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Astragalus polysaccharide inhibits breast cancer cell
migration and invasion by regulating epithelial-mesenchymal
transition via the Wnt/p-catenin signaling pathway

SHUO YANG', SHUQIN SUNZ, WANQUN XUZ, BANGXU YU', GUIMEI WANG? and HAIBO WANG?®

Departments of ICritical Care Medicine and *Geriatric Medicine, 3Breast Disease Center,
The Affiliated Hospital of Qingdao University, Qingdao, Shandong 266003, P.R. China

Received June 9, 2019; Accepted January 17, 2020

DOI: 10.3892/mmr.2020.10983

Abstract. Epithelial-mesenchymal transition (EMT) serves an
important role in tumor migration and invasion. Astragalus
polysaccharide (APS), which is the main component of the
traditional Chinese medicine Astragalus membranaceus, has
been identified to display an antitumor effect. However, the
effects and mechanisms of APS during breast cancer migra-
tion and invasion are not completely understood. The present
study investigated whether APS inhibited breast cancer migra-
tion and invasion by modulating the EMT pathway. An MTT
assay and a Ki67 immunofluorescence staining assay demon-
strated that APS inhibited the proliferation of breast cancer
cells. The results of the wound healing and Transwell Matrigel
invasion assays suggested that APS decreased the migration
and invasion of breast cancer cells. The western blotting
and immunofluorescence analyses further demonstrated
that APS had a regulatory effect on EMT-related molecules.
APS decreased the expression levels of Snail and vimentin,
but increased E-cadherin expression. APS also down-
regulated Wntl, B-catenin and downstream target expression.
Additionally, the present results suggested that APS decreased
the proliferation, and EMT-mediated migration and invasion
of cells by inhibiting the Wnt/B-catenin signaling pathway.
The present study suggested that APS may serve as a prom-
ising therapeutic agent for breast cancer.

Introduction
Breast cancer is prevalent among women worldwide (1) and

the incidence is increasing rapidly with a large number of new
cases being diagnosed each year, especially in areas where
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it was previously not prevalent, including a number of devel-
oping countries, such as China, Brazil and Mexico (2-4). The
development of breast cancer is a complex process involving
multiple factors and a variety of cytokines, such as IL-6 and
TGF-f (5). Tumor migration and invasion contribute to cancer
development, recurrence and mortality in patients with breast
cancer, and 90% of patients with cancer suffer mortality due to
metastasis (6). At present, except for chemotherapy, no effec-
tive drug treatment has been identified that can directly inhibit
tumor migration and invasion in patients.

Metastasis is a programmed process that involves the
following steps: Malignant tumor cells separate from the orig-
inal location; invade the adjacent tissue via the surrounding
extracellular matrix and stromal cell layers; survive in the
circulatory system; translocate to distant tissues; re-initiate
proliferative capabilities; and subsequently develop into
a new tumor (7). Tumor metastasis displays a number of
unique characteristics, including migration and invasion;
however, the mechanisms of tumor migration and invasion
have not been fully determined. Recently, it was identified
that epithelial-mesenchymal transition (EMT), which is the
transformation of epithelial cells into mesenchymal cells, can
significantly enhance the motility of cancer cells (8).

EMT serves a vital role in tissue repair, embryonic
developmental processes, including gastrulation, somite
dissociation and neural crest development, and a number of
diseases, for example, breast cancer (9). EMT is considered to
occur prior to tumor migration and invasion (10). During EMT,
epithelial cells lose cell adhesions and undergo cytoskeletal
alterations (11). In breast cancer, EMT is associated with local
invasion and migration, and is marked by the loss of epithelial
properties and the acquisition of mesenchymal properties (12).
Previous studies demonstrated that a variety of factors can
induce EMT, including transforming growth factor 3 (TGF-f),
Wat, Notch and fibroblast growth factor (13-16). Among these
inducers, the Wnt/p-catenin signaling pathway, which can be
divided into classical and non-classical signaling pathways,
has attracted increasing attention (17). Wnt has been identi-
fied as the promoter of the pathway (18) and, as an upstream
factor, B-catenin affects the expression of downstream factors
of the signaling pathway, including c-Myc and Cyclin D1 (19).
Previous studies have suggested that the Wnt/f-catenin
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signaling pathway can influence developmental embryonic
processes, determine cell polarity and regulate cell prolifera-
tion (20-23). Therefore, as the vital signaling pathway during
EMT, dysfunctions in the Wnt/f3-catenin signaling pathway
are associated with a number of malignant tumors, including
colorectal and ovarian cancer (24). Khramtsov et al (25)
demonstrated that the Wnt signaling pathway enhanced migra-
tion and invasion during breast cancer. Lin et al (26) observed
that suppressing the activity of the Wnt/B-catenin signaling
pathway reduced the invasiveness of osteosarcoma cells by
reversing EMT. Therefore, drugs that can interfere with the
Wht signaling pathway during EMT may have potential thera-
peutic effects on breast cancer.

Astragalus polysaccharide (APS)is one of the main bioactive
components extracted from the root of Astragalus membrana-
ceus, a traditional Chinese medicine that has been used for
thousands of years (27). Previous studies demonstrated that
APS displays immunoregulatory, antitumor, antioxidant and
anti-inflammatory effects (28,29). Li er al (30) observed that
APS stimulated the immune response and inhibited breast
cancer cell growth. Lai et al (31) also demonstrated that APS
displayed anticancer activities in hepatoma cells by inhibiting
cell growth, and increasing the spleen and thymus indices.
Additionally, Li e al (32) demonstrated that APS increased
the sensitivity of ovarian cancer cells to cisplatin, potentially
by activating the JNK signaling pathway. Zhou er al (33) also
demonstrated that the combination of APS and a polysac-
charopeptide had potent inhibitory effects on lung cancer.
However, few studies have identified the anti-migratory and
anti-invasion effects of APS on breast cancer. The aim of
the present study was to investigate the effect of APS on the
migration and invasion of breast cancer cells, and to identify
the underlying molecular mechanisms.

Materials and methods

Cell lines and reagents. MCF-7 and MDA-MB-231 cells
(Shanghai Cellular Research Institute) were maintained in
DMEM (HyClone; GE Healthcare Life Sciences) supplemented
with 10% FBS (HyClone; GE Healthcare Life Sciences) and
1% penicillin/streptomycin. Cells were incubated at 37°C with
5% CO,. Both cell lines were used in all subsequent experi-
ments. MCF-7 and MDA-MB-231 cells were cultured with
APS (800 pg/ml) and LiCl (10 mM, Sigma-Aldrich; Merck
KGaA) for 24 h for further investigation of the inhibitory
effect of APS.

Cell proliferation assay. Cells were plated (5x10° cells/well)
into 96-well plates and cultured overnight. According to
previous literature (32,34,35), cells were treated with 0, 25,
50, 100, 200, 400, 800 or 1,600 ug/ml APS (purity, >98%;
Tianjin Cinorch Pharmaceutical Co., Ltd.) at 37°C for 24 h.
Subsequently, 10 1 MTT (Sigma-Aldrich; Merck KGaA) was
added to each well for 4 h. Following the MTT incubation,
the medium was removed and the formazan crystals were
dissolved in 150 1 DMSO. Proliferation was analyzed at a
wavelength of 568 nm using a plate reader.

Wound healing assay. Cells (5x10° cells/well) were plated
in6-well plates and incubated in DMEM containing 10% FBS
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at 37°C. When the cells reached 100% confluency, a 10-ul
pipette tip was used to make a single scratch through the center
of the well and PBS was used to remove the dislodged cells.
Following treatment with APS (0, 200, 400 or 800 ug/ml),
cells were incubated in serum-free DMEM for 24 h. The
wounds were observed at 0 and 24 h post-APS treatment using
an inverted light microscope (magnification, x100). The rela-
tive area compared with control group was measured.

Transwell Matrigel invasion assay. Transwell plates (24-well
inserts; diameter, 6 mm; pore size, 8 ym; Corning Life Sciences)
were used to assess the effect of APS on the invasion of breast
cancer cells. Cells were resuspended and diluted to a concen-
tration of 2x10° cells/ml in serum-free DMEM. Transwell
membranes were precoated with Matrigel for 4 h at 37°C. Cells
and different concentrations of APS (0,200,400 or 800 pg/ml)
were added to the upper chambers of the Transwell plates.
Complete medium (DMEM supplemented with 10% FPS and
1% penicillin/streptomycin) was plated in the lower chambers
of the Transwell plates. Following incubation for 24 h, the
Transwell membranes were removed and carefully cleaned
using PBS. Subsequently, the invading cells were stained with
crystal violet at room temperature for 20 min. Stained cells
were counted using an inverted light microscope (magnifica-
tion, x200).

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Cells were treated with different concentrations
of APS (0, 200, 400 or 800 pg/ml) for 24 h. Total RNA was
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) and the concentration of RNA was measured
at wavelength of 260/280 nm using a spectrophotometer.
RT-qPCR was performed using the reverse transcription kit
and the SYBR Green Master mix (Vazyme, China) according
to the manufacturer's protocol and the ABI 7500 real-time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions were: Initial denaturation
at 95°C for 10 min, then 40 cycles of denaturation at 95°C for
30 sec and annealing and elongation at 60°C for 30 sec. The
2-24% method was used for data analysis (36). The following
primer pairs were used for gPCR: GAPDH forward, 5-TCA
AGAAGGTGGTGAAGCAGG-3' and reverse, 5-“TCAAAG
GTGGAGGAGTGGGT-3; Wntl forward, 5-CGCCTGTAA
CAGCTCGTCG-3' and reverse, 5'-CGTGGCAGCACCAGT
GGAAG-3'; B-catenin forward, 5'-CCAAGTGGGTGGTAT
AGAGG-3' and reverse, 5'-AGTCCATAGTGAAGGCGA
AC-3'; E-cadherin forward, 5'-CGTAGCAGTGACGAA
TGTGG-3' and reverse, 5'-CTGGGCAGTGTAGGATGT
GA-3'; Snail forward, 5-~ATGCACATCCGAAGCCACA-3'
and reverse, 5S"TGACATCTGAGTGGGTCTGG-3"; vimentin
forward, 5"-TGAGTACCGGAGACAGGTGCAG-3' and
reverse, S“-TAGCAGCTTCAACGGCAAAGTTC-3'; c-Myc
forward, 5'-AACACACAACGTCTTGGAGC-3' and reverse,
5'-GCACAAGAGTTCCGTAGCTG-3'; and Cyclin DI
forward, 5-CGGACTACAGGGGAGTTTTG-3' and reverse,
5'-AGGAGGTTGGCATCGGGGT-3'. mRNA levels were
normalized to the internal reference gene GAPDH.

Western blot analysis. Cells were treated with O,
200, 400 or 800 ug/ml APS for 24 h. The nuclear and
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Figure 1. Effect of APS on the proliferation of breast cancer cells. Proliferation of (A) MCF-7 and (B) MDA-MB-231 cells was determined using an MTT assay.

“P<0.01 vs. the control group. APS, Astragalus polysaccharide.

cytoplasmic proteins were extracted from the cells using the
Nuclear and Cytoplasmic Protein Extraction kit (Beyotime
Institute of Biotechnology) according to the manufacturer's
protocol. The BCA method was used to protein determination.
Proteins (40 pg per lane) were separated by SDS-PAGE on
10% gels and transferred to PVDF membranes. Subsequently,
the membranes were blocked with skimmed milk at room
temperature for 2 h. Then the membranes were incubated
at 4°C overnight with primary antibodies targeted against:
Vimentin (Cell Signaling Technology, Inc., cat. no. 5741,
dilution 1:1,000), Snail (Cell Signaling Technology, Inc.,
cat. no. 3879, dilution 1:1,000), E-cadherin (BD Biosciences,
cat. no. 610812, dilution 1:1,000), (3-catenin (Cell Signaling
Technology, Inc., cat. no. 8480, dilution 1:1,000), Wntl (Santa
Cruz Biotechnology, Inc., cat. no. SC-514531, dilution 1:1,000),
c-Myc (Santa Cruz Biotechnology, Inc., cat. no. SC-40, dilu-
tion 1:1,000), Cyclin D1 (Santa Cruz Biotechnology, Inc.,
cat. no. SC-8396, dilution 1:1,000), Histone H3 (Bioworld
Technology, Inc.,cat.no. BS1405, dilution 1:1,000) and GAPDH
(Santa Cruz Biotechnology, Inc., cat. no. SC-47724, dilution
1:1,000). Following primary incubation, the membranes were
incubated with horseradish peroxidase-conjugated secondary
antibodies (OriGene Technologies, Inc., cat. nos. TA130024
and TA130005, dilution 1:5,000) for 2 h at room tempera-
ture. Immunoreactive bands were visualized using enhanced
chemiluminescence (ECL) kit (Applygen Technologies Inc.).
Histone H3 and GAPDH were used as the loading controls.
The photographic density was quantitated and analyzed using
Glyko BandScan 5.0 software (Glyko).

Immunofluorescence staining. Cells at 60-80% confluence
were seeded into 4-chamber dishes and incubated with
different concentrations of APS (0, 200, 400 or 800 pug/ml)
for 24 h. Subsequently, cells were fixed with 4% parafor-
maldehyde at room temperature for 15 min. Then cells were
blocked with 5% normal goat serum (Boster Biological
Technology.) at room temperature for 30 min. Subsequently,
cells were incubated withanti-Ki67 (Abcam, ab15580, dilution
1:200) and anti-E-cadherin (BD Biosciences, cat. no. 610812,
dilution 1:1,000) primary antibodies at 4°C overnight.

Following primary incubation, cells were incubated with a
fluorescence-labeled secondary antibody (Boster Biological
Technology., cat. no. BA1032, dilution 1:100) at 37°C for
30 min. Then cells were counterstained with DAPI at 37°C
for 5 min. Immunofluorescence staining was observed using
a biological fluorescent microscope (magnification, x400).
The images were analyzed by Image-Pro Plus 6.0 (Media
Cybernetics).

Statistical analysis. Data are presented as the mean + standard
deviation of =3 repeated experiments. Statistical analyses were
performed using SPSS software (version 22.0; IBM Corp.).
One-way ANOVA followed by Dunnett's or Tukey's post hoc
test was used to analyze the data. P<0.05 was considered to
indicate a statistically significant difference.

Results

APS inhibits breast cancer cell proliferation. The MTT
assay demonstrated that the proliferation of MCF-7 and
MDA-MB-231 cells was not significantly different between
cells treated with 0, 25, 50 and 100 xg/ml APS; however, the
proliferation of MCF-7 and MDA-MB-231 cells was signifi-
cantly inhibited by APS concentrations =400 pg/ml compared
with the untreated group (Fig. 1). The proliferation rate of
MCEF-7 cells treated with 400, 800 and 1,600 pg/ml APS was
significantly decreased by 33.6, 44.7 and 66.0%, respectively,
compared with the untreated group (Fig. 1A). Similarly,
the proliferation rate of MDA-MB-231 cells treated with
400, 800 and 1,600 pg/ml APS was significantly decreased
by 34.0, 40.9 and 76.9%, respectively, compared with the
untreated group (Fig. 1B). The IC;, value of APS at 24 h was
945 ug/ml for MCF-7 cells and 817 pg/ml for MDA-MB-231
cells.

The effect of APS on cell proliferation was also assessed
using a Ki67 immunofluorescence assay. The percentage of
Ki67 positive cells decreased with increased APS concentra-
tion (Fig. 2). The highest APS concentration (1,600 ug/ml)
demonstrated the most significant anti-proliferative effects on
MCF-7 and MDA-MB-231 cells compared with the untreated
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Figure 2. Immunofluorescence staining of Ki67. (A) Immunofluorescence staining was performed on MCF-7 and MDA-MB-231 cells using an anti-Ki67
antibody and (B) quantified. Magnification, x400. “P<0.01 vs. the control group. APS, Astragalus polysaccharide.

group. Therefore, the lower APS concentrations (0, 200,
400 and 800 pg/ml) that decreased the proliferation of MCF-7
and MDA-MB-231 cells, compared with the untreated groups,
were selected for subsequent experiments (Fig. 2).

APS suppresses breast cancer cell migration. Due to EMT
being closely associated with cancer cell migration, a
wound healing assay was performed to assess the effect of
APS on cell migration (Fig. 3A). The migratory potential
of MCF-7 cells was decreased by 32.2, 44.6 and 63.7%
after treatment with 200, 400 and 800 pg/ml APS for
24 h, respectively, compared with the control group
(Fig. 3B). In MDA-MB-231 cells, the migratory potential
was decreased by 19.9, 43.1 and 63.8% after treatment

with 200, 400 and 800 ug/ml APS for 24 h, respectively,
compared with the control group (Fig. 3B).

APS inhibits breast cancer cell invasion. Invasion is an
important characteristic that is closely associated with EMT;
therefore, Transwell Matrigel assays were performed to
assess whether APS inhibited the invasion of breast cancer
cells (Fig. 4A). The results demonstrated that treatment with
200,400 and 800 pxg/ml APS decreased the number of invasive
MCEF-7 cells by 13.1, 26.4 and 52.9%, respectively, compared
with the control group (Fig. 4B). The number of invasive
MDA-MB-231 cells was also decreased by 18.0,52.0 and 72.7%
following treatment with 200, 400 and 800 pg/ml APS,
respectively, compared with the control group (Fig. 4B). The



=
@D SPANDIDOS MOLECULAR MEDICINE REPORTS 21: 1819-1832, 2020 1823

A MCF-7

APS (ug/ml) 0

i

MDA-MB-231

APS (ug/ml) 0 200 400 800

Oh

24 h

B MCF-7 MDA-MB-231
150- 150+
g g
Iy 4
3 8
b 100+ B 100+
:
CE“ E *k
5 k]
© g foia)
2 50- s 504 T
o @
> 2
s s
‘5 1]
m z
0- 0-
0 200 400 800 0 200 400 800
APS concentration (pg/ml) APS concentration (pg/ml)

Figure 3. APS inhibits the migration of breast cancer cells. (A) MCF-7 and MDA-MB-231 cells were scratched and subsequently incubated with different
concentrations of APS. Images were acquired at 0 and 24 h following the addition of APS. Magnification, x100. (B) Quantitative analysis of cell migration,
expressed as a percentage of the control group (0 gg/ml). “P<0.01 vs. the control group. APS, Astragalus polysaccharide.

results suggested that APS inhibited the invasion of cells ina  APS decreases the expression of EMT-associated molecules.
dose-dependent manner. EMT is closely associated with tumor metastasis. To further
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Figure 4. APS inhibits the invasion of breast cancer cells. (A) MCF-7 and MDA-MB-231 cells were treated with different concentrations of APS for 24 h.
Invasive ability was determined using a Transwell Matrigel invasion assay. Magnification, x200. (B) Quantitative analysis of cell invasion, expressed as a
percentage of the control group (0 xg/ml). “P<0.01 vs. the control group. APS, Astragalus polysaccharide.

investigate whether EMT was involved in the inhibitory effect
of APS on breast cancer cell migration and invasion, the
mRNA and protein expression levels of Snail, vimentin and
E-cadherin were measured using RT-qPCR and western blot
analysis, respectively (Fig. 5). The mRNA expression levels of
Snail were significantly decreased by APS (400 and 800 pg/ml)
in MCF-7 and MDA-MB-231 cells compared with the control
group (Fig. 5A). Furthermore, MCF-7 cells treated with
200, 400 and 800 pug/ml APS demonstrated significantly
decreased Snail protein expression compared with the
control group (Fig. 5D). Similarly, Snail protein expression
was decreased by 19.5, 36.6 and 54.2% in MDA-MB-231
cells treated with 200, 400 and 800 pg/ml APS, respectively,
compared with the control group (Fig. 5D). The mRNA

expression of vimentin was also significantly decreased by
APS (400 and 800 pg/ml) in MCF-7 and MDA-MB-231 cells
compared with the control group (Fig. 5A). In MCF-7 cells
treated with 200, 400 and 800 pug/ml APS, vimentin protein
expression was significantly decreased by 15.0,36.0 and 51.8%,
respectively, compared with the control group (Fig. 5D).
MDA-MB-231 cells also demonstrated significantly decreased
vimentin protein expression levels following treatment with
400 and 800 ug/ml APS compared with the control group
(Fig. 5D).

The protein level of E-cadherin increased in MCF-7 and
MDA-MB-231 cells as APS concentration increased. The
mRNA expression of E-cadherin was significantly increased in
MCF-7 and MDA-MB-231 cells treated with 400 and 800 pzg/ml
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Figure 5. APS alters the expression of Wntl, 3-catenin and EMT-related molecules. mRNA expression levels of (A) Snail, vimentin, E-cadherin, (B) Wntl
and f-catenin were assessed using reverse transcription-quantitative PCR. (C) Western blotting was used to determine the protein expression levels of Wnt,
[-catenin and EMT-related molecules. The protein expression levels of (D) Snail, vimentin, E-cadherin, (E) Wntl and B-catenin were quantified. “P<0.05 and
"P<0.01 vs. the respective control group. APS, Astragalus polysaccharide; EMT, epithelial-mesenchymal transition.

APS compared with the control group (Fig. 5A). Compared respectively (Fig. 5D). Immunofluorescence staining was
with the control group, the protein level of E-cadherin also used to assess E-cadherin expression (Fig. 6A). The
inMCF-7 cells treated with 200, 400 and 800 pxg/ml APS was  relative fluorescence of E-cadherin staining was significantly
significantly increased (Fig. 5SD). Similarly, the protein level of  increased in MCF-7 and MDA-MB-231 cells treated with
E-cadherin was significantly increased by 2.33 and 3.40-fold 400 and 800 ug/ml APS compared with the control group
in MDA-MB-231 cells treated with 400 and 800 pxg/ml APS, (Fig. 6B).
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Figure 6. Immunofluorescence staining of E-cadherin. (A) Immunofluorescence staining was performed on MCF-7 and MDA-MB-231 cells using an
anti-E-cadherin antibody and (B) quantified. Magnification, x400."P<0.05 and “P<0.01 vs. the control group. APS, Astragalus polysaccharide.

APS inhibits EMT by suppressing the activity of the
Wnt/f-catenin signaling pathway. The Wnt signaling pathway
is an important classical pathway in EMT (17). The present
study investigated whether APS exerted its antitumor effect
by suppressing the activity of the Wnt/B-catenin signaling
pathway. Wntl is one of the activators of the signaling
pathway; therefore, the mRNA and protein expression levels
of Wntl were assessed by RT-qPCR and western blotting,
respectively. The mRNA expression levels of Wntl were
significantly decreased in MCF-7 and MDA-MB-231 cells
treated with 400 and 800 pg/ml APS compared with the
control group (Fig. 5B). Wntl protein expression was also
significantly decreased in MCF-7 and MDA-MB-231 cells
treated with 400 and 800 pg/ml APS compared with the
control group (Fig. SE). B-catenin is a key factor that activates

upstream and downstream factors of the Wnt/B-catenin
signaling pathway (19). The mRNA and protein expression
levels of B-catenin were also significantly decreased in MCF-7
and MDA-MB-231 cells treated with 400 and 800 pg/ml APS
compared with the control group (Fig. 5B and E).

The accumulation of B-catenin in the cytoplasm and its
translocation into the nucleus are critical for the activation of
[-catenin target gene transcription (18). Treatment with APS
(400 and 800 pg/ml) significantly decreased the protein expres-
sion level of cytoplasmic and nuclear (3-catenin compared with
the control group (Fig. 7). In MCF-7 cells treated with 200,
400 and 800 ug/ml APS, the expression of cytoplasmic 3-catenin
was decreased by 13.8, 33.4 and 57.1%, respectively, compared
with the control group (Fig. 7B). In MDA-MB-231 cells treated
with 200,400 and 800 pg/ml APS, the expression of cytoplasmic
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[B-catenin was decreased by 21.6, 42.5 and 56.1%, respectively,
compared with the control group (Fig. 7B). In MCF-7 and
MDA-MD-231 cells treated with 400 and 800 ug/ml APS, the
expression of nuclear (3-catenin was significantly decreased
compared with the control group (Fig. 7B).

Cyclin Dland c-Myc are downstream factors of the
Wnt/B-catenin signaling pathway (18). The mRNA expres-
sion of c-Myc was significantly decreased in MCF-7 and
MDA-MB-231 cells treated with 400 and 800 pg/ml APS cells
compared with the control group (Fig. 8A). The results also
demonstrated that the protein expression of c-Myc was signifi-
cantly decreased by 12.1,31.4 and 44.3% in MCF-7 cells treated
with 200, 400 and 800 pg/ml APS, respectively, compared
with the control group (Fig. 8B and C). In MDA-MB-231
cells, the protein expression level of c-Myc was significantly
decreased by 30.2 and 52.3% following treatment with
400 and 800 ug/ml APS, respectively, compared with the control
group (Fig. 8B and C). Furthermore, the mRNA and protein
expression levels of Cyclin D1 were significantly decreased in
MCF-7 and MDA-MB-231 cells treated with 400 and 800 pg/ml
APS compared with the control group (Fig. 8).

Lithium chloride (LiCl) reverses the inhibitory effect of APS
on the Wnt/f-catenin signaling pathway. LiCl, an agonist
of the Wnt/B-catenin signaling pathway, was used in the
present study to further investigate the inhibitory effect of
APS. MCF-7 and MDA-MB-231 cells were cultured with
APS (800 pg/ml) and LiCl (10 mM) for 24 h. The protein
expression levels of (3-catenin, Snail, vimentin, c-Myc and
Cyclin D1 were significantly decreased and the protein level
of E-cadherin was significantly increased in the APS-treated
group compared with the control group (Fig. 9). However,
LiCl treatment reversed the APS-induced effects on protein
expression (Fig. 9). The results further suggested that the
mechanism underlying the inhibitory effects of APS involved
the Wnt/B-catenin signaling pathway.

Discussion

Tumor migration and invasion are important causes of
increased mortality in patients with breast cancer (6). EMT
can significantly enhance the migratory ability of cancer
cells, including breast cancer cells, which can lead to tumor
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migration and invasion (9); therefore, drugs targeting the
EMT pathway may reduce mortality in patients with breast
cancer (37). In recent years, a number of studies have reported
that traditional Chinese medicine displays significant anti-
cancer effects (38-40). AM, which is an important component
of the gi-supplementing formula, is widely used in China (41)
and the main extract of AM is APS. APS is primarily composed
of a-1,4-(1,6)-glucan, rhamnus-galacturonic acid polysaccha-
ride I, arabic-galactopolysaccharide and arabic-galactoprotein
polysaccharide (42). APS has been demonstrated to display
therapeutic effects in multiple diseases, including a variety
of tumor diseases, such as hepatocellular carcinoma and

lung carcinoma (28-33,43). However, there are only a few
studies that have reported the effect of APS on breast cancer,
and these studies primarily focused on the effects of APS
on the proliferation and immune regulation of breast cancer
cells (30,44). The antimigratory and anti-invasion effects, as
well as the specific mechanisms of APS on breast cancer cells,
are still unclear. The results of the present study suggested
that APS significantly decreased the migration and invasion of
breast cancer cells in vitro. Furthermore, the results suggested
that the mechanism underlying the effects of APS was closely
associated with EMT by downregulating the activity of the
Wnt/B-catenin signaling pathway. Therefore, the present study
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may provide rationale for further investigation into the effects
of the bioactive components of APS on breast cancer.

MCF-7 and MDA-MB-231 cells differ greatly in cell
morphology, estrogen receptor expression, and migration and
invasion potential (45). MDA-MB-231 cells proliferate rapidly
and are prone to tumorigenesis (45), whereas MCF-7 cells are
an estrogen receptor-positive cell line. The migration and inva-
sion of MCF-7 cells is weaker compared with MDA-MB-231
cells; however, previous studies have demonstrated that
the migratory and invasive abilities of MCF-7 cells are

significantly enhanced under the effect of multiple molecules,
including estrogen and Wnt/B-catenin signaling pathway-asso-
ciated cytokines (46,47). A number of studies have used the
two aforementioned cell lines to study the migration and inva-
sion of breast cancer cells; therefore, the two cell lines were
selected for the present study (48-50). Yang et al (51) demon-
strated that APS inhibited the proliferation of hepatocellular
carcinoma cells partly via immunomodulation. In the present
study, an MTT assay and Ki67 immunostaining assay demon-
strated that APS decreased the proliferation of breast cancer
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cells in a dose-dependent manner. Tumor migration and
invasion involves the following steps: Tumor cells undergo a
decrease in homogenous adhesion; detach from the original
site of the tumor; adhere to the extracellular matrix (ECM);
degrade the ECM; penetrate the ECM surrounding blood
vessels; and enter circulation (52). In the present study, the
number of migratory cells was significantly decreased in
the APS-treated groups compared with the untreated group,
as measured by a wound healing assay. The present results
suggested that APS inhibited breast cancer cell migration.
Additionally, the results of the Transwell Matrigel assay
further suggested that the number of invading cells was
decreased in the APS-treated groups compared with the
untreated group. The present results suggested that APS may
inhibit breast cancer cell migration and invasion.

EMT is a vital mechanism during cell growth, tissue
repair and organ fibrosis (9); however, it is also closely
associated with tumor invasion and migration (53). Previous
studies have demonstrated that via the EMT process, cells
gain invasive and anti-apoptotic abilities (10-12,54). The
hallmark changes of EMT include a reduction in intercel-
lular adhesion and a loss of cell polarity (55). It is well
established that the Wnt signaling pathway can induce
EMT, which subsequently leads to cell invasion and migra-
tion (56,57), and a number of previous studies demonstrated
that the Wnt/B-catenin signaling pathway promotes breast
cancer progression (58-60). The Wnt signaling pathway is
composed of two different intracellular signaling pathways,
the canonical and non-canonical pathway (61-63). The
canonical pathway involves the activation of B-catenin as
a result of triggering by Wntl, Wnt3a and Wnt8. However,
in the non-canonical pathway, Wnt proteins can trigger
other effectors, including JNK (64-66). Wntl is one of the
activators of the Wnt/B-catenin pathway (18). Following
activation by Wntl, f-catenin translocates to the nucleus to
regulate the transcription of downstream genes, including
Snail, vimentin and E-cadherin (57). Snail can induce EMT
and increase cell motility to promote cell differentiation,
and it has been reported that Snail expression is abnormal
during tumor proliferation and metastasis (67). Vimentin
is a downstream molecule of the tumor-related signaling
pathway that is important for EMT during malignant trans-
formation (68). Previous studies demonstrated that vimentin
can regulate cell-cell adhesion to promote tumor migration
and invasion (69,70). Furthermore, E-cadherin participates
in the regulation of epithelium formation, maintaining
homeostasis and forming adhesive connections. E-cadherin
is also involved in the formation of polarized sheets of
epithelial cells, and downregulation of E-cadherin can lead
to decreased cell adhesion and aggregation (71). It was
identified that E-cadherin displays a decreasing trend during
EMT due to increased promoter methylation, which occurs
during breast cancer (72,73). The present study assessed
the expression of EMT-associated molecules, including
Wntl, B-catenin, Snail, vimentin and E-cadherin. Consistent
with previous studies (72,73), the present results suggested
that Wntl, B-catenin, Snail and vimentin expression was
increased, while E-cadherin expression was decreased in
MCF-7 and MDA-MB-231 cells. However, APS treatment
significantly downregulated Wntl, vimentin, Snail and
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[-catenin expression, and upregulated E-cadherin expression
in a dose-dependent manner. The intracellular localization
of B-catenin is important for the activation of downstream
target genes (57); therefore, cytoplasmic and nuclear [3-catenin
expression levels following APS treatment were determined.
The present results demonstrated that APS reduced the
expression levels of cytoplasmic and nuclear 3-catenin in a
dose-dependent manner. Additionally, Cyclin D1 and c-Myc
are produced following f3-catenin activation (19). c-Myc, a
nuclear protein transcription factor, is associated with the acti-
vation of genes that are related to multiple cellular processes,
such as proliferation, differentiation, and apoptosis. c-Myc
is also important for cell cycle modulation and malignant
transformation of cells (74). Cyclin D1, an oncogene, can regu-
late the function of the cell cycle function, and its abnormal
expression can disrupt the cell cycle and promote tumorigen-
esis (75,76). The present results suggested that APS decreased
the transcription of c-Myc and Cyclin D1 in a dose-dependent
manner. However, further investigation into the effect of APS
when protein degradation is inhibited is required.

The results also demonstrated that LiCl, an agonist of the
Wnat signaling pathway, partly reversed the inhibitory effects
of APS on breast cancer cells. Therefore, the results of the
present study suggested that APS may modulate EMT in breast
cancer via the Wnt/f-catenin signaling pathway. Collectively,
the present results suggested that the Wnt/f3-catenin signaling
pathway may serve as an effective target for the inhibition of
breast cancer cell migration and invasion.

In conclusion, the present study suggested that APS
significantly decreased the migration and invasion of breast
cancer cells in vitro by inhibiting EMT and modulating the
expression of components of the Wnt/B-catenin signaling
pathway. The present study identified a novel mechanism of
APS and demonstrated that APS may serve as a potential
therapeutic agent for breast cancer. The effect of APS in other
EMT-associated pathways, including the TGF-f} signaling
pathway, and which component of APS displays the antitumor
effect requires further investigation.
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