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Abstract. Astragaloside IV is the main ingredient of the 
medicinal herb Radix astragali, which has reported to have 
antitumor activity in vitro and in vivo. To determine whether 
the inhibitory effect of astragaloside IV on the invasion and 
metastasis of the cervical cancer cells is associated with 
epithelial-mesenchymal transition (EMT), wound healing and 
Transwell assays were performed using SiHa cervical cancer 
cells and demonstrated that astragaloside IV inhibited invasion 
and migration of human SiHa cervical cancer cells in vitro. 
Immunocytochemical and western blot analyses indicated that 
astragaloside IV inhibited EMT by affecting the expression 
of transforming growth factor-β1 (TGF-β1) and E-cadherin in 
the cancer cells. Two Smad-independent pathways mediated 
by TGF-β1 were identified to be associated with the effects 
of astragaloside IV, namely, mitogen-activated protein kinase 
(MAPK) and phosphatidylinositol 3 kinase (PI3K) signaling 
pathways. The data indicated that astragaloside IV has inhibi-
tory effects on phosphorylation of P38 MAPK, PI3K, AKT and 
mTOR of SiHa cells of cervical cancer. Furthermore, MAPK 
and PI3K pathway inhibitors were administered to the cancer 
cells and the expression of E-cadherin, a marker of EMT, was 
determined by reverse transcription-quantitative polymerase 
chain reaction. The results demonstrated that MAPK and PI3K 
pathways were involved in the inhibitory effect of astragalo-
side IV on EMT. In vivo small animal imaging techniques was 
performed and demonstrated that astragaloside IV inhibited 
the metastasis of cervical cancer cells. Taken together, the 
findings demonstrated that astragaloside IV inhibits the inva-
sion and migration of cervical cancer cells in vitro and in vivo.

Introduction

Cervical cancer is a common malignancy that poses a severe 
threat to the health of women. Each year, ~500,000 new cases 
of cervical cancer are diagnosed worldwide. In developed 
countries, the morbidity of cervical cancer has decreased as 
advances have been made in the diagnostic and screening 
methods for cervical cancer (1); however, due to the socio-
economic limitations in developing countries, cervical cancer 
remains one of the major causes of mortality for women in 
those countries (2). Therefore, identifying novel treatment 
options to combat cervical cancer is of the utmost importance.

Chemotherapy has a crucial role in reducing pre-operative 
tumor size, creating more favorable conditions for surgery 
and preventing post-operative recurrence and metastasis (3). 
It is also the primary treatment option for late-stage meta-
static cervical cancer (4); however, chemotherapy also causes 
severe toxic effects and side effects without good therapeutic 
efficacy (5‑7). Several active ingredients extracted from plants 
have been reported to be good alternatives to chemotherapeutic 
drugs or suitable for combined use with chemotherapeutic 
drugs (8).

Astragaloside IV is the main ingredient that is extracted 
from Radix astragali. As a small-molecule compound, astraga-
loside IV has antitumor efficacy and potency that are several 
times higher than that of astragalus extract (9-11). In vivo 
and in vitro data have demonstrated that astragaloside IV 
has anti‑inflammatory and anti‑viral activities that modulate 
the immune system. Treatment with astragaloside IV has 
been reported to protect and enhance cardiopulmonary 
function and improve the tumor microenvironment (12-15). 
This herb-derived active component is widely available and 
produces few toxic effects or side effects (16). Previous studies 
have demonstrated that astragaloside IV exhibits significant 
antitumor activity and tumor cell cytotoxic ability in vivo and 
in vitro (17-20).

Uncontrolled proliferation, abnormal differentiation 
and invasion, and metastatic capacities are among the 
most distinctive biological features of tumor cells (21). 
Epithelial-mesenchymal transition (EMT) is considered to 
be an important molecular mechanism associated with the 
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metastasis of tumors, and has a major role in the infiltra-
tion and metastasis of malignant epithelial tumor cells (22). 
EMT is a process in which, under specific physiological and 
pathological conditions, epithelial cells are transformed into 
mesenchymal cells. The EMT concept was first proposed in 
1982 by Greenberg and Hay (23); the study reported that lens 
epithelial cells formed pseudopods and had a long and narrow 
appearance in collagen gels. The epithelial cells differentiated 
into mesenchymal-like cells and exhibited increased migration 
and mobility (23). During EMT, microenvironmental factors 
are produced that act on cell receptors, inducing changes in 
cell signal transduction pathways. EMT is considered to be 
an important step in the malignant progression, invasion and 
migration of tumor cells. In the current study, human SiHa 
cervical cancer cells were treated with astragaloside IV, and 
the inhibitory effect on the invasion and migration of cervical 
cancer cells was evaluated. It was aimed to investigate whether 
the inhibitory effect of astragaloside was associated with EMT.

Materials and methods

Chemicals and reagents. Astragaloside IV (purity of >98% 
as determined by high-performance liquid chromatography) 
was obtained from Nanjing Zelang Medical Technology Co., 
Ltd. (Nanjing, China; cat. no. ZL20160315021). Mitomycin C 
was purchased from MedChemExpress (Monmouth Junction, 
NJ, USA; cat. no. HY-13316-31756). A First-Strand cDNA 
Synthesis kit and Taq DNA Polymerase were purchased from 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). Matrigel 
was purchased from Becton, Dickinson and Company 
(Franklin Lakes, NJ, USA). A Transwell chambers were 
purchased from Corning Inc. (Corning, NY, USA). A diamino-
benzidine (DAB) kit (cat. no. DAB-1031) and an EliVision plus 
kit (cat. no. kit-9902) were purchased from Maixin Biotech 
Co., Ltd (Fuzhou, China). MTT cell proliferation assay kit 
(cat. no. 20147849) and DMSO (cat. no. 20120322) were 
purchased from Jiuyi Chemical Reagent Co., Ltd. (Shanghai, 
China). A penicillin/streptomycin solution (cat. no. KGY002), 
0.25% Trypsin-EDTA (cat. no. KGY001), western blot primary 
antibody diluent (cat. no. KGP106), western blot secondary 
antibody diluent (cat. no. KGP107), a total protein extrac-
tion kit (cat. no. KGP250), an enhance chemiluminescence 
detection kit (cat. no. KGP1127) and a BCA protein assay kit 
(cat. no. KGA902) were all purchased KeyGen Biotech Co., 
Ltd. (Nanjing, China).

Cell culture. SiHa cervical cancer cells were obtained from 
Nanjing University of Chinese Medicine (Nanjing, China). 
The cells were cultured in 90% Dulbecco's modified Eagle's 
medium + 10% calf serum complete medium (KeyGen 
Biotech Co., Ltd.) at 37˚C in 5% CO2 (volume fraction). Cells 
in the logarithmic growth phase were used for subsequent 
experiments.

MTT assay. For the MTT assay, cells were prepared at a density 
of 5x104 cells/ml, and 100 µl cell suspension was seeded 
into each well of a 96-well plate. The cells were cultured for 
24 h at 37˚C in a 5% CO2 incubator. Astragaloside IV was 
prepared at different concentrations (800, 400, 200, 100, 
50, 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125 µg/ml) using 

complete culture medium. To each well, 100 µl culture medium 
containing different concentrations of astragaloside IV was 
added, and the plate was incubated at 37˚C for 24 h. Untreated 
cells were the negative control group. An MTT solution was 
added to each well of the 96-well plate. DMSO was used 
to dissolve the purple formazan and optical density (OD) 
values were measured at λ=490 nm (BioTek ELx800; BioTek 
Instruments, Inc., Winooski, VT, USA). For each group, the 
inhibitory rate and 50% inhibitory concentration (IC50) values 
were calculated.

Wound healing assay. Cells in the log phase were trypsin-
ized and cultured together with mitomycin C (1 µg/ml) for 
1 h. Then, the cells were seeded in a 6-well plate at a density 
of 5x105 cells/ml/well. Different concentrations of astraga-
loside IV (800, 200 and 50 µg/ml) prepared in serum-free 
medium were added. A negative control group was included. 
The following day, when the cells were ~60% confluent, 
the monolayer was scratched using a sterile pipette tip. 
Nonadherent cells were removed by a PBS wash, the culture 
medium was replace, and the plate was incubated at 37˚C for 
24 h. Subsequently, the plate was removed from the incubated, 
images were acquired using a light microscope (Olympus 
IX51; Olympus Corporation, Tokyo, Japan; magnification, 
x100), and cell migration was measured (Olympus IX51; 
Cellsens, cmactlicense 1.19; Olympus Corporation).

Transwell invasion assay. Cells in the logarithmic phase 
were harvested and seeded in a 6-well plate at a density of 
5x105 cells/ml/well. The following day, when the cells were 
adherent, culture medium containing different concentrations 
of astragaloside IV was added (800, 200 and 50 µg/ml). A 
negative control group was included. Matrigel was thawed at 
4˚C overnight and diluted 1:2 using serum‑free medium. In the 
upper chamber of the Transwell insert, 30 µl diluted Matrigel 
was added and at 37˚C for 120 min so that the Matrigel matrix 
would form a gel. The cell density was adjusted to 5x105 cells/ml 
using serum-free medium. A total of 100 µl of the cell suspen-
sion was added to the Transwell chamber, and into the lower 
chamber, 500 µl culture medium containing 20% fetal bovine 
serum (KeyGen Biotech Co., Ltd.) was added. The 24-well 
plate was cultured at 37˚C in a 5% CO2 incubator for 24 h. 
The Matrigel and the nonmigrated cells in the upper chamber 
were removed using a cotton swab. The Transwell inserts 
were removed and inverted for air-drying for 2 h. In a 24-well 
plate, 500 µl culture medium containing 0.1% crystal violet 
was added. The Transwell inserts were placed in the culture 
medium, with the membrane immersed in the stain, at 37˚C 
for 2 h. After 30 min, the membrane was removed and washed 
with PBS. Along the diameter of the insert, three fields of view 
(FOVs) were randomly selected, and images were acquired 
(Olympus IX51; magnification, x200). The number of cells in 
each FOV was counted. 

Immunocytochemical detect ion of proteins. Cells 
(5x104 cells/ml) were air dried, fixed in 4% paraformaldehyde 
for 30 min and washed with PBS three times for 3 min each 
time. Culture medium containing different concentrations of 
astragaloside IV was added (800, 200 and 50 µg/ml). A negative 
control group was included. Two drops of a 3% H2O2-methanol 
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solution were added to each slide, and the slide was blocked 
at 20˚C for 10 min and then washed three times with PBS. 
Next, 75 µl goat serum (Wuhan Boster Biological Technology, 
Ltd., Wuhan, China) was added dropwise, and the cells were 
incubated at room temperature for 20 min. Subsequently, the 
cells were incubated with 75 µl primary antibody. The primary 
antibodies used were rabbit anti-human transforming growth 
factor-β1 (TGF-β1; cat. no. KG22744-2; dilution, 1:200) and 
rabbit anti-human E-cadherin (cat. no. KG22195-2; dilution, 
1:200). Both primary antibodies were obtained from KeyGen 
Biotech Co., Ltd. The slides were incubated at 37˚C in a wet 
box for 2 min. After washing with PBS three times, and the 
cells were incubated at room temperature in a wet box for 
30 min. Then, the cells were washed three times with PBS and 
incubated with 50 µl peroxidase‑conjugated AffiniPure goat 
anti-rabbit IgG (cat. no. KGAA35; KeyGen Biotech Co., Ltd.) 
for 30 min at 37˚C, followed by three PBS washes. Then, two 
drops of freshly prepared DAB substrate were added to each 
slide. After counterstaining with hematoxylin staining solution 
(cat. no. D005; Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China) for 10 min at 25˚C, the slides were sealed, 
and four areas with high expression were selected during the 
microscopy evaluation (Olympus IX51) to determine protein 
expression. Three slides were evaluated for each condition. 
Image Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD, 
USA) was used to calculate the integral OD (IOD) over the 
area of the FOV. The mean density was calculated as the IOD 
divided by the area of the FOV. 

Western blot analysis. Cells in the logarithmic growth phase 
were trypsinized and seeded in a 6-well plate at a density of 
5x105 cells/ml/well. The following day, when the cells were 
adherent, cell culture medium containing different concentra-
tions of astragaloside IV was added (800, 200 and 50 µg/ml). 
A negative control group was included. For each group, 200 µl 
precooled lysis buffer [20 nM Tris (pH 7.5), 150 mM NaCl, 
Triton-X-100; cat. no. KGP701; KeyGen Biotech, Co., Ltd] was 
added to the cells and mixed, and the cell mixture was placed 
in an ice bath for 30 min. After routine vortex rotation, the 
cells were centrifuged for 15 min at 21,912.8 x g and 4˚C. The 
supernatants were collected, and the protein concentrations 
were determined using the bicinchoninic acid method. Proteins 
were separated by SDS-PAGE on 10% gels (30 µg per lane) and 
transferred to polyvinylidene difluoride membranes, which 
were incubated overnight at 4˚C with 5% nonfat milk. Next, the 
membranes were incubated overnight with primary antibodies 
at 4˚C. The following primary antibodies were used: Rabbit 
anti-human E-cadherin (cat. no. KG22195-2; dilution, 1:200); 
rabbit anti-human N-cadherin (cat. no. KG22194; dilution, 
1:200); rabbit anti-human Vimentin (cat. no. KG22794; dilu-
tion, 1:200); rabbit anti-human phosphatidylinositol 3 kinase 
(PI3K; cat. no. KG22639; dilution, 1:500); rabbit anti-human 
phosphorylated (p)-PI3K (cat. no. KG22638-2; dilution, 1:500); 
rabbit anti-human protein kinase B (Akt; cat. no. KG21502; 
dilution, 1:200); rabbit anti-human p-Akt (cat. no. KG11054-2; 
dilution, 1:200); rabbit anti-human mammalian target of 
rapamycin (mTOR; Ser 2448; cat. no. KGYT2914-7; dilution, 
1:200); rabbit anti-human p-mTOR (cat. no. KGYP0176-6; 
di lut ion, 1:200);  rabbit  ant i-human ext racel lula r 
signaling-regulated kinase (ERK) 1/2 (cat. no. KG30107-2; 

dilution, 1:200); rabbit anti-human c-Jun N-terminal kinase 
(JNK) 1/2 (cat. no. KG22481-2; dilution, 1:200); rabbit 
anti-human P38 (cat. no. KG30244-2; dilution, 1:200); rabbit 
anti-human p-ERK1/2 (cat. no. KG30246-2; dilution, 1:200); 
rabbit anti-human p-JNK1/2 (cat. no. KG11504-2; dilution, 
1:200); rabbit anti-human p-P38 (cat. no. KG11253-2; dilu-
tion, 1:200); and anti-GAPDH (cat. no. KGAA002-2; dilution, 
1:200). All primary antibodies were obtained from KeyGen 
Biotech Co., Ltd. The membranes were washed three times 
with Tris-buffered saline-Tween (TBST) for 10 min each 
time and incubated with a horseradish peroxidase-conjugated 
goat anti-rabbit antibody (1:4,000; cat. no. KGAA35; KeyGen 
Biotech Co., Ltd.) for 1 h at 37˚C. In each of the above 
steps, the membrane was washed with TBST three times for 
10 min each time. Images were obtained using a gel imaging 
system. The protein bands were visualized using ECL detec-
tion reagents (cat. no. KGP1201; KeyGen Biotech Co., Ltd.) 
Gray-scale analysis was performed using Gel-Pro32 software 
(version V4.4.0.36; Bio-Rad Laboratories, Inc., Hercules, CA, 
USA).

Fluorescence reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR). Total RNA extraction was 
performed with SiHa cells in the logarithmic phase. A sample 
of 5 µl RNA was diluted in 495 µl 1X TE buffer, and the concen-
tration and purity of the RNA were determined according 
to its absorption values at 260 and 280 nm. The extracted 
RNA was reverse transcribed into cDNA using a First Strand 
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.) using 
the following incubation conditions: 25˚C for 5 min, 42˚C 
for 60 min, and on ice for 5 min. Next, qPCR was performed 
using a fluorescence qPCR instrument (ABI StepOne Plus; 
Thermo Fisher Scientific, Inc.). All primers were synthe-
sized by GenScript (Nanjing, China) and had the following 
sequences: GAPDH, sense 5'-AGA TCA TCA GCA ATG CCT 
CCT-3', antisense 5'-TGA GTC CTT CCA CGA TAC CAA-3' 
(90 bp); E-cadherin, sense 5'-CAA GCA GCA GTA CAT TCT 
ACA-3' and antisense 5'-CAT TCA CAT CCA GCA CAT CCA-3' 
(108 bp). GAPDH was used as an internal reference gene. The 

Figure 1. Inhibitory effects of different concentrations of astragaloside IV. 
SiHa cells were treated with astragaloside IV at increasing concentrations for 
24 h. The data are presented as the mean ± standard deviation (n=6).
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PCR conditions were as follows: Pre‑denaturation at 95˚C for 
5 min, followed by 40 cycles of denaturation at 95˚C for 15 sec 
and annealing/extension at 60˚C for 20 sec, and denaturation 
at 72˚C for 40 sec. At the end of each run, a melting curve was 
plotted to verify the specificity of the amplification product. 
Both the amplification and dissolution curves were analyzed 
using Rotor-Gene Real-Time Analysis Software 6.1 (Qiagen 
GmbH, Hilden, Germany), and the ∆∆Cq method was used 
for analysis (24). The expression of target genes was normal-
ized to the expression of GAPDH (ABI StepOne version 2.3; 
Applied Biosystems; Thermo Fisher Scientific, Inc.).

In vivo imaging of tumor formation in nude mice using fluores‑
cent probes. BABLc/nude mice were purchased from Shanghai 
Lingchang Biotechnology Co., Ltd. (Shanghai China). All 
animals were housed in a pathogen‑free environment at 23˚C 
with 40-70% humidity and fed ad libitum. As 12 h light/dark 
cycle was used. The procedures for care and use of animals 
were approved by the Ethics Committee of the Jiangsu Health 
Vocational College (approval no. IACUC-201702) and all appli-
cable institutional and governmental regulations concerning 
the ethical use of animals were followed. SiHa cells in the 
logarithmic phase were harvested, and single cell suspensions 
were prepared at a density of 1x107 cells/ml. The cells were 
injected subcutaneously into the right armpit at a volume of 
0.1 ml per mouse. The location of the tumors did not interfere 
with the normal activities of the nude mice or impair their 
wellbeing. The nude mice were randomly divided into four 
groups (n=4 mice per group): Control group, cisplatin group, 

astragaloside IV group and astragaloside IV plus cisplatin 
group. For the astragaloside IV group, astragaloside IV was 
administered by gastric lavage at a daily dose of 120 mg/kg. 
The control group was given an equal volume of 5% sodium 
carboxymethyl cellulose, whereas the cisplatin group received 
an intraperitoneal injection of 2 mg/kg cisplatin. Moreover, the 
combined treatment group received drug administration for 
21 consecutive days. Biological probes, synthesized by fluo-
rescence probe Cy 5.5 labeled epidermal growth factor, was 
dissolved in DMSO, prepared at a concentration of 1 mg/ml 
and stored at ‑20˚C. At 2, 4 and 6 weeks after the tumor was 
formed, 5 µl Cy5.5 stock solution was diluted with DMSO to 
0.2 ml and injected into each mouse. At 10 min after injection 
of the fluorescent probe, the nude mice were anesthetized, and 
in vivo imaging was performed at an excitation wavelength 
of 680 nm (IVIS® Lumina LT Series III; PerkinElmer, Inc., 
Waltham, MA, USA). The experiment was terminated ENT 
when the volume of the tumor reached 2,000 mm3. The longest 
diameter of a single subcutaneous tumor was 1,954 mm, radial 
width was 1,425 mm and the tumor volume was 1,984 mm3. 
Tumor volume =1/2xdiameterxradial width2. 

Statistical analysis. All data are presented as the mean ± stan-
dard deviation (n=3). Statistical analyses were performed with 
SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA). The 
statistical comparisons between two groups were performed 
by unpaired Student's t-test and multigroup comparisons were 
conducted by using one-way analysis followed by the Tukey's 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Astragaloside IV inhibits the proliferation of SiHa cells. SiHa 
cells were treated with different concentrations of astragalo-
side IV (800, 400, 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.562
5 or 0.78125 µg/ml) for 24 h (Fig. 1). The data indicated 
that astragaloside IV inhibited the proliferation of the cells 
in a dose-dependent manner. The IC50 value at 24 h was 
628.28 µg/ml. 

Inhibitory effects of different concentrations of astragalo‑
side IV on the migration of SiHa cells. The wound healing 
assay is one of the most commonly used methods to determine 
the migratory capacity of cells in vitro. A monolayer of SiHa 
cells was scratched in vitro, and astragaloside IV was added to 
determine the inhibitory effect on the migratory capacity of 
SiHa tumor cells. SiHa cells in the control group maintained 
the original migratory capacity, and after treatment for 24 h, 
the wound distance was 96.2±4.44 µm. After treatment with 
different doses of astragaloside IV (50, 200 and 800 µg/ml), 
the wound distance increased to 159±3.87, 238.2±5.89 and 
296.8±6.18 µm, respectively, and these distances were 
significantly different from the wound distance of the control 
(P<0.05; Fig. 2). Thus, astragaloside IV inhibited the migra-
tory capacity of SiHa cells.

Effect of astragaloside IV on the invasive capacity of SiHa 
cells. The Transwell assay, which measures the number of 
cells migrating to the lower chamber of the Transwell insert, 

Figure 2. Inhibitory effects astragaloside IV on the migratory capacity of 
SiHa cells. (A) After the addition of different doses of astragaloside IV, the 
migratory capacity of SiHa cells decreased with increasing concentrations 
of astragaloside IV. Magnification, x100. (B) The data are presented as the 
mean ± standard deviation (n=3). **P<0.01 vs. 0 µg/ml. As-IV, astragalo-
side IV. 
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is a classic way to determine the invasive capacity of cells. 
Fig. 3 demonstrated that the number of cells migrating to the 
lower chamber was lower following treatment with different 

concentrations of astragaloside IV than in the control treat-
ment group. In the control group, the number of cells that 
migrated to the lower chamber was 246.6±8.56. However, 

Figure 3. Inhibitory effects of different concentrations of astragaloside IV on the invasive capacity of SiHa cells. (A) The number of cells penetrating the Matrigel 
was assessed at 24 h. Magnification, x200. (B) The data are presented as the mean ± standard deviation (n=3). **P<0.01 vs. 0 µg/ml. As-IV, astragaloside IV.

Figure 4. Expression of TGF-β1 and E-cadherin in SiHa cells after astragaloside IV treatment measured by immunocytochemistry. TGF-β1 and E-cadherin 
proteins are mainly present in the cytoplasm. The deposition of brownish-yellow particles in the cytoplasm indicated the location of the proteins. (Aa) Expression 
of TGF-β1. (Ab) There were more brownish‑yellow particles in the control group than the astragaloside IV groups, and the deposition decreased significantly 
after astragaloside IV treatment at 800 µg/ml. (Ba) Expression of E-cadherin. (Bb) Brownish-yellow particles indicated that the positive expression of E-cadherin 
increased when the concentration of astragaloside IV increased. Magnification, x200. As‑IV, astragaloside IV; TGF‑β1, transforming growth factor-β1. *P<0.05, 
**P<0.01 vs. 0 µg/ml. 



ZHANG et al:  ASTRAGALOSIDE IV INHIBITS THE INVASION AND MIGRATION OF CERVICAL CANCER CELLS2980

after treatment with astragaloside IV (50, 200 and 800 µg/ml) 
for 24 h, the number of cells migrating to the lower chamber 
was 119.2±10.4, 64.2±5.07, and 24.8±8.7, respectively, which 
indicated that compared with the control, astragaloside IV 

Figure 6. Effects of astragaloside IV treatment on the expression of 
ERK1/2, JNK1/2, P38, PI3K, AKT, mTOR and their phosphorylated forms. 
(Aa) ERK1/2, JNK1/2 and P38 expression determined by western blot anal-
ysis. (Ab) Densitometry analysis of total ERK1/2, JNK1/2 and P38 relative 
to GAPDH. (Ac) Densitometry analysis of phosphorylated ERK1/2, JNK1/2 
and P38 relative to total ERK1/2, JNK1/2 and P38. (Ba) PI3K, AKT and 
mTOR expression determined by western blot analysis. (Bb) Densitometry 
analysis of total PI3K, AKT and mTOR relative to GAPDH, and phosphory-
lated PI3K, AKT and mTOR relative to total PI3K, AKT and mTOR. As-IV, 
astragaloside IV; ERK, extracellular signal-regulated kinase; JNK, c-Jun 
N-terminal kinase; p, phosphorylated; PI3K, phosphatidylinositol 3 kinase; 
Akt, protein kinase B; mTOR, mammalian target of rapamycin. *P<0.05, 
**P<0.01 vs. 0 µg/ml.

Figure 5. Expression of TGF-β1, N-cadherin, Vimentin and E-cadherin in SiHa cells after astragaloside IV treatment. (A) Expression determined by western 
blot analysis and (B) densitometry semi‑quantification. TGF‑β1, N-cadherin and Vimentin protein bands were darkest in the control group. When the concen-
tration of astragaloside IV increased, the intensity of the bands decreased, indicating reduced expression of TGF-β1, N-cadherin and Vimentin. The intensity 
of the E-cadherin protein band was lowest in the control group and became more intense after treatment with astragaloside IV, indicating increased expression 
of E-cadherin. *P<0.05, **P<0.01 vs. 0 µg/ml. TGF-β1, transforming growth factor-β1.
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had a significant inhibitory effect (P<0.05). Astragaloside IV 
demonstrated a dose-dependent inhibitory effect on the inva-
sive capacity of SiHa cells.

Effect of astragaloside IV on the expression of TGF‑β1 and 
E‑cadherin. TGF-β1 and E-cadherin are key markers of EMT. 
As shown in Fig. 4, the expression of TGF-β1 was highest in 
the control group and decreased after astragaloside IV treat-
ment. Furthermore, the expression of E-cadherin was lowest 
in the control group, suggesting that EMT may have occurred 
in the SiHa cells. After astragaloside IV treatment, the expres-
sion of E-cadherin increased. These results indicated that the 
inhibitory effect of astragaloside IV on the migratory and 
invasive capacities of SiHa cancer cells was associated with 
both proteins.

Astragaloside IV downregulates the expression of TGF‑β1, 
N‑cadherin and Vimentin and upregulates the expression of 
E‑cadherin in SiHa cells. To further determine the effects of 
astragaloside IV on the expression of TGF-β1, N-cadherin, 
Vimentin and E-cadherin, the expression levels of the four 
proteins were evaluated by western blot analysis following 
astragaloside IV treatment. As shown in Fig. 5, TGF-β1, 
N-cadherin and Vimentin expressions were highest in the 
control group and decreased following astragaloside IV treat-
ment. Furthermore, E-cadherin expression was lowest in the 

control group and increased in a dose-dependent manner 
following astragaloside IV treatment. These data suggested that 
astragaloside IV inhibited the invasive and migratory capaci-
ties of SiHa cells by downregulating TGF-β1, N-cadherin and 
Vimentin expression, and upregulating E-cadherin expression.

Astragaloside IV inhibits the mitogen‑activated protein 
kinase (MAPK) and PI3K signaling pathways in SiHa cells. 
The MAPK and PI3K signaling pathways are associated with 
the invasion and migration of SiHa cancer cells. The effect of 
astragaloside IV on these two pathways was assessed using 
western blot analysis. As shown in Fig. 6, astragaloside IV 
inhibited the phosphorylation of P38 in the MAPK signaling 
pathway, and phosphorylation of PI3K, Akt and mTOR in 
the PI3K signaling pathway in a dose-dependent manner. 
However, astragaloside IV had no impact on phosphorylation 
or expression of other proteins. Therefore, astragaloside IV 
inhibited certain mediators of the MAPK and PI3K pathways.

Astragaloside IV inhibits the initiation of EMT in SiHa cells 
via the MAPK and PI3K signaling pathways. The mRNA 
expression of E-cadherin was determined after the combined 
use of astragaloside IV, the P38 MAPK inhibitor, SB203580, 
and the PI3K inhibitor, LY294002. Compared with the control 
treatment, the use of either inhibitor alone did not significantly 
change the expression of E-cadherin (P>0.05). By contrast, 
combining the pathway inhibitors significantly reduced the 
effect of astragaloside IV on E-cadherin (P<0.05; Fig. 7). 
These data suggested that treatment with astragaloside IV 
inhibited EMT in SiHa cells by inhibiting the MAPK and 
PI3K signaling pathways.

Astragaloside IV inhibits transplanted tumor metastasis in 
nude mice. The findings demonstrated that compared with 
control treatment, astragaloside IV treatment inhibited tumor 
growth and migration. As shown in Fig. 8, metastasis occurred 
within 2 weeks in the control group and was more severe in 
week 6. In the cisplatin group, tumor growth was effectively 
inhibited; however, extensive metastasis occurred by week 6. 
Tumor metastasis was decreased in the astragaloside IV group, 
and only mild metastasis occurred in week 4. Furthermore, 
the tumor growth rate and degree of metastasis were lower in 
the combined treatment group than the control group. These 
results indicated that treatment with astragaloside IV inhibited 
tumor migration and invasion in vivo and in vitro. In addition, 
the treatment effect was strongest after combined treatment 
with astragaloside IV and cisplatin.

Discussion

The inhibitory effect of astragaloside IV on SiHa cells was 
assessed using an MTT assay, and the IC50 value at 24 h was 
calculated to be 628.28 µg/ml. These findings indicated that 
astragaloside IV treatment exerted a significant inhibitory 
effect on SiHa cells in a dose-dependent manner. To determine 
whether astragaloside IV had an effect on the migratory and 
invasive capacities of SiHa cells, wound healing and Transwell 
assays were performed. The wound healing assay, which was 
used to determine the migratory capacity of the SiHa tumor 
cells, is based on the fact that tumor cells possess the capacity 

Figure 7. mRNA expression of E-cadherin measured by reverse transcrip-
tion-quantitative polymerase chain reaction after use of the inhibitors SB203580 
and LY294002. The changes in the mRNA expression of E-cadherin in SiHa 
cells were determined after astragaloside IV treatment (800 µg/ml) with 
(A) SB203580 (20 µM) and (B) LY294002 (20 µM). The data are presented as 
the mean ± standard deviation (n=3). **P<0.01. As-IV, astragaloside IV.
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for migration in vitro (25). Using Transwell assays, the inva-
sive capacity of the tumor cells was determined by counting 

the number of cells penetrating the Matrigel (26). Both assays 
are commonly used to determine the inhibitory effects of 

Figure 8. In vivo tumor metastasis is inhibited by astragaloside IV in nude mice. (A) In vivo fluorescence imaging was performed every two weeks for a total 
of 6 weeks. Representative images of the abdomen of nude mice are shown, with color indicating the regions of tumor growth and metastasis. D, day As-IV, 
astragaloside IV.
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therapeutic compounds on the migratory and invasive capaci-
ties of tumor cells (27). The migratory and invasive capacities 
of SiHa cells were decreased to varying extents after 24 h of 
treatment with astragaloside IV.

The major causes of cervical cancer include activation of 
oncogenes, inactivation of tumor suppressor genes, increased 
telomerase activity, and increased production of TGF-β (28). 
TGF-β is a multifunctional polypeptide molecule with the 
highest content of TGF-β1. TGF-β1 is mainly expressed in 
endothelial cells, hematopoietic cells and connective tissue 
cells (29,30). TGF-β1 is a tumor suppressor in normal epithelial 
cells and in the early stage of tumor development. However, 
in advanced tumor stages, there is a selective loss of the 
tumor suppressor function of TGF-β1, which then has a role 
in mediating tumor cell proliferation, infiltration, and metas-
tasis (31). During tumor proliferation, high levels of TGF-β1 are 
associated with invasiveness (32). Furthermore, TGF-β1 is an 
important cytokine in the tumor microenvironment, and several 
studies have reported that TGF-β1 is involved in tumor EMT 
and promotes tumor metastasis (22,33-37). Tumor cells undergo 
EMT following stimulation with TGF-β1, resulting in the 
transition from the paving stone-like morphology of epithelial 
cells to the spindle-shaped morphology of mesenchymal cells. 
E-cadherin has an important regulatory role in the adhesion 
between epithelial cells (38). Previous studies have reported that 
E-cadherin prevented the invasion and metastasis of histiocytes 
by stabilizing intercellular junctions (39). In fact, upon loss of the 
E-cadherin gene, epithelial cells undergo EMT in several epithe-
lial-cell-derived cancers. This loss further enhances the invasive 
and migratory capacities of tumor cells (40-43). N-cadherin is 
a cell adhesion molecule. It participates in cell adhesion and 
maintains the stability of tissue structures and morphology (44). 
Upregulation of N-cadherin expression in malignant epithelial 
tumors can reduce cell adhesion and promote the initiation 
of EMT (45). Vimentin is a marker of interstitial cells and an 
important component of the cytoskeleton. Increased abnormal 
expression of cytoskeleton proteins alters the composition of the 
cytoskeleton protein pool (46). This change makes it easier for 
cancer cells to migrate and invade (47).

In the current study, the expression of TGF-β1 and 
E-cadherin, proteins associated with EMT, were determined in 
SiHa cells by immunocytochemistry following astragaloside IV 
treatment. The staining results indicated that treatment with 
astragaloside IV downregulated TGF-β1 levels and upregulated 
E-cadherin levels in SiHa cells. Western blot analysis was used 
to determine the specific expression of the two proteins. The 
denistometry analysis results were in line with the immunocy-
tochemistry results, indicating that astragaloside IV treatment 
inhibited the invasive and migratory capacities of SiHa cells by 
downregulating TGF-β1 expression and upregulating E-cadherin 
expression, resulting in a reduction in EMT. Astragaloside IV 
can also downregulate the levels of N-cadherin and Vimentin 
protein in cells. These results indicated that astragaloside IV can 
inhibit the initiation of EMT.

Molecular biology studies have revealed that the MAPK 
and PI3K signaling pathways are two important pathways 
in the production of TGF-β1, and these pathways include the 
TGF-β1-mediated Smad-independent pathways (48). MAPKs 
are a serine/threonine protein kinase family widely found in 
mammals. The MAPK pathway is involved in regulating cell 

Figure 8. Continued. In vivo tumor metastasis is inhibited by astragaloside IV 
in nude mice. (B) Fluorescence imaging from primary tumors quantified by 
region of interest analysis of the images obtained on the indicated days after 
tumor transplantation (*P<0.05, **P<0.01 vs. control; ##P<0.01 vs. cisplatin). 
(C) Fluorescence imaging from locoregional metastatic tumors quantified by 
region of interest analysis of the images obtained on the indicated days after 
tumor transplantation (*P<0.05, **P<0.01 vs. control; ##P<0.01 vs. cisplatin). 
(D) Tumor formation in the four groups of nude mice at the end of 6 weeks. 
As-IV, astragaloside IV.
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proliferation and differentiation, and includes the ERK, JNK 
and p38 proteins. The kinases of this pathway can be activated 
by various factors (49). ERK1/2 is an important member of the 
MAPK family, and continuous activation of ERK1/2 following 
cellular stimulation promotes cell proliferation and malignant 
transformation. ERK can be activated by numerous factors, 
including TGF-β1 and Ras. Activation of the Ras signaling 
pathway promotes TGF-β1-induced EMT (50). JNK1/2 is 
expressed in nearly all cells in the human body. JNK can be 
activated by several cellular factors and oxidative injury, and ulti-
mately acts on the caspase family via the mitochondrial pathway, 
thus leading to cell apoptosis. Furthermore, it has been reported 
that TGF-β1 interacts with JNK, which may induce EMT (51). 
TGF-β1-activated kinase 1 (TAK1) is an important MAPK 
kinase kinase in the TGF-β1-activated p38MAPK pathway. 
TGF-β1 activates TAK1 through the catalytic activity of TNF 
receptor-associated factor 6. Additionally, TAK1 can activate 
p38, thus inducing EMT (52). Furthermore, the PI3K/Akt/mTOR 
pathway is involved in TGF-β1 signal transduction. TGF-β11 
and TGF-β12 are both involved in the activation of the PI3K 
pathway (53), and the induction of the TGF-β1 receptor is 
suppressed by treatment with a PI3K inhibitor. Treatment with a 
TGF-β1 inhibitor results in weakening of the TGF-β1-mediated 
activation of PI3K and its effector molecule, Akt (54,55). Taken 
together, these results indicated that TGF-β1 is associated with 
MAPK and PI3K signaling pathways.

In the present study, western blot analysis indicated that 
treatment with astragaloside IV had an impact on pP38 in the 
MAPK signaling pathway; however, other proteins were not 
affected. Regarding the PI3K pathway, astragaloside IV treat-
ment inhibited phosphorylation of PI3K, AKT, and mTOR to 
varying degrees. Thus, astragaloside IV inhibited both the 
MAPK and PI3K signaling pathways.

The MAPK and PI3K signaling mediators are widely 
present in the cytoplasm and nucleus of mammalian cells, 
and are involved in various physiological and pathological 
processes, including proliferation, autophagy, EMT and apop-
tosis of tumor cells (56-61). In the current study, treatment with 
astragaloside IV inhibited cervical cancer cells through these 
two pathways; however, whether this effect is associated with 
EMT remains unknown. To identify the therapeutic targets 
involved, inhibitors of the pathways were used, and the mRNA 
expression of E-cadherin, an EMT marker, was determined by 
RT-qPCR. The data revealed that E-cadherin expression was 
downregulated to varying extents after combination treatment 
with astragaloside IV and the pathway inhibitors. Based on 
these findings, it is inferred that both pathways are targets of 
the inhibitory effect of astragaloside IV on EMT in cervical 
cancer cells. However, a limitation of this study was that only 
a single cell line was used, and that further studies using other 
cell lines are required.

In this study, in vitro experiments demonstrated that astraga-
loside IV treatment inhibited EMT by inhibiting TGF-β1, thus 
exerting an inhibitory effect on the invasion and migration of 
cervical cancer cells. However, plant extracts are affected by 
several factors inside the human body, including absorption, 
distribution, metabolism and secretion. To determine the in vivo 
effect of astragaloside IV treatment, tumor transplantation 
experiments with nude mice were performed. Tumor growth 
and metastasis were visualized by in vivo imaging, which 

demonstrated that treatment with astragaloside IV alone inhib-
ited the metastatic ability of the cervical cancer cells. Notably, 
compared with the treatment with cisplatin alone, the combined 
use of astragaloside IV with cisplatin effectively prevented the 
metastasis of the cervical cancer cells.

In conclusion, astragaloside IV treatment reduced the inva-
sive and migratory capacities of cervical cancer cells in vitro 
by inhibiting pP38 in the MAPK signaling pathway, and PI3K 
in the PI3K signaling pathway, while downregulating TGF-β1 
expression. These effects led to an increased level of the EMT 
marker, E-cadherin. Antitumor effects of astragaloside IV 
treatment were observed in vivo. Taken together, astragalo-
side IV is a natural active ingredient with low toxicity, and 
its combined use with cisplatin effectively prevented tumor 
growth and metastasis.
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