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Ethanol extract from Cnidium monnieri (L.) Cusson induces cell
cycle arrest and apoptosis via regulation of the pS3-independent
pathway in HepG2 and Hep3B hepatocellular carcinoma cells
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Abstract. Cnidium monnieri (L.) Cusson is a frequently
used traditional Chinese medicine that treats gynecological
diseases and carbuncles. However, the mechanism of action
of C. monnieri remains to be fully elucidated. The present
study examined the cell cycle arrest and apoptotic effects
resulting from ethanol extract of C. monnieri (CME) in
HepG2 (wild-type p53) and Hep3B (p53-null) hepatocellular
carcinoma cells. An MTT assay was used to confirm the
anti-proliferative effect of CME. The cells were stained with
Hoechst 33342 or propidium iodide. It was demonstrated that
proliferation of HepG2 cells was suppressed by CME. Cell
cycle arrest occurred in the G1 phase following treatment with
CME and the number of apoptotic bodies was increased. The
expression levels of cell cycle-associated proteins, including
protein kinase B (Akt), glycogen synthase kinase-33 (GSK-30),
p53, cyclin E and cyclin-dependent kinase 2 (CDK2) were
determined by western blot analysis. The protein levels of phos-
phorylated (p)-Akt, p-GSK-3p3, p-MDM2 and cyclin E were
decreased, whereas the protein levels of p53, p21 and p-CDK2
(Thrl4/Tyrl5) were increased following treatment with CME.
Furthermore, treatment or co-treatment with LY294002
(phosphoinositide-3-kinase/Akt inhibitor) or Pifithrin-a (p53
inhibitor) with CME resulted in CME-induced G1 arrest which
occurred through the p53-independent signaling pathway in
hepatocellular carcinoma cells. In conclusion, CME induces
Gl arrest and apoptosis via the Akt/GSK-3f signaling pathway
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which is regulated by MDM2-induced degradation of p21,
rather than p53.

Introduction

Hepatocellular carcinoma (HCC) is the most common cancer
worldwide, and it is a major cause of cancer-associated
mortality (1,2). HCC occurs due to multifactorial causes
such as smoking, alcohol, human hepatitis virus, fatigue and
obesity (3,4). The current therapy for HCC includes surgery,
chemotherapy and radiotherapy. However, the therapeutic
outcomes are unsatisfactory (3). Cancer cells need an energy
source such as glucose and lipids for proliferation and divi-
sion, and then, they spread to another part of the body from
the primary site (5). A previous study reported that bioactive
compounds from natural plant extracts play a crucial role as
potential therapeutic agents (6). Many plant extracts induce
anticancer effects such as anti-proliferative and anti-metastatic
effects and cell cycle arrest in various cancer cell lines (7-9).
Moreover, the anticancer activity of natural plant extracts has
been investigated in HepG2 and Hep3B hepatocellular carci-
noma cells (3,10).

Protein kinase B (PKB, also known as Akt) plays a signifi-
cant role in various cellular functions such as cell survival,
proliferation and metabolism (11). The phosphorylation of
Akt at serine 473 is known to regulate Glycogen Synthase
kinase-3p (GSK-3f) inactivation through phosphorylation of
GSK-3p at serine 9 (12). GSK-3p is one of the two GSK-3
isoforms, and it regulates cell growth, differentiation and cell
survival (13). Inactive GSK-3f3 induces MDM2-mediated p53
ubiquitination and degradation (13). Tumor protein p53 (p53)
induces cell cycle arrest and apoptosis through transcriptional
regulation of p21¢PWafl 'Mouse double minute 2 homolog
(MDM2) and Bcl-2-associated X protein (Bax) genes, and
also regulates the activation of Bak and caspase-3 (14,15).
The p21 protein, one of the cyclin-dependent kinases
(CDKs), can arrest cell cycle at G1 phase through inhibition
of cyclin E-CDK2 complex (16). However, previous studies
have suggested that p21 can induce apoptosis and cell cycle
arrest via p53-dependent and p53-independent signaling
pathways (16-18).
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Cnidium monnieri (L.) Cusson is a well-known Chinese
medicinal herb that is commonly used for treating gyneco-
logical diseases, carbuncles, ringworm and nephritis (19-21).
According to previous study, the ethanol extracts from
C. monnieri contains several bioactive compounds such as
osthole and xanthotoxol (22). In the present study, we inves-
tigated wether ethanol extracts from C. monnieri (CME) have
an influence on cell cycle arrest and apoptosis in hepatocel-
lular carcinoma cells. Furthermore, to determine whether
CME-induced cell cycle arrest and apoptosis occurred via a
p53-dependent or p53-independent mechanism, we confirmed
the regulation of Akt/GSK-3p and p53 signaling pathway by
CME in HepG2 (wild-type p53) and Hep3B (p53-null) hepato-
cellular carcinoma cells.

Materials and methods

Reagent. Cnidium monnieri (L.) Cusson were purchased from
Dong Kyung PHARM Co., Ltd. (Seoul, Korea). The 100 g of
CME was soaked in 800 ml of 99.9% ethanol, and then stirring
for 48 h at room temperature. The extract was filtered through
filter paper (qualitative filter paper no. 1; Toyo Roshi Kaisha,
Ltd., Tokyo, Japan) and concentrated with a rotary evaporator
to remove the ethanol. The ethanol extracts of Cnidium monn-
ieri (L.) Cusson (CME) was dissolved in dimethyl sulfoxide
(DMSO; stock solution, 10-100 mg/ml) and refrigerated at
-20°C for long storage. The final concentration of CME in the
culture medium was controlled at 10-100 pg/ml. LY294002
(PI3K/Akt inhibitor) was purchased from Calbiochem (EMD
Millipore, Billerica, MA, USA) and Pifithrin-a (p53 inhibitor)
was purchased from Sigma-Aldrich (St Louis, MO, USA).

Cell culture. The human hepatocellular carcinoma cell lines
HepG2 and Hep3B were obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA). The cells
were grown in DMEM medium (Hyclone, Laboratories
Inc., Logan, UT, USA) containing 10% fetal bovine serum
and 1% antibiotics (both Hyclone Laboratories Inc.) at 37°C
in a 5% CO, atmosphere. The cells were suspended by
Trypsin-EDTA (Hyclone, Laboratories Inc.) and separated at
1x10%cells/ml per 100-mm plate, every 48 h.

Determination of cell viability using MTT assay. The cells
were seeded at 1x10* cells/ml in 12-well plate and incubated
for 24 h. Following incubation, the cells were treated with
the CME (10-100 pg/ml) for 24 or 48 h at 37°C in a 5% CO,
atmosphere. The inhibitor was pre-treated for 30 min before
treating CME. The respective medium was removed, and cells
were incubated with 20 ul of MTT solution (5 mg/ml) in phos-
phate-buffered saline (PBS) for 1 h. Converted purple formazan
from MTT was solubilized in dimethyl sulfoxide (DMSO).
The absorbance of the solution in each well was determined
using a microplate reader (model 680, Bio-Rad Laboratories,
Inc., Tokyo, Japan) at 595 nm.

Measurement of cell cycle arrest. The cells were seeded at
1x10%cells/ml in 60-mm plate and incubated for 24 h. Following
incubation, the cells were treated with the CME for 24 h at
37°C in a 5% CO, atmosphere. The inhibitor was pre-treated
for 30 min before treating CME. Total cells were harvested by
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trypsinization, collected by centrifugation, washed with 3 ml
of PBS (twice). The supernatant was removed and discarded.
The pellet were resuspended in 1 ml of cold 70% ethanol
and freezed at -20°C for at least 3 h. Ethanol-fixed cells were
centrifuged at 800 x g for 5 min and washed with 1 ml of PBS.
The supernatant was removed, and ethanol-fixed cells were
resuspended 500 ul of PBS. The cells were stained with 4 ul
of PI (5 mg/ml) and 10 ul of RNase (10 mg/ml) for 20 min
at room temperature. Fluorescence intensity was analyzed
using a Flow cytometry-FACS Canto (Becton-Dickinson
Biosciences, Drive Frankline Lage, NJ, USA).

Identification of apoptosis by Hoechst 33342. The cells were
seeded at 1x10* cells/ml in 12-well plate and incubated for
24 h after put microscope cover glass (Marlenfeld GmbH &
Co., Lauda-K6nigshofen, Germany) into well. Following incu-
bation, the cells were treated with the CME (20, 40, 60 ug/ml)
for 24 h at 37°C in a 5% CO, atmosphere. After 24 h, the cells
were treated with 0.7 yM Hoechst 33342 and incubated for
30 min. Cells were fixed with 3.5% formaldehyde 500 pl for
20 min and then were gently washed thrice with 150 ul of PBS
for 5 min. Placed 10 pl of the mounting solution (50% glycerol)
on a slide glass and covered with a cover glass. The chromatin
was observed using fluorescence microscope (magnification,
x200; Axioskop 50, Carl Zeiss, Thornwood, NY, USA).

Western blot analysis. The cells were seeded at 1x10° cells/ml
in 6-well plate and incubated for 24 h. Then, the cells were
treated with the concentration of CME for 24 h at 37°C in a
5% CO, atmosphere. The inhibitor was pre-treated for 30 min
before treating CME. The cells were then rinsed twice with
ice-cold PBS and scraped with RIPA lysis buffer (50 mM
Tris-HCI pH 8.0, 150 mM NacCl, 1% NP-40, 0.5% sodium
deoxycholate, | mM PMSF) and subjected to western blot
analysis. Protein quantification was performed by Bradford
assay. 30 ug of protein was loaded per lane. The Nitrocellulose
membranes (0.45 ym; cat. no. 10600003; GE Healthcare Life
Science, Freiburg, Germany) were blocked with 2% bovine
serum albumin (BSA, Bovogen, Melbourne, Australia) in 1X
TBST ( 24.7 mM Tris-HCI, pH 8.0, 137 mM NaCl, 0.05%
Tween-20) for 1 h 30 min and incubated overnight at 4°C
with primary antibodies targeting mouse monoclonal-p-Akt
(Serd73) (1:2,000; cat. no. 4051), rabbit monoclonal-Akt
(1:1,000; cat. no. 4685), rabbit monoclonal-GSK-3f (1:1,000;
cat. no. 9315), rabbit monoclonal-Bax (1:1,000; cat. no. 5023),
rabbit monoclonal-Bak (1:1,000; cat. no. 6947), rabbit mono-
clonal-caspase-3 (1:1,000; cat.no.9665),rabbit polyclonal-Bcl-2
(1:2,000; cat. no. 2876), and rabbit polyclonal-B-actin (1:2,000;
cat. no. 4967); all purchased from Cell Signaling Technology,
Inc. (Beverly, MA, USA) and rabbit polyclonal-p-MDM?2
(Ser166) (1:3,000; cat.no. ab131355), rabbit monoclonal-MDM?2
(1:3,000; cat. no. ab178938), rabbit monoclonal-p21 (1:3,000;
cat. no. ab109520), mouse monoclonal-cyclin E (1:3,000; cat.
no. ab3927), rabbit monoclonal-p-cdk2 (Tyrl5) (1:3,000; cat.
no. ab76146), and rabbit monoclonal-p-cdk2 (Thrl4) (1:3,000;
cat. no. ab68265); all purchased from Abcam Inc. (Cambridge,
MA, USA) and rabbit polyclonal-p-GSK-3f (Ser9) (1:1,000;
cat. no. sc-11757-R), and mouse monoclonal-p53 (1:1,000; cat.
no. sc-126) were purchased from Santa Cruz Inc. (Santa Cruz,
CA, USA). After primary antibody incubation, the membranes
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Figure 1. Anti-proliferation and morphological change effects of CME in HepG2 cells. (A) Cell were treated with variable concentrations of CME (10-100 zzg/ml)
for 24 h and 48 h. Cell viability was measured by MTT assay. The statistical analysis of the data was carried out by use of an independent sample t-test. "P<0.05,
“P<0.01 and ""P<0.001 vs. con (24 h). *P<0.001 vs. con (48 h) (each experiment, n=3). (B) The cell morphology change after treatment of CME. Origin
magnification, x200. NS, not significant; CME, Cnidium monnieri (L.) Cusson extract; con, control.

were washed 4 times for 5 min each with 1X TBST at room
temperature. Following the addition of the secondary anti-
body; goat polyclonal-anti-mouse antibody conjugated
with HRP (1:10,000; cat. no. PA1-30126; Thermo Scientific
Rockford, IL, USA) and goat anti-rabbit antibody conjugated
with HRP (1:10,000; cat. no. 166-2408; Bio-Rad Laboratories,
Inc., Tokyo, Japan), the membrane were reacted for 1 h 30 min
at room temperature with gentle agitation. After secondary
antibody incubation, the membranes were washed 4 times for
10 min each with 1X TBST at room temperature. Proteins
were detected using SuperSignal West Pico Chemiluminescent
Substrate (cat. no. PI34080; Thermo Scientific Rockford,
IL, USA) and visualized on CP-BU new X-ray film (Agfa
HealthCare, Inc., Mortsel, Belgium).

Statistics. MTT assay were statistically analyzed using an
unpaired an independent sample t-test (IBM SPSS Statistics
20.0, SPSS Inc., Chicago, IL, USA). A value of P<0.05 was
considered to indicate a statistically significant difference.

Results

CME treatment suppresses cell proliferation and induces
cell morphology change in HepG2 cells. To determine
the anti-proliferative effect of CME, we performed MTT
assay after treatment with various concentrations of
CME (10-100 ug/ml) for 24 and 48 h in HepG2 cells. As
shown in Fig. 1A, CME inhibited cell proliferation in
a dose-dependent manner (IC50 value=88.76 pug/ml in
24 h and 30.93 pg/ml in 48 h). Also, we observed the cell
morphology change after treatment with CME for 24 h. As
shown in Fig. 1B, cell morphology was changed by CME in a
dose-dependent manner. Cell shrinkage and loss of prolifera-
tion potential were increased when cells were treated with
CME (20-100 pg/ml). Furthermore, we confirmed that the
number of cells that were detached from the cell culture plate
was increased. These characteristics were observed during
the process of apoptosis. These results indicated that CME

has anti-proliferative and cell morphology change-inducing
effects in HepG2 hepatoma cells.

CME treatment induces apoptosis in HepG2 cells. To
identify whether CME-induced effects on cell growth and
morphology were caused by apoptosis, we performed Hoechst
33342 staining and western blot analysis. As a result, the
apoptotic DNA fragmentation was increased by CME in a
dose-dependent manner (Fig. 2A). Also, the expression levels
of apoptosis-associated proteins, Bax and Bak, were increased
and the levels of procaspase-3 and anti-apoptotic protein Bcl-2
were decreased by CME (Fig. 2B-D).

CME treatment induces cell cycle arrest at GI phase. To
confirm whether the reduced cell viability was due to cell
cycle arrest, we analyzed the cell cycle after treatment with
various concentrations of CME (20-60 pg/ml) for 6 h. As
indicated in Fig. 3, the percentage of G1 phase in HepG2 cells
was increased to 54.87% (control group), 57.94% (20 pug/ml),
61.17% (40 pg/ml) and 65.41% (60 pg/ml).

CME treatment regulates the expression levels of cell
cycle-related proteins in HepG?2 cells. We examined the effect
of CME on the expression levels of cell cycle-related proteins
by CME using western blot analysis. The results showed
that the expression levels of p-Akt, p-GSK-3f, p-MDM2 and
cyclin E were decreased, while the levels of p53, p21, p-CDK2
(T14) and p-CDK2 (Y15) were increased in a dose-dependent
manner (Fig. 4).

CME-induced apoptosis and cell cycle arrest were occurred
through regulation of Akt/GSK-3f signaling pathway in
a p53-independent manner. To determine the association
between CME-induced apoptosis and cell cycle arrest and
the Akt/p53 signaling pathway, we used specific inhibitors
such as LY294002 (PI3K/Akt inhibitor) and pifithrin-a
(p53 inhibitor). We co-treated the cells with LY294002 or
pifithrin-a. and CME and performed the MTT assay. As
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Figure 2. CME treatment induces apoptotic DNA fragmentation and regulating expression of mitochondria-mediated apoptotic proteins in HepG2 cells. Cells
were treated to with variable concentrations of CME (20-60 ug/ml) for 24 h (A) Apoptotic bodies were measured by Hoechst 33342 staining. The chromatin
was observed using fluorescence microscope (magnification x200). (B) CME effects on pro-caspase-3, Bcl-2, Bak and Bax in HepG2 cells. (C and D) Relative
band intensity of mitochondria-mediated apoptotic proteins. The statistical analysis of the data was carried out by use of an independent sample t-test.
“P<0.001 vs. con (each experiment, n=3). CME, Cnidium monnieri (L.) Cusson extract; Bcl-2, B-cell lymphoma 2; Bak, Bcl-2-homologous antagonist Killer;
Bax; Bcl-2-associated X protein con, control.
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Figure 4. CME treatment regulates the expression levels of cell cycle-mediated proteins in HepG2 cells. (A) CME effects on p-Akt, p-GSK-3f3, p-MDM2, p53,
p21, p-CDK2 (Thrl4), p-CDK2 (Tyrl5) and cyclin E. Cells were treated 20-60 pg/ml of CME for 6 h. Protein levels were determined by Western blot analysis.
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carried out by use of an independent sample t-test. "P<0.001 vs. con (each experiment, n=3). CME, Cnidium monnieri (L.) Cusson extract; p, phosphorylated;
Akt, protein kinase B; GSK-3f, glycogen synthase kinase-33; MDM?2, Mouse double minute 2 homolog; p53, Tumor protein p53; p21, cyclin-dependent kinase

inhibitor 1; CDK2, cyclin-dependent kinase 2.

shown in Fig. 5A, cell viabilities in the CME-treated group
and the LY294002-treated group were decreased compared
to that in the control group. Also, the cell viability in the
CME/LY294002 co-treated group was decreased more
than that in the CME-treated group. Furthermore, cell
viabilities in the CME/pifithrin-a co-treated group and
the CME-treated group did not differ. To confirm whether
CME-induced anti-proliferative and apoptotic effects occur
in a p53-independent manner, we performed the MTT assay,
Hoechst 33342 staining and western blot analysis in Hep3B
(p53-null) cells. As a result, CME suppressed Hep3B cell
proliferation (Fig. 5B) (IC50 value=64.46 pug/ml in 24 h
and 46.32 ug/ml in 48 h), and induced apoptotic DNA
fragmentation in a dose-dependent manner (Fig. 5C). Also,
the expression levels of apoptosis-associated proteins were
regulated by CME in Hep3B cells (Fig. 5D). In the cell cycle
analysis, treatment with CME or LY294002 induced cell cycle
arrest at G1 phase and co-treatment with CME/LY294002
and CME/pifithrin-a also induced GI1 arrest in HepG2
cells (Fig. 5E). Moreover, the percentage of Gl phase was
increased by CME in Hep3B cells (Fig. 5F). These results
supported the claim that CME induces apoptosis and G1 cell
cycle arrest in a pS3-independent manner.

CME treatment induces Gl arrest through regulation of
Akt/GSK-3f signaling pathway and increase of p21 expres-
sion in a p53-independent manner. To investigate whether

the CME-induced cell cycle arrest occurred through
p53-independent pathway, we performed western blot analysis
after treatment with LY294002 (PI3K/Akt inhibitor) and
pifithrin-a (p53 inhibitor). As a result, the expression levels
of p-Akt, p-GSK-3f, p-MDM2 and cyclin E were decreased
in the CME-treated group compared to the control group and
the expression levels in the CME/LY294002 co-treated group
were also decreased (Fig. 6A). Especially, when we co-treated
cells with CME and pifithrin-a, the expression levels of
p-Akt, p-GSK-3p, p-MDM2 and cyclin E were decreased and
the expression levels of p53, p21, p-CDK (T14) and p-CDK
(Y15) were increased by CME although pifithrin-a-treatment
was performed. Additionally, the expression levels of cell
cycle-related proteins were regulated by CME in Hep3B
(p53-null) cells (Fig. 6B).

Discussion

Chinese medicinal herbs have been used for the treatment of
various diseases in China and Southeast Asia (23). Also, many
studies have focused on the anticancer effects of phytochemi-
cals which is contained in natural plant (3,7-10). In the present
study, we examined whether ethanol extracts from C. monnieri
(CME)-induced apoptotic and cell cycle arrest effects were
occurred by p53-dependent or pS3-independent mechanism in
HepG2 (wild-type p53) and Hep3B (p53-null) hepatocellular
carcinoma cells.
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Figure 5. CME induces apoptosis and cell cycle arrest in p53-independent manner in HepG2 and Hep3B cells. Cells were pre-treated with 20 M LY294002 or
10 M Pifithrin-o for 30 min and co-treated with 40 xg/m1 CME for 24 h in HepG?2 cells. Cells were treated with variable concentrations of CME (10-100 g g/ml)
for 24 h and 48 h in Hep3B cells. (A) Cell viability was measured by MTT assay. The statistical analysis of the data was carried out by use of an independent
sample t-test. “P<0.01 and “"P<0.001 vs. con. "P<0.05 and "*P<0.001 vs. 40 ug/ml CME-treated group (each experiment, n=3). (B) Measurement of cell
viability in Hep3B (p53-null) cells. The statistical analysis of the data was carried out by use of an independent sample t-test. "P<0.05 and ““P<0.001 vs. con
(24 h). "P<0.05, "P<0.01 and *P<0.001 vs. con (48 h) (each experiment, n=3). (C) Apoptotic bodies were measured by Hoechst 33342 staining. The chro-
matin was observed using fluorescence microscope (magnification x200). (D) CME regulates expression of mitochondria-mediated apoptotic proteins in
p53-independent manner. (E and F) Cell cycle arrest effect was measured by flow cytometric. CME induces G1 cell cycle arrest via pS3-independent manner.
NS, not significant; CME, Cnidium monnieri (L.) Cusson extract; Bcl-2, B-cell lymphoma 2; Bak, Bcl-2-homologous antagonist killer; Bax; Bcl-2-associated
X protein; con, control.

Preferentially, we confirmed the anti-proliferative effect
and cell morphological change induced by CME through the
MTT assay and observation of cell morphology. HepG2 cell
viability was decreased by CME in a dose- and time-dependent
manner (Fig. 1A). Also, when we treated the cells with CME,
the cell shrinkage and DNA fragmentation were increased
and cell density was decreased in a dose-dependent manner
(Fig. 1B). To determine whether the anti-proliferative effect
and these characteristics occurred due to apoptosis and cell
cycle arrest, we performed Hoechst 33342 staining and cell

cycle analysis. Furthermore, we examined the expression
levels of apoptosis and cell cycle arrest-associated proteins. In
a previous study, the number of apoptotic bodies was increased
by natural plant extracts in a dose-dependent manner (5,6,24).
Our results showed that CME induces an increase in the number
of apoptotic bodies in a dose-dependent manner (Fig. 2A).
The Bcl-2 family, including Bcl-2, Bax and Bak, plays an
essential role in mitochondria-dependent apoptosis (25). Bax
and Bak activation induces caspase-3 activity through forma-
tion of mitochondrial membrane pore and apoptosome (26).
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Figure 6. CME induces Gl arrest through regulation of Akt/GSK-3f signaling pathway in p53-independent manner. (A) Co-treatment of LY294002 or
Pifithrin-o with CME regulates cell cycle-mediated proteins in HepG2 cells. (B) Cells were treated with variable concentrations of CME (40-60 ug/ml) for
6 h in Hep3B cells. Protein levels were determined by western blot analysis. The 3-actin probe served as protein-loading control. (C and D) Relative band
intensity of cell cycle-mediated proteins in HepG2 (C) and Hep3B (D) cells. The statistical analysis of the data was carried out by use of an independent sample
t-test. "P<0.001 vs. con (each experiment, n=3). NS, not significant; CME, Cnidium monnieri (L.) Cusson extract; p, phosphorylated; Akt, protein kinase B;
GSK-3p, glycogen synthase kinase-33; MDM2, Mouse double minute 2 homolog; p53, tumor protein p53; p21, cyclin-dependent kinase inhibitor 1; CDK2,

cyclin-dependent kinase 2.

In our study, we confirmed that CME treatment inhibited the
expression of Bcl-2 and pro-caspase-3 and induced the expres-
sion of Bax and Bak proteins (Fig. 2B-D). Additionally, we
determined the cell cycle arrest effect of CME by performing

cell cycle analysis. When we treated the cells with CME
(20-60 pug/ml), the number of G1 phase cells was increased in
a dose-dependent manner (Fig. 3). Akt induces inhibition of
GSK-3f through phosphorylation at Ser9 (27). Inhibited form
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of GSK-3f regulates p53 ubiquitination by controlling MDM?2
phosphorylation (14,28). Activated p53 was translocated to the
nucleus and then it induced transcription of p21 and Bax (15).
p21 is a major inhibitor of Cdks which control cell cycle
progression (29). Cell cycle at G1 phase is regulated by the
cyclin E/CDK?2 complex (16). Therefore, we determined the
expression levels of cell cycle-related proteins by preforming
western blot analysis. As shown in Fig. 4, the protein levels of
p-Akt, p-GSK-3p, p-MDM2 and cyclin E were decreased and
the protein levels of p53, p21, p-CDK2 (Thrl4) and p-CDK2
(Tyrl5) were increased by CME treatment.

To confirm whether CME induces apoptosis and cell
cycle arrest via regulating Akt/p53 signaling pathway, we
performed the experiments after pre-treatment with LY294002
(PI3K/Akt inhibitor) and Pifithrin-a (p53 inhibitor). When we
treated the cells with LY294002, HepG2 cell viability was
decreased compared to that in the control group (Fig. 4A).
Also, cell viability in the CME/LY294002 co-treated group
was decreased more than that in the CME-treated group and
the Pifithrin-a-treated group was not significantly different
compared to the control group. However, cell viability in the
CME/Pifithrin-a-co-treated group was decreased similar
to that in the CME-treated group. These results suggested
that the CME-induced anti-proliferative effect occurred
in a p53-independent manner. Therefore, to determine the
role of p53 in the CME-induced anti-proliferative effect, we
examined cell viability in Hep3B (p53-null) cells. The results
showed that CME treatment reduces cell growth in a dose- and
time-dependent manner (Fig. 5B).

Additionally, by performing Hoechst 33342 staining and
western blot analysis in Hep3B cells, we determined that
CME induces apoptotic DNA fragmentation and regulates the
expression of apoptotic proteins (Fig. 5SC-D). In the cell cycle
analysis, the number of G1 phase cells in the LY294002-treated
group and the CME/LY294002 co-treated group was increased
in HepG2 cells. Moreover, co-treatment with CME and
Pifithrin-a induced Gl cell cycle arrest (Fig. SE). In Hep3B
cells, CME also induced G1 cell cycle arrest (Fig. 5F). Our
results determined that CME-induced apoptosis and GI cell
cycle arrest effects occurred in a pS3-independent manner.

To investigate the CME-induced G1 cell cycle arrest which
occurred via p53-independent signaling pathway, we identified
the expression of cell cycle regulation proteins after treatment
with CME and LY294002 or Pifithrin-a. The results showed
that the expression levels of p-Akt, p-GSK-3f, p-MDM?2 and
cyclin E were decreased and the expression levels of p53, p21,
p-CDK2 (Thrl4) and p-CDK2 (Tyrl5) were increased in the
CME/LY294002 and the CME/Pifithrin-a co-treated groups
(Fig. 6A and C). Furthermore, cell cycle-related proteins
including p-Akt, p-GSK-3f, p-MDM2, p21, cyclin E, p-CDK?2
(Thrl4) and p-CDK2 (Tyrl5) were regulated except for p53
protein (Fig. 6B and D). According to a previous study, GSK-3f3
phosphorylates MDM?2 protein and overexpression of MDM2
promotes degradation of p21 through proteasome-mediated
degradation in a p53-independent manner (30,31). Also,
many of the studies have reported that natural extracts
induce apoptosis and cell cycle arrest through controlling the
p53-independent signaling pathway (32-34). Moreover, overex-
pression of p21 induces the expression of pro-apoptotic protein
Bax and modulates the Bcl-2:Bax ratio in Hep3B cells (35).
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In conclusion, CME treatment induces apoptosis and
cell cycle arrest at G1 phase in HepG2 and Hep3B hepa-
tocellular carcinoma cells. Also, these anticancer effects
occurred through increase of p21 protein expression by
Akt/GSK-3/MDM2 signaling pathway in a p53-independent
manner.
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