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To evaluate the effects of astragaloside on the proliferation, invasion, migration and apoptosis of non-
small cell lung cancer A549 cells and phosphatidylinositol 3-kinase/protein kinase B/mechanistic target of
rapamycin pathway. After A549 cells were treated with 0, 10, 20, 40, 60, 80 and 100 pmol/l astragaloside
for 24 h, the survival rate was measured by methyl thiazolyl tetrazolium assay and the half maximal
inhibitory concentration was calculated. Astragaloside at half maximal inhibitory concentration was
added. Cell invasion, migration and apoptosis were detected by transwell assay, wound healing assay
and flow cytometry, respectively. The effects of astragaloside on the expressions of phosphatidylinositol
3-kinase/protein kinase B/mechanistic target of rapamycin pathway-related proteins were detected by
western blotting. After different concentrations of astragaloside were added, cell proliferation declined with
increasing concentration. Half maximal inhibitory concentration against A549 cell proliferation was 32.2
pmol/l. Compared with blank control group; cell proliferation; invasion and migration were significantly
weakened, while apoptosis was enhanced in astragaloside group. The expressions of phosphorylation of
phosphatidylinositol 3-kinase, phosphorylation of protein kinase B and phosphorylation of mechanistic
target of rapamycin proteins in astragaloside group were significantly lower than those in blank control
group. Astragaloside inhibits the proliferation, invasion and migration, and promotes the apoptosis of non-
small cell lung cancer A549 cells dose-dependently. Inhibiting phosphorylation of phosphatidylinositol
3-kinase, phosphorylation of protein kinase B and phosphorylation of mechanistic target of rapamycin
expressions in the phosphatidylinositol 3-kinase/protein kinase B/mechanistic target of rapamycin pathway

may be one of the mechanisms of astragaloside.
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Lung cancer is a solid malignancy, and its morbidity
and mortality rates rank among the top of malignant
tumors, which is considered as a serious threat to human
life and health around the world!"?. Based on
pathological characteristics, lung cancer is classified
into non-small cell lung cancer (NSCLC) and SCLC.
As a major subtype of lung cancer, NSCLC accounts
for about 85 % of lung cancer®*). With the deepening of
basic research and advances in technology, a variety of
treatment means have been gradually applied for
NSCLC, including surgery, chemotherapy,
immunotherapy, radiotherapy and targeted therapy!®.
Currently, NSCLC is not sensitive to chemotherapy and
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is prone to drug resistance, so the 5 y survival rate of
patients is only 10-15 %', Therefore, it is of important
practical significance to develop new drugs and clarify
the mechanism of action for the treatment of NSCLC.
Astragaloside (AS) is the main active ingredient
extracted from Radix Astragali and it has been proved
to play an important role in anti-inflammation, anti-
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oxidation, blood glucose reduction and improvement of
cardiovascular diseases!!"®l. In recent years, the
potential value of traditional Chinese medicine in the
anti-tumor field has been paid increasingly more
attention to and the research on anti-tumor effect of
traditional Chinese medicine is gradually being
conducted on a large scale. Studies have demonstrated
that AS can effectively inhibit the development of
various tumor cells, such as liver cancer, human
neuroblastoma and gastric cancer cells, whose anti-
tumor effect is exerted mainly by enhancing the in vivo
immune response inhibiting lung cancer!'*'%l. It has
been found that AS can effectively restrain the
development of lung cancer cells!''®], but the anti-
cancer activity of AS at different concentrations and its
exact mechanism remain to be further clarified. In the
present study, NSCLC A549 cells were used as the
in vitro cell model, the regulatory effects of AS in
different doses on the proliferation, invasion and
apoptosis of cancer cells were studied, and its potential
mechanism of action was explored, so as to offer a new
theoretical basis and a potential target to the clinical
treatment of NSCLC. Human NSCLC A549 cells were
purchased from the Shanghai Cell Bank of the Chinese
Academy of Sciences, and cultured in vitro in Roswell
Park Memorial Institute (RPMI) 1640 medium
supplemented with 10 % fetal bovine serum (FBS) and
1 % penicillin-streptomycin double antibody in an
incubator with 5 % CO, at 37°. AS (Shanghai Yuanye
Biological Co., Ltd., China) was dissolved with
dimethyl sulfoxide (DMSO, Sigma, USA), prepared
into 10 mmol/l original drug stock solution, and stored
in arefrigerator at 4° for later use. Phenylmethylsulfonyl
fluoride, protease inhibitor mixture, protein phosphatase
inhibitor mixture and high-efficiency
Radioimmunoprecipitation assay (RIPA) lysis buffer
(Beyotime Institute of Biotechnology, China), goat
anti-mouse phosphorylation of protein kinase B (p-Akt)
and Akt monoclonal primary antibodies and rabbit anti-
mouse phosphorylation of mechanistic target of
rapamycin  (p-mTOR) and mTOR monoclonal
antibodies (Santa Cruz, USA), methyl thiazolyl
tetrazolium (MTT) kits (Beijing Solarbio Science &
Technology Co., Ltd., China), Annexin V-FITC
(Beyotime Institute of Biotechnology, China),
bicinchoninic acid (BCA) protein concentration assay
kits (Beyotime Institute of Biotechnology, China),
multifunctional microplate reader (BioTek, USA), flow
cytometer (BD, USA), and quantitative polymerase
chain reaction (QPCR) system (Applied Biosystems,
USA) were used. A549 cells in the logarithmic growth
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phase were digested with trypsin and prepared into cell
suspension with RPMI-1640 medium containing 10 %
FBS, with a cell density of 1x10° cells/ml. The cell
suspension was pipetted into a 96-well plate (200 pl/
well) and cultured in an incubator with 5 % CO, at
37° for 24 h. After the cells adhered to the wall, the
medium was replaced with 0, 10, 20, 40, 60, 80 and 100
umol/l AS, followed by culture for another 24 h. After
treatment, the cells were washed with phosphate
buffered saline (PBS) and cultured with 100 pl of
medium and 20 pl of MTT (5 mg/ml) for 4 h and then
the supernatant was discarded. Finally, 150 pul of DMSO
was added into each well, the 96-well plate was vibrated
on a horizontal shaker for 10 min and the optical density
(OD) was measured at 490 nm using a microplate
reader. The cell growth inhibition rate was calculated
using the following formula: growth inhibition rate
=(l-mean OD in AS group/mean OD in control
group)x100 %. The half maximal inhibitory
concentration (IC, ) of AS on A549 cell proliferation at
24 h was calculated. Matrigel diluted with serum-free
medium was added into the upper transwell chamber,
and air dried at 37°. 200 ul of cell suspension was added
into the upper chamber, while 500 pl of RPMI-1640
medium containing serum was added into the lower
chamber, followed by treatment with AS at an IC,
under 5 % CO, and 37° for 24 h. The blank control
group was set up (an equal dose of DMSO solution).
Matrigel and cells in the upper chamber were wiped off
with cotton swabs, fixed with paraformaldehyde and
stained, followed by observation and photography
under an optical microscope in 5 randomly selected
fields of view for each sample. A549 cells in good
growth conditions were collected, digested with trypsin
and centrifuged. 2 ml of cells were inoculated into a
6-well plate (about 4x10° cells/well) and cultured until
the cell density reached 80-90 %. Then the cell
monolayer was quickly scratched straight with 10 pl of
sterile tips and the cells were washed with PBS 3 times
to remove cell debris. The original medium containing
10 % serum was replaced with serum-free medium, AS
at an IC, was added and the blank control group was
set up (an equal dose of DMSO solution). The wound
healing was observed under the microscope at 0 h and
24 h after AS was added and photographed in 4 different
fields of view in each group, based on which the cell
recovery status was detected. The wound healing rate
was calculated using the following formula: wound
healing rate=(wound area immediately after scratch-
wound area at 24 h after scratch)/wound area
immediately after scratchx100 %. A549 cells in
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logarithmic growth phase were collected, prepared into
single cell suspension and inoculated into the medium
with AS at an IC,. The blank control group was set up
(an equal dose of DMSO solution). After routine culture
for 24 h, the cells were collected, washed twice with
pre-cooled PBS and diluted until the cell concentration
was 1x10° cells/ml. Then 490 pl of cell suspension was
placed into the flow tube, added with 5 pl of Annexin
V-FITC and incubated at room temperature for 10 min.
After 5 pl of propidium iodide (PI) was added, flow
cytometry was immediately performed. A549 cells in
logarithmic growth phase were inoculated into a 6-well
plate (about 2x10° cells/well) and treated with AS at an
IC,, (AS group) and the blank control group was set up.
After 24 h, the cells were lysed with RIPA lysis buffer
to extract the protein and the total protein was quantified
by the bicinchoninic acid (BCA) method.
60 ng of total protein in each group was loaded,
subjected to 10 % sodium dodecyl sulphate—
polyacrylamide gel electrophoresis (SDS-PAGE), and
transferred onto a polyvinylidene fluoride (PVDF)
membrane. Then the PVDF membrane was washed
with mixture of tris-buffered saline (TBS) and tween
20 (TBST), blocked with 5 % horse serum at room
temperature for 30 min, and incubated with specific
primary antibodies diluted with TBST at 4° overnight.
Then the membrane was washed with TBST 2-3 times
(10 min/time) and incubated with the secondary
antibodies at room temperature for 2 h, followed by
auto-fluorescence  development using enhanced
chemiluminescence (ECL) kits. The protein
electrophoresis bands were recorded using a gel
imaging system and its gray value was measured by
ImageJ software. The semi-quantitative value of the
target protein was expressed as the ratio of the gray
value of target protein to that of internal reference.
Statistical package for the social sciences (SPSS)
23.0 software was used for statistical analysis.
Measurement data were expressed as meantstandard
deviation and intergroup comparison was conducted by
t test. p<0.05 was considered statistically significant.
After different concentrations of AS were added, the
proliferative activity of A549 cells gradually declined
as the concentration of AS was increased. At 24 h after
treatment with 0, 10, 20, 40, 60, 80 and 100 umol/1 AS,
the survival rate of A549 cells was (100.28+1.34) %,
(90.114£2.98) %, (72.78+2.43) %, (35.67£3.18) %,
(24.21£1.53) %, (13.22+1.12) % and (6.84=1.02) %,
respectively. According to the cell proliferative activity
curve, the IC,  of AS on A549 cell proliferation at 24 h
after treatment was 32.2 pmol/l (fig. 1). The number of
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invading cells in AS group was significantly smaller
than that in control group [(103£15) vs. (354+21)]
(p<0.001), suggesting that AS can greatly inhibit the
invasion of A549 cells (fig. 2). The cell migration rate
at 24 h in AS group was significantly lower than that in
control group [(25.47£2.38) % vs. (73.24+4.39) %]
(p<0.001), indicating that AS can significantly suppress
the migration of A549 cells (fig. 3). The apoptosis rate
at 24 h in AS group was significantly higher than that in
control group [(25.67£1.86) % vs. (11.78+2.27) %]
(p<0.001), indicating that AS can obviously enhance
the apoptosis of A549 cells (fig. 4). The results of
western blotting showed that AS group had significantly
lower expressions of p-PI3K, p-Akt and p-mTOR
proteins than control group. It can be seen that AS can
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Fig. 2: Effect of AS on invasion ability of A549 cells
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Fig. 4: Effect of AS on A549 cell apoptosis

markedly inhibit the expressions of phosphorylation of
phosphatidylinositol 3-kinase (p-PI3K), p-Akt and
p-mTOR proteins, and the effects of AS of inhibiting
cell proliferation, migration and invasion, and
promoting apoptosis may be achieved by regulating the
PI3K/Akt/mTOR signaling pathway (fig. 5). Lung
cancer is one of the globally recognized malignancies
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with the highest morbidity and mortality rates. The 5y
survival rate of patients with NSCLC remains low, so it
is of important practical significance to develop novel
anti-tumor drugs for the treatment of NSCLC. AS, the
main active ingredient extracted from Radix Astragali,
has been proved to play an important role in anti-
inflammation, anti-oxidation, blood glucose reduction
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Fig. 5: Effects of AS on expressions of PI3K/Akt/mTOR signaling pathway-related proteins in lung cancer cells

and improvement of cardiovascular diseases!''?. A
recent study!'® has shown that AS also exerts a
significant inhibitory effect on tumors and it may work
through the Wnt/beta-catenin signaling pathway'?l. AS
inhibits the in vitro proliferation, migration and invasion
of ovarian cancer SKOV3 cells, which may be related
to its down-regulation on the expressions of matrix
metalloproteinase-2 (MMP-2) and MMP-9 proteins”.
At present, the regulatory effect of AS on NSCLC cells
is still unclear and its mechanism of action remains to
be explored. In the present study, the effects of AS in
different doses on the proliferative activity of A549
cells were analyzed by MTT assay first and it was
determined that the IC, of AS at 24 h was 32.2 pmol/l,
confirming that AS suppresses the A549 cell
proliferation in a dose-dependent manner. Then the
invasion, migration and apoptosis of A549 cells were
detected by transwell assay, wound healing assay and
flow cytometry, respectively. It was found that AS could
greatly inhibit invasion and migration and enhance
apoptosis of A549 cells. The PI3K/Akt/mTOR signaling
pathway is a key signaling pathway regulating cell
proliferation and growth. PI3K is in the upstream of
Akt and mTOR. Growth factors can induce the
phosphorylation of Akt and mTOR into p-Akt and
p-mTOR through activating the PI3K signaling
pathway, thereby regulating cell proliferation.
According to relevant research, AS, through inhibiting
the PI3K/Akt/mTOR signaling pathway, enhances
DNA damage repair, induces apoptosis of liver cancer
cells, arrests the cell cycle in growth 2/mitotic (G2/M)
phase and raises the cell micronucleus rate, thereby
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enhancing the sensitivity of liver cancer cells to
radiotherapy®!l. In the present study, the expressions of
PI3K, Akt, mTOR, p-PI3K, p-Akt and p-mTOR were
detected by western blotting. The results revealed that
after treatment with AS, the expressions of PI3K, Akt
and mTOR in A549 cells had no obvious changes, while
those of p-PI3K, p-Akt and p-mTOR significantly
declined, suggesting that the regulatory effects of AS
on the proliferation, invasion, migration and apoptosis
of A549 cells may be mediated by the PI3K/Akt/mTOR
signaling pathway. In conclusion, AS can inhibit the
proliferation, invasion and migration, and promote the
apoptosis of NSCLC A549 cells in a concentration-
dependent manner. The regulatory effects of AS on
A549 cell proliferation, migration, invasion and
apoptosis may be achieved by inhibiting the
expressions of p-PI3K, p-Akt and p-mTOR in the
PI3K/Akt/mTOR signaling pathway, which may
provide a new theoretical basis and a potential target for
the treatment of NSCLC. In the future, the downstream
mechanism of AS on the Akt signaling pathway will be
further verified and the potential pathway of AS in the
treatment of NSCLC will also be explored.
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