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Objective. To study the effect of Codonopsis pilosula polysaccharide (CPP) on the growth and motility of HepG2 cells
and its possible mechanism. Methods. Cells were randomly divided into Control group, CPP (5 μM) group, CPP
(10 μM) group, and CPP (20 μM) group. The proliferation, invasion, migration ability, and expression of proteins involved in
the epithelial-mesenchymal transition (EMT) and signaling pathway of HepG2 cells were detected by CCK8 assay, BrdU
staining, Transwell, Scratch test, and Western blot, respectively. Results. Codonopsis pilosula polysaccharide inhibited the
proliferation of HepG2 cells cultured in vitro along with the expression level of Ki67 and PCNA protein (P < 0 05),
decreased the number of invasive cells (P < 0 05), and reduced the scratch closure rate (P < 0 05). It also adjusted the
expression of vascular endothelial growth factor (VEGF), E-cadherin, and N-cadherin (P < 0 05). Other than that,
downregulation of β-catenin, TCF4, and c-Myc protein expression (P < 0 05) was observed as well. Conclusion. Codonopsis
pilosula polysaccharide can inhibit the proliferation and motility of HepG2 cells cultured in vitro, and the underlying
mechanism is proposed to be related to the inhibition of the β-catenin/TCF4 pathway.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related mortality worldwide. The main driving
factors associated with HCC include chronic infection of
hepatitis B and chronic hepatitis C, alcoholic liver disease,
and nonalcoholic fatty liver disease. Despite advances in
new technologies of prevention, screening, diagnosis, and
treatment of HCC, the morbidity and mortality rate of the
disease continue to rise. About 600,000 people die of liver
cancer every year worldwide. The treatments vary consider-
ing different tumor load and metastasis; moreover, the
treatment for late-stage liver cancer is expensive and ineffec-
tive [1–3]. Therefore, it is necessary to expand researches
regarding the treatment of HCC and identify more effective

therapeutic drugs. Codonopsis pilosula, also known as
dangshen, belongs to the Campanulaceae family. The dried
root from its subspecies dangshen, suhuadangshen, or
chuandangshen, containing polysaccharides, saponins, ses-
quiterpenoids, polyphenols, terpenoids, alkaloids, volatile
oil, and other ingredients, is commonly prepared for medical
use. Codonopsis pilosula polysaccharide (CPP), one of active
constituents in Codonopsis pilosula, has attracted extensive
attention in the medical field due to its extensive physiologi-
cal and biological activities. Previous studies have shown that
Codonopsis pilosula polysaccharide has the effects of immu-
nity enhancement, antivirus, liver protection, and neuropro-
tection [4–9]. It is worth noting that the polysaccharide from
Codonopsis pilosula plays an important role in growth
inhibition in various tumor cells such as breast cancer and
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cervical cancer [10, 11]. At present, however, there are few
reports on the effect of Codonopsis pilosula polysaccharide
on human hepatoma HepG2 cells. Taken all these together,
in this study, we studied the human hepatoma HepG2 cells
cultured in vitro and explored the effect of Codonopsis
pilosula polysaccharide on the proliferation and metastasis
of hepatocarcinoma cells and its possible mechanism as well.

2. Materials and Methods

2.1. Reagents and Instruments. Dangshen polysaccharide
(purity ≥98%) was purchased from China Food and Drug
Administration Research Institute. DMEM cell culture
medium, 0.25% trypsin, and fetal bovine serum were
purchased from Gibco, USA. The CCK8 kit was purchased
from Roche Group. Transwell chamber was purchased from
Beijing Unicom Biotechnology Co. LTD. Monoclonal anti-
body and horseradish peroxidase-labeled secondary antibody
were purchased from Abcam, UK. RIPA lysate was pur-
chased from Sigma, USA. The BCA kit was purchased from
Biyuntian Biotech. BrdU detection kits were purchased from
Guangzhou Ruibo Biological Co. Ltd.

Both the electrophoresis apparatus and the semidry film
transfer apparatus were purchased from Bole Corporation
of the United States. The Gel View 6000 chemiluminescent
gel imaging system was purchased from Guangzhou Yunxing
Instrument Co. Ltd. The ordinary optical microscope was
purchased from Olympus Corporation of Japan.

2.2. Cell Culture. The human liver cancer HepG2 cell line was
purchased from FuHeng Cell Center, Shanghai, China. The
cells were cultured in a DMEMmedium containing 10% fetal
bovine serum and 1% cyan-streptomycin at 37°C in a 5%
CO2 incubator and subcultured when the cell fusion rate
reached 80%.

2.3. Experimental Methods

2.3.1. Cell Activity Was Detected by CCK8 Assay. The cells
were seeded in a 96-well plate at a density of 4 × 104 cells/mL.
After cell attachment, the cells were treated with different
concentrations of CPP (0, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20,
50, 100, 200, and 400μM) for 24h, with 6 replicate wells
per concentration. After 24 h, 10μL of CCK8 reagent was
added into each well and after incubation at 37°C for 4 h;
the activity of each well was measured by an enzyme-
labeling instrument. According to the test results, the CPP
concentrations resulting in over 80% of cell activity were
selected for subsequent experiments.

2.3.2. BrdU Staining for Cell Proliferation. The cells were
seeded in a 6-well plate with 1mL of cell suspension at the
density of 2 × 106 cells/mL for each well. After cell attach-
ment, the cells were incubated in a medium containing
0.4% FBS for 72 hours, each group containing 3 replicate
wells. The cells were randomly divided into 4 groups: Control
group, CPP (5μM) group, CPP (10μM) group, and CPP
(20μM) group. After the corresponding treatment of
final concentration liquor, BrdU with final concentration
of 0.03μg/mL was added before another 40 minutes of

incubation. The culture medium was discarded, and the plate
was washed three times with PBS, fixed with paraformalde-
hyde for 10min, and cell proliferation assay was performed
strictly according to the instructions. The number of BrdU-
positive cells was counted under a microscope.

2.3.3. Transwell Detection of Cell Invasion Ability. The cells
were seeded into the upper chamber of Matrigel-coated
Transwell chambers at a density of 4 × 105 cells/mL, cultured
in a medium containing no fetal bovine serum, while at the
lower chamber, normal cell culture medium was added. After
grouping according to Section 2.3.1 and further culture for
48 hours, the cells in the upper chamber were wiped with
a sterile cotton swab, and the cells migrated to the lower
chamber were stained with crystal violet. Five fields were
randomly selected for each group for counting. There were
6 replicate wells in each group.

2.3.4. Cell Migration Ability Was Detected by Scratch Test.
Cells were seeded in 12-well sterile plates at a density
of 4 × 105 cells/mL. After attachment of cells to the wall,
horizontal lines perpendicular to the marker were drawn
by the 10μL gun tip, and the plate was washed 3 times
with PBS. After grouping according to Section 2.3.1 and
drug administering, the plate was further cultured for
24 h. Wound closure rate = (initial width - measurement
width)/initial width × 100%.

2.3.5. Western Blot Detection of Cell Proliferation, EMT, and
Pathway Protein Expression. The total protein of each group
was extracted with RIPA protein lysate on ice, and the
concentration of proteins was measured and leveled by
BCA kit for each group. Equal amount of proteins for each
group was separated by 12% SDS-PAGE and transferred into
a PVDF membrane. The membrane was then blocked with
5% skim milk for 2 h at room temperature. The blot was
incubated in primary antibody overnight at 4°C. The next
day, the primary antibody was discarded, and the buffer-
washed PVDF blot was incubated in corresponding second-
ary antibody for 1 hour at room temperature. For imaging,
ECL solution was added dropwise in the dark room for blot
exposure and development. In this study, GAPDH was used
as the internal reference.

2.4. Statistical Methods. All experimental data were statisti-
cally analyzed with statistical software SPSS 19.0. Differ-
ences between groups were tested by t, t-test, or one-way
ANOVA. The experimental results were expressed as
mean ± standard deviation. The difference was considered
statistically significant at P < 0 05.

3. Results

3.1. Effect of CPP on the Proliferation of HepG2 Cells Cultured
In Vitro. The effect of different concentrations of CPP on
the survival rate of HepG2 cells was measured by CCK8
assay, as shown in Figure 1. As the CPP concentration
reaches 50μM and above, the survival rate of HepG2 cells
remains less than 80%. It indicated that CPP concentra-
tion up to 50μM has obvious cytotoxic effect on HepG2

2 International Journal of Polymer Science



cells. Therefore, we selected 3 maximum concentrations
of 5, 10, and 20μM without a significant cytotoxicity
for subsequent experiments.

The proliferation of cells was detected by BrdU staining.
The results showed that the number of BrdU-positive cells
in the CPP-treated groups was significantly lower than that
in the Control group (P < 0 05, Figure 2(a)) and inversely
proportional to the concentration of CPP. At the same time,
the expression levels of proliferation-related proteins were
further detected by Western blot. The results showed that
the expression levels of Ki67 and PCNA proteins in CPP-
treated cells were significantly lower than those in the
Control group (P < 0 05, Figure 2(b)), and the differences
were also CPP concentration-dependent.

3.2. Effect of CPP on the Invasive Ability of HepG2 Cells
Cultured In Vitro. The cell invasive ability was determined
by Transwell assay, and the results showed that, compared
with the Control group, the CPP-treated groups showed
significantly reduced number of invasive cells (P < 0 05,
Figure 3); moreover, the number decreased with the increase
of CPP treatment concentration.

3.3. Effect of CPP on the Migration Ability of HepG2 Cells
Cultured In Vitro. The cell migration ability was tested by
the scratch test. The results suggested that the wound closure
rate of the CPP-treated groups was significantly lower than
that of the Control group (P < 0 05, Figure 4) and was CPP
concentration-dependent.

3.4. Effect of CPP on the Expression of EMT-Related Protein in
HepG2 Cells Cultured In Vitro. The morphology of the cells
in each group was observed under the microscope. The
cells in the Control group were mostly ovoid in shape or
nearly square with tight arrangement. While after CPP
treatment, the cells gradually displayed long fusiform with
loose arrangement.

Western blot results represented the expression level of
EMT-related protein in cells. The results showed that the
expression levels of VEGF and N-cadherin were significantly
decreased in CPP-treated groups compared with the Control

group (P < 0 05, Figure 5). In contrary, the expression level of
E-cadherin protein was significantly upregulated (P < 0 05,
Figure 4) and was CPP concentration-dependent.

3.5. Effect of CPP on the Expression of Pathway Protein in
HepG2 Cells Cultured In Vitro. The expression level of
β-catenin, TCF4, and c-Myc proteins in CPP-treated cells
was significantly lower than that in the Control group
(P < 0 05, Figure 6) and was positively correlated with
the CCP treatment concentration.

4. Discussion

Hepatocellular carcinoma is a primary liver cancer to which
most liver cancers belong. As a malignant tumor originating
from the liver epithelial or mesenchymal tissue, it is prone to
vascular invasion and metastasis, which mainly develop in
the portal vein or its branches, hepatic veins or its branches,
and the inferior vena cava of the liver, and homotype clump-
ing in the portal vein is the most common form of metastasis
of hepatocellular carcinoma [2–12]. The etiology and exact
molecular mechanism are still unclear, and it is currently
considered to be a multifactor and multistep complex pro-
cess. The treatment method is specialized for each individual
and the comprehensive treatment depends on the different
stages of the disease. The treatment types mainly include
surgery, hepatic artery ligation, radiofrequency, freezing,
laser, microwave, and chemotherapy. Many studies have
shown that Codonopsis pilosula polysaccharides have a
variety of biological functions, including cardiovascular and
cerebrovascular protection, enhancing immunity and antitu-
mor activities [4–11]. Based on all facts above, we studied
human hepatoma HepG2 cells and further investigated the
effect of Codonopsis pilosula polysaccharides on the prolifer-
ation and metastasis ability of hepatoma cells in vitro and its
possible mechanism.

Firstly, the effect of Codonopsis pilosula polysaccharide
on the proliferation of HepG2 cells in vitro was detected by
BrdU staining. It was found that Codonopsis pilosula
polysaccharide dose-dependently reduced the number of
BrdU-positive cells in HepG2 cells. The effect of Codonop-
sis pilosula polysaccharides on the expression levels of
proliferation-related proteins Ki67 and PCNA in hepatocel-
lular carcinoma HepG2 cells was further examined by
Western blot experiments. It was confirmed that Codonopsis
pilosula polysaccharide dose-dependently inhibited the
expression levels of proliferation proteins. These results
complied with that of Xin et al.’s study on the effect of Codo-
nopsis pilosula polysaccharide on ovarian cancer HO-8910
cells [11]. On the other hand, Bai et al.’s study [13] showed
that the two water-soluble polysaccharides extracted from
Codonopsis pilosula polysaccharide can inhibit the growth
of HepG2 cells, and the underlying mechanism is related to
cell cycle arrest induction and key protein expression
inhibition.

In order to test the effect of Codonopsis pilosula polysac-
charide on the motility of hepatocellular carcinoma HepG2
cells cultured in vitro, we performed a scratch test and a
Transwell experiment, both of which demonstrated the
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Figure 1: Cell viability of HepG2 cells.
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Figure 2: Proliferation of HepG2 cells. (a) Cell proliferation detected by BrdU; (b) protein expression of Ki67 and PCNA was tested by
Western blot. ∗P < 0 05 versus Control group.
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Figure 3: Invasion of HepG2 cells. ∗P < 0 05 versus Control group.
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inhibitory effect of Codonopsis pilosula polysaccharide on
the motility of HepG2 cells cultured in vitro. All these results
are consistent with Bai et al.’s study [13].

Increased tumor cell migration capacity is the basis
for tissue infiltration and distant metastasis. Epithelial

mesenchymal transition (EMT) is a process in which polar-
ized epithelial cells lose epithelial properties and acquire
interstitial properties, thus increasing cell metastasis and
invasion; it is an important biological process that promotes
tumor invasion and metastasis [14, 15]. E-cadherin, as an
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Figure 4: Migration of HepG2 cells. ∗P < 0 05 versus Control group.
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Figure 5: Expression of EMT-related protein in HepG2 cells. ∗P < 0 05 versus Control group.
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important cell adhesion factor, participates in and mediates
the adhesion between cells and is inextricably linked to the
invasion and metastasis of various tumors. Its low expression
or loss of expression plays a key role in epithelial mesenchy-
mal transition [16]. Studies have shown that [17] overexpres-
sion of TCF4 in canine kidney epithelial cells can increase cell
invasive ability, thereby accelerating the occurrence of tumor
EMT, which can be represented by remarkable downregula-
tion of epithelial marker protein E-cadherin and upregula-
tion of the interstitial marker protein vimentin. To further
explore the molecular mechanism of the effect of Codonopsis
pilosula polysaccharide on the motility of hepatocellular
carcinoma cells cultured in vitro, we performed Western
blot and found that Codonopsis pilosula polysaccharide-
treated cells showed higher expression of epithelial marker
protein E-cadherin but lower expression of interstitial
marker protein N-cadherin and migration marker protein
VEGF. The results indicated that Codonopsis pilosula
polysaccharide can inhibit the loss of polarity between
human hepatoma HepG2 cells cultured in vitro, slow the
development of stromal cells, and reduce the invasion
and metastasis ability of cells, thus delaying the occurrence
of EMT in HepG2 cells.

Wnt signaling pathway is involved in tumor formation.
Upon activation, β-catenin translocates into the nucleus to
competitively bind with TCF4 to form β-catenin/TCF4 com-
plex. The complex then activates downstream transcription
factors of TCF4, such as cycD and c-Myc, which ultimately
leads to cell abnormalities, proliferation, and tumorigenesis
[18, 19]. Studies have shown that abnormal activation of
the TCF4 target gene by Wnt signaling can promote
malignant transformation of colorectal cancer [20], and
downregulation of the Wnt/β-catenin signaling pathway
can inhibit epithelial-mesenchymal transition in nonsmall
cell lung cancer [21]. Therefore, in order to investigate the

regulatory effect of concentration-dependent Codonopsis
pilosula polysaccharide treatment on the signaling pathway
β-catenin/TCF4 and its effect on human hepatoma HepG2
cells cultured in vitro, we performed series of experiments
and found that the expression of β-catenin, TCF4, and
the downstream C-Myc protein were significantly inhib-
ited. These results indicated that Codonopsis pilosula
polysaccharide can inhibit the proliferation, invasion, and
EMT of human hepatoma HepG2 cells by downregulating
the β-catenin/TCF4 signaling pathway.

In summary, this paper explored the role of Codonopsis
pilosula polysaccharide in the proliferation, invasion, and
interstitial transformation of human hepatoma HepG2 cells
cultured in vitro, suggesting that the inhibition of Beta-
catenin/Tcf4 protein expression by Codonopsis pilosula
polysaccharide is related to the growth and metastasis of
human hepatoma HepG2 cells cultured in vitro. This
paper also provides experimental data for the role of
Codonopsis pilosula polysaccharide in the occurrence and
development of liver cancer, but there is still a lack of
research on the effect of Codonopsis pilosula polysaccharide
on cell growth and metastasis and its role in the growth of
liver cancer cells in vivo in the presence of pathway
inhibitor/activator.
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