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Abstract: Objective: Previous studies have shown that Astragalus polysaccharide (APS) can be applied to anti-can-
cer. However, the mechanism by which APS mediate this effect is unclear. In the present study, APS-mediated 
NSCLC cell apoptosis was investigated through the regulation of the notch signaling pathway. Methods: The cell 
viability was detected by the CCK8 assay. The mRNA and protein expression of notch1/3 and tumor suppressors 
were analyzed by RT-PCR and western blotting, respectively. Results: The mRNA and protein of notch1 and notch3 
were significantly up-regulated in tumor tissues as compared to non-tumor adjacent tissues. Treatment of human 
NSCLC cells with APS induced cell death in a dose-and time-dependent manner by using CCK8 assay. The mRNA 
and protein expression of notch1 and notch3 were significantly lower in NSCLC cells with APS treatment than that 
in control group. Moreover, western blotting analysis showed that treatment of H460 cells with APS significantly 
increased the pro-apoptotic Bax and caspase 8 levels, decreased the anti-apoptotic Bcl-2 level. Furthermore, p53, 
p21 and p16 were obviously up-regulated by APS treatment in H460 cell. Conclusions: This study demonstrated 
that APS-treated could inhibit proliferation and promote cell apoptosis, at least partially, through suppressing the 
expression of notch1 and notch3 and up-regulating the expression of tumor suppressors in H460 NSCLC cell lines.
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Introduction 

Lung cancer, including small cell lung carcino-
ma (SCLC) and non-small cell lung carcinoma 
(NSCLC), is the most common cause of cancer-
related deaths in worldwide [1]. NSCLC ac- 
counts for approximately 85% of all lung cancer 
cases, with a high rate of relapse and failure of 
therapy [2]. Thus, the better and updated drug 
targets are essential to be exploited. A previous 
study suggests that Notch signaling plays a cru-
cial role in the transformation and neoplastic 
proliferation of human malignancy [3]. Aberrant 
expression of Notch has been reported in 
breast cancer [4], lung cancer [5], acute myeloid 
leukemia [6], prostate cancer [7, 8]. Some 
recent studies show that Notch signaling is acti-
vated in human non-small cell lung cancer [2, 
9-11]. Intriguingly, high notch activity induces 
radiation resistance and chemotherapy resis-
tance in non-small cell lung cancer [10, 12]. In 
clinical study, activation of Notch signaling by 

either Notch1 up-regulation or Numb down-reg-
ulation is observed in 30% of primary human 
NSCLCs [13]. Notch3 also appears to be a key 
player in NSCLC, with over-expressed in 40% of 
NSCLC tumors [14]. Elevated the expressions 
levels of notch1/3 and their ligand are found to 
be associated with tumor progression and pre-
dicted poor prognosis in NSCLC, suggesting a 
promising biomarker for NSCLC [9]. In experi-
mental study, notch signaling inhibitors can 
attenuate cell growth and induce apoptosis of 
lung cancer cell lines [15, 16].

The dry roots of Astragalus membranaceus, 
which is also known as Huang Qi in China and 
belongs to the Fabaceae family, have long been 
used as an important component of many herb-
al prescriptions in traditional Chinese medicine 
[17, 18]. Astragalus polysaccharide (APS), the 
extract from Astragalus membranaceus, exerts 
strong anti-tumor [19] and effectively alleviates 
inflammation-induced artery endothelium cell 
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injury [20] and atherosclerosis [21] and insulin 
resistance [22]. In H22 hepatocarcinoma trans-
planted BALB/c mice, APS could effectively 
inhibit the solid tumor growth and exert anti-
cancer activity in vivo, which at least partly via 
improving immune responses of host organism 
[23, 24]. Recent studies have shown that APS 
combined treatment promotes the efficacy of 
chemotherapeutic drug in NSCLC patients, sta-
bilizes and improves performance status, and 
reduces chemotherapy toxicity [25]. However, 
the underlying signaling mechanisms account-
ing for APS-induced NSCLC cell apoptosis are 
still not well characterized.

In this study, we intended to investigate the 
effect of APS on NSCLC cell lines proliferation 
in vitro. The results showed that APS induced 
cell death through the suppression of notch1/3 
signaling. These data suggested that APS might 
be an effective adjuvant therapy drug for 
patients with NSCLC.

Materials and methods

Tissue samples 

Human lung carcinoma samples were obtai- 
ned with written informed consent from De- 
partment of Respiratory Medicine of Changhai 
Hospital Attached to Second Military Medical 
University. The study was approved by the 
Ethics Committee of Department of Respiratory 
Medicine of Changhai Hospital Attached to and 
Second Military Medical University. 20 tumor 
samples and 20 cases of non-tumor adjacent 
tissues were collected between 02/2013 and 
6/2014.

Cell culture

The Human H460 NSCLC cells were obtain- 
ed from the Chinese Academy of Sciences 
(Institute of Shanghai Cell Biology and Chinese 
Type Culture Collection, China) and maintained 
in DMEM (Dulbecco’s modified Eagle’s medium; 
Invitrogen) and supplemented with 10% fetal 
bovine serum (FBS) (HyClone, Logan, UT), 100 
units/ml penicillin, and 100 mg/ml streptomy-
cin (Invitrogen) at 37°C in a humidified, 5% CO2, 
95% air atmosphere. The medium was replen-
ished every day.

Cell viability detection by CCK8

H460 cells (1.0 × 105/well) were plated and 
treated in 96-well plates (three wells per group) 

with APS (0-30 mg/mL) for 24 or 48 h, respec-
tively. 10 μL of CCK8 (Dojindo, Kumamoto, 
Japan) was added to the cells, and the viabili- 
ty of the cells was measured at 490 nm using 
an ELISA reader (BioTek, Winooski, VT, USA) 
according to the manufacturer’s instructions.

Over-expression and small interfering RNA

For the transfection of the H460 NSCLC cell 
lines, lentiviral vectors harboring notch1 and 
notch3 were constructed, and the H460 NSCLC 
cells were infected. Briefly, the H460 NSCLC 
cells were cultured in McCoy’s 5α medium con-
taining 10% FBS and when they reached the 
exponential growth phase, 1.0 × 105 cells per 
well were plated in 96 plates. Next, 300 μl com-
plete culture medium, containing recombinant 
lentiviruses, control lentiviruses or McCoy’s 5α 
medium (all containing 6 μg/ml polybrene; 
Sigma) was added into the plates when the 
cells reached 50-60% confluence. Two days 
later, the virus-containing medium was replaced 
with fresh complete medium.

The small interfering (si) RNAs for human 
notch1 or notch3 were obtained from Dhar- 
macon (Lafayette, USA). The small interfer- 
ing with the following primers: notch1, Forwa- 
rd 5’-GAGUGUGUGUGCGACAUGCACAUCA-3’ an- 
d Reverse 5’-ACUAGAGGAUCUGAGUCACUGUC- 
UG-3’; notch3, Forward 5’-CCUUACACUCGU- 
CUGAGCAAGGU-3’ and Reverse 5’-UGCUCA- 
AGGACAUAGGAGUUAGC-3’. The siRNA oligonu-
cleotides (at a final concentration of 100 nM) 
were transfected into H460 NSCLC cells using 
Lipofectamine 2000 (Invitrogen, USA) accord-
ing to the manufacturer’s instructions.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

The H460 NSCLC cells RNA extraction was per-
formed according to the TRIzol manufacturer’s 
protocol (Invitrogen, Carlsbad, CA, USA). RNA 
integrity was verified by agarose gel electropho-
resis. Synthesis of cDNAs was performed by 
reverse transcription reactions with 2 μg of 
total RNA using moloney murine leukemia virus 
reverse transcriptase (Invitrogen) with oligo dT 
(15) primers (Fermentas) as described by the 
manufacturer. The first strand cDNAs served as 
the template for the regular polymerase chain 
reaction (PCR) performed using a DNA Engine 
(ABI 7300). PCR with the following primers: 
notch1, forward 5’-CTTAGATGTGCTGAGCGCGT- 
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CAATGTGTC-3’, reverse 5’-GCGCGATCCTTGAT- 
AACCTGCGGAT-3’; notch3, forward 5’-TGCTAA- 
TTAGTTCGGCTAT-3’, reverse 5’-TATTCGCGACG- 
ATGGTTAG-3’; GAPGH, forward 5’-GGTGGAG- 
GTCGGGAGTCAACGGA-3’, reverse 5’-GAGGGA- 
TCTCGCTCCTGGAGGA-3’. Glyceraldehyde 3-ph- 
osphate dehydrogenase (GAPDH) as an internal 
control was used to normalize the data to deter-
mine the relative expression of the target 
genes. The reaction conditions were set accord-
ing to the kit instructions.

Western blotting

The tumor tissues and H460 cells were ho- 
mogenized and extracted in NP-40 buffer, fol-
lowed by 5-10 min boiling and centrifugation to 
obtain the supernatant. Samples containing 

version 3.0) and normalized to the β-actin  
signals to correct for unequal loading using the 
mouse monoclonal anti-β-actin antibody (Bio- 
world Technology, USA).

Statistical analysis

The data from these experiments were report-
ed as mean ± standard errors of mean (SEM) 
for each group. All statistical analyses were 
performed by using PRISM version 4.0 (Gr- 
aphPad). Inter-group differences were analyzed 
by one-way ANOVA, and followed by Tukey’s 
multiple comparison test as a post test to com-
pare the group means if overall P < 0.05. 
Differences with P value of < 0.05 were consid-
ered statistically significant.

Figure 1. The expression of notch1 and notch3 in the tumor tissues from NSCLC 
patients. Semi-quantitative reverse transcription polymerase chain reaction (RT-
PCR) (A) and western blotting (B) were used to detect the expression of notch1 
and notch3 in the tumor tissues from NSCLC. Densitometric quantification for 
RT-PCR and western blotting (C). Values are expressed as mean ± SEM, n = 10 in 
each group. *P < 0.05, versus normal control group.

100 μg of protein were sep-
arated on 10% SDS-PAGE 
gel, transferred to nitrocel-
lulose membranes (Bio-
Rad Laboratories, Hercu- 
les, CA, USA). After satura-
tion with 5% (w/v) non-fat 
dry milk in TBS and 0.1% 
(w/v) Tween 20 (TBST), the 
membranes were incubat-
ed with the following anti-
bodies: notch1, notch3, 
caspase 8, Bcl-2, BAX, 
p16, p21 and p53 (Santa 
Cruz Biotechnology, CA, 
USA), at dilutions ranging 
from 1:500 to 1:2,000 at 
4°C over-night. After thr- 
ee washes with TBST, me- 
mbranes were incubated 
with secondary immuno-
globulins (Igs) conjugated 
to IRDye 800CW Infrared 
Dye (LI-COR), including do- 
nkey anti-goat IgG and  
donkey anti-mouse IgG at  
a dilution of 1:10,000-
1:20,000. After 1 hour in- 
cubation at 37°C, mem-
branes were washed three 
times with TBST. Blots we- 
re visualized by the Odys- 
sey Infrared Imaging Sys- 
tem (LI-COR Biotechnolo- 
gy). Signals were densito-
metrically assessed (Ody- 
ssey Application Software 
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Results 

The expression of notch1 and notch3 in tumor 
tissues from NSCLC patients

RT-PCR and western blotting assays were per-
formed to detect the expression of notch1 and 
notch3 in the tumor tissues from NSCLC pa- 
tients. As shown in Figure 1, the relative expres-
sion levels of notch1 and notch3 mRNA (Figure 
1A and 1C) and protein (Figure 1B and 1C) in 
tumor tissues were significantly higher than 

those in corresponding non-tumor adjacent tis-
sues (P < 0.05). These data indicated that up-
regulation of notch1 and notch3 might play 
critical roles in the development of NSCLC.

APS inhibits NSCLC cell growth

H460 NSCLC cell viability was measured when 
cells were exposed to various concentrations of 
APS (0-30 mg/mL) for 24 and 48 h. The growth 
of cells was inhibited with APS (Figure 2A). The 
viabilities of NSCLC cells treated with APS were 

Figure 2. The effect of APS on the cell viability of H460 NSCLC cell. The NSCLC cells were incubated with various 
concentrations of APS (0-30 mg/mL) for 24 h and 48 h, and the cell viability was examined by CCK8 assay (A). The 
H460 NSCLC cells were incubated with APS (5 mg/mL) for 0, 6, 12, 24, 36 and 48 h, and the cell viability was ex-
amined by CCK8 assay (B). Values are expressed as mean ± SEM, n = 3 in each group.

Figure 3. Effect of APS on the mRNA and protein expression of notch1 and notch3. The H460 cells were incubated 
with APS (0, 5 or 10 mg/mL) for 48 h, and the cells exposed to APS (5 mg/mL) for 0, 24, 48 and 72 h, the expres-
sion levels of notch1 and notch3 were determined by RT-PCR (A) and western blotting (C). mRNA (B) and protein (D) 
bands were quantified in H460 cells. Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05, **P < 
0.01 versus control group.
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significantly lower than those of control group. 
As shown the growth curve in Figure 2A, the 
concentrations at which APS inhibited cell 
growth by 50% (IC50) were 15 mg/mL and 5 
mg/mL at 24 h and 48 h, respectively. 
Treatment of NSCLC cells with APS induced cell 
growth inhibition in a dose-dependent manner 
by using CCK8 assay (Figure 2A). To evaluate 
the time-dependent effect of APS on the cell 
viability, the cells were exposed to 5 mg/mL 
APS for various times. The results showed that 
the cell viability was significantly decreased 
after 12 h of APS treatment, although a slight 
up-regulation of cell proliferation was observed 
at 6 h (Figure 2B).

The effect of APS on the protein expression of 
notch1 and notch3

In an attempt to explore the influence of notch1 
and notch3 on human NSCLC cells when they 
are prescribed to increase risk of a variety of 
cancers. To determine whether APS induced 
apoptosis by triggering the notch apoptotic 
pathway, we measured the change in the mRNA 
and protein expression of notch1 and notch3 in 

H460 cell lines. The current study suggested 
that notch1 and notch3 were associated with 
proliferation of NSCLC cells. The mRNA (Figure 
3A and 3B) and protein (Figure 3C and 3D) 
expression of notch1 and notch3 were signifi-
cantly lower in NSCLC cells with APS treatment 
than that in un-treatment group. Treatment of 
H460 cells with increasing doses of APS and 
increasing durations significantly decreased 
the mRNA and protein expression of notch1 
and notch3 (Figure 3). Therefore, our data sug-
gest that suppression the expression of notch1 
and notch3 was involved in APS-mediated cell 
death.

The effect of APS on the protein expression of 
apoptosis-related regulators and tumor sup-
pressors

The CCK8 assay results showed that APS could 
induce apoptosis in H460 NSCLC cell. The 
apoptotic response was further investigated by 
measuring apoptosis-related proteins expres-
sion. Western blotting analysis showed that 
treatment of H460 cells with APS significantly 

Figure 4. The effect of APS on the protein expression of apoptosis-related regulators and tumor suppressors. The 
H460 cells were incubated with DMSO or APS (5 mg/mL) for 48 h, the expression levels of Bax, Caspase8 and Bcl-2 
were determined by western blotting (A), and protein bands were quantified in H460 cell (B). The H460 cells were 
incubated with DMSO or APS (5 mg/mL) for 48 h, the expression levels of p53, p21 and p16 were determined by 
western blotting (C), and protein bands were quantified in H460 cell (D), normalized to β-actin protein bands. Values 
are expressed as mean ± SEM, n = 3 in each group. *P < 0.05 versus control group.
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increased the pro-apoptotic Bax and caspase 8 
level, decreased the anti-apoptotic Bcl-2 level 
(Figure 4A and 4B). Moreover, significant ch- 
anges in the protein levels of tumor suppres-
sors were observed in H460 cells with APS-
treated. As shown in Figure 4C and 4D, p53, 
p21 and p16 were obviously up-regulated by 
APS treatment. These results indicated that 
APS might induce NSCLC cell death through 
activation tumor suppressors signaling path- 
way.

Notch1 and notch3 gain-of-function or loss-of-
function in H460 cell lines

Consistent with previous studies, knockdown 
of notch1 or notch3 inhibited H460 cell prolif-
eration. The inhibiting effect of H460 cell prolif-
eration was significantly promoted in the com-
bined treatment group compared with single 
treatment group (Figure 5A). In contrast, no- 
tch1 or notch3 over-expression resulted in a 
restored cell proliferation (Figure 5B). Intri- 
guingly, APS could inhibit the proliferation of 
notch1 and notch3 gain-of-function cell in a 
dose-dependent manner (Figure 5C). These 
results confirmed that APS inhibited prolifera-
tion and promoted cell apoptosis, at least par-
tially, through suppression the expression of 
notch1 and notch3.

Discussion 

The role of notch signaling in oncogenesis 
remains unclear, due to the complex nature of 
notch signaling and that can have both tumor 
promoting and inhibiting functions in the same 
cancer cell lines, and it can play different roles 
in early and late stages of cancer development 
[1, 26, 27]. Our present study provides an 
extensive evaluation of notch1 and notch3 
expression in human NSCLC, to elucidate its 
role in cell proliferation and apoptosis.

We found that the components of Notch signal-
ing pathway were activated in lung tumor sam-
ples. Gain-of-function notch1/3 resulted in 
increasing cell proliferation, while its loss-of-
function caused inhibition of NSCLC cell growth. 
Recently, notch1 and notch3 widely studied 
and reported to aberrantly express in malig-
nant tumors [28-30]. It is unexpectedly that the 
level of notch-1 protein is down-regulated in 
lung adenocarcinoma cells or tissues [31]. 
Notch1 and notch3 are considered as a highly 
controversial gene because of its complex bio-
logical functions. Intriguingly, several studies 
reported opposite effect of notch signaling on 
cellular apoptosis. Knockdown notch1 resulted 
in increasing cell proliferation, while its induc-
tion caused inhibition of SCLC cell growth [26]. 

Figure 5. Notch1 and notch3 gain-of-function or 
loss-of-function in H460 cell lines. H460 cells were 
treated with notch1-siRNA and notch3-siRNA, and 
the numbers of cells per well were measured by the 
absorbance (450 nm) (A). H460 cells were overex-
pressed with notch1 and notch3, and the numbers 
of cells per well were measured by the absorbance 
(450 nm) (B). Notch1 and notch3 gain-of-function 
in H460 cells were incubated with various concen-
tration APS for 48 h, and the numbers of cells per 
well were measured by the absorbance (450 nm) 
(C). Values are expressed as mean ± SEM, n = 3 in 
each group.
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Clinical research shows that notch3 has high 
expression in 67 of 131 cases of NSCLC 
(51.1%), which is significantly higher than in 
adjacent noncancerous lung tissues. Moreover, 
notch3 over-expression is correlated with me- 
tastasis and poor prognosis [11]. Importantly, 
the apoptotic activity of notch1 depends on cell 
type. Notch1 enhances apoptosis in H69AR 
and SBC-3 cells, but such induction of apopto-
sis couldn’t effectively counteract the mitogen-
ic response to inhibiting notch1 in these cells 
[26]. Notch signaling pathway participates in 
Wnt signaling-induced cell apoptosis. CHIR- 
99021, a Wnt signaling agonist, up-regulates 
the protein expression of Notch3 and promotes 
cell proliferation, which suggest that Notch3 
signaling can be activated by inhibiting Wnt sig-
naling and a functional link between Wnt and 
Notch signaling pathways exists in NSCLC [2]. 
In the present study, we demonstrated that the 
protein expression of notch1 and notch3 was 
up-regulated in NSCLC tissues and H460 cell 
lines, APS-treated could suppress the expres-
sion of notch1 and notch3 and induce cell 
apoptosis in vitro. APS has been most widely 
studied, mainly on their immuno-potentiating 
properties [32, 33]. Evidence supporting the 
use of APS in NSCLC is sparse. In the present 
work, APS-induced cell death in NSCLC cell has 
been reported firstly.

In addition, we observed the expressions of 
apoptosis-related regulators and tumor sup-
pressors. The results showed that APS-treated 
could up-regulate Bax and caspase3 expres-
sion and down-regulate Bcl-2 expression. Apo- 
ptosis-related proteins expression which regu-
lated by APS could induce H460 cell apoptosis. 
Furthermore, human NSCLC cell exposure to 
APS could up-regulate the expression of p16, 
p21 and p53. Previous study shows that APS 
can induce synovial apoptosis, and APS treat-
ment accompanies by increased staining for 
pro-apoptotic Bax protein and decreased stain-
ing for anti-apoptotic Bcl-2 protein in adjuvant-
induced arthritis rats [34]. In basal-like breast 
cancer cell line MDA-MB-468, the anti-prolifer-
ation mechanisms of APS may be related to its 
effects of up-regulating the expressions of p53 
[35]. P53 transcriptional function is considered 
as a marker of large-scale differently expressed 
genes and  involved in cell cycle arrest, which is 
main causes of cell apoptosis [36]. In the A549 
NSCLC cells, liquiritin, isoliquiritin and isoliquiri-

genin induce apoptotic cell death through up-
regulating p53 and p21 [37]. New clinical 
research shows that activation of p53/p21 
expression associates with poor prognosis in 
non-small cell lung cancer patients [38]. These 
studies indicate that p21/p53 signaling may 
possess a potential efficiency in the develop-
ment of lung carcinoma.

To the best of our knowledge, this was the first 
study to demonstrate that APS induced cell 
apoptosis in H460 NSCLC cell lines, the under-
lying molecular mechanisms, at least partially, 
through activation p21/p53 and suppression 
notch signaling. In view of the results of this 
experiment, it seemed reasonable to highlight 
the possibility of APS in the clinical treatment of 
lung carcinoma.
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