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Platinum-based chemotherapy is the most effective regimen for nasopharyngeal carcinoma, which presents
highly invasive and metastatic activity. However, the dose-related toxicity of chemotherapy agents limits the
dose administration. Astragalus polysaccharide (APS) is the major active ingredient extracted from Chinese
herb Radix Astragali and is proven to be active against carcinomas. We aimed to assess the chemosensitizing
effects of Astragalus polysaccharides on nasopharyngeal carcinoma in vitro and in vivo and to explore the un-
derlying mechanism.

We used BALB/c nu/nu mice and human nasopharyngeal carcinoma cell lines CNE-1, CNE-2, and SUNE-1. MTT,
Annexin V/Pl, Western blot analysis, and TUNEL assay were carried out.

APS significantly promoted anti-proliferative and apoptotic effects of cisplatin on nasopharyngeal carcinoma
cells. APS also enhanced the anti-tumor effects and cisplatin-induced apoptosis in the xenograft model. The
level of Bcl-2 decreased, while the levels of Bax, caspase-3, and caspase-9 increased in cisplatin combined with
APS treatment compared to cisplatin only treatment. The ratio of Bax to Bcl-2 was significantly enhanced by
the APS to cisplatin.

APS enhanced the anti-proliferative and apoptotic effect of cisplatin by modulating expression of Bax/Bcl-2 ra-
tio and caspases on nasopharyngeal carcinoma cells and in the xenograft model.

Apoptosis ¢ Astragalus Membranaceus ¢ bcl-2-Associated X Protein ¢ Caspases ¢ Genes, bcl-2 ¢
Nasopharyngeal Neoplasms
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Background

Nasopharyngeal carcinoma (NPC) is a highly invasive and met-
astatic cancer type which is prevalent in East and South-East
Asia [1]. Although traditional treatments including radiother-
apy or chemotherapy achieved good therapeutic effects in the
past decades and became the standard treatment, the limi-
tations of these treatments keep them from completely cur-
ing the disease. About one-third of NPC patients achieve tu-
mor relapse due to distant metastasis [2]. The overall survival
of recurrent or metastatic patients is less than 2 years [3].
Cisplatin is regarded as the standard first-line chemotherapy
agent for NPC, but the application is often limited by dose-re-
lated toxicity, and many patients cannot receive full-dose or
complete chemotherapy cycles [4,5]. Therefore, the explora-
tion of novel molecular therapeutic regimens to sensitizing
chemotherapy with lower toxicity is urgently needed for NPC
treatment [6]. Recently, bioactive components from natural
sources have been developed and attracted a great deal of
interest [7]. Anti-tumor agents from natural herbs have been
studied and demonstrated to be effective in treating various
carcinomas [8-15].

Astragalus polysaccharide (APS) is the major active ingredient
extracted from Radix Astragali, which is a popular tradition-
al Chinese medicine. It has been reported that APS possesses
various biological activities, including antioxidant, anti-inflam-
mation, immuno-modulation, anti-viral, and anti-tumor activi-
ties [16-19] Recent studies reported that APS had anti-tumor
properties that can modulate various cancer signaling path-
ways and interact with specific transcription molecules, such
as Wnt, p53, and NF-xB signaling pathway [20-24]. However,
it was unknown whether APS has anti-tumor effects or syn-
ergistic reaction with chemotherapy agents on NPC, and the
underlying mechanism is unclear. Therefore, the aim of pres-
ent study was to explore the anti-tumor and chemosensitiz-
ing effect of APS on NPC and its underlying mechanism in vi-
tro and in vivo. Our results suggest that APS may become an
effective anti-tumor agent for sensitizing NPC cells to cisplatin,
and the combination regimen may be helpful for NPC patients.

Material and Methods

Chemicals and reagents

Astragalus polysaccharide (C,,H,CIN,0,S) was purchased from
the Zhejiang Institute for Food and Drug Control (Hangzhou,
China). Cisplatin was obtained from Sigma-Aldrich Co. (St. Louis,
MO, USA). MTT and Annexin V Apoptosis Detection kits were
obtained from BD Biosciences (Franklin Lakes, NJ, USA). Bcl-2,
Bax, caspase-3, and caspase-9 antibody were purchased from

Cell Signaling Technology (Danvers, MA, USA). Anti-GAPDH was
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purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).
In Situ Cell Death Detection Kits were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA).

Cell lines

Three nasopharyngeal carcinoma cell lines (CNE-1, CNE-2, and
SUNE-1) were obtained from the Shanghai Institute of Cell
Biology (Shanghai, China). CNE-1, CNE-2, and SUNE-1 cell lines
were cultured in RPMI 1640 (Gibco BRL, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (GE Healthcare
Life Sciences, Logan, UT, USA) at 37°C with humidified 5% CO,.

Cell viability assay

MTT assay was used to detect the anti-proliferative effects of
APS and cisplatin. CNE-1, CNE-2, and SUNE-1 cells were seed-
ed into 96-well plates (1x10*/well) and then treated with dif-
ferent concentrations of APS (10, 20, 40, 60, and 80 pg/ml) for
48 h. Further, the 3 cell lines were treated with cisplatin (from
0.5 to 4 uM) and APS (20, 40 and 60 pg/ml). Solution absor-
bance was measured at 490 nm by microplate reader. Three
replica wells were prepared for each group.

Apoptosis assay

Annexin V/PI method was used to detect apoptosis induced by
APS and cisplatin. CNE-1, CNE-2, and SUNE-1 cells were seed-
ed (1x10*/well) and then treated with cisplatin (0.5 to 4 pM)
with or without APS (40 pg/ml) for 48 h. Cells were harvest-
ed, trypsinized, and then stained with annexin V and Pl in the
dark using an Apoptosis Detection kit prior to being detect-
ed by flow cytometry (Beckman Coulter, Inc., Brea, CA, USA).
Three replica wells were prepared for each group.

Western blot analysis

CNE-1, CNE-2, and SUNE-1 cells were treated with cisplatin
(2 pM) with or without APS (40 pg/ml) for 48 h. Cells were
lysed and then total protein was extracted with cell lysis buf-
fer. The proteins were separated by 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and then transferred
to nitrocellulose membranes (Millipore, Billerica, MA, USA)
electrophoretically. We used 5% non-fat milk in TBST to block
the membranes, which then were incubated with primary an-
tibodies (rabbit anti-rat Bcl-2, Bax, caspase-3, and caspase-9
antibodies and mouse anti-rat GAPDH monoclonal antibody
(1: 1000) overnight at 4°C. Membranes then were reacted with
secondary antibodies (horseradish peroxidase-conjugated goat
anti-rabbit IgG) for 30 min at room temperature. Proteins were
detected with ECL reagent and visualized using ImageQuant
LAS 4000 (Pittsburg, PA, USA).
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Figure 1. Anti-proliferative activity of APS on NPC cell lines
CNE-1, CNE-2 and SUNE-1.

Animal treatment

BALB/c nu/nu mice were obtained from Zhejiang Academy of
Medical Sciences (Hangzhou, China). CNE-2 cells (1x10° cells) were
suspended in 0.1 ml of PBS, then subcutaneously injected into
nude mice to establish a mouse model of xenograft tumor. We
randomly divided 20 tumor-bearing nude mice (male, aged 4-5
weeks, weighing 18-20 g) into 4 groups (5 nude mice per group):
the control group, receiving intraperitoneal injection with 0.1 ml
normal saline twice a week; the APS group, receiving intraperito-
neal injection with 0.1 ml APS (40 mg/kg) twice a week; the cis-
platin group, receiving intraperitoneal injection with 0.1 ml cis-
platin (5 mg/kg) twice a week; and the APS with cisplatin group,
receiving intraperitoneal injection with 0.1 ml APS (40 mg/kg) and
0.1 ml cisplatin (5 mg/kg) twice a week. Tumor volume and tu-
mor weight were evaluated after mice were sacrificed at 4 weeks.
Tumor samples were obtained and fixed, then embedded in par-
affin. All the animal experimental protocols were approved by
the Hangzhou First People’s Hospital Research Ethics Committee.

TUNEL analysis

Terminal deoxynucleotidyl transferase-dUTP nick-end labeling
(TUNEL) method was used to detect apoptosis induced by APS
and cisplatin of tumor tissue with an in situ cell death detection
kit according to the manufacturer’s instructions. An Olympus
BX61 fluorescence microscope (Olympus Corporation, Tokyo,
Japan) was used to examine the reactions.

Statistical analysis

Data are presented as the mean + standard deviation. Student’s
t-test was used to analyze 2 groups and one-way ANOVA was
used to analyze multiple groups by using SPSS 20.0 (SPSS
Inc., Chicago, IL, USA). P values <0.05 were considered statis-
tically significant.
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Results

The inhibitory effect of APS combined with cisplatin on
NPC cell lines

The CNE-1, CNE-2, and SUNE-1 cells were treated with 10, 20,
40, 60, and 80 pg/ml APS for 48 h, then different concentra-
tions of APS (20, 40, and 60 pg/ml) were performed to com-
bine with cisplatin. The results showed that the proliferation
of CNE-1, CNE-2, and SUNE-1 cells were significantly inhibit-
ed by APS in a dose-dependent manner (Figure 1). Moreover,
the inhibitory effect of cisplatin increased with the increas-
ing concentration (from 0.5 to 4 pM), and the inhibitory ef-
fects were significantly enhanced when combined with differ-
ent concentrations of APS. The inhibitory effects of different
concentrations of APS had no significant difference (Figure 2).

The apoptosis-inducing effect of APS combined with
cisplatin on NPC cell lines

Annexin V-FITC assay was performed to evaluate the apop-
tosis-inducing effect of APS combined with cisplatin. The re-
sults showed that cisplatin induced a significant apoptosis
compared to the control group. Moreover, the apoptosis rates
increased significantly when combined with APS (40 pg/ml)
at 48 h (Figure 3).

The effect of APS combined with cisplatin on the
expressions of Bax/Bcl-2 ratio and caspases on NPC cell
lines

The expression levels of key regulator proteins, including Bax,
Bcl-2, caspase-3, and caspase-9, were detected by Western blot
analysis after treatment with APS (40 pg/ml) and/or cisplat-
in (2 pM) for 48 h on CNE-1, CNE-2, and SUNE-1 cells. The re-
sults showed that the level of Bcl-2 decreased, while the lev-
els of Bax, caspase-3, and caspase-9 increased significantly
(Figure 4A), and the ratio of Bax to Bcl-2 was significantly in-
creased (Figure 4B).

The anti-tumor enhancing effect of APS combined with
cisplatin on the NPC xenograft model

We evaluated the activity of APS combined with cisplatin on
CNE-2 xenograft in vivo. The results showed that tumor vol-
umes and weight were significantly reduced in the combina-
tion group compared to the cisplatin group and the APS group
(Figure 5). TUNEL assay showed that the apoptotic index of
the combination group significantly increased compared to the
cisplatin group or APS group (Figure 6). Western blot analysis
was performed to verify the expressions of Bax/Bcl-2 ratio and
caspases in vivo. The level of Bcl-2 decreased, while the levels
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Figure 2. APS enhanced cisplatin sensitivity on NPC cell lines CNE-1, CNE-2, and SUNE-1 with increasing doses. * Statistically
significant difference (P<0.01) between the Cisplatin+APS groups and the cisplatin treatment group.
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Figure 3. APS enhanced cisplatin-induced apoptosis on NPC cell lines CNE-1, CNE-2 and SUNE-1. * Statistically significant difference
(P<0.01) between the Cisplatin+APS group and the cisplatin treatment group.
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Figure 4. APS increased cisplatin-induced protein expressions of Bcl-2, Bax, caspase-3, and caspase-9 on NPC cell lines CNE-1, CNE-2,
and SUNE-1. (A) Cisplatin combined with APS decreased the expressions of Bcl-2 and increased the expression of Bax,
caspase-3, and caspase-9 compared to cisplatin only treatment and control, as determined by Western blot analysis.

(B) The ratio of Bax/Bcl-2 of each group. * Statistically significant difference (P<0.01) between the Cisplatin+APS group and
the cisplatin treatment group.
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Figure 5. APS enhanced cisplatin sensitivity on tumor volumes and weight of CNE-2 xenograft. * Statistically significant difference
(P<0.01) between the Cisplatin+APS group and the cisplatin treatment group.
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Figure 6. APS enhanced cisplatin-induced apoptosis of CNE-2
xenograft. * Statistically significant difference (P<0.01)
between the Cisplatin+APS group and the cisplatin
treatment group.

of Bax, caspase-3, and caspase-9 increased significantly, and
the ratio of Bax to Bcl-2 was significantly enhanced (Figure 7).

Discussion

At present, there is no anti-tumor agent that can achieve com-
plete remission of cancers without adverse effects. It has been
demonstrated that traditional Chinese medicine has great ad-
vantages as effective chemotherapeutics or adjuvant agents
through increasing chemo- or radio-sensitivity and reducing

the side effects, leading to improved quality of life and patient
survival. Natural products, especially Chinese herbs, have dem-
onstrated promising anti-cancer effects with minimal toxicity.
Among them, Radix Astragali has shown a potential therapeu-
tic value in cancer treatment. It has been demonstrated that
Astragali extract can inhibit the growth of various cancer cells
in vitro and in vivo, including gastric cancer cells, renal carcino-
ma cells, urinary carcinoma cells, and hepatoma cells [25-28].
Randomized trials showed that Astragalus-based formula in-
creased the effectiveness of a platinum-based chemotherapy
regimen for advanced non-small-cell lung cancer (NSCLC) [29].

The major active constituents of Radix Astragali are polysaccha-
rides, triterpene saponins, flavonoids, fatty acids, sterols, be-
taine, and choline [30]. Recently, APS has been widely studied
for its immunopotentiating properties and anti-tumor activity.
Several studies have indicated that APS has anti-tumor activi-
ty in various tumor types, including gastric cancer, liver cancer,
colon cancer, breast cancer, lung cancer, and renal and bladder
tumors [31-35]. APS inhibited the growth of Lewis lung can-
cer cells and enhanced the therapeutic effect when combined
with cisplatin [34]. APS also can enhance the chemosensitivity
of H22/ADM cells [35]. APS was reported to increase tumor re-
sponse, improve patient performance status, and reduce toxic-
ity of chemotherapy. Clinical study has also confirmed that APS
integrated with vinorelbine and cisplatin significantly improved
quality of life (QOL) in advanced NSCLC patients [36]. It was re-
ported that the potential mechanism of the anti-tumor activity
of APS was related to apoptosis, cell cycle arrest, downregula-
tion of Akt phosphorylation, and upregulation of p53 and PTEN
[37]. APS could reverse multidrug resistance by downregula-
tion of MDR1 mRNA expression, inhibition of P-GP efflux pump
function, and decreasing the expression of MDR1 protein [35].
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Figure 7. The effects of cisplatin combined with APS on the levels of Bcl-2, Bax, caspase-3, and caspase-9 expressions and the ratio of
Bax/Bcl-2 in tumor tissues. * Statistically significant difference (P<0.01) between the Cisplatin+APS group and the cisplatin

treatment group.

In the present study, we evaluated the anti-tumor and chemo-
sensitizing activity of APS on NPC cells and the potential mech-
anism was explored. The results showed that the proliferation
of NPC cells was significantly inhibited by APS in a dose-depen-
dent manner, and the inhibitory effects of cisplatin were sig-
nificantly enhanced when combined with different concentra-
tions of APS in vitro and in vivo. Studies reported that APS could
enhance the chemosensitivity of the most common chemo-
therapy drugs in vitro, such as Cyclophosphamide, Adriamycin,
5-Fluorouracil, cisplatin, Etoposide, and Vincristine [35]. The
present results are supported by previous studies.

Apoptosis is important for cell proliferation and tumor growth.
The apoptosis signaling pathway is mediated by caspases, and
among them, caspase-3 and caspase-9 are crucial mediators
in the apoptosis procedure. The apoptosis pathway can be ini-
tiated through caspase-9, and trigger apoptosis through the
cleavage of the downstream executioner caspase-3 [38,39]. As
2 typical proteins of the Bcl-2 family, Bcl-2 and Bax play key
roles in caspase-dependent apoptosis. Bcl-2 is an anti-apop-
totic protein mainly located in the nuclear and mitochondrial
membrane, but the family member Bax that promotes apop-
tosis is mainly located in the cytoplasm. Bcl-2 had a strong
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