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One water-soluble polysaccharide (ASPS), with four molecular weight distributions of 7.4, 3.8, 4.5, 2.3x10* Da,
was isolated from the root of Acanthopanax senticosus and the yield was 4.8% (w/w). ASPS was composed
of arabinose (51.4%), glucose (24.5%), galactose (10.2%), xylose (5.7) and galacturonic acid (4.9%). Effects of
ASPS on the proliferation, apoptosis and Wnt/B-catenin signaling pathway were investigated in human hepato-
cellular carcinoma cell line HepG2 cells. The study showed that ASPS could inhibit the proliferation, increase
the apoptosis rate in HepG2 cells; meanwhile, ASPS could increase the proportion of cells in GO/G1 phase,
decrease the proportion of cells in S phase and G2/M phase, and elevate the expression level of B-catenin,
C-myc and Cyclin D1 proteins in HepG2 cells. These results indicate that ASPS has a certain inhibition on the
proliferation, can induce the apoptosis and GO/G1 phase arrest in HepG2 cells, and the mechanism may be

related to the inhibition of ASPS on the activation of Wnt/g-catenin pathway HepG2 cells.

1. Introduction

Liver cancer is a common clinical gastrointestinal cancer with a
higher degree of malignancy and its mortality is in top three in the
world (Ramesh 2014). In China, people who died of liver cancer
have been more than a hundred thousand each year. accounting
for about 45% of the total number of died people caused by liver
cancer in the world (Gao et al. 2015; Jiang and Cao 2015). The
etiology of liver cancer is complex, and virus infections such as
hepatitis B and hepatitis C, obesity, chronic alcoholism and expo-
sure to aflatoxin all can induce liver cancer (El-Serag and Rudolph,
2007). Current therapies for liver cancer include surgical resec-
tion, liver transplantation, local ablation, radioactive embolization,
chemoembolization and molecular targeted therapy (Vivarelli et
al. 2013). The surgical resection and liver transplantation are the
primary therapies for patients, but the high cost of surgery and the
unavailability of liver donors have limited the treatment of patients
with liver cancer (Tsim et al. 2010); radiotherapy and chemo-
therapy are still the main therapies for patients who are in the late
stage unwilling to accept the surgery or agree to receive postop-
erative treatment. Current chemotherapeutic drugs used for the
treatment of liver cancer primarily include sorafenib, nolatrexed,
doxorubicin, licartin etc. Although sorafenib, a molecular targeted
agent, has shown a higher antitumor activity than that of other
drugs in patients with advanced liver cancer, generally it can only
prolong the survival for three months (Dizon and Kemeny 2002;
Poon et al. 2002; Zhang et al. 2012); in addition, side effects of the
chemotherapy are also an important cause to restrict its application
in clinic. Traditional Chinese medicine is unique in the treatment
of certain cancers, and at present, anticancer drugs made from
plant extracts, accounting for more than 30% of total anticancer
drugs, have become common anticancer drugs in clinic, such as
ginseng saponin, camptothecin and paclitaxel (Ando et al. 2012;
Bae et al. 2012; Minelli et al. 2012; Mochizuki et al. 1995). With
the deepening of the research on the antitumor activity of Chinese
herbal medicine, the extraction of antitumor active ingredients
from Chinese herbal medicine and the research on their antitumor
activities have become a new hotspot (Auyeung et al. 2009; Park
et al. 2014).
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Acanthopanacis senticosi, a Chinese herbal medicine, is the root
of Araliaceae acanthopanax plant, and its main active ingredients
are glycosides and flavonoids. Their activities include antitumor
efficacy (Yoon et al. 2004), antioxidation (Kim et al. 2010; Lee et
al. 2004), antifatigue efficacy (Nishibe et al. 1990), neural protec-
tion and repair (Bai et al. 2011; Fujikawa et al. 2005; Tohda et
al. 2008), improvement of immunity (Lin et al. 2008; Zhang et
al. 1990), and many others. Acanthopanax senticosus polysaccha-
ride (ASPS) is one of active ingredients extracted from the root of
Acanthopanax senticosus, with activities including immunomodu-
latory (Fang et al. 1985; Smalinskiene et al. 2014), antioxidative
(Chen et al. 2011), antiradiation (Li and Zhou 2007) and hypogly-
cemic effects (Fu et al. 2012). It has been considered a potential
for the application in clinic and has attracted much attention of
scholars. In view of the limited number of studies on the antitumor
activity of ASPS currently, human HepG?2 cells were used as the
study object to observe the effect of ASPS on the proliferation and
apoptosis of HepG2 cells, and at the same time, in consideration
that Wnt/B-catenin signaling pathway may mediate a variety of
malignant behaviors of tumors, the effect of ASPS on Wnt/fB-cat-
enin signaling pathway in HepG2 cells was further analyzed in
this study.

2. Investigations and results

2.1. Molecular weight and monosaccharide composition

The crude polysaccharide isolated from Acanthopanax senticosus
using a hot water extract method was a beige powder and the yield
was 4.8% (w/w). ASPS showed four molecular weight distribu-
tions, and the molecular weight distribution of ASPS is shown in
Table 1.

According to GC analysis, the sugar composition of ASPS was
identified and quantified. The results demonstrated that arabi-
nose appeared to be the predominant monosaccharide (51.4 %),
followed by glucose (24.5 %), galactose (10.2 %), xylose (5.7 %)
and galacturonic acid (4.9 %).
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Table 1: Molecular weight distribution of the polysaccharides extract-
ed from Acanthopanax senticosus

Polysaccharides Molecular weight distribution (10* Da)

Main distribution Minor distribution

ASPS 7.4 3.8 45 2.3

2.2. Effects of ASPS on the proliferation in HepG2 cells

HepG2 cells treated with 0, 10, 20, 40 and 80 mg/L of ASPS,
respectively, were detected at 24, 48, 72 and 96 h with CCK-8 kit.
ASPS showed a significant inhibitory effect on the proliferation
in HepG2 cells, the proliferation inhibition rate increased with the
extension of ASPS duration and the increase in ASPS concentra-
tion, and the overall inhibitory effect was in a dose- and time-de-
pendent manner, indicating that ASPS has a certain inhibitory
effect on the proliferation in HepG2 cells (Fig. 1).
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Fig. 1: Effects of ASPS at different concentrations on the proliferation in HepG2
cells. HepG2 cells were treated with 0, 10, 20, 40 and 80 mg/L of ASPS for
24, 48, 72 and 96 h. The proliferation inhibition rate was measured by MTT
assay. Each value is presented as mean+SD (n=3). : P < 0.05 compared with
0 mg/L ASPS, : P < 0.01 compared with 0 mg/L ASPS.

2.3. Effects of ASPS on the apoptosis in HepG?2 cells

HepG?2 cells were treated with 0, 10, 20, 40 and 80 mg/L of ASPS,
respectively, and 48 h later they were detected with Annexin-FITC/
PI double staining. It was found that early, late and total apoptosis
rates of HepG2 cells treated with 10, 20, 40 and 80 mg/L ASPS
all were higher than those of HepG2 cells treated with 0 mg/L of
ASPS, indicating that ASPS can induce the apoptosis of HepG2
cells (Fig. 2).

2.4. Effects of ASPS on the cell cycle in HepG2 cells

HepG2 cells were treated with 0, 10, 20, 40 and 80 mg/L of ASPS,
and 48 h later a flow cytometry was used to detect their cell cycles.
The results showed that compared with those treated with 0 mg/L
of ASPS, the proportion of G /G, phase cells increased, and that
of both S phase and G,/M phase cells decreased in HepG2 cells
treated with 10, 20, 40 and 80 mg/L of ASPS, with a dose-depen-
dent manner (Table 2).

2.5. Effects of ASPS on Wnt/X-catenin signaling pathway
in HepG?2 cells

HepG2 cells were treated with 0, 10, 20, 40 and 80 mg/L of ASPS,
and 48 h later they were detected by western blotting analysis.
The results showed that compared with those treated with 0 mg/L

ASPS, B-catenin, C-myc and Cyclin D1 protein levels were lower
in HepG?2 cells treated with 10, 20, 40 and 80 mg/L of ASPS, indi-
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Fig.: 2 Effects of ASPS at different concentrations on the apoptotic rate in HepG2
cells. (A) flow cytometric analysis; (B) cell apoptosis rate. HepG2 cells were
treated with 0, 10, 20, 40 and 80 mg/L of ASPS for 48 h, respectively. Then
they were stained with FITC-conjugated Annexin V and PI for flow cytomet-
ric analysis. Each value is presented as mean + SD (n=3). ": P < 0.05 com-
pared with 0 mg/L ASPS, *: P < 0.01 compared with 0 mg/L ASPS.

Table 2: Effects of ASPS at different concentrations on cells cycle in
HepG2 cells

Concentration (mg/L) ~ G/G, s G/M

0 40.26+3.15 37.42+2.62 22.43+2.10
10 45.63+2.63" 34.41+3.54" 18.71+0.98"
20 52.82+3.06™ 30.65+2.28" 11.65+1.24™
40 59.33+4.22™ 26.38+2.71" 8.23+2.66™
80 64.38+3.37" 22.45%1.66" 6.59+1.02™

Each value is presented as mean + SD (n=3). ": P < 0.05 compared
with 0 mg/L ASPS, ™: P < 0.01 compared with 0 mg/L ASPS.

cating that ASPS has a inhibitory effect on Wnt/B-catenin pathway
in HepG2 cells (Fig. 3).

2.6. Conclusion

In this study, ASPS was isolated from the root of Acanthopanax
senticosus and ASPS showed a certain inhibitory effect on the
proliferation, can induce apoptosis and G /G, phase arrest in
HepG2 cells, and the mechanism may be related to the inhibition
of ASPS on the activation of the Wnt/p-catenin pathway.

3. Discussion

Some natural plant polysaccharides have been verified to have a
good antitumor activity due to their inhibition on the cell prolifer-
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Fig. 3: Effects of ASPS at different concentrations on the Wnt/B-catenin signaling
pathway in HepG2 cells. HepG2 cells were treated with 0, 10, 20, 40 and 80
mg/L of ASPS for 48 h. Then the expressions of B-catenin, C-myc and Cyclin
D1 were evaluated by western blot assay. Each value is presented as mean *
SD (n=3). ": P < 0.05 compared with 0 mg/L ASPS, *: P < 0.01 compared
with 0 mg/L ASPS.

ation and inducing apoptosis, such as wolfberry polysaccharides
(Gao et al. 2014; Shen and Du 2012), Codonopsis pilosula polysac-
charide (Xin et al. 2012; Xu et al. 2012), safflower polysaccharides
(Luo et al. 2015) and Salvia miltiorrhiza polysaccharide (Wang et
al. 2014), etc. The excessive proliferation is one of the basic char-
acteristics of malignant tumors and the use of an effective means
to inhibit the proliferation of malignant tumors should be a feasible
measure to control the growth of them (Kuo et al. 2009). In this
study, ASPS was used to treat HepG2 cells and ASPS showed a
significant inhibitory effect on HepG2 cells in a dose- and time-de-
pendent manner. It is well known that the decrease in apoptosis is
related to the occurrence and development of malignant tumors.
Our study demonstrated that after treatment with ASPS, the early,
late and total apoptosis rates increased in HepG2 cells treated with
different concentrations of ASPS, indicating that ASPS can induce
the apoptosis in HepG2 cells.

In addition to their effects on proliferation and apoptosis, chemo-
therapeutic drugs may exert their antitumor effects by affecting the
cell cycle (Zhao et al. 2014). It was found in this study that the
treatment with ASPS could increase the proportion of cells in the
G,/G, phase and reduce the proportion of those in S, G,/M phases,
suggesting that the treatment with ASPS could induce the cell cycle
arrest in the G /G, phase. It is hypothesized that ASPS may inhibit
the growth of HepG?2 cells by affecting the cell cycle, primarily in
the G /G, phase. These results suggest that ASPS should have a
comprehensive antitumor effect on the proliferation, the apoptosis
and the cell cycle in HepG2 cells.

Of many intracellular signaling pathways, Wnt/p-catenin signaling
pathway can play an important role in the proliferation, apoptosis
and cell cycle of cells, and the abnormality in its level is related to
the occurrence and development of tumors (Stewart et al. 2014).
Previous studies indicate that the pathway is activated in liver
cancer cells and the inhibition on the activation of this pathway
should be a feasible measure to treat liver cancer and -catenin is
a member of Wnt/B-catenin pathway (Lachenmayer et al. 2012;
Zhang et al. 2012). For this reason, this study investigated the
effect of ASPS on B-catenin, and meanwhile, in view of the fact
that C-myc and cyclin D1 should be the downstream proteins in the
pathway (Xu et al. 2015), the effect of ASPS on levels of these two
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proteins was further investigated. The results showed that after the
treatment with ASPS for 48 h, levels of B-catenin, C-myc, cyclin
D1 proteins were decreased, suggesting that ASPS could inhibit
the Wnt/B-catenin pathway. Currently, to explore an anticancer
strategy through the level of intracellular signaling pathways
has become a hot topic, especially aiming at the Wnt/B-catenin
signaling pathway to study or design an anticancer drug has been
advocated, which may indicate a better prospect in the application
of ASPS.

4. Experimental

4.1. Reagents

Acanthopanax senticosus was purchased from a local market in Changchun city
of China. HepG2 cell line was purchased from Shanghai institute of Cell Biology,
Chinese Academy of Sciences (Shanghai, China). Cell counting kit was purchased
from Biyuntian Biotechnology Co. (Jiangsu, China). Newborn calf serum and RPMI-
1640 culture medium were purchased from Hyclone Co. (UT, USA). Annexin V-FITC/
PI double staining apoptosis detection kit was purchased from Baosai Biotechnology
Co. (Beijing, China). B-catenin (SC-5208), Cyclin D1 (sc-718) and C-myc (sc-764)
were purchased from Santa Cruz Biotechnology, Inc. (TX, USA).

4.2. Extraction of the polysaccharides

Acanthopanax senticosus was dried at 60 °C in an oven and ground to obtain a fine
powder, then weighed (50 g each) and extracted with 20 volumes of distilled water at
100 °C for 2 h. The suspension was centrifuged (3500 rpm, 10 min), and the super-
natant was concentrated under vacuum. The protein in the product of condensation
was deproteinized using the Sevag reagent (Sun et al. 2008). After removal of the
Sevag reagent, 4 volumes of anhydrous ethanol were added to this concentrate, and
the mixture was stirred at room temperature for 20 min and then left at 4 °C over-
night. The precipitate was collected by centrifugation (3500 rpm, 10 min), subse-
quently washed three times with anhydrous ethanol, acetone and ether, respectively,
then dissolved in distilled water and dialyzed in dialysis bag against distilled water
at room temperature for three successive days. The retained fraction was recovered,
concentrated under vacuum and lyophilized to obtain the crude water soluble polysac-
charides, which was named as ASPS.

4.3. Molecular weight determination

Molecular weight of ASPS was determined by HPSEC. The sample of polysaccharide
fractions was dissolved in distilled water, applied to a HPLC system of Shimadzu
equipped with a TSK-GEL G3000 PWXL column, eluted with 0.1 mol/L. Na,SO,
solution and detected by a RID-10A refractive index detector. Dextran standards with
different molecular weights (T-2000, T-70, T-40, T-20 and T-10) were used to calibrate
the column and establish a standard curve.

4.4. Monosaccharide composition analysis

ASPS was hydrolyzed and acetylated according to Lehrfeld (1985). Simply, the
samples were hydrolyzed with TFA and then the hydrolyzed product was reduced
with KBH,, followed by neutralization with acetic acid. After adding myo-inositol
and Na,CO,, the residue was concentrated. The reduced products were added with
pyridine-propylamine and acetylated with pyridine-acetic anhydride. The acetylated
products were analyzed by GC and identified and estimated with myo-inositol as the
internal standard. GC was performed on a Agilent 6890 instrument equipped with
HP-5 capillary column (30 m x 0.32 mm x 0.2 um) and flame-ionization detector
(FID) and temperatures programmed from 120 to 250 °C at a rate of 8 °C/min.

4.5. Detection of cell proliferation activity

Thawed HepG2 cells were routinely cultured in a culture flask containing RPMI-
1640 culture medium with 10% newborn calf serum and antibiotics (100 U/mL of
penicillin and 100 pg/mL of streptomycin). The culture conditions were 5% CO,,
saturated humidity, cultured in an incubator at 37 °C, regularly renewing the medium
and routine passage. Logarithmic growth phase HepG2 cells digested with trypsin
were prepared into a single cell suspension and the cell density was adjusted to 1 x
10°/mL, and the cells in 100 uL of suspension per well were seeded in 96-well plates;
24 h later, ASPS were added to each well make the final concentrations become 0,
10, 20, 40 and 80 mg/L (0 mg/L for the control group and the rest concentrations for
the experimental groups), the cells were routinely cultured for 24, 48, 72 and 96 h,
and then incubated for 4 h after CCK-8 (10 puL) was added to each well. Values of the
absorbance (A) of culture solutions at different concentrations were detected at 450
nm and the proliferation inhibition rate was calculated according to the following
formula.

Proliferation inhibition rate (%)=(1- A )x100%

experiment gmup/ Aol group

4.6. Detection of cell apoptosis and cell cycle

Logarithmic growth phase HepG2 cells were seeded in 6-well plates at the density of
1 x 10° cells per well. After they were incubated with the different concentrations of
ASPS for 48 h, based on instructions of the apoptosis detection kit, the dark staining
was carried out, 5 uL of Annexin V/FITC and PI each were added to each well and the
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apoptosis rate was measured by flow cytometry after staining for 15 min. Annexin V*/
PI" was taken as the early apoptotic cell, Annexin V*/PI* was taken as the late apop-
totic cell and the sum of the both was considered the total apoptotic cells.

HepG2 cells cultured with the different concentrations of ASPS for 48 h were
prepared into cell suspensions and the cell concentration was adjusted to 1.0 x 10%
mL, which were bathed in ice for 20 min. After the cells were washed twice, 50 pg/
mL of PI were added to them for their staining. The cells were incubated at 4 °C in
the dark for 30 min, and then they were counted by flow cytometer and the cell cycles
were analyzed with Cell Quest software.

4.7. Western blotting analysis

After HepG2 cells cultured with the different concentrations of ASPS for 48 h were
washed with pre-cooling PBS, the cell lysate was added to them for the lysis. The
lysed solution was centrifuged at 12000 rpm and 4 °C for 5 min, and the precipitation
was discarded. The protein concentration in the supernatant was detected with the
BCA method, the protein concentration of each sample was adjusted and then an
equal volume of loading buffer was added to each sample; 20 pg of boiled sample
were added to each well, the electrophoresis on proteins in the samples was carried
out using 10% SDS-PAGE gel and then they were transferred to PVDF membranes
with semi-dry transfer method. According to the membrane area, an appropriate
amount of primary antibodies of -catenin, C-myc and Cyclin D1 (except 1:200 for
B-catenin dilution, 1:100 for the rest) was in turn added to the membrane and it was
kept at 4 °C overnight. An appropriate amount of secondary antibodies was added to
it, which was incubated at room temperature for 2 h, colorated with ECL lumines-
cence method and exposed on the film in a darkroom. Gel-pro Analyzer V4.0 image
analysis software system was used to analyze the optical density of each developed
band, and the semi-quantitative analysis was made based on the ratio of optical densi-
ties of each target protein and GAPDH protein.

4.8. Statistical analysis

The data in this study were analyzed with SPSS 17.0 software. The data were
expressed as “mean+SD”. P < 0.05 or P < 0.01 was considered statistically signif-
icant.
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