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Abstract Recent studies have confirmed that the combined use of anti-cancer drugs with
ionizing radiation (IR) could improve the sensitivity of osteosarcoma (OS) cells. Therefore, it
is necessary to identify potential effective drugs for the enhancement of IR-radiosensitivity.
In the current study, we found that 20, 10, 5, and 1 mM of ginseng polysaccharide (GPS) signif-
icantly suppressed MG-63 cell viability with or without g-ray radiation in a dose- and time-
dependent manner. Strikingly, 20 mM of GPS combined with 5 Gy treatment suppressed colony
formation capacity by nearly 13.75wfold compared with IR treatment alone. Our results
showed that GPS could markedly induce early apoptosis and autophagy in MG-63 cells. A higher
drug concentration and a greater exposure dose were directly associated with more apoptosis
and autophagy in cells. Western blot analysis showed that GPS decreased the phosphorylation
of p38 and AKT as well as the protein expression of Bax and cleaved-caspase3. In summary, GPS
inhibited proliferation and increased apoptosis and autophagic death in OS cells, indicating
that GPS may be a potential effective auxiliary drug for improving the IR sensitivity of OS pa-
tients.
Copyright ª 2017, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
eclare no conflicts of interest.
of Orthopedic Surgery, Hong Hui Hospital Xi’an Jiaotong University, No. 76, Nanguo Road, Xi’an City,

3.com (Y. Liu).

7.07.001
ng Medical University. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yuyonghua126@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.kjms.2017.07.001&domain=pdf
http://dx.doi.org/10.1016/j.kjms.2017.07.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/1607551X
http://www.elsevier.com/locate/kjms
http://dx.doi.org/10.1016/j.kjms.2017.07.001
http://dx.doi.org/10.1016/j.kjms.2017.07.001


536 X.-Y. Zhang et al.
Introduction

Osteosarcoma (OS) originates from bone mesenchymal
cells and is characterized by the formation of spindle cells
and immature bone [1,2]. OS is the most common primary
malignant bone tumour and is considered life-threatening
because it metastasizes easily and is associated with a
poor prognosis [3]. According to the resectability of OS and
the sensitivity to chemotherapeutic drugs, radiation ther-
apy can be used as an important adjunct to OS before,
during or after surgery [4e6]. High-dose radiation therapy
before OS can reduce the size of the tumour, which can
decrease the risk associated with surgery and improve the
survival rate of patients. The conventional radiotherapy
after surgery can further kill the remaining OS tissue.
Moreover, if we can find a way to enhance sensitivity to
radiotherapy, the treatment of osteosarcoma patients can
be improved to some extent. Radiosensitization is a hot
topic in the field of oncology, and it is of great significance
to enhance the efficacy of radiotherapy [7,8]. Currently,
finding a safe and effective drug is the most important
issue in the study of radiosensitization for the treatment
of OS.

In recent years, more attention has been focused on the
anti-tumour effects of Chinese herbal medicines. Multiple
basic and clinical studies have been devoted to the study of
the corresponding anti-tumour effects and mechanisms
[9,10]. Ginseng polysaccharide (GPS) is a type of polymer
acidic polysaccharide extracted from ginseng [11,12]. Ac-
cording to the theory of traditional Chinese medicine, GPS
can nourish Qi in the spleen and the lungs [13,14]. The most
potent pharmacological effect of GPS is to raise the im-
munity and improve the pathological state of the whole
organism [15]. For instance, GPS is found to induce the
viability of macrophages and effectively increase the
phagocytic function of the macrophages [15]. Additionally,
GPS can increase the phagocytic ability of dendritic cells
and promote the maturation of dendritic cells [16]. And GPS
is also reported to induce cell cycle arrest in the G2/M
phase, inhibit the growth of tumour cells and promote cell
apoptosis [12]. However, whether GPS can enhance the
activity of OS cells after irradiation has never been
explored.

In the current study, we first reported that GPS treat-
ment significantly induced OS cell death, which suggests
that GPS can enhance the therapeutic effects when com-
bined with radiotherapy.
Materials and methods

Preparation of the GPS solution

Water-soluble ginseng oligosaccharides (purity >90%, Mw:
8 kDa) that were obtained from the water extract of Panax
ginseng roots were provided by the Jilin Ginseng Academy
at the Changchun University of Chinese Medicine (Chang-
chun, China). The molecular weight was approximately
8 kDa. The GPS was dissolved in phosphate-buffered saline
(PBS) at doses of 20, 10, 5 and 1 mM.
Cell lines

The human OS cell line MG-63 and the normal osteoblast
hFOB1.19 (purchased from ATCC) were used in the study.
The cells were cultured in a monolayer in RPMI 1640 me-
dium (Life Technologies Invitrogen, Thermo Scientific,
Waltham, MA, USA) that was supplemented with 10% foetal
calf serum and 1% Penicillin/Streptomycin at 37 �C in a
humid atmosphere with 5% CO2.

Irradiation

Cells were plated in dishes and incubated at 37 �C and 5%
CO2 under humidified conditions at 70e80% confluence.
Cells were irradiated with a 137Cs g-ray source (Atomic
Energy of Canada, Ontario, Canada) at a dose rate of 0, 2,
and 5 Gy/min.

Cell proliferation assay

MG-63 cells were seeded in a 96-well plate at a density of
5 � 103 cells per well. After 24 h, the cells were irradiated
with a 137Cs g-ray source (Atomic Energy of Canada,
Ontario, Canada) at a dose rate of 5 Gy/min. After radia-
tion, the fresh medium was added and supplemented with
GPS at the final concentrations of 20, 10, 5, and 1 mM for
24 h in the presence of 1% FBS. The cell viability was
determined using the CCK-8 assay according to the in-
structions (CCK-8, Beyotime Inst Biotech, China). Each well
absorbance was tested at 450 nm using a microplate reader.
The proliferation rate was defined in terms of the per-
centage of surviving cells in each group compared with the
untreated group.

Colony-forming assay

MG-63 cells were seeded in a 96-well plate at a density of
5 � 103 cells per well. After 24 h, the cells were irradiated
with a 137Cs g-ray source (Atomic Energy of Canada,
Ontario, Canada) at a dose rate of 0, 2, and 5 Gy/min. After
radiation, the fresh medium was added and supplemented
with GPS at the final concentrations of 10, 5, and 1 mM for 4
consecutive days in the presence of 1% FBS. The colonies
were then stained with 0.4% (w/v) crystal violet (Sigma-
eAldrich). The plating efficiency (PE) was the percentage
of seeded cells that grew into colonies. The survival frac-
tion, which is expressed as a function of the IR dose, was
calculated as follows: survival fraction Z colonies coun-
ted/(cells seeded � PE/100). To evaluate the radio-
sensitizing effects of GPS, the ratio of the dose (Gy) for IR
alone divided by the dose of IR plus ZOL at a survival
fraction of 10% was determined.

Detection of apoptotic cells by annexin V staining

For ANNEXIN V-PI staining, cells were washed with ice-cold
PBS, trypsinized, and resuspended in 1 � binding buffer
[10 mm HEPES/NaOH (pH 7.4), 140 mm NaCl, and 2.5 mm
CaCl2] at 1 � 106 cells/mL. After gentle vortex, the cells
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were mixed with 5 mL annexin V/fluorescein isothiocyanate
(FITC) (BD Biosciences, Franklin Lakes, NJ, USA) and 10 mL
propidium iodide (PI) stock solution (50 mg/mL in PBS) fol-
lowed by a 15 min incubation at room temperature in the
dark. Next, 400 mL of 1� binding buffer was added to each
sample, and the samples were analysed on a FACScan� flow
cytometer (BD Biosciences). A minimum of 10,000 cells
were counted for each sample, and data were analysed
using CellQuest� software (BD Biosciences).

Cell cycle analysis

MG-63 cells were plated onto a 6-well plate after being
treated with 20 mM GPS for 48 h. The cells were harvested
by trypsin without EDTA, washed 3 times using ice-cold PBS
and fixed with 70% ethanol overnight at 4 �C. The cell cycle
analysis was performed using RNase A and PI staining
(DA0030, Leagene, Beijing, China) and flow cytometry.
Experiments were performed in triplicate. The percentage
of cells in each cycle phase was assessed using FlowJo
software.

GFP-LC3 transient transfection

MG-63 cells were seeded at the density of 5 � 105 cells/well
in 6-well plates for 24 h. Subsequently, a GFP-LC3-
expressing plasmid was transfected into the cells using
Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions. After
24 h, the cells were treated with 10 mM with or without GPS
for 16 h. Then, GFP-LC3-positive dots were counted under a
confocal laser microscope, LSM700 (Carl Zeiss, Jena,
Germany).

Electron microscopy

The samples were fixed with 2% glutaraldehyde para-
formaldehyde in 0.1 M phosphate buffer (PBS, pH 7.4) for
12 h at 4 �C and washed three times for 30 min in 0.1 M PB.
Then, the samples were fixed with 1% OsO4 dissolved in
0.1 M PB for 2 h and dehydrated in an ascending gradual
series (50e100%) of ethanol and infiltrated with propylene
oxide. Specimens were embedded using a Poly/Bed 812 Kit
(Polysciences, Warrington, PA, USA). After pure fresh resin
embedment and polymerization at 60 �C in an electron
microscope oven (TD-700, DOSAKA, Kyoto, Japan) for 24 h,
350 nm sections were cut and stained with toluidine blue
for light microscopy, and 70 nm thin sections were double-
stained with 7% uranyl acetate and lead citrate for contrast
staining. Sections were cut with a LEICA Ultracut UCT Ultra-
microtome (Leica Microsystems, Wetzlar, Germany). All
thin sections were observed by TEM (JEM-1011, JEOL,
Tokyo, Japan) at an acceleration voltage of 80 kV.

Western blot analysis

Total protein samples were extracted from the culture cells
using RIPA buffer (Solarbio, Beijing, China) according to the
instructions. The immunoblotting was performed as previ-
ously described [17]. The following primary antibodies were
purchased from Cell and used as follows, p-AKT (#8200, Cell
Signaling Technology, Beverly, MA, USA), AKT (#2920, Cell
Signaling Technology, Beverly, MA, USA), p-p38 (#8203, Cell
Signaling Technology, Beverly, MA, USA), p38 (#14451, Cell
Signaling Technology, Beverly, MA, USA), Bcl-2 (#15071, Cell
Signaling Technology, Beverly, MA, USA), Bax (#14796, Cell
Signaling Technology, Beverly, MA, USA), c-Caspase3
(#1050, Cell Signaling Technology, Beverly, MA, USA), LC3
(L8918, SigmaeAldrich, St. Louis, MO, USA) and b-actin
(#12413, Cell Signaling Technology, Beverly, MA, USA). The
protein of interest was tested with goat anti-mouse or anti-
rabbit IgG-HRP secondary antibody.

Statistical analysis

The data were expressed as the means � standard devia-
tion. Student’s t-test was used for two-group comparisons.
One-way ANOVA was used for comparison of more than two
groups. All statistical analyses were calculated using SPSS
13.0 software (SPSS, Chicago, IL, USA). *P < 0.05 was
considered to be statistically significant.

Results

GPS suppressed MG-63 cell viability in a dose-
dependent manner

First, we explored the effects of GPS on MG-63 cell viability
when MG-63 cells were irradiated with a 137Cs g-ray source
at a dose rate of 0, 5 Gy/min for 1, 2, 3, 4 days, respec-
tively. The CCK-8 kit assay demonstrated that 20, 10, 5, and
1 mM of GPS significantly suppressed MG-63 cell viability
with or without g-ray radiation (Fig. 1AeD). Strikingly,
20 mM GPS combined with 5 Gy/min irradiation decreased
MG-63 cell viability by approximately 38% compared with
that in the absence of the 137Cs g-ray source at day 4
(Fig. 1D). Meanwhile, at the dose of 5 Gy/min irradiation,
20, 10, 5, and 1 mM GPS reduced MG-63 cell viability by 63%,
33%, 15%, and 7%, respectively, at day 4 (Fig. 1D).
Furthermore, we compared the effects of 20, 10, 5, and
1 mM GPS at the dose rate of 5 Gy/min on the normal
osteoblast hFOB1.19 for 4 days. As shown in Fig. 1E, GPS
decreased hFOB1.19 cell viability by 56%, 37%, 16%, and 6%,
respectively, at day 4. Then, we analysed the results of
different radiation doses (0, 5, 20, and 40 Gy/min) with or
without 20 mM GPS. Compared with the blank control, 20 mM
GPS treatment reduced MG-63 cell viability in a synergistic
manner (Fig. 1F), which validated the role of GPS as a po-
tential radiosensitizer.

GPS induced MG-63 cell apoptosis and cell cycle
arrest

Annexin V staining was used to evaluate the effect of 20 mM
GPS and 5 Gy/min irradiation on the apoptosis of MG-63
cells. Compared with the control (4.8%), the percentage of
Annexin V-positive cells were increased by 20 mM GPS
(14.7%) or 5 Gy/min irradiation (14.2%) alone (Fig. 2A).
Strikingly, the combination of 20 mM GPS and 5 Gy/min
enhanced the cell apoptosis rate by 57% (Fig. 2A). We also
investigated how the cell cycle populations were altered by



Figure 1. GPS suppressed MG-63 cell viability in a dose-dependent manner. CCK-8 kit assay demonstrated that 20, 10, 5, 1 mM of
GPS significantly suppressed MG-63 cell viability at a dose rate of 0, 5 Gy/min for 1 (A), 2 (B), 3 (C), 4 (D) days. (E) GPS decreased
hFOB1.19 cell viability by 56%, 37%, 16%, and 6%. (F) Compared with the blank control, 20 mM GPS treatment reduced MG-63 cell
viability in a synergistic effect at the dose of different irradiation (0, 5, 20, 40 Gy/min) for 4 days. *p < 0.05, **p < 0.01 vs. control.
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20 mM GPS in the presence or absence of 5 Gy/min irradi-
ation. Cell cycle distribution analysis showed that the
number of cells was increased at the G0/G1 phase by 20 mM
GPS (52.5%) or 5 Gy/min irradiation (56.1%) alone compared
with that of the control (49.1%). More importantly, the
combination of 20 mM GPS and 5 Gy/min elicited further
increases in the number of cells at the G0/G1 phase (65%),
suggesting that GPS served as a radiosensitizer and induced
typical cell cycle arrest at the G0/G1 phase in MG-63 cells
(Fig. 2B).
GPS inhibited MG-63 cell colony formation capacity
in a dose-dependent manner

Furthermore, the rate of cell colony formation capacity was
evaluated in MG-63 cells treated with different concen-
trations of GPS combined with different irradiation doses of
g-ray (5 Gy, 2 Gy, or 0 Gy). As shown in Fig. 3, along with
the increase in GPS concentration (5, 10, and 20 mM), the
colony formation capacity of MG-63 cells was significantly
reduced in a dose-dependent manner in the MG-63 cells



Figure 2. GPS induced MG-63 cell apoptosis and cell cycle arrest. (A) MG-63 cell apoptosis rate was determined by Annexin V e PI
staining. (B) Cell cycle distribution analysis. *p < 0.05, **p < 0.01 vs. control.

Figure 3. GPS inhibited MG-63 cell colony formation capac-
ity in a dose-dependent manner. *p < 0.05, **p < 0.01 vs.
control.
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pre-incubated with 5 Gy, 2 Gy, and 0 Gy g-ray, respectively.
More importantly, we found that compared with the 0 Gy g-
ray, the combination use of 5, 10, and 20 mM GPS and 5 Gy
g-ray markedly reduced the colony formation by 10%, 16%,
and 44%, respectively. These data indicated that as a
radiosensitizer, GPS elicited additional results when com-
bined with the radiation.

GPS induced MG-63 cell autophagy

In addition, the effect of GPS on MG-63 cell autophagy was
explored in the presence of 5 Gy irradiation, and rapamycin
(Rap) was used as a positive control. Electron microscopy
scanning showed that GPS induced MG-63 autophagy in the
same pattern as rapamycin (Fig. 4A). Additionally, GFP-LC3
transfection also demonstrated increased autophagy vesi-
cles in the MG-63 cells treated with GPS or Rap (Fig. 4B).

GPS decreased the phosphorylation of p38, AKT and
the protein expression of Bax and cleaved-caspase3

To further explore the mechanism by which GPS induces
MG-63 apoptosis, we tested the protein expression in MG-
63 cells treated with 10 mM of GPS. Previous studies have
shown that the activation of MAPK/p38 and AKT plays a key
role in the malignancies of OS. Therefore, we tested their
expression after GPS treatment. According to our results,
the phosphorylation levels of p38 and AKTwere significantly
reduced by GPS treatment. In addition, the anti-apoptosis
protein, Bcl2, was found to be decreased with GPS incu-
bation (Fig. 5). In comparison, the protein levels of pro-
apoptotic proteins, including Bax and cleaved-caspase3,
were markedly enhanced (Fig. 5). Thus, the anti-cancer
effects of GA may be achieved through the suppression of
p38, AKT activation and reduction of Bcl-2.

GPS increased the ratio of LC3II/LC3I

GPS treatment also significantly increased the ratio of
LC3II/LC3I, which indicated that GPS could activate auto-
phagy in MG-63 cells (Fig. 6).

Discussion

OS is one of the most common malignant bone tumours that
seriously endangers the health of adolescents [2,18]. In
recent years, the survival rate of OS has improved due to



Figure 4. GPS induced MG-63 cell autophagy in the presence of 5 Gy irradiation. (A) Electron microscopy. (B) GFP-LC3
transfection.

Figure 5. GPS decreased the phosphorylation of p38, AKT and the protein expression of Bax and cleaved-caspase3. *p < 0.05,
**p < 0.01 vs. control.
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the development of chemotherapy drugs, but the overall
effect is still not ideal [19]. Multi-centre studies show that
the residual malignant cells in the tumour bed constitute
the root of the recurrence and metastasis, which is a key
factor that restricts the improvement in patients with OS
[20]. Therefore, radiotherapy combined with surgery can
improve the local control rate. However, heterogeneity
affects the sensitivity of OS cells to radiotherapy [6].
Therefore, to improve the prognosis for patients with os-
teosarcoma, an individualized radiotherapy plan must be
considered that incorporates improvement in the sensitivity
of patients to radiotherapy. As a traditional Chinese medi-
cine, ginseng has a history of thousands of years of clinical
application. GPS is the main effective compound [21] and is
suggested to enhance the body’s immunity [22]. Recent
studies found that GPS also plays an important role in anti-
tumour treatment [23,24]. However, the effect of GPS on
the biological activity of OS cells is not clear.

Tumour metastasis involves multiple mechanisms,
including cell proliferation, invasion, and migration
[25e27]. Previous studies have demonstrated that GPS
could markedly suppress cancer cell proliferation and in-
vasion [14,28]. Thus, in the current study, we explored the
effects of GPS on OS cell proliferation. Here, we demon-
strated that GPS þ IR had significant inhibitory effects on
human OS cell viability in a dose- and time-dependent



Figure 6. GPS treatment also significantly induced the ratio between LC3II/LC3I. *p < 0.05 vs. control.
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manner compared with IR treatment alone. Additionally,
we found that GPS could significantly induce MG-63 cell
apoptosis compared to IR alone. These observations sug-
gested that the combined use of GPS and IR led to an
enhancement of in vitro cytotoxicity, which indicates the
potential for auxiliary treatment methods after
radiotherapy.

Apoptosis is also known as programmed cell death,
which is a strictly regulated process in response to cancer
therapies [29]. Therefore, we evaluated whether GPS
induced MG-63 apoptosis after IR treatment. Compared
with IR therapy alone, GPS significantly enhanced OS cell
apoptosis in a dose-dependent manner. It was confirmed
that the combined use of GPS with g-ray radiation could
induce more MG-63 cell apoptosis compared with that of g-
ray radiation alone and such effects were increased along
with the increased GPS concentrations. Three major path-
ways were suggested to be involved in the underlying
mechanisms of cell apoptosis, including the endoplasmic
reticulum pathway, mitochondrial pathway and death re-
ceptor pathway [29]. Western blot analysis showed that
GPS treatment could significantly reduce the protein
expression of BcL-2 and enhanced the expression of Bax and
cleaved-caspase3. These data indicated that the combined
use of GPS with g-ray radiation prompted MG-63 cell
apoptosis by modulating the expression of Bcl-2 members.

Autophagy has a dual role in the regulation of cell death.
Mild autophagy protects cells from harmful conditions, and
serious or quick autophagy induces programmed cell death,
which is called autophagic cell death [30,31]. In the pre-
vious studies, the cooperation between autophagy and
apoptosis is identified and is suggested to promote cell
death [32,33]. Many drugs can activate both apoptosis and
autophagy. For example, ceramide induced apoptosis and
autophagy in the treatment of breast cancer and colon
cancer, respectively [34]. The antibacterial drug, chloro-
quine chloride, increases autophagy death and apoptosis in
leukaemic cells and myeloma cells by disrupting the mTOR
signalling pathway [35]. In this study, we first evaluated the
effect of GPS on MG-63 cell autophagy in the presence of
5 Gy irradiation. Our data showed that GPS significantly
increased cell autophagy, which indicated the synergistic
role of autophagy death and apoptosis after GPS treatment.
In conclusion, our study demonstrates that GPS inhibits
the proliferation of OS cells and increases apoptosis and
autophagy death of OS cells, which suggests that GPS may
be a potential effective auxiliary drug for improving IR
sensitivity in OS patients.
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