, and the levels of caspase 9, Bax and Bcl-2 were detected by western blotting. The data showed that resveratrol regulated apoptotic
proteins in renal carcinoma cells in a dose-dependent manner. “P<0.01, experimental vs. control groups. JS-K, O?-(2 4-dinitrophenyl)1-[(4-ethoxyxarbonyl)
piperazin-1-yl]diazen-1-ium-1,2-diolate; FITC, fluorescein isothiocyanate; Bcl-2, B-cell lymphoma 2; Bax, bcl-2-like protein 4; GAPDH, glyceraldehyde

3-phosphate dehydrogenase.

Resveratrol suppressed Angll, ATIR, VEGF and COX-2 in a
dose-dependent manner. To confirm whether Angll, ATIR,
VEGF and COX-2 levels would be affected by resveratrol,
ACHN and A498 cells were treated with various concentra-
tions of resveratrol for 24 h, and the levels of Angll, ATIR,
VEGF and COX-2 in cells and culture medium were deter-
mined. As shown in Figs. 3 and 4, levels of Angll (ACHN
cells: 50 uM, P=0.0086; 100 M, P<0.001; and 200 uM,
P<0.001; A498 cells: 50 uM, P=0.0015; 100 uM, P=0.0002;
and 200 uM, P=0.0003; culture medium of ACHN cells:
50 uM, P=0.0113; 100 uM, P=0.0031; and 200 xM, P=0.0026;
culture medium for A498 cells: 50 uM, P=0.0246; 100 uM,
P=0.0015 and 200 M, P=0.0007; Figs. 3A and 4A), ATIR
(ACHN cells: 50 uM, P=0.0317; 100 uM, P=0.0033; and
200 uM, P=0.0013; A498 cells: 50 uM, P=0.0221; 100 uM,
P=0.0031; and 200 uM, P=0.0023; culture medium for ACHN

cells: 50 uM, 0.0110; 100 M, 0.0011; and 200 M, 0.0008;
culture medium for A498 cells: 50 uM, P=0.0340; 100 uM,
P=0.0019; and 200 xM, P=0.0016; Figs. 3B and 4B), VEGF
(ACHN cells: 50 uM, P=0.0062; 100 uM, P=0.0068; and
200 uM, P=0.0024; A498 cells: 50 uM, P=0.0221; 100 uM,
P=0.0259; and 200 M, 0.0045; culture medium for ACHN
cells: 50 uM, P=0.0341; 100 uM, P=0.0012; and 200 uM,
P=0.0003; culture medium for A498 cells: 100 uM, 0.0090;
and 200 uM, 0.0056; Figs. 3C and 4C) and COX-2 (ACHN
cells: 100 uM, 0.0246; and 200 uM, 0.0138; A498 cells:
100 uM, 0.0398; and 200 M, 0.0259; culture medium for
ACHN cells: 50 uM, 0.0406; 100 xM, 0.0097; and 200 uM,
0.0056; culture medium for A498 cells: 100 uM, 0.0065; and
200 #M, 0.0061; Figs. 3D and 4D) were significantly decreased
in the two cell lines and culture mediums in a dose-dependent
manner compared with cells treated with 0 zM resveratrol.
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ATIR and VEGF may reverse resveratrol-induced renal carci-
noma cell growth suppression and apoptosis. To determine
whether Angll, ATIR, VEGF and COX-2 may reverse resve-
ratrol-induced renal carcinoma cell regression and apoptosis,
cells were incubated with AnglI (2 pg/ml), ATIR (5 pg/ml),
VEGF (2 pg/ml) or COX-2 (0.5 ng/ml) when exposed to resve-
ratrol (100 uM). AT1R and VEGF were shown to reverse cell
growth suppression by resveratrol (AT1R-treatment: RES vs.
RES+ATI1P, P=0.0442 in ACHN cells and P=0.0235 in A498A
cells; VEGF-treatment: RES vs. RES+VEGF, P=0.0429 in
ACHN cells and P=0.0257 in A498A cells; Fig. 5A), and cell
apoptosis assay indicated a similar result with the cell growth
results (AT1R-treatment: RES vs. RES+ATI1P, P=0.0312 in
ACHN cells and P=0.01245 in A498A cells; VEGF-treatment:

RES vs. RES+VEGF, P=0.0351 in ACHN cells and P=0.0153
in A498A cells; Fig. 5B). By contrast, Angll and COX-2 played
undetected roles of resveratrol-induced cell growth suppres-
sion and apoptosis.

Discussion

As a type of free radical scavenger and antioxidant, resve-
ratrol is recognized as an effective anticancer compound in
several types of cancer, such as leukemia (28), breast (29-32),
prostate (33) and ovarian cancers (34), melanoma (35) and
primary brain tumors (36). In the present study, it was found
that resveratrol may suppress renal carcinoma cell growth in
a time- and dose-dependent manner. The present study also
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Figure 5. ATIR and VEGF reversed resveratrol-induced cell proliferation inhibition and apoptosis. (A) Resveratrol-induced cell proliferation inhibition in
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(0.5 ng/ml). "P<0.05, experimental vs. control groups. Angll, angiotensin II; ATIR, AnglI type 1 receptor; VEGF, vascular endothelial growth factor; COX-2,

cyclooxygenase-2; FITC, fluorescein isothiocyanate.

demonstrated that resveratrol induced renal carcinoma cell
apoptosis by regulating apoptosis-associated proteins caspase
3/7/9, Bcl-2 and Bax. Reduced Angll, ATIR, VEGF and
COX-2 levels were detected subsequent to resveratrol treat-
ment and highlighted the importance of ATIR and VEGF in
resveratrol-induced cell apoptosis.

Previously, the renin-angiotensin system (RAS) has been
considered to be an endocrine system, and the function of which
is limited to regulate blood pressure and electrolyte balance.
However, recent studies have detected RAS in several tissues
and indicated that local RAS may be involved in regulating a
variety of physiological and pathological processes (7-9,37). In
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the RAS, Angll is recognized as a key biological peptide (38),
with 2 major specific receptors subtypes, consisting of ATIR
and AT2R (39). AnglI acting on ATIR has a central role in
mediating the majority of the actions of the RAS (16). Studies
indicated that RAS was involved in biological activities
through the AngII/ATIR pathway (39-41). In the present study,
the levels of Angll and ATIR were determined subsequent to
resveratrol treatment. The results demonstrated that Angll
and ATIR were downregulated in the cells and the culture
medium. As VEGF and COX-2 were important downstream
regulators in RAS (42-45), it was found that VEGF and COX-2
were inhibited in resveratrol-treated cells and this result is
similar to a previous study (29). The present data suggested
that RAS suppression would be an important event during
resveratrol-induced renal carcinoma cell apoptosis.

RAS was demonstrated to be involved in tumor occurrence
and development (46-48). For example, Angll was able to
promote epithelial-to-mesenchymal transition in intrahepatic
cholangiocarcinoma (38), and angiotensin-converting enzyme
inhibitor suppresses growth of colorectal cancer cells (49).
Angll was demonstrated to induce VEGF in pancreatic cancer
cells through binding ATIR and extracellular signal-regulated
kinase 1/2 signaling; in addition, AngII/ATIR may increase
expression of VEGF (21). AT1R was identified as upregulated
in renal carcinoma and in urogenital cancer in a previous
study (40). COX-2 was detected as upregulated in hypoxic
conditions and induced angiogenesis through mechanisms
distinct from the VEGF axis (25-27). As a type of anti-cancer
drug, resveratrol was reported to act via a RAS-dependent
pathway (10). In the present study, the effects of Angll, ATIR,
VEGF and COX-2 on resveratrol-induced cell growth suppres-
sion and apoptosis in renal carcinoma were investigated. It
was found that ATIR and VEGF reverse resveratrol-induced
renal carcinoma cell growth suppression and apoptosis;
however, Angll and COX-2 had no significant effect on
resveratrol-induced cell growth suppression and apoptosis.
The present results suggest that ATIR and VEGF are the
critical factors during resveratrol-induced renal carcinoma cell
proliferation suppression and apoptosis.

In summary, the present study examined the effect of
resveratrol on renal carcinoma cell growth, suppression and
apoptosis and investigated the potential mechanism through
RAS. The results indicated that resveratrol may inhibit cell
growth, induce apoptosis, and decrease Angll, ATIR, VEGF
and COX-2 production in renal carcinoma cells. However,
ATIR and VEGF may reverse the functions of resveratrol on
renal carcinoma cells. Additional studies should be conducted
to demonstrate the exact mechanism underlying the resvera-
trol-induced cell growth, suppression and apoptosis, which
may be, at least partially, through a RAS-associated pathway
in renal carcinoma cells.
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