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Ginseng polysaccharide inhibits MDA-MB-231 cell
proliferation by activating the inflammatory response
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Abstract. Ginseng polysaccharide (GPS) is known for its
efficacy in cancer therapy; however, its regulatory mecha-
nism in breast cancer (BC) remains unclear. To analyze the
effect of GPS on BC cell proliferation, cell proliferation
rate calculations, western blotting, plasmid transfections,
electrophoretic mobility shift assays and chromatin immu-
noprecipitation assays were performed. GPS treatment in the
culture cell medium inhibited cell proliferation in the BC
cell line MDA-MB-231. In addition, the E-cadherin level was
enhanced while the vimentin level was suppressed following
GPS treatment (both P<0.05). Furthermore, the levels of
apoptotic markers, including cleaved-Caspase-3 and p53, and
inflammatory response markers, including plasminogen acti-
vator inhibitor and TNF-a, were induced by GPS treatment in
MDA-MB-231 cells (all P<0.05). These results indicated that
GPS supplementation activated the inflammatory response
and apoptosis in BC cells. GPS treatment activated the phos-
phorylation levels of c-Jun N-terminal kinase, Akt and NF-«xB.
In MDA-MB-231 cells, GPS resulted in the accumulation of
the NF-kB components p65, p50 and Ikaros family zing finger
protein 1 (IKZF1; all, P<0.05). Chromatin immunoprecipita-
tion and electrophoretic mobility shift assays indicated that p65
bound to the IKZF1 promoter. The overexpression of IKZF1
or p65 inhibited MDA-MB-231 cell proliferation (P<0.05),
indicating that GPS treatment may inhibit BC cell prolifera-
tion by the activation of IKZF1. Taken together, these results
suggested that GPS significantly inhibited BC cell prolifera-
tion via the control of the biological processes, including the
activation of p65-IKZF1 signaling and apoptosis. The data
indicated a novel mechanism for further understanding of
cancer cell proliferation.
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Introduction

Breast cancer (BC) is one of the most malignant and common
types of cancer among women worldwide and the sixth leading
cause of cancer-associated mortality among Chinese women (1).
China had 12.2% of global cases and 9.6% of cancer-related
deaths of BC in 2012 (1,2). Solid tumors can occur in the
lactiferous ducts, lobules of the mammary glands and in
interstitial tissues of patients with BC (3). Worldwide, cancer
of the lactiferous ducts and lobules accounted for 90% of all
BC in 2018 (Korea Breast Cancer Society; www.kbcs.or.kr).
On the molecular level, BC can be divided into four subtypes:
Hormone receptor-positive BC, human epidermal growth
factor receptor 2 (HER2)-positive BC, triple-negative BC
(TNBC) and basal-like BC (4). Among these types of cancer,
the luminal estrogen receptor (ER)-positive, HER2-negative
subtype accounted for ~70% of patients with BC in China in
2012 (1,2).

Endocrine therapies, including aromatase inhibitors, selec-
tive ER downregulators, gonadotropin-releasing hormone and
selective ER modulators, are effective therapeutic strategies
targeting ER and HER?2 in the clinical treatment of patients
with BC (5). Although endocrine therapy is successful in
clinical practice, patients can develop resistance to these
therapies. Several important molecular signaling pathways
have been identified to contribute to resistance, including
estrogen-independent activation of the ER and cell-cycle
regulation by cyclin D-CDK4/6, epigenetic pathways, heat
shock protein 90 and an immunogenic pathway including
cytotoxic T-lymphocyte associated protein 4 and programmed
cell death 1 ligand 1/2- programmed cell death 1 (6). Notably,
the PI3K/Akt/ mTOR pathway is the most common oncogenic
pathway with a crucial role in growth, survival, proliferation
and differentiation of cancer cells (7,8). The PTEN signaling
pathway serves as an upstream regulator of mTOR, an antago-
nist of PI3K/Akt signaling and a modulator of numerous
cellular processes (9-11). The Akt, tuberous sclerosis complex 2
and live kinase BI signaling pathways have been reported to
inhibit mTOR activation in cancer cells (12-15). Therefore, BC
could be controlled by inhibiting the mTOR pathway.

Ubiquitin-specific peptidases (USPs) regulate cell
proliferation and apoptosis by ubiquitination and deubiquitina-
tion (16,17). USPs determine the accumulation levels of proteins
through post-translational modifications in cells by controlling
the conjugation and removal of ubiquitin (18). Additionally,



2 ZHOU et al: GINSENG POLYSACCHARIDE INHIBITS BREAST CANCER CELL PROLIFERATION

the dysfunction of USPs leads to oncogenic progression in
cells (19,20). USP10 regulates signaling factors associated
with cell proliferation, apoptosis and cancer metabolism.
Several studies have reported that UPS10 regulates the PTEN
signaling pathway to inhibit cancer cell growth and inva-
sion, and c-Myc transcription to suppress cancer formation
and to affect cellular sensitivity to DNA damage (21-23). A
recent study reported that USP10 expression was decreased
in hepatocellular carcinoma, leading to poor prognosis (24).
Consequently, it may be hypothesized that the regulation of
USPI10 expression inhibits the mTOR signaling pathway and
the treatment and prognosis of patients.

Inflammation, a biological response to adverse physical
or chemical stimuli, serves a role in cancer development and
metastasis via the release of proinflammatory cytokines,
including TNF-a, IL-6 and IL-1§, to activate the key tran-
scription factor NF-kB (25). Plasminogen activator inhibitor
(PAI-1) is a member of the serine protease inhibitor protein
family (26). PAI-1 knockout mice exhibited low levels of
inflammation compared with wild-type mice (27), indicating
that this protein may serve a role in the inflammatory response.
Furthermore, a previous study indicated that the PAI-1 level was
closely associated with BC metastasis (28). Previous studies
supported the hypothesis that chronic inflammation promoted
cancer development (29,30). Certain evidence has indicated
that inflammatory factors such as cyclooxygenase-2 (COX2)
and lipoxygenase (LOX) were upregulated in BC (31-33) and
COX2 in ER-negative BC and TNBC was associated with poor
prognosis (34). COX and LOX metabolic products serve a role
in BC (35). In addition, apoptosis is important for cancer cell
therapy. Previous studies reported that numerous signaling
pathways and molecules regulated BC cell apoptosis, including
osteocyte signaling (36), miRNAs (37,38) and TNF-related
apoptosis-inducing ligand (TRAIL) signaling (39), indicating
that the control of inflammation and apoptosis was important
for BC treatment. Clostridium difficile toxin B was reported to
inhibit the inflammatory response by suppressing the COX2
level and to activate apoptosis in BC (40). In addition, ursolic
acid inhibits BC development by activating apoptosis and
suppressing the inflammatory response (41), indicating that
inflammation is negatively associated with BC cell growth (42).
However, NF-«B, a key inflammatory signaling transcription
factor, activates anti- and pro-apoptotic genes (42), indicating
that the regulation of inflammation and apoptosis is complex.

Panax ginseng has been used as a medicinal plant in China
for thousands of years (43). The ginseng extract is composed of
ginsenoside (the ginseng saponin), acanthosides, senticosides,
triterpene saponins, flavonoid, vitamins, minerals and
polysaccharides (44,45). Ginsenosides are the main ingredients
reported to inhibit tumor metastasis in cells (46). Additionally,
ginseng-derived polysaccharides were previously believed to
exhibit antitumor effects and were isolated as the antitumor
fraction for the first time in 1994 (47). Ginseng polysaccharide
(GPS) has been demonstrated to exhibit low toxicity (47).
Furthermore, GPS stimulates nonspecific immune cells and
activates natural killer cells and macrophages to protect the
host against foreign antigens and tumor growth (48-50).
Furthermore, GPS activates macrophages and inhibits tumor
angiogenesis and metastasis (51-53). Therefore, the current
study was performed to investigate the function of GPS in BC

cell proliferation. The inflammatory response and apoptosis
were analyzed. Additionally, the regulatory effect of signaling
pathways associated with the inflammatory response on
GPS-mediated inhibition of BC cell proliferation was assessed.
The findings indicated a novel mechanism by which GPS may
inhibit BC cell proliferation.

Materials and methods

Cell culture and transfection assays. The human breast adeno-
carcinoma cell line MDA-MB-231 obtained from the American
Type Culture Collection was cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) with glutamine (Sigma-Aldrich;
Merck KGaA) and supplemented with 10% FBS and 100 pg/ml
penicillin and streptomycin (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C. Ikaros family zing finger protein 1 (IKZF1) or
p65 cDNAs were synthesized by Sangon Biotech Co., Ltd.
and pcDNA3.1 (+) (Invitrogen; Thermo Fisher Scientific,
Inc.) was used for constructing overexpression (OX) vectors.
Subsequently, 2 ug of pcDNA3.1 (+) empty vector, IKZF1
OX and p65 OX plasmids were transfected (seeding density,
1x109 cells) on day 0 using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) and Opti-MEM I Reduced
Serum Medium (Gibco; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. On day 1, 24 h
post-transfection, the cells were confluent and the IKZF1 or
p65 OX solutions were replaced with DMEM with glutamine
supplemented with 10% FBS and 100 pg/ml penicillin and
streptomycin. These transfected MDA-MB-231 cells were
used for the subsequent experiments.

Western blotting. MDA-MB-231 cells treated with 100 M or
200 M GPS dissolved in ddH,O (Xi'an Virgin Biotechnology
Co., Ltd.) for 24 h at 37°C or transfected with IKZF1 or
p65 OX plasmids for 24 h following GPS treatment were
harvested in an ice-cold lysis solution (7M urea, 2M thiourea,
2% CHAPS, 40 mM Tris base, 40 mM dithiothreitol and 1%
protease inhibitor) to obtain whole-cell extracts. Cells in the
control group were treated with equal amounts of ddH,O. The
protein concentration was measured by using BCA protein
assay kit (Cell Signaling Technology, Inc.). Total proteins from
each sample (20 pg/lane) were separated using SDS-PAGE
(10% gel) and transferred onto Immobilon-P transfer
membranes (Merck KGaA). The membranes were incubated
in 1X TBS containing 5% skim milk and 0.05% Tween-20 for
1-2 h at room temperature and subsequently incubated with
primary antibodies at 4°C overnight. The following primary
antibodies were used: Anti-vimentin (cat. no. ab193555;
1:1,000; Abcam), anti-E-cadherin (cat. no. ab194982; 1:1,000;
Abcam), anti-p53 (cat. no. ab32389; 1:2,000; Abcam),
anti-cleaved (c)-Caspase-3 (cat. no. ab2302; 1:2,000; Abcam),
anti-Caspase-3 (cat. no. ab13847; 1:2,000; Abcam), anti-PAI-1
(cat.no.ab66705; 1:2,000; Abcam), anti-TNF-a. (cat. no. ab1793;
1:2,000; Abcam), anti-phosphorylated p-JNK (Thr183/Tyrl185;
cat. no. 4668; 1:1,000; Cell Signaling Technology, Inc.),
anti-JNK1 +JNK2 + JNK3 (cat.no. ab179461; 1:1,000; Abcam),
anti-p-Akt (Ser473; cat. no. 4060; 1:2,000; Cell Signaling
Technology, Inc.), anti-Akt (cat. no. 4691; 1:1,000; Cell
Signaling Technology, Inc.), IKZF1 (cat. no. H-100; 1:2,000;
Santa Cruz Biotechnology, Inc.), IxBa (cat. no. ab32518;
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1:2,000, Abcam), anti-p-IxkBa (cat. no. sc-8404; 1:500; Santa
Cruz Biotechnology, Inc.), anti-NF-xB p50 (cat. no. ab109752;
1:2,000; Abcam), anti-NF-xB p65 (cat. no. ab16502; 1:2,000;
Abcam) and anti-GAPDH (cat. no. ab8245; 1:2,000;
Abcam). The membranes were washed twice with 1X PBS
and incubated with anti-mouse or anti-rabbit horseradish
peroxidase-conjugated secondary antibodies (cat. nos. 7074
and 7076; 1:2,000, Cell Signaling Technology) for the corre-
sponding primary antibodies synthesized from mouse or rabbit
secondary antibodies for 1 h at room temperature. Reaction
products were visualized using an ECL Western Blotting
Detection system (GE Healthcare). Quantification of relative
band densities was performed by scanning densitometry using
ImagelJ software (version 2; National Institute of Health).

Cell proliferation analysis. MDA-MB-231 cells were plated in
a volume of 150 ul at a density of 2x10° cells/well into 96-well
plates to determine the cell proliferation rate. Cell proliferation
ability was analyzed following treatment with 50 or 100 xM
GPS dissolved in ddH,O (Xi'an Virgin Biotechnology Co.,
Ltd.) for 24, 48 and 72 h at 37°C. Control cells were treated
with equal volumes of ddH,O. Cell proliferation in the IKZF1
OX and p65 OX-transfected cells was analyzed using a Cell
Counting Kit-8 (Dojindo Molecular Technologies, Inc.),
following a previously published method (54).

Chromatin immunoprecipitation (ChIP) assay. The ChIP
assay was performed on MDA-MB-231 cells using a chro-
matin immunoprecipitation assay kit (cat. no. 17-295; EMD
Millipore), according to the manufacturer's protocol. An
anti-NF-kB p65 antibody (~1 ug; cat. no. ab16502; 1:2,000;
Abcam) was used for immunoprecipitation and no-antibody
IP was used as the negative control. Following immunopre-
cipitation, a wash buffer [0.1% SDS, 1% Triton X-100, 2 mM
EDTA, 20 mM Tris-HCI (pH 8.1) and 150 mM NaCl] was
used to wash the precipitates. The DNA immunoprecipitated
using the antibodies was compared with the DNA precipitated
without the addition of antibodies using quantitative PCR
(@PCR). A SYBR-Green Master Mix (Bio-Rad Laboratories,
Inc.) was used to perform the qPCR on an Illumina Eco 3.0
(Illumina, Inc.). The following thermocycling conditions were
used: An initial denaturation at 95°C for 3 min; 40 cycles
of denaturation for 30 sec at 95°C, annealing for 30 sec at
58°C and extension at 72°C for 30 sec; followed by a final
extension at 72°C for 5 min. The Ct value of each ChIP DNA
fraction was normalized to the input DNA fraction Ct value
for the same qPCR Assay to account for chromatin sample
preparation differences using the 2424 method (50) and
GAPDH was used as the negative control. The 1.5 kb of IKZF1
(NP_001207694.1) promoter sequences were downloaded
from the NCBI database (https://www.ncbi.nlm.nih.gov/)
and the three pairs of primers were designed. The primers
used for ChIP-PCR were as follows: 1 forward, 5-TCCTGA
GTTGCTTCCCACT-3' and reverse, 5-GGTGTGTCCCAG
TAACAT-3"; 2 forward, 5-GGGCAGAAGGAAAAGTGT
CA-3' and reverse, 5-CCAAAGGAATGTGAGCTCGT-3"; 3
forward 5'-GACCACCCCTCACATTCAAC-3' and reverse,
5'"TGGCAGTTGAGAATCAGTGG-3"; and GAPDH forward,
5'-GACCTGCCGTCTAGAAAAAC-3' and reverse, 5-CTG
TAGCCAAATTCGTTGTC-3.

Electrophoretic mobility shift assay (EMSA). p65 open reading
frame sequences were synthesized and subcloned into T-easy
vectors (Promega Corporation) and moved to X#ol and EcoRI
restriction enzyme sites of pET28a (+) expression vectors to
produce p65 recombinant proteins. The resulting pET28a-p65
plasmids were used for the transformation of Escherichia
coli (E. coli) strain BL21 DE3 (Tiangen Biotech, Co., Ltd.).
Recombinant His-p65 proteins were harvested following
4 h of 0.5 mM isopropyl B-D-1-thiogalactopyranoside
(Sigma-Aldrich; Merck KGaA) treatment at 30°C by centrifu-
gation 12,000 rpm at 4°C for 30 min. E. coli cells expressing
His-p65 were suspended in 1x PBS solution (Tiangen Biotech,
Co., Ltd.) and lysed by sonication (130-150 V; amplitude
40 uM) at 4°C for 5 min. Crude extracts were purified by
adding 1 ml of Mag-Beads His-Tag (Sangon Biotech, Co.,
Ltd.). The beads and crude extract were incubated overnight
in a rotating instrument (BaoDragon, Inc.) at 4°C and the
beads washed with 1x PBS solution 5 times at 4°C. Proteins
were eluted by adding 100 mM imidazole (Sigma-Aldrich;
Merck KGaA) and protein concentrations were measured
using a BCA kit (cat. no. BCAI; Merck KGaA), according to
the manufacturer's protocol. Protein were further dialyzed by
removing imidazole in 1x PBS solution using dialysis tubing
(Sangon Biotech, Co., Ltd.). The recombinant protein was
dissolved in 1x PBS (Tiangen Biotech, Co., Ltd.). For EMSA, a
standard binding reaction was performed in a total volume of
20 pl by incubating 1 pg of purified protein with 40,000 cpm
of a *’P-labeled DNA probe (PCR fragments amplified in the
aforementioned ChIP assay) and 1 ug of poly dI-dC, which
blocked the nonspecific binding of the protein to probe DNA
in the reaction buffer [25 mM HEPES-KOH (pH 7.5), 100 mM
KCl, 0.1 mM EDTA, 10% (v/v) glycerol and ImM DTT] at
room temperature for 30 min. The binding reaction products
were resolved on an 8% polyacrylamide gel run in 0.5X TBE
buffer and bands were detected using and x-ray film (Sangon
Biotech, Co., Ltd.) by detecting the **P radiation signal.

Statistical analysis. Statistical analysis was performed
with a Prism software package (version no. 5.0; GraphPad
Software, Inc.). Data are presented as mean + standard error.
Comparisons between two groups and the determination
of statistical significance was performed using the Student's
t-test. Comparisons between more than two groups were
performed using one-way ANOVA, followed by Bonferroni's
multiple comparisons test. P<0.05 was considered to indicate a
statistically significant difference.

Results

GPS treatment inhibits the proliferation of MDA-MB-231
cells. A BC cell line MDA-MB-231 was used in the current
study to analyze the role of GPS in BC cells. Compared with
the control group, 100 and 200 M GPS significantly inhibited
MDA-MB-231 cell proliferation following 24, 48 and 72 h of
treatment. The changes in the cell proliferation rate following
treatment with 100 and 200 M GPS had fold changes in OD
values of 0.75 and 0.72, respectively, after 24 h; 0.699 and 0.682,
respectively, after 48 h; and 0.668 and 0.661, respectively, after
72 h compared with the control group (Fig. 1A). Treatment
with 100 uM GPS significantly enhanced the E-cadherin level;
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Figure 1. GPS treatment inhibits MDA-MB-231 BC cell proliferation.
(A) Cell Counting Kit-8 assays were performed to analyze the effects of GPS
on MDA-MB-231 BC cell proliferation. MDA-MB-231 cell proliferation was
analyzed 0, 24 and 48 h after 100 and 200 M GPS treatment. Experiments
were repeated 20 times. (B) Western blotting was performed to determine
E-cadherin and vimentin expression levels. GAPDH was used as the loading
control. Experiments were performed in triplicate. (C) Relative band densities
were calculated. Data are presented as mean = standard error (n=3). "P<0.05
vs. the 0 uM group. GPS, ginseng polysaccharide; BC, breast cancer.

however, the vimentin levels was reduced compared with the
control group. The percentage changes in the E-cadherin
level following treatment with 100 and 200 uM GPS were
~2.993 and 3.113, respectively. The percentage changes in
the vimentin level following treatment with 100 and 200 yM
GPS were ~0.562 and 0.529, respectively, compared with the
control group (Fig. 1B and C).

GPS treatment activates the inflammatory response and
apoptosis in MDA-MB-231 cells. As discussed above,
GPS treatment inhibited MDA-MB-231 cell proliferation.
Therefore, the present study subsequently examined the
inflammatory and apoptotic response in MDA-MB-231 cells
after 100 uM GPS treatment. Apoptotic markers, including
the c-Caspase-3/Caspase-3 ratio and p53 expression level, and
inflammatory response markers, including PAI-1 and TNF-q,

were detected in cells with and without GPS treatment. The
western blotting results demonstrated that the GPS treatment
enhanced the protein levels of p53, c-Caspase-3/Caspase-3,
TNF-a and PAI-1 after stimulation for 24 h stimulation, while
the level of Caspase-3 remained unchanged. The fold-changes
in c-Caspase-3/Caspase-3, p53, PAI-1 and TNF-a after GPS
treatment was 2.928, 2.194, 1.889 and 2.643, respectively,
compared with the control group (Fig. 2). These results indi-
cated that GPS treatment activated the inflammatory response
and apoptosis in MDA-MB-231 cells.

GPS treatment activates Akt, JINK and IxBa. To explore
whether GPS treatment influenced the phosphorylation of
Akt and JNK, western blotting was performed to evaluate the
levels of total (t)-Akt and t-JNK, and p-AKT and p-JNK. The
results indicated that GPS treatment enhanced p-AKT and
p-JNK levels without affecting the t-AKT and t-JNK levels
(Fig. 3A and B). Since, as demonstrated above, GPS treat-
ment activated the inflammatory response by the induction
of PAI-1 and TNF-aq, the phosphorylation of IkBa, an NF-xB
signaling regulator, was examined. Western blotting results
demonstrated that GPS activated the phosphorylation of IxB-a
without affecting the t-IxB-a level. The fold changes in p-Akt/
t-Akt, p-JINK/t-JNK and p-IkB-a/ t-IkB-a ratios after the GPS
treatment were 1.758, 1.638 and 1.953, respectively, compared
with the control group (Fig. 3A and B). These results indicated
that GPS supplementation activated the phosphorylation of
AKT, JNK and IxB-a.

GPS treatment leads to the accumulation of p65, p50 and
IKZF1 in MDA-MB-231 cells. As demonstrated above, GPS
treatment increased the levels of p-IkB-a, a key NF-xB
signaling regulator. Subsequently, the changes in the p65
level following GPS treatment were analyzed. Western blot-
ting indicated that GPS treatment led to the accumulation of
p65 and p50 proteins in MDA-MB-231 cells, compared with
the control group (Fig. 4A and B). Furthermore, the level of
IKZF1 was determined. The data indicated that GPS treat-
ment enhanced the IKZF1 expression level compared with the
control group (Fig. 4A and B). The fold changes in p50, p65
and IKZF]1 after GPS treatment were 1.544, 1.909 and 1.859,
respectively, compared with the control group.

p65 or IKZFI1 overexpression inhibits the proliferation of
MDA-MB-231 cells. p65 and IKZF1 were overexpressed in
MDA-MB-231 cells to analyze whether p65 and IKZF1 had
an influence on MDA-MB-231 cell proliferation. Western blot-
ting results indicated that p65 and IKZF1 levels were markedly
higher in the OX groups compared with the empty vector control
group (Fig. 5A). Furthermore, MDA-MB-231 cell proliferation
was examined in p65- or IKZF1-OX groups. CCK-8 assay results
indicated that the overexpression of p65 or IKZF1 inhibited cell
proliferation compared with the empty vector control (Fig. 5B).
The fold changes in the cell proliferation rate following the over-
expression of p65 and IKZF1 were 0.712 and 0.671, respectively,
after 24 h; 0.669 and 0.649, respectively, after 48 h; and 0.731 and
0.736, respectively, after 72 h compared with the control group.

p65 directly binds to the promoter of IKZF1. As aforemen-
tioned, the current results indicated that GPS promoted the
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Figure 2. GPS treatment induced the expression of inflammatory and apoptosis markers in MDA-MB-231 cells. (A) Western blotting was performed to analyze
the levels of apoptotic markers, including the c-Caspase-3/Caspase-3 ratio and p53, and inflammatory response markers, including PAI-1 and TNF-a. GAPDH
was used as the loading control. (B) The relative band densities shown were calculated using the ratios of c-Caspase-3/Caspase-3, p5S3/GAPDH, PAI-1/GAPDH
and TNF-a/GAPDH levels. Data are presented as mean + standard error. Experiments were performed in triplicate. "P<0.05 vs. the -GPS group. GPS, ginseng
polysaccharide; PAI-1, plasminogen activator inhibitor 1; TNF-a, tumor necrosis factor-a; c, cleaved; p, phosphorylated; +GPS, cells treated with GPS;

-GPS, cells untreated with GPS.
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Figure 3. GPS treatment activates Akt, INK and IxkB-a in MDA-MB-231 cells. (A) Western blotting was performed to analyze the t- and p-Akt, INK and IxB-a
levels. GAPDH was used as the loading control. (B) Relative band densities were calculated. Data are presented as mean + standard error. Experiments were
performed in triplicate. “P<0.05 vs. the -GPS group. GPS, ginseng polysaccharide; Akt, protein kinase B; JNK, c-Jun N-terminal kinase; [xB-a, inhibitor k B-a;
t, total; p, phosphorylated; +GPS, cells treated with GPS; -GPS, cells untreated with GPS.

expression of p65 and IKZF1, and inhibited MDA-MB-231 cell
proliferation. Therefore, the possibility of a direct interaction
between p65 and IKZF1 was explored. ChIP assay using the
p65 antibody was performed to determine whether p65 bound
to 1.5 kb of the IKZF1 promoter, which is 1.5 kb upstream
from start codon ATG (Fig. 6A). ChIP-PCR was performed
by scanning 1.5 kb of the promoter using three pairs of primer
with a 0.5 kb distance for each set primer. The results indicated
that p65 may bind to region 2; however, it did not bind region 1
or 3 within the IKZF1 promoter (Fig. 6B). The fold changes in
the percentage of DNA content by the p65 antibody was 1.734
compared with the control group without antibody treatment.
Further, EMSA was performed to test the direct binding of p65

to the IKZF1 promoter region. The EMSA results indicated
that the p65 recombinant protein bound to region 2 but not
regions 1 and 3 (Fig. 6C).

Discussion

In 2012, BC was one of the most common gynecological
malignancies in China (2). Chemotherapy serves an important
role in the treatment of BC; however, the side effects of
chemotherapeutic drugs reduce the quality of patients' life (1).
Among them, ginsenoside Rh2 and GPS have been reported
to exhibit anticancer effects (46,47). The application of the
Chinese medicine GPS for BC therapy may be a novel treatment
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Figure 5. p65 or IKZF1 overexpression inhibits MDA-MB-231 BC cell proliferation. (A) Western blotting was performed to analyze p65 and IKZF1 levels in
control and p65- or IKZF1-OX groups. GAPDH was used as the loading control. Experiments were performed in triplicate. (B) Cell Counting Kit-8 assays
were performed to analyze the effects of ginseng polysaccharide on MDA-MB-231 BC cell proliferation. MDA-MB-231 cell proliferation was analyzed after
0,24 and 48 h of transfection with p65 or IKZF1-OX plasmids. Data are presented as mean + standard error. Experiments were repeated 20 times. "P<0.05 vs.
the empty vector group. IKZF1, Ikaros family zing finger protein 1; BC, breast cancer.

approach; however, the molecular mechanism underlying the
inhibition of BC cells by GPS remains largely unknown.
Inthe current study, the BC cell line MDA-MB-231 and GPS
were used to examine the mechanism underlying the inhibition
of MDA-MB-231 cell proliferation by GPS. GPS is known as
an anticancer molecule (47); however, it's role in the inhibition
of BC cell proliferation remains unclear. Proliferation is an
important step in cancer cell metastasis in human tissues and
is directly associated with disease severity (47). GPS treatment
induced E-cadherin; however, vimentin levels were suppressed.
These results indicated that GPS inhibited MDA-MB-231
cell viability. The inflammation and apoptosis status was
evaluated by detecting the expression levels of marker proteins
PAI-1 and TNF-a levels to determine the effect of GPS on
the inflammatory response. Western blotting results indicated
that GPS treatment activated inflammation in MDA-MB-231
cells. These results were further confirmed by examining the

IkB-a phosphorylation level and the accumulation of two
NF-kB components, p65 and p50. The results suggested that
GPS may activate IkB-a to increase the expression of p65 in
the nucleus and, subsequently, activate the expression of PAI-1
and TNF-a. GPS exhibited inhibitory activity against the p38
MAP kinase pathway, NF-kB and proinflammatory cytokines
in vitro (50). In addition, ginsenoside Rg3 treatment reduced
the COX2 level in mouse skin and human pro-myelocytic
leukemia (HL-60) cells (55), implying a regulatory effect of
ginseng extracts on inflammation in cancer cells. NF-xB is
known to be the upstream regulator of COX2 and Linoleate
9S-lipoxygenase 5 (SLOX), indicating that GPS treatment may
downregulate COX2 and 5LOX expression. Previous studies
have demonstrated that chronic inflammation may lead to the
cancerous condition (29,30). Together, these previous studies
indicate that GPS may suppress COX2 and 5LOX to reduce
inflammation and BC risk. However, the results of the current
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Figure 6. p65 binds to the promoter of IKZF1. (A) Representation of 1.5 kb of the IKZF1 promoter region. The regions amplified in the ChIP assay and the
fragments of probes for the EMSA assay were labeled as 1, 2 and 3. (B) ChIP-PCR was performed to amplify the DNA precipitated with or without an anti-p65
antibody. Experiments were performed in triplicate. "P<0.05 vs. the -Ab group. (C) EMSA was performed using His-p65 recombinant proteins and **P-labeled
DNA fragments 1, 2 and 3. Data are presented as mean =+ standard error. IKZF1, Ikaros family zing finger protein 1; CHiP, chromatin immunoprecipitation;
EMSA, electrophoretic mobility shift assay; -Ab, without the p65 antibody; +Ab, with the p65 antibody.

study reported that GPS induced the levels of inflammation
marker proteins at early time points, indicating that GPS or
other ginseng extract-mediated reduction of inflammation
may occur in the later stages of cancer. Further studies are
required to clarify this hypothesis. Furthermore, the activity
of stress-responsive kinases Akt and JNK was examined by
detecting the levels of t- and p-Akt and JNK. JNK functions
downstream of Akt, belongs to the mitogen-activated protein
kinase family and is responsive to cytokines, ultraviolet
irradiation, heat and osmotic stresses (56). The results of the
current study revealed that GPS activated Akt and JNK, indi-
cating that GPS treatment led to stress in MDA-MB-231 cells.
Together, the evidence revealed that GPS activated the inflam-
matory response by activating the NF-xB signaling in BC. In
addition, apoptotic markers c-Caspase-3 and p53 were induced
by GPS treatment. Furthermore, GPS treatment inhibited the
proliferation of MDA-MB-231 cells, suggesting that activation
of inflammation and apoptosis by GPS may be associated with
the inhibition of proliferation of BC cells.

IKZF1, a negative regulator of hepatocellular carcinoma
proliferation (57), was induced by GPS treatment in the current
study. In mammalian cells, NF-kB1 (p50 or its precursor p105),
NF-«kB2 (p52 or its precursor pl00), Rel (c-Rel), RelA (p65)
and RelB are the five members of the NF-kB/Rel family. The
NF-«kB/Rel family member contains 300 amino acids in the
N-terminal region termed Rel homolog domain (58). Among
them, the p65-p50 heterodimer is the most abundant active
form of NF-kB in numerous cell types (58). Additionally, p65
and p50 were induced by GPS treatment. Overexpression of p65
or IKZF1 was revealed to significantly inhibit MDA-MB-231
cell proliferation. IKZF1 is a transcriptional repressor while
p65 is a transcriptional activator (58); therefore, the regulatory
effect of p65 on the IKZF1 promoter was investigated. ChIP
and EMSA data confirmed that p65 could bind to the IKZF1
promoter, indicating that the GPS-mediated induction of

IKZF1 may be via p65. These data demonstrated that GPS, an
anticancer molecule, inhibited breast cell proliferation possibly
by activating the NF-kB signaling to induce inflammation.
GPS treatment also activated the apoptotic response, which
was analyzed by detecting the c-Caspase-3/Caspase-3 ratio
and p53, suggesting that GPS may activate both apoptosis and
inflammation to inhibit MDA-MB-231 BC cell proliferation.
Numerous studies have indicated that apoptosis was important
for the control of BC cell growth (36-39). The role of GPS
in the activation of apoptosis in BC cells requires further
investigation.

Apoptosis is one of the pathways of cell death; however,
cancer cells survival is promoted by the induction of an
apoptosis resistance mechanism (59). A previous study
reported that aldehyde dehydrogenase family 1 member A3
(ALDH1A3) and sex determining region Y box 2 (Sox-2)
regulated the mechanism of apoptosis resistance in BC
cells (60); however, GPS-mediated regulation of ALDHIA3
and Sox-2 has not been reported. TNF-a is a mediator of
inflammation and is a member of a family of >20 related
proteins including lymphotoxin-a, CD30 ligand, CD40
ligand, Fas ligand and TRAIL (61). TRAIL is known to
induce apoptosis in several cell line models; however,
TRAIL-resistant tumors have also been reported and repre-
sent a challenge in cancer therapy (62,63). Furthermore,
microRNA-519a-3p was reported to regulate apoptosis
resistance in a TRAIL-dependent or independent manner in
BC (37); however, the mechanism of TNF-a-mediated apop-
tosis resistance requires further investigation in the context of
BC therapy.

Inflammatory factors are upregulated in BC (31-33). The
results of the present study contradicted those of previous
reports, since GPS treatment induced the expression of inflam-
matory markers. Considering the present study used only one
BC cell line, MDA-MB-231, which is derived from TNBC, it
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is important to note that the effect of GPS on this cell line
may not be applicable to all subtypes of BC. Therefore, further
experiments should be conducted using different BC cell types
to verify these results. In the current study, GPS promoted the
expression of pro-inflammatory and pro-apoptotic markers,
and inhibited the proliferation of BC cells. The results
provided a novel molecular mechanism of GPS-mediated BC
cell inhibition and may be used to further explore the mecha-
nism of BC cell proliferation.
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