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Dauricine inhibits viability and induces cell cycle
arrest and apoptosis via inhibiting the PI3K/Akt
signaling pathway in renal cell carcinoma cells
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Abstract. Renal cell carcinoma (RCC), which is derived from
the proximal tubules of nephrons, is one of the most common
solid cancers. Due to its inherent insensitivity to radiotherapy
and chemotherapy, surgery remains the only curative strategy
for RCC. Therefore, a novel strategy for treating RCC is
urgently needed. This study aims to investigate the effects of
dauricine, a bisbenzylisoquinoline alkaloid, in RCC cells and
the underlying mechanisms of its action. The effects of dauri-
cine on viability, cell cycle distribution and apoptosis in RCC
cells were determined in vitro by MTT assay, flow cytometry
and nucleosome ELISA assay, respectively. Mechanism studies
were performed by analyzing related proteins using western
blotting assays. We show that dauricine effectively inhibits
the viability of four RCC cell lines (786-0, Caki-1, A-498 and
ACHN). In addition, dauricine induces cell cycle arrest at the
GO/GI phase in RCC cells. Dauricine also induces apoptosis
via the intrinsic pathway, since caspase-9 and caspase-3 but
not caspase-8 activation was detected after the treatment.
Moreover, dauricine was able to inhibit the PI3K/Akt signaling
pathway. Our findings suggest inhibitory effects of dauricine
in renal cancer cells and provide a better understanding of its
underlying mechanism. Our findings suggest that dauricine
could be a potential therapeutic agent for treating RCC.

Introduction

Renal cell carcinoma (RCC), one of the most common solid
cancers found in adult kidneys, is an epithelial carcinoma
derived from the proximal tubules of nephrons (1). RCC
accounts for ~90% of kidney carcinomas and 3% of all adult
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malignancies (1). Due toits inherentinsensitivity toradiotherapy
and chemotherapy, surgery remains the only curative strategy
for RCC (2). However, approximately one-third of patients
develop metastases after surgery (3). Therefore, novel thera-
peutic strategies are urgently needed.

In recent years, considerable attention has been paid to
natural products for preventing or treating cancers due to their
safety. Over the past 30 years, over 70% of all drugs approved
by the Food and Drug Administration (FDA) for cancer have
originated from natural products or traditional medicine (4).
Dauricine, a bisbenzylisoquinoline (BBIQ) alkaloid isolated
from the rhizome of Menispermum dauricum DC, has been
found to yield various pharmacological results, such as
anti-arrhythmic and anti-inflammatory effects (5). Moreover,
several studies have indicated that dauricine has potent anti-
tumor activities, including inducing apoptosis, repressing
viability and overcoming drug resistance in tumor cells (6).
However, the effect of dauricine on RCC remains to be eluci-
dated.

In the present study, we investigated the biological effects
and mechanisms underlying dauricine action in RCC cells. We
found that dauricine inhibits viability in cells and induces cell
cycle arrest at the GO/G1 phase and apoptosis via the intrinsic
pathway in RCC cells. The mechanisms of dauricine's action
included the repression of anti-apoptotic Bcl-2 proteins and the
PI3K/Akt signaling pathway.

Materials and methods

Cell culture and reagents. The human RCC cell lines 786-0O,
Caki-1, A-498 and ACHN were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA). The
cells were cultured in RPMI-1640 medium containing 10%
fetal bovine serum (both from Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and 1% (v/v) penicillin-strepto-
mycin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
at 37°C in a humidified atmosphere containing 5% CO,.
Dauricine was purchased from Solarbio Biotechnology Co.,
Ltd. (Beijing, China). 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe
nyl-2H-tetrazolium bromide (MTT) and propidium iodide (PI)
were purchased from Sigma-Aldrich Chemicals (St. Louis,
MO, USA). Primary antibodies against caspase-8, caspase-3,
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caspase-9, cleaved PARP, Bcl-2, p21, and Bax were purchased
from Cell Signaling Technology, Inc. (Danvers, MA, USA).
Primary antibodies against cyclin DI, cyclin-dependent
kinase 2 (CDK2), CDK4, p-Akt, Akt, p-PI3K, and PI3K
were all purchased from Abcam (Cambridge MA, USA), and
primary antibodies against GAPDH and donkey anti-rabbit
and sheep anti-mouse immunoglobulin were purchased from
Sigma-Aldrich. All other chemicals not specifically mentioned
here were purchased from Sigma-Aldrich; Merck KGaA.

Cell viability assay. Cell viability was evaluated by
MTT assay. Briefly, cells were seeded in a 96-well plate
(5x10% cells/well) and then treated with various doses of
dauricine for 24 h. A total of 50 ul of MTT solution (5 mg/ml)
was added, and the cells were incubated for another 4 h. The
medium was then removed, and 200 ul of DMSO was added
to each well. The absorbance of the solutions was measured
on a BioTek microplate reader at 595 nm. The relative cell
viability was normalized to the control, which was treated
with 0.1% DMSO.

Cell cycle analysis. Cells were harvested after treatment with
dauricine and fixed in ethanol. The cells were washed with
PBS and stained with propidium iodide (BD Biosciences,
Franklin Lakes, NJ, USA) for 30 min in PBS supplemented with
RNase at room temperature in the dark. The cell cycle distribu-
tion was then evaluated using FACSVerseTM (Beckman Coulter
Fullerton, CA, USA), and the data were analyzed using FlowJo
V10 (Tree Star, Inc., Ashland, OR, USA).

Nucleosome ELISA assay for the detection of apoptosis.
For apoptosis assays, cells were seeded at a density of
1x10* cells/well into 96-well plates at 37°C overnight and
treated with various doses of dauricine for 24 h. Cells were
subsequently harvested and treated with the Nucleosome
ELISA kit (Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany) according to the manufacturer's instructions.

Caspase activity assay. The activity of caspases was
measured using a caspase activation kit (R&D Systems,
Minneapolis, MN, USA) according to the manufacturer's
instructions. Briefly, cell lysates were prepared after treat-
ment with various doses of dauricine and incubated with
the supplied reaction buffer and the colorimetric substrates
at 37°C for 2 h in the dark. Then, the absorbance of
the solutions was measured on a BioTek microplate reader
(BioTek Instruments, Winooski, VT, USA) at 405 nm.

Western blot analyses. Total protein was lysed in RIPA lysis
buffer (Invitrogen Life Technologies, Carlsbad, CA, USA) and
then quantified with a BCA kit. Equal amounts of proteins
were resolved on 12% SDS-PAGE gels and transferred onto
PVDF membranes. Membranes were incubated with primary
antibodies overnight at 4°C followed by HRP-conjugated
secondary antibodies at room temperature for 1 h; signals
were visualized by ECL reagent (Pierce, Rockford, IL, USA).

Statistical analyses. All the experiments were carried
out at least three times. The data were analyzed using
GraphPad Prism 6.0 software. The results are shown
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Table I. ICy, values of dauricine in renal carcinoma cells.

Cell lines ICy,

786-0 13.42+2.1 uM
Caki-1 8.46x1.3 uM
A-498 18.28+0.6 uM
ACHN 11.36+1.5 uM

Data represent mean + standard deviation (n=3). ICs,, half maximal
inhibitory concentration.

as the mean # standard deviation (SD), and the differ-
ences were measured using one-way analysis of
variance (ANOVA) followed by Tukey's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Dauricine inhibited the viability of renal carcinoma cells. To
investigate the cytotoxicity of dauricine, four different renal
carcinoma cell lines (786-0, Caki-1, A-498, and ACHN)
were treated with various concentrations of dauricine (0, 5,
10, 15, 20 uM) for 24 h, followed by MTT assay. As shown
in Fig. 1, dauricine significantly decreased cell viability in a
dose-dependent manner, and the ICy, values of dauricine in
different cell lines are listed in Table I. Caki-1 and A-498 cells
were the most sensitive and the least sensitive to dauricine,
respectively. These two cell lines and 786-0 cells were used
for the subsequent studies.

Dauricine induced cell cycle arrest at the GO/GI phase.
MTT assay revealed that dauricine inhibits the viability of
RCC cells. To better understand the underlying mechanism,
the effects of dauricine on cell cycle were analyzed using
flow cytometry. Caki-1, A-498 and 786-0 cells were treated
with different doses of dauricine (10 and 20 yM) for 24 h.
As shown in Fig. 2A, incubation with dauricine triggered
cell cycle arrest at the GO/G1 phase as well as a reduction
in the S phase in a dose-dependent manner. Moreover, cell
cycle-related proteins, such as cyclin D1, CDK2, and CDK4,
were decreased, and p21 was increased after treatment with
dauricine (Fig. 2B).

Dauricine induced apoptosis via the intrinsic pathway in
renal carcinoma cells. To measure apoptosis induced by
dauricine, nucleosome ELISA assays were used. As shown
in Fig. 3A, dauricine treatment led to an increase in apoptosis
in a dose-dependent manner. The activation of caspases plays
a very important role in the process of apoptosis. There are
two pathways that lead to apoptosis, namely, the extrinsic
pathway and the intrinsic pathway. The extrinsic and intrinsic
pathways are initiated by caspase-8 and caspase-9, respec-
tively. Activation of both caspase-8 and caspase-9 can lead
to the activation of caspase-3, which finally leads to apop-
tosis. Therefore, we investigated whether dauricine activated
any of these caspases using a colorimetric caspase activity
assay and western blot analyses. As shown in Fig. 3B and C,
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Figure 1. Effects of dauricine treatment on renal carcinoma cell viability. Various renal carcinoma cell lines (786-0, Caki-1, A-498, and ACHN) were treated
with various doses of dauricine for 24 h, and MTT assays were performed to determine cell viability. The data are expressed as the mean + SD of three
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independent experiments. Significance was determined by Student's t-test ('P<0.05, “P<0.01 and ““P<0.001 vs. untreated control).
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Figure 2. Dauricine induces cell cycle arrest at the GO/G1 phase. (A) Caki-1, A-498 and 786-0 cells were treated with various doses of dauricine for 24 h;
cells were then stained with PI and subjected to flow cytometry analysis. (B) Caki-1 and A-498 cells were treated with various doses of dauricine for 24 h, and
cellular lysates were subjected to western blot assays with the indicated antibodies. The data are expressed as the mean + SD of three independent experiments.
Significance was determined by Student's t-test ("P<0.05, “P<0.01 vs. untreated control).

activation of caspase-3 and caspase-9 but not caspase-8
was observed after incubation with dauricine. Besides the
cleavage of caspase-3, we also observed the expression of
pro-caspase-9 was decreased which indicated the activation
of caspase-9 (7,8) (Fig. 3C). In addition, cleavage of PARP,
which is a substrate of caspase-3, was observed (Fig. 3C).
The Bcl-2 family proteins are well-known regulators of the
intrinsic apoptotic pathway. We also found that dauricine
was able to downregulate the anti-apoptotic Bcl-2 and Mcl-1
proteins in a dose-dependent manner (Fig. 3C). Moreover,
the pro-apoptotic protein Bax was increased by dauricine

in a dose-dependent manner (Fig. 3C). These data suggest
that dauricine induced apoptosis mainly through the intrinsic
apoptotic pathway in renal carcinoma cells.

Dauricine suppresses the PI3K/Akt signaling pathway in
renal carcinoma cells. The PI3K/Akt signaling pathway plays
a critical role in cell survival and protecting cancer cells from
apoptosis (9). Therefore, we investigated whether dauricine
could affect the PI3K/Akt signaling pathway. Caki-1, A-498
and 786-0 cells were treated with various concentrations of
dauricine for 24 h; then, cellular lysates were subjected to
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Figure 3. Dauricine induces apoptosis via the intrinsic pathway. Caki-1, A-498 and 786-O cells were treated with various doses of dauricine for 24 h. (A) Cell
apoptosis was measured using a nucleosome ELISA kit. (B) Cellular lysates were assayed for in vitro caspase-3, -8 and -9 activities using DEVD-pNA,
IETD-pNA and LEHD-pNA as substrates, respectively, at 37°C for 1 h. The released fluorescent products were quantified. (C) Cellular lysates were subjected
to western blot analyses with the indicated antibodies. The data are expressed as the mean + SD of three independent experiments. Significance was deter-

mined by Student's t-test ("P<0.05, “P<0.01, ““P<0.001 vs. untreated control).

western blot analysis. As shown in Fig. 4A, the activation of
PI3K and Akt was suppressed by dauricine. To further inves-
tigate the role of dauricine in PI3K inhibition, we examined
its effect with or without the endotoxin LPS, which is a potent

activator of the PI3K/Akt signaling pathway. The cells were
incubated with 2 yg/ml LPS or 20 M dauricine for 24 h. As
depicted in Fig. 4B, stimulation with LPS significantly induced
Akt activation, and dauricine could repress the activation of
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Figure 4. Dauricine represses the PI3K/Akt signaling pathway. (A) Caki-1, A-498 and 786-O cells were treated with various doses of dauricine for 24 h.
Cellular lysates were subjected to western blot assays with the indicated antibodies. (B) Caki-1, A-498 and 786-O cells were treated with dauricine (20 M) or
LPS (2 ug/ml) for 24 h, and cellular lysates were subjected to western blot analyses with the indicated antibodies.

Akt. These data suggest that dauricine may exert antitumor
effects through the inhibition of PI3K/Akt.

Discussion

Currently, the treatment of RCC includes chemotherapy,
radiotherapy, immunotherapy, targeted therapy and surgery.
Unfortunately, RCC is insensitive to radiotherapy and
chemotherapy. Surgery is mainly used during the early metas-
tasis of RCC, thereby limiting its application. Immunotherapy
and targeted therapy have not yielded reliable remission in RCC
patients and need to be further developed (10,11). Therefore,
novel therapeutic agents for treating RCC are urgently needed.

BBIQs are a large and diverse family of natural alkaloids
that can be isolated from many plants. These alkaloids have
received considerable attention due to their diverse pharmaco-
logic activities, such as anti-inflammatory, cardiovascular, and
antitumor effects (12-14). Dauricine is a BBIQ alkaloid isolated
from the root of Menispermum dauricum DC (15). Several
studies have found that dauricine possesses potent antitumor
activities. For example, dauricine could inhibit angiogenesis
in breast cancer cells (16). Dauricine could also overcome
doxorubicin resistance in human leukemia cells (12). However,
the effects of dauricine in RCC cells have not yet been studied.

In the present study, we investigated the effects of dauricine
on RCC cells and the molecular events underlying the effects.
Our results showed that treatment with dauricine signifi-
cantly reduced the viability of four RCC cell lines (786-0,
Caki-1, A-498, and ACHN) in a dose-dependent manner.
Moreover, dauricine was found to cause cell cycle arrest at the
GO/G1 phase. The cell cycle is a series of events leading to
cell division and replication and is strictly regulated by cyclins
and CDKs. It has been documented that cyclin D1 and CDKs
are critical for cells to cross the G1/S threshold (17). Our data

demonstrated that cyclin D1, CDK?2 and CDK4 were down-
regulated and that p21 was upregulated after treatment with
dauricine. These findings were similar to a previous study in
which dauricine induced cell cycle arrest at the GO/G1 phase
in colon cancer cells (18).

Apoptosis, also known as programmed cell death, is
considered as one of the most potent natural defenses against
cancer, and the ability to escape from apoptosis is a hallmark
of cancer (19). Apoptosis is initiated by caspases, a family of
cysteine aspartyl-specific proteases. There are two pathways
that lead to apoptosis, namely, the extrinsic and intrinsic
pathways, which are initiated by caspase-8 and caspase-9,
respectively (20). According to our findings, the activation of
caspase-3 and caspase-9 was detected, but that of caspase-8
was not affected in the cells treated with dauricine. Dauricine
treatment also led to increased levels of cleaved PARP.
Furthermore, dauricine was found to decrease the expression
of Bcl-2 and Mcl-1 dose-dependently. These data suggest that
dauricine induces apoptosis via the intrinsic pathway in RCC
cells.

Deregulation of the PI3K/Akt signaling pathway is impli-
cated in the initiation and development of various human
malignancies, such as NSCLC, bladder cancer, RCC, breast
cancer and colon cancer (21,22). Many studies have indicated
that the pro-apoptotic effects of some antitumor agents are
tightly associated with the repression of the PI3K/Akt signaling
pathway (9,21). In addition, aberrant activation of the PI3K/Akt
pathway is also related to insensitivity to chemotherapeutic
agents (23). These findings suggest that targeting the PI3K/Akt
signaling pathway may serve as a promising strategy for the
treatment of cancers. In the present study, we investigated the
possible role of the PI3K/Akt pathway in dauricine-induced
apoptosis in RCC cells and found that phosphorylated PI3K
and Akt were markedly decreased after dauricine treatment,
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but the total levels of PI3K and Akt were not changed. In
addition, dauricine also inhibited the activation of PI3K/Akt
induced by LPS. These findings suggest that dauricine exerts
its antitumor effect via repressing the PI3K/Akt signaling
pathway in RCC cells.

In conclusion, we investigated the antitumor potential
of dauricine in RCC cells. We found that dauricine reduced
viability in RCC cells, induced cell cycle arrest at the
GO/G1 phase and induced apoptosis via the intrinsic pathway.
Dauricine-induced cell cycle arrest was associated with the
downregulation of cyclin D1, CDK2, and CDK4 and the
upregulation of p21. In addition, dauricine-induced apoptosis
was associated with the activation of caspase-9 and caspase-3,
and the expression of anti-apoptotic Bcl-2 proteins was down-
regulated. Furthermore, dauricine also inhibited the activation
of the PI3K/Akt signaling pathway. These findings suggest
that dauricine may be a promising chemotherapeutic agent
for treating RCC. Nevertheless, further study is needed to
completely elucidate the mechanisms of the antitumor effects
of dauricine.
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