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Abstract. Hepatocellular carcinoma (HCC) is the third most 
frequent cause of cancer death worldwide. Astragalus polysac-
charide (APS), the primary active component extracted from 
a traditional Chinese medicinal herb Astragalus membrana-
ceus, has been proved to exert a marked inhibitory effect on a 
number of types of human solid tumors. In the present study, 
we aimed to examine the effects of APS on the survival of the 
HCC cell line H22 and to elucidate the underlying regulatory 
mechanisms responsible for these effects. Our results revealed 
that the mRNA and protein expression of Notch1 was signifi-
cantly upregulated in the HCC tissues compared with that in the 
normal tissues. APS decreased cell viability and induced the 
apoptosis of HCC cells in a concentration-dependent manner, 
which were evaluated using a cell counting kit-8 (CCK-8) assay 
and flow cytometric analysis, respectively. Furthermore, APS 
regulated the expression of apoptosis-related genes (Bcl-2 and 
BAX) and proteases (caspase-3 and -8). Mechanically, Notch1 
expression was found to be suppressed in HCC cells, and 
further analysis indicated that Notch1 knockdown by siRNA 
significantly reduced cell viability, suppressed the metastatic 
capacity and enhanced the apoptosis of HCC cells. Taken 
together, these findings suggest that Notch1 may be a potential 
therapeutic target for the treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common primary 
hepatic malignancy, which is associated with increasing 
morbidity worldwide over the last decade (1). HCC is the 
third most common cause of cancer death in the world, and it 
accounts for 90% of primary liver cancers (2-5). Despite great 

efforts to develop treatments for HCC, which have led to the 
implementation of several relatively effective methods, the 
cure rate and survival of patients with liver cancer are still not 
optimistic (6-9). At present, liver resection and transplantation 
remain the principal treatments for patients with early-stage 
HCC (10). However, tumor recurrence after liver resection and 
a lack of appropriate donor organs are still the major problems 
affecting patient survival (11-13). Thus, in-depth investigations 
of the molecular mechanisms underlying the development of 
HCC are urgently required, which may lead to novel therapies 
for HCC.

Astragalus polysaccharide (APS), the primary active 
constituent extracted from a traditional Chinese medicinal herb 
Astragalus membranaceus, has been shown to exhibit diverse 
pharmacological and biological effects, including antioxidant, 
immune-enhancing and antiviral effects as well as resistance 
to immunosuppression (14-20). Several studies have demon-
strated the antiviral effects (specifically anti-duck hepatitis A 
virus activity and anti-infectious bursal disease virus activity) 
of APS and its sulfate (sAPS) in vitro (21,22). In the tumor 
microenvironment of human HCC, it has been demonstrated 
that APS is capable of restoring the cytokine balance and 
suppressing the expression of FOXp3 mRNA, to inhibit the 
immunosuppressive effects of Treg cells (23). Furthermore, 
APS exerts a marked inhibitory effect on a number of types 
of solid tumors (24-26). A previous study suggested that 
Astragalus injection can suppress apoptosis of mesothelial 
cells, which has the ability to prevent cancer invasion, and thus 
revealed that Astragalus may be used in treatment of gastric 
cancer (25). Astragalus saponin extract induced growth inhibi-
tion and apoptosis in human colon cancer cells and a tumor 
xenograft model in nude mice (27). APS exerted a synergistic 
antitumor effect with adriamycin in H22 tumor-bearing mice by 
promoting the expression of interleukin (IL)-1α, IL-2, IL-6 and 
tumor necrosis factor (TNF)-α, and by suppressing the expres-
sion of IL-10, MDR1 mRNA and P-glycoprotein (P-GP) (28). 
Taken together, these studies show that despite evidence of 
APS exerting inhibitory effects on human solid tumors, and the 
use of APS as an adjuvant treatment in combination with other 
anticancer drugs in order to reduce side-effects and increase 
sensitivity, its effect on the progression of HCC as well as the 
underlying regulatory mechanism remain unclear.

Recent findings have indicated that the ectopic expression 
of Notch1 was associated with increased metastatic capacity, 
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improved survival times and vasculogenic mimicry in HCC cell 
lines (29,30). Notch proteins (Notch 1-4) are transmembrane 
receptors, which have an extracellular domain for binding to 
specific ligands and an intracellular domain involved in tran-
scriptional regulation (31). Previous research has demonstrated 
that the Notch signaling pathway plays a number of important 
roles in cancer development (32-35). Notch1 signaling has 
been demonstrated to regulate cell proliferation, apoptosis and 
differentiation in lung carcinoma (34). The downregulation of 
Notch1 inhibited cell growth and induced apoptosis in A2780 
ovarian cancer cells (35). A chemically sulfated polysaccharide 
derived from Grifola frondosa induced HepG2 cell apoptosis 
through the Notch1/nuclear factor (NF)-κB/p65-mediated 
caspase pathway (36). A recent study indicated that Notch1 
is a potential therapeutic target for APS-induced apoptosis in 
non-small cell lung carcinoma cell lines (37). Based on these 
findings, we hypothesized that APS may be involved in the 
regulation of tumor growth and metastasis through Notch1 
signaling.

In the present study, we aimed to examine the effects of 
APS on the survival of an HCC cell line (H22) as well as 
the underlying regulatory mechanism responsible for these 
effects. Our results revealed that APS decreased cell viability 
and induced cell apoptosis in HCC cells by decreasing the 
expression of Notch1. Notch1 may be a potential therapeutic 
target for the treatment of HCC.

Materials and methods

Samples and cell culture. Human HCC samples were collected 
from patients who underwent surgery at Jinshan Hospital 
Affiliated to Fudan University (Shanghai, China). All the 
patients provided written informed consent. Dissected samples 
were frozen immediately after surgery and stored at -80˚C until 
use. All procedures involved clinical specimens were approved 
by the Ethics Committee of Jinshan Hospital Affiliated to 
Fudan University. The mouse HCC cell line (H22) was obtained 
from the Shanghai Cell Bank (Chinese Academy of Sciences) 
and cultured in RPMI-1640 medium (Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen), 100 µg/ml streptomycin and 100 U/ml penicillin 
solutions (both from Beyotime Institute of Biotechnology, 
Haimen, China). The cells were incubated at 37˚C in humidi-
fied air with 5% CO2. The medium buffer was replaced daily.

Reagents. APS was purchased from Hongsheng Biotech Co. 
(Xi'an, China) and was diluted in H2O immediately prior to 
administration.

Assays of cell viability. The cells were plated at a density of 
1x104 cells per well in a 96-well plate. Following incubation, 
the cells were treated with or without APS. Cell viability 
was quantified using a cell counting kit-8 (CCK-8; Dojindo 
Laboratories, Kumamoto, Japan) for 3 consecutive days after 
infection. Each data point was obtained in triplicate. 

Analysis of cell apoptosis. The rate of apoptosis was measured 
by Annexin-V FITC and PI staining, followed by flow cytom-
etry (flow cytometer from Becton-Dickinson, Franklin Lakes, 
NJ, USA). Briefly, the cells were trypsinized and suspended 

in 500 µl of binding buffer containing 5 μl Annexin V FITC 
and 5µl PI (Sigma-Aldrich Chemie Gmbh, Munich, Germany). 
Following incubation in the dark for 1 h, the cells were 
subjected to flow cytometry and the rate of cell apoptosis was 
determined.

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR). Total RNA was extracted from the cells using 
TRIzol reagent (Invitrogen) according to the manufacturer's 
instructions. Reverse transcription was performed using a 
SuperScript III Reverse Transcriptase kit (Invitrogen) in 
accordance with the manufacturer's instructions. Quantitative 
(real-time) PCR (qPCR) was performed using an Applied 
Biosystems 7300 Sequence Detection system (Applied 
Biosystems, Foster City, CA, USA). The 20 µl PCR reaction 
included 1 µl of cDNA, 10  µl of 2X TaqMan gene expression 
master mix and 1 µl of TaqMan gene expression assays reagent 
(Applied Biosystems). The reactions were incubated in 96-well 
optical plates at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 15 sec and 60˚C for 1 min. qPCR reactions were performed 
in triplicate. The expression levels of the relative genes were 
calculated using the 2-ΔΔCT method. GAPDH served as an 
internal control. The primer sets used were as follows: Notch1 
forward, 5'-GATGACCTGGGCAAGTC-3' and reverse, 
5'-CCCTGTTGTTCTGCATATCT-3'; GAPDH forward, 
5'-GCACCGTCAAGCTGAGAAC-3' and reverse, 5'-GAGC 
AGCGTCTTCAGAGACAG-3'; Bcl-2 forward, 5'-CTGAGT 
ACCTGAACCGGCATC-3' and reverse, 5'-TGGTGAAGAC 
GCCAGTGGA-3'; BAX forward, 5'-GTTTCATCCAGGA 
TCGAGCAG-3' and reverse, 5'-AGCTGAGCGAGTGTCT 
CCGGCG -3'. The PCR products were separated on a 
1.2% agarose gel and identified after ethidium bromide staining 
(both from Tiangen Biotech (Beijing) Co., Ltd, Beijing, China).

Western blot analysis. Protein extraction and western blot anal-
ysis were performed as previously described (29). β-actin was 
used as the loading control protein. Primary antibodies against 
Notch1, Bcl-2, BAX, caspase-3, caspase-8, E-cadherin, matrix 
metallopeptidase 9 (MMP-9), cyclooxygenase-2 (COX-2) and 
β-actin were all purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). All secondary antibodies were 
obtained from Univ-Bio Inc. (Shanghai, China).

Transfection of small interfering RNA (siRNA) . Three 
different siRNAs targeting Notch1 (si-Notch1-1, si-Notch1-2 
and si-Notch1-3) and a scramble siRNA (siScramble) were 
synthesized by Santa Cruz Biotechnology and transfected into 
the HCC cells using Lipofectamine 2000 (Invitrogen) as 
previously described by Zhou et al (29). The sequences of the 
siRNAs were as follows: si-Notch1-1 sense, 5'-GCUCCCU 
CAACUUCAAUGAUU-3' and antisense, 3'-UUCGAGGGAG 
UUGAAGUUACU-5'; si-Notch1-2 sense, 5'-GCCUGGACAA 
GAUCAAUGAUU-3' and antisense, 3'-UUCGGACCUGUUC 
UAGUUACU-5'; si-Notch1-3 sense, 5'-CAGGGAGCAUG 
UGUAACAUUU-3' and antisense, 3'-UUGUCCCUCGUA 
CACAUUGUA-5'.

Statistical analysis. Statistical analysis was conducted using 
SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA). All 
experiments were performed at least three times, and the data 
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were summarized and are presented as the means ± SD. The 
t-test was used to compare two independent groups. Inter-group 
differences were analyzed by one-way ANOVA followed by 
Tukey's multiple comparison test as a post-test to compare the 
group means. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Notch1 is upregulated in HCC tissues. According to a study 
by Zhou et al (29), the results of immunohistochemical 
analysis revealed that the high expression of Notch1 in HCC 
tissues correlated with tumor size, tumor grade, metastasis 
and venous invasion. In the present study, we determined the 
protein and mRNA levels of Notch1 in seven HCC tissues and 
three normal liver tissues. As shown in Fig. 1, the protein and 
mRNA levels of Notch1 were significantly upregulated in the 
HCC tissues compared with those in normal tissues (P<0.05).

APS decreases cell viability and induces cell apoptosis in 
HCC cells. It was previously demonstrated that APS inhibited 
the growth and proliferation of Treg cells in the tumor micro-
environment of HCC and exerted an antitumor effect (23,28). 
To determine whether APS exerts an effect on the regulation 
of HCC cell growth, H22 cells were incubated with different 
concentrations of APS. Firstly, we examined the viability of the 
H22 cells. The results showed that APS treatment decreased 
cell survival in a concentration-dependent manner (Fig. 2A).

To determine whether APS induced cell death through an 
apoptotic mechanism, apoptosis was detected by Annexin V/PI 
double staining. As shown in Fig. 2B and C, the apoptotic rate 
was significantly increased in the H22 cells following APS treat-
ment in a concentration-dependent manner. To further explore 
the effect of APS on apoptosis in the HCC cells, we measured the 

expression level of apoptosis-related genes (Bcl-2 and BAX). It 
was found that at concentrations >0.1 mg/ml, APS significantly 
inhibited the mRNA level of the apoptosis suppressor gene 
Bcl-2 (Fig. 3A). Similarly, the protein level of Bcl-2 was down-
regulated markedly following the incubation of the H22 cells 
with APS (Fig. 3C and D, P<0.01). In addition, the mRNA level 
of BAX, a pro-apoptotic gene, was markedly increased by APS 
in a concentration-dependent manner (Fig. 3B). Furthermore, 
the expression of the apoptosis-related proteases (caspase-3 
and -8) was also affected by APS. Following APS treatment, the 
protein levels of caspase-3 and -8 were significantly enhanced 
in the H22 cells (Fig. 3C and D). Taken together, these find-
ings suggest that APS decreases HCC cell survival through an 
apoptotic mechanism.

APS inhibits Notch1 expression in HCC. To further investigate 
the molecular mechanism underlying the inhibitory effect of 
APS on HCC cell survival, we evaluated the expression level 
of Notch1 in the APS-treated H22 cells. As shown in Fig. 4, 
APS treatment significantly decreased the mRNA and protein 
levels of Notch1 in the H22 cells in a concentration-dependent 
manner, which suggests that Notch1, is a potential target of APS.

Notch1 knockdown suppresses the survival and metastasis of 
HCC cells. After clarifying the association between APS and 
Notch1, we further intended to explore the effects of Notch1 on 
cell growth. Firstly, Notch1 was knocked down in the H22 cells. 
Three different siRNAs targeting Notch1 were transfected into 
the H22 cells. The Notch1 mRNA level was markedly down-
regulated and si-Notch1-3 exhibited the strongest inhibitory 
effect (Fig. 5A). Consequently, si-Notch1-3 was selected for 
use in subsequent experiments. As shown in Fig. 5B-D, Notch1 
knockdown reduced cell viability and significantly enhanced 
apoptosis (P<0.05). The next experiment examined changes in 

Figure 1. mRNA and protein levels of Notch1 in human hepatocellular carcinoma (HCC) tissues. (A) Notch1 mRNA expression in human HCC tissues (n=7) 
and normal liver tissues (n=3). (B) Western blot analysis of Notch1 protein expression in human HCC tissues (n=7) and normal liver tissues (n=3). (C) Relative 
expression of Notch1 in human HCC tissues (n=7) and normal liver tissues (n=3). Data are presented as the means ± SD, *P<0.05.
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the expression of apoptosis-related genes. Notch1 knockdown 
significantly suppressed the protein expression of the apoptosis 

suppressor gene, Bcl-2, and enhanced the protein expression of 
the pro-apoptotic gene, BAX (Fig. 6A and B, P<0.05). Finally, 

Figure 2. Astragalus polysaccharide (APS) inhibits cell survival and induces cell apoptosis in hepatocellular carcinoma (HCC) cells. (A) Cell viability of 
H22 cells following APS treatment (B) Flow cytometric analysis of apoptotic cells following APS treatment using Annexin V/PI double staining. (C) The 
percentage of apoptotic H22 cells following APS treatment. Data are presented as the means ± SD, *P<0.05, **P<0.01, ***P<0.001. Q, quadrant.

Figure 3. Astragalus polysaccharide (APS) regulates the expression of apoptosis-related genes and proteases in hepatocellular carcinoma (HCC) cells. 
(A) mRNA levels of Bcl-2 in H22 cells following APS treatment. (B) mRNA level of BAX in H22 cells following APS treatment. (C) Western blot analysis of 
the protein expression of caspase-3, caspase-8 and Bcl-2 in H22 cells APS treatment. (D) The relative protein expression of caspase-3, caspase-8 and Bcl-2 in 
H22 cells following APS treatment. Data are presented as the means ± SD, *P<0.05, **P<0.01, ***P<0.001.
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the protein expression levels of metastasis-associated molecules 
including E-cadherin, MMP-9 and COX-2 were examined to 
determine whether Notch1 affects the metastasis of HCC cells. 
The results showed that the protein expression of E-cadherin 
was significantly increased by Notch1 knockdown, whereas the 
levels of MMP-9 and COX-2 were markedly reduced (Fig. 6C 
and D, P<0.05). These results suggest that Notch1 plays a role 
in the regulation of HCC cell survival and metastasis.

Discussion

In the present study, we evaluated changes in the expression 
of Notch1 in human HCC tissues compared with that in the 
normal tissues, and found that Notch1 was overexpressed in 
the HCC tissues. We further demonstrated that APS decreased 
the survival of HCC cells through an apoptotic mechanism. 
Furthermore, we showed that Notch1 knockdown decreased 

Figure 4. Astragalus polysaccharide (APS) inhibits the expression of Notch1 in hepatocellular carcinoma (HCC) cells. (A) Notch1 mRNA expression in the 
HCC cell line (H22) cells following APS treatment. (B) The relative mRNA expression of Notch1 in H22 cells following APS treatment. (C) Western blot 
analysis of Notch1 protein expression in H22 cells following APS treatment. (D) The relative protein expression of Notch1 in H22 cells following APS treat-
ment. Data are the presented as the means ± SD, *P<0.05, **P<0.01.

Figure 5. Notch1 knockdown decreases cell survival and induces cell apoptosis in hepatocellular carcinoma (HCC) cells. (A) The relative mRNA expression of 
Notch1 in the HCC cell line (H22) cells following siRNA transfection. (B) The cell viability of H22 cells following Notch1 knockdown. (C) Flow cytometric 
analysis of Annexin V/PI double staining following Notch1 knockdown. (D) The percentage of apoptotic H22 cells following Notch1 knockdown. Data are 
presented as the means ± SD. *P<0.05, **P<0.01. Q, quadrant.
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cell viability and enhanced the apoptosis and metastatic 
capacity of HCC cells. We suggest that APS induced HCC cell 
apoptosis by suppressing the expression of Notch1.

The root of A. membranaceus, known as Huang Qi in 
Mandarin, was widely used in traditional Chinese medicine. 
APS, an extract of A. membranaceus, was extensively used 
in the clinic due to a number of beneficial effects including 
stimulation of the immune response, antiviral and antioxi-
dant effects, protection against organ damage and inhibition 
of cancer cell proliferation (14-20,38). In the present study, 
we found that APS decreased H22 cell survival and induced 
apoptosis in a concentration-dependent manner (Fig. 2). 
Furthermore, the expression of apoptosis-related genes (Bcl-2 
and BAX) and proteases (caspase-3 and -8) was regulated by 
APS treatment (Fig. 3). APS decreased HCC cell survival 
through an apoptotic mechanism. A previous study reported 
that Astragalus saponin extract exerted anti-apoptotic effects 
on human peritoneal mesothelial cells during peritoneal 
gastric cancer metastasis and thus revealed that Astragalus 
may be used as an adjuvant chemotherapeutic agent in gastric 
cancer therapy (25). Astragalus saponin extract inhibited cell 
proliferation through cell cycle arrest, and promoted apoptosis 
in human colon cancer cells (HT-29) through caspase-3 acti-
vation and poly(ADP-ribose) polymerase cleavage (27). APS 
exerted a synergistic antitumor effect with adriamycin in H22 
tumor-bearing mice through regulating cytokine and P-GP 
expression (28). Compound Astragalus and Salvia miltiorrhiza 
extract inhibited cell invasion by modulating transforming 
growth factor (TGF)-β/Smad signaling in HepG2 cells (24). 
These findings suggest that APS has the potential to act as an 

effective chemotherapeutic agent in HCC treatment, and also 
to be used as an adjuvant in combination with other orthodox 
chemotherapeutic drugs in order to reduce side-effects.

In recent years, there have been several studies examining 
the biological activity of polysaccharides. However, to the best 
of our knowledge there have been limited reports regarding 
the regulatory mechanism underlying the antitumor effect of 
polysaccharides. Wang et al (36) demonstrated that S-GFB, a 
chemically sulfated polysaccharide obtained from Grifola fron-
dosa, induced HepG2 cell proliferation and apoptosis through 
the Notch1/NF-κB/p65-mediated caspase pathway. Previous 
research has indicated that Notch1 signaling modulated cell 
proliferation, apoptosis and differentiation in lung carcinoma 
and was associated with the progression of glioma (33,34). 
Notably, it was found that Notch1 expression was significantly 
upregulated in the HCC tissues compared with that in the 
normal tissues (Fig. 1). Based on these findings, we speculated 
that APS may regulate the progression of HCC through Notch1 
signaling. Our results confirmed this hypothesis. Firstly, APS 
treatment significantly decreased the mRNA and protein 
levels of Notch1 in the H22 cells in a concentration-dependent 
manner (Fig. 4), suggesting that APS induces apoptosis 
through decreasing Notch1 expression. In addition, Notch1 
knockdown decreased cell viability and significantly increased 
the apoptosis of H22 cells by decreasing the expression of the 
apoptosis suppressor gene Bcl-2 and increasing the expression 
of the pro-apoptotic gene BAX (Figs. 5 and 6). Additonally, 
the protein level of E-cadherin was significantly upregulated by 
Notch1 knockdown, whereas the levels of MMP-9 and COX-2 
were markedly reduced (Fig. 6C and D). It has been reported 

Figure 6. Notch1 knockdown regulates the expression of apoptosis-related genes and metastasis-associated molecules in hepatocellular carcinoma (HCC) cells. (A) 
Western blot analysis of Bcl-2 and BAX protein expression in H22 cells following Notch1 knockdown. (B) The relative protein expression of Bcl-2 and BAX in H22 
cells following Notch1 knockdown. (C) Western blot analysis of E-cadherin, MMP-9 and COX-2 protein expression in H22 cells following Notch1 knockdown. 
(D) The relative protein expression of E-cadherin, MMP-9 and COX-2 in H22 cells following Notch1 knockdown. Data are presented as the means ± SD. *P<0.05.
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that in some types of cancer, COX-2 regulates the expression 
of E-cadherin (29). E-cadherin and MMP-9 are common 
metastasis-associated molecules. Our results demonstrated that 
Notch1 regulated the survival and metastatic capacity of HCC 
cells. APS induced the apoptosis of HCC cells by suppressing 
the expression of Notch1. Notch1 may be a potential therapeutic 
target for the treatment of HCC.
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