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Abstract. The poor prognosis of patients with osteosarcoma 
remains a persistent problem, in particular for patients with 
unresectable tumors or metastasis. Therefore, combination 
of radiotherapy and chemotherapy has been considered for 
patients with metastasis or recurrence, patients unsuitable 
for surgery and patients refusing surgery. The present study 
aimed to investigate the effect of the combined treatment with 
cisplatin and radiation therapy on the biological characteristics 
of the osteosarcoma cell line MG‑63 and the breast cancer 1 
(BRCA1)‑associated signaling pathways. Cell proliferation was 
determined using Cell Counting kit‑8 assay, and cell apoptosis 
and cell cycle were assessed by flow cytometry. Cell migration 
was examined by Transwell assay. The mRNA and protein 
expression levels of candidate genes, including BRCA1 and p53, 
were determined by reverse transcription‑quantitative PCR and 
western blotting, respectively. The results demonstrated that 
combined treatment with radiation and cisplatin significantly 
inhibited MG‑63 cell proliferation compared with radiation or 
cisplatin treatment alone. Furthermore, radiation, cisplatin or 
the combined treatment with radiation and cisplatin increased 
the apoptosis rate of MG‑63 cells, which resulted in G2 phase 
arrest, and significantly decreased the migratory capacity of 
MG‑63 cells. In addition, the apoptosis rate of MG‑63 cells 
following combined radiation and cisplatin treatment was 

higher compared with the cisplatin group, but lower compared 
with the radiation group. Furthermore, combined treatment 
with radiation and cisplatin decreased the mRNA and protein 
expression levels of BRCA1 and p53. Additionally, combined 
treatment with radiation and cisplatin had a more potent inhibi-
tory effect on p53 expression than on BRCA1 expression. In 
addition, combination of radiation and cisplatin had a higher 
inhibitory effect on Bax protein level and a higher inductive 
effect on Bcl‑2 protein level compared with treatments with 
radiation and cisplatin alone. The results demonstrated that 
combined treatment of radiation and cisplatin exhibited supe-
rior therapeutic effects on osteosarcoma MG‑63 cells compared 
with radiation or cisplatin treatment alone, which may be medi-
ated by the BRCA1‑p53 signaling pathway.

Introduction

Osteosarcoma is a malignant bone tumor that occurs in children 
and young people with an incidence of 2‑5 per million and in 
older adults with an incidence of 1.5‑5 per million (1,2). The inci-
dence rate and occurrence age of osteosarcoma in children and 
young people is relatively stable with little geographic variation, 
whereas they vary in older patients (1,2). The treatment strategy 
of osteosarcoma is commonly based on surgical resection 
combined with systemic chemotherapy, including neoadjuvant 
chemotherapy, followed by restoration of limb function (3‑5). 
In addition, the five‑year overall survival rate of patients with 
osteosarcoma has significantly increased from <30 to >70%, 
which may be due to the use of neoadjuvant chemotherapy (6).

The use of chemotherapy for patients with osteosarcoma 
consists of adjuvant and neoadjuvant chemotherapy, including 
doxorubicin, cisplatin, methotrexate or cyclophosphamide (7‑9). 
Chemotherapy induces tumor necrosis, promotes surgical 
resection and inhibits micrometastasis (10‑14). However, drug 
resistance reduces the effect of chemotherapy (15,16). Refining 
the chemotherapy regimen to improve the prognosis in patients 
with osteosarcoma remains challenging for scientists (15,16).
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Radiotherapy is an adjuvant treatment for osteosarcoma 
that can inhibit tumor cell activity, reduce the local recur-
rence rate and prolong the overall survival of patients with 
osteosarcoma (17‑20). Radiotherapy can be offered to patients 
with inoperable tumors or patients who cannot tolerate chemo-
therapy (14,21,22).

The poor prognosis of patients with osteosarcoma has 
remained a persistent problem in the last decades, in particular 
for patients with inoperable tumors or metastasis, even when 
chemotherapy duration is prolonged, the dose is increased, or 
an immune treatment is adopted (6). Considering the young 
age of patients with osteosarcoma, the malignant nature of 
osteosarcoma, the absence of one single specific therapeutic 
method, the significant side effects and poor overall effects, 
it is crucial to develop a novel and effective therapy with low 
toxic effects to treat patients with osteosarcoma (23).

Engert et al (24) reported the presence of the BRCAness 
phenomenon in osteosarcoma and demonstrated that poly 
(ADP‑ribose) polymerase inhibitors targeting breast cancer 
1/2 (BRCA1/2) mutations in patients with breast cancer can 
also inhibit osteosarcoma cell proliferation, which suggests 
that the BRCA gene could be associated with the occurrence 
and development of osteosarcoma (24‑27).

At present, the combination of neoadjuvant chemotherapy 
and surgery remains the first‑line treatment applied to patients 
with osteosarcoma. The combination of radiotherapy and 
chemotherapy has been used for patients with metastasis or 
recurrence, patients unsuitable for surgery and patients refusing 
surgery (14,28). Furthermore, it has been demonstrated that 
the combined use of radiotherapy and chemotherapy can 
benefit the survival of patients with osteosarcoma and increase 
the rate of limb salvage (29). The present study investigated 
the effect of the combined radiation and cisplatin treatment 
on the malignant osteosarcoma cell line MG‑63 and the 
BRCA1‑associated signaling pathways. The findings from the 
present study may provide a basis for the clinical application of 
radiation and cisplatin therapy for osteosarcoma.

Materials and methods

Cell line and reagents. The MG‑63 osteosarcoma cell line was 
purchased from The Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences. The bicinchoninic 
acid (BCA) protein assay kit was purchased from Beijing 
Biomedical Co., Ltd. PVDF membranes were purchased from 
EMD Millipore. Skimmed milk powder was purchased from 
Sangon Biotech (Shanghai) Co., Ltd.

Cell culture and determination of cell proliferation. The 
osteosarcoma cell line MG‑63 was cultured in H‑Dulbecco's 
Modified Eagle medium (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% FBS (Biological lndustries) and 1% anti-
biotics penicillin and streptomycin (Beijing Solarbio Science 
& Technology Co., Ltd.) and placed at 37˚C in a humidified 
incubator containing 5% CO2. Cells (2x103/well in 100 µl) in 
the logarithmic growth stage were seeded in a 96‑well plate 
and cultured overnight. Cells were then treated by radiation 
(0, 0.5, 1, 1.5 and 2 Gy) and/or cisplatin (0, 5, 10, 20 and 
40 µg/ml) at 37˚C for 24 h. For combined treatment, radiation 
was applied first and followed by cisplatin treatment. Following 

12 h culture, cell proliferation was determined using a Cell 
Counting Kit‑8 (CCK‑8; 7seaPharm Technology, Co. Ltd.) 
according to the manufacturer's protocol. The absorbance was 
measured at 450 nm with a microplate reader.

Determination of cell apoptosis. MG‑63 cells in the loga-
rithmic growth stage were seeded in a 6‑well plate at a density 
of 2x105/2 ml/well and cultured overnight. Cells were treated 
by radiation and/or cisplatin as aforementioned. Following 12 h 
culture, cells were collected, and apoptosis was determined 
using Annexin V/propidium iodide (PI) (BD Biosciences; 
cat. no. 559763) according to the manufacturer's instructions. 
Briefly, cells were washed twice with cold PBS and resuspended 
in 1X Binding Buffer (BD Biosciences; cat. no. 51‑66121E) 
at the concentration of 1x106 cells/ml. The cell suspension 
(100 µl, 1x105 cells) was transferred into a 5 ml culture tube. 
Annexin V‑PE (5 µl; BD Biosciences; cat. no. 51‑65875X) 
and 5  µl 7‑Amino‑actinomycin D (BD Biosciences; cat. 
no. 51‑68981E) were added. The solution was gently mixed and 
incubated for 15 min at room temperature in the dark. Binding 
Buffer (400 µl) was added to each tube. Cells were analyzed 
by flow cytometry within 1 h. The results were analyzed using 
CytExpert 1.2 software (Beckman Coulter, Inc.).

Determination of cell cycle. MG‑63 cells in the logarithmic 
growth stage were seeded in a 6‑well plate at a density of 
2x105/2 ml/well and cultured overnight. Cells were treated by 
radiation and/or cisplatin as aforementioned. Following 12 h 
culture, cells were collected in 500 µl of 0.1% Triton X‑100 
PBS buffer containing 12.5 µl PI and 10 µl RNase A and 
incubated in a CO2 incubator at 37˚C for 30 min. Cell cycle 
distribution was determined using an EPICS‑XL flow cytom-
eter (Beckman Coulter, Inc.). The results were analyzed using 
CytExpert 1.2 software.

Examination of cell migration. MG‑63 cells in the logarithmic 
growth stage were seeded in a 24‑well Transwell (pore size, 
8 µm) insert at a density of 5x103/200 µl/well. The upper and 
lower chambers were filled with 1 ml serum‑free medium and 
1 ml of 10% FBS‑containing medium, respectively. Following 
12 h culture, cells in the upper chamber were treated with 
radiation and/or cisplatin as aforementioned, and medium with 
10% FBS was added to the lower chamber for 12 h. Migrated 
cells were fixed with 1 ml of 100% methanol for 20 min at 
room temperature. After washing with PBS, cells were incu-
bated with 1 ml of 0.5% crystal violet staining solution at 37˚C 
for 30 min. After washing with PBS, stained cells were exam-
ined using a light microscope (magnification, x400; TH4‑100; 
Olympus Corporation) and counted in five random fields of the 
images. The means of cell number per field in each treatment 
group were calculated and compared.

Determination of mRNA expression levels by reverse 
transcription‑quantitative PCR (RT‑qPCR). MG‑63 cells in 
the logarithmic growth stage were seeded in a 6‑well plate 
at a density of 2x105/2 ml/well and cultured overnight. Cells 
were treated by radiation and/or cisplatin as aforementioned 
for 12 h. Cells were collected, and total RNA was extracted 
using a RaPure Total RNA Micro kit (Guangzhou Magen 
Biotechnology Co., Ltd.) according to the manufacturer's 
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protocol. cDNA was synthesized using M‑MLV (Promega 
Corporation) according to the manufacturer's protocol. 
RT‑qPCR reactions were performed using a Stratagene 
Mx3000P (Agilent Technologies, Inc.) and SYBR Premix 
(Takara Bio, Inc.) according to manufacturer's protocol. 
The thermocycling conditions of the real time PCR were as 
follows: 95˚C for 30 sec, 40 cycles at 95˚C for 10 sec and 60˚C 
for 30 sec, then 60˚C for 60 sec and 95˚C for 15 sec. GAPDH 
was used as the reference gene. The primers were provided by 
Beijing Biomedical Co. Ltd. and designed as follows: BRCA1 
forward, 5'‑GCT​GCT​GCT​CAT​ACT​ACT​G‑3' and reverse, 
5'‑CCA​CAT​CTC​CTC​TGA​CTT​C‑3'; p53 forward, 5'‑ACC​
ACC​ATC​CAC​TAC​AAC​TAC‑3' and reverse, 5'‑ACA​AAC​
ACG​CAC​CTC​AAA‑3'; and GAPDH forward, 5'‑ATC​CCA​
TCA​CCA​TCT​TCC‑3' and reverse, 5'‑TGA​CCC​TTT​TGG​CTC​
CCC‑3'. The relative expressions levels were normalized to 
endogenous controls and were expressed as 2‑ΔΔCq (30).

Western blotting. MG‑63 cells in the logarithmic growth stage 
were seeded in a 6‑well plate at a density of 2x105/2 ml/well 
and cultured overnight. Cells were treated by radiation and/or 
cisplatin as aforementioned for 12 h. Cells were lysed using 
lysis buffer (Beijing Dingguo Changsheng Biotechnology 
Co., Ltd.) and subjected to a cycle of freezing at ‑70˚C and 
thawing at 37˚C (1 h per step). The protein concentration was 
measured using the BCA kit. Proteins (30 µg) were separated 
by 12% SDS‑PAGE and transferred onto PVDF membranes. 
Membranes were blocked with 5% skimmed milk dissolved in 
TBS containing 0.05% Tween‑20 (TBST) at 37˚C for 1 h and 
incubated with antibodies against BRCA1 (1:700; Abcam; cat. 
no. ab238983), p53 (1:700; Abcam; cat. no. ab131442), Bcl‑2 
(1:700; Abcam; cat. no. ab196495), Bax (1:700; Abcam; cat. 
no. ab53154) and GAPDH (1:700; Abcam; cat. no. ab9485) 
at 4˚C overnight. Following washing with TBST, membranes 
were incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit immunoglobulin G secondary antibody (1:1,000; 
ABclonal Biotech Co., Ltd.; cat. no. AS011) dissolved in TBST 
buffer containing 5% skimmed milk at 37˚C for 1 h. Following 
washing with TBST, enhanced chemiluminescence reagent 
(7sea Pharm Technology, Co. Ltd) was used to detect the signal 
on the membrane. Relative expression level of the proteins was 
normalized to the endogenous control using Quantity One 
software (version 4.6.9; Bio‑Rad Laboratories, Inc.).

Stat ist ical analysis. Data were expressed as the 
means ± standard deviation of three independent experiments. 
Statistical analysis was performed using SPSS software v21.0 
(IBM Corp.). Differences among groups were analyzed using 
one‑way ANOVA followed by Least Significant Difference 
post‑hoc analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effect of radiation and cisplatin on MG‑63 cell proliferation. 
Following treatment with radiation and/or cisplatin, MG‑63 
cell proliferation was determined using a CCK‑8 assay. The 
results demonstrated that the optical density (OD) values in 
the combined radiation and cisplatin treatment group were 
significantly lower than those in the radiation or cisplatin only 

groups, which were also significantly lower compared with the 
control group (P<0.001; Fig. 1). The OD values in the radiation 
groups were decreased in a dose‑dependent manner compared 
with the control group (P<0.05; Fig. 2). Similarly, OD values 
in the cisplatin groups were decreased in a dose‑dependent 
manner compared with the control group (P<0.05; Fig. 3). 
These results suggested that both radiation and cisplatin treat-
ment inhibited MG‑63 cell proliferation and that the combined 
treatment with radiation and cisplatin was even more effective.

Effects of radiation and cisplatin on MG‑63 cell apoptosis. 
Following treatment with radiation and/or cisplatin, MG‑63 
cell apoptosis was determined by flow cytometry using 
Annexin V and PI double staining. The results revealed that 
the apoptosis rate in the combined radiation and cisplatin 
treatment group was significantly higher compared with that 
in the cisplatin group, but was lower compared with that in the 
radiation group (Fig. 4). The apoptosis rates in all these three 
treatment groups were significantly higher compared with the 
control group. MG‑63 cell apoptosis rates were significantly 
increased in a dose‑dependent manner in the radiation treat-
ment groups, compared with the control group (P<0.05; Fig. 5). 
MG‑63 cell apoptosis rates were also significantly increased 
in a dose‑dependent manner in the cisplatin treatment groups 
compared with the control group (P<0.05; Fig. 6).

Effects of radiation and cisplatin on MG‑63 cell cycle. 
MG‑63 cells were treated with radiation and/or cisplatin, and 
the cell cycle distribution was determined by flow cytometry. 
The results demonstrated that the ratio of cells in the G1 phase 
was significantly decreased in the radiation, cisplatin and 
combined radiation and cisplatin treatment groups, compared 
with the control group. The ratio of cells in the G1 phase was 
significantly decreased in the combined radiation and cisplatin 
treatment group, compared with the cisplatin group. There 
was no significant difference in the ratio of cells in G1 phase 
between the combined radiation and cisplatin treatment group 
and the radiation groups (Fig. 7A and B). The ratio of cells in G2 
phase was significantly increased in the radiation, cisplatin and 
combined radiation and cisplatin treatment groups, compared 
with the control group. The ratio of cells in G2 phase was 
significantly increased in the combined radiation and cisplatin 
treatment group compared with the cisplatin group. The ratio of 
cells in G2 was significantly decreased in the combined radia-
tion and cisplatin treatment group compared with the radiation 
group (Fig. 7A and C). The ratio of cells in S phase was signifi-
cantly increased in the cisplatin and combined radiation and 
cisplatin treatment groups, and was decreased in the radiation 
group, compared with the control group. The ratio of cells in 
S phase was significantly increased in the combined radiation 
and cisplatin treatment group compared with the cisplatin 
group and the radiation group (Fig. 7A and D). Consistently, 
the ratios of cells in G1 (Fig. 8A and B) and S (Fig. 8A and D) 
phases were significantly decreased and the ratio of cells in 
G2 phase (Fig. 8A and C) was significantly increased in the 
radiation treatment group. The ratios of cells in G1 (Fig. 9A 
and B) were significantly decreased and the ratios of cells in 
G2 phase (Fig. 9A and C) and S phase (Fig. 9A and D) were 
significantly increased in the cisplatin treatment group. These 
results revealed that treatment with radiation resulted in G2 
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phase arrest in MG‑63 cells, and treatment with cisplatin or 
combined radiation and cisplatin resulted in both G2 phase 
arrest and S phase arrest. The effects of cisplatin on both G2 
phase arrest and S phase arrest were less clear than those of 
combined radiation and cisplatin treatment.

Effects of radiation and cisplatin on MG‑63 cell migration. 
MG‑63 cells were treated with radiation and/or cisplatin, and 
MG‑63 cell migration was determined by Transwell assays. 
The results demonstrated that the number of invasive cells was 
lower in the combined radiation and cisplatin treatment group 
compared with the radiation or cisplatin treatment groups, 
which were lower than that in the control group (Fig. 10). 
The number of invasive cells was significantly decreased in 
a dose‑dependent manner in the radiation treatment groups, 
compared with the control group (P<0.05; Fig. 11). The number 
of invasive cells was significantly decreased in a dose‑depen-
dent manner in the cisplatin treatment group, compared with 
the control group (P<0.05; Fig. 12).

Effects of radiation and cisplatin on BRCA1 and p53 expres‑
sion in MG‑63 cells. Following treatment with radiation 
and/or cisplatin, the mRNA and protein expression levels of 
BRCA1 and p53 were determined in MG‑63 cells by RT‑qPCR 
and western blotting, respectively. The results demonstrated 

that BRCA1 mRNA level was significantly decreased in the 
combined radiation and cisplatin treatment group, compared 
with those in the radiation or cisplatin treatment groups, and 
the BRCA1 mRNA levels in these three treatment groups 
were lower than that of the control group (P<0.05; Fig. 13A). 
BRCA1 mRNA level was significantly decreased in the radia-
tion treatment group in a dose‑dependent manner, compared 
with the control group (P<0.05; Fig. 14A). BRCA1 mRNA 
level was significantly decreased in the cisplatin treatment 
group in a dose‑dependent manner compared with the control 
group (P<0.05; Fig. 15A). Similar results were obtained for 
the p53 mRNA level (Figs. 13B, 14B and 15B). Furthermore, 
BRCA1 protein expression was significantly decreased in the 
combined radiation and cisplatin treatment group, compared 
with the radiation and cisplatin treatment groups and the 
control group (P<0.05; Fig.  13C and  D). BRCA1 protein 
expression was significantly decreased in the radiation treat-
ment group (Fig. 14C and D) and the cisplatin treatment group 
(Fig. 15C and D) in a dose‑dependent manner, compared with 
the control group (P<0.05). In addition, p53 protein expres-
sion was significantly decreased in the combined radiation 
and cisplatin treatment group, the radiation group and the 
cisplatin group compared with the control group (P<0.05; 
Fig. 13C and E). The p53 protein expression was decreased 
in the radiation treatment group (Fig. 14C and E) and the 
cisplatin treatment group (Fig. 15C and E), compared with 
the control group (P<0.05). These results revealed that the 
combined treatment with radiation and cisplatin induced 
a decrease in the mRNA and protein expression levels of 
BRCA1 and p53 in MG‑63 cells. The combination of radiation 
and cisplatin exhibited a more potent inhibitory effect on p53 
protein expression compared with BRCA1 protein expression 
in MG‑63 cells.

Effects of radiation and cisplatin on Bax and Bcl‑2 levels 
in MG‑63 cells. MG‑63 cells were treated with radiation 
and/or cisplatin and the Bax and Bcl‑2 protein levels were 
determined by western blotting. The results demonstrated 
that Bax expression was significantly decreased in the radia-
tion, cisplatin and combined radiation and cisplatin treatment 
groups, compared with the control group (P<0.001), and that 
Bax expression was lower in the combined radiation and 
cisplatin treatment group than in the radiation or cisplatin 

Figure 3. Effects of cisplatin on MG‑63 cell proliferation. MG‑63 cells 
were seeded and cultured overnight and treated with cisplatin. After 12 h, 
cell proliferation was determined using the Cell Counting Kit‑8 assay. 
OD, optical density.

Figure 2. Effects of radiation on MG‑63 cell proliferation. MG‑63 cells 
were seeded and cultured overnight and treated with radiation. After 12 h, 
cell proliferation was determined using the Cell Counting Kit‑8 assay. 
OD, optical density.

Figure 1. Effects of radiation and cisplatin treatment on MG‑63 cell prolif-
eration. MG‑63 cells were seeded and cultured overnight and treated with 
radiation and/or cisplatin. After 12 h, cell proliferation was determined using 
the Cell Counting Kit‑8 assay. OD, optical density.
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only treatment groups (P<0.001; Fig. 13C and F). Bax protein 
expression was significantly decreased in the radiation treat-
ment group (Fig. 14C and F) and the cisplatin treatment group 
(Fig. 15C and F) in a dose‑dependent manner compared with 
the control group (P<0.05). Furthermore, Bcl‑2 protein expres-
sion was significantly increased in the radiation, cisplatin and 
combined radiation and cisplatin treatment groups, compared 

with the control group (P<0.001). In addition, Bcl‑2 expres-
sion was significantly higher in the combined radiation and 
cisplatin treatment group, compared with those of the radiation 
and cisplatin treatment groups (P<0.05; Fig. 13C and G). Bcl‑2 
protein expression was significantly increased in the radiation 
treatment group (Fig. 14C and G) and the cisplatin treatment 
group (Fig. 15C and G) in a dose‑dependent manner compared 

Figure 4. Effects of radiation and cisplatin on MG‑63 cell apoptosis. MG‑63 cells were seeded and cultured overnight and treated with radiation and/or 
cisplatin. After 12 h, cell apoptosis was determined by flow cytometry following Annexin V and PI double staining. (A) Representative results obtained using 
flow cytometry. (B) Analysis of the results obtained using flow cytometry. PI, propidium iodide. 

Figure 5. Effects of radiation on MG‑63 cell apoptosis. MG‑63 cells were seeded and cultured overnight and treated with radiation. After 12 h, cell apoptosis 
was determined by flow cytometry following Annexin V and PI double staining. (A) Representative results obtained using flow cytometry. (B) Analysis of the 
results obtained using flow cytometry. PI, propidium iodide. 
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with the control group (P<0.05). These results indicated that 
the combined treatment with radiation and cisplatin exhibited 
a more potent inhibitory effect on Bax protein expression and 
an inductive effect on Bcl‑2 protein expression, compared with 
radiation and cisplatin treatments alone in MG‑63 cells.

Discussion

The present study demonstrated that the combined treatment 
of radiation and cisplatin significantly inhibited MG‑63 cell 
proliferation in a more potent way compared with radiation 

or cisplatin treatments alone. Furthermore, the three treat-
ments increased the apoptosis rates of MG‑63 cells, induced 
MG‑63 cell arrest in the G2 phase and significantly decreased 
the migratory capacity of MG‑63 cells. In addition, the apop-
tosis rate in the combined radiation and cisplatin treatment 
group was higher than that in the cisplatin group, but lower 
than that in the radiation group. Furthermore, the combined 
treatment of radiation and cisplatin resulted in MG‑63 cell 
arrest in the S phase and in a lower number of migratory cells 
compared with radiation of cisplatin treatment alone. These 
results suggested that combining radiation and cisplatin 

Figure 6. Effects of cisplatin on MG‑63 cell apoptosis. MG‑63 cells were seeded and cultured overnight and treated with cisplatin. After 12 h, cell apoptosis 
was determined by flow cytometry following Annexin V and PI double staining. (A) Representative results obtained using flow cytometry. (B) Analysis of the 
results obtained using flow cytometry. PI, propidium iodide.

Figure 7. Effects of radiation and cisplatin on MG‑63 cell cycle. MG‑63 cells were seeded and cultured overnight and treated with radiation and/or cisplatin. 
(A) After 12 h, cell cycle was determined by flow cytometry. Quantification of the effects of radiation and cisplatin on (B) G1 phase, (C) G2 phase and 
(D) S phase of MG‑63 cell cycle.
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treatment may have a more potent therapeutic effect on 
MG‑63 osteosarcoma compared with radiation or cisplatin 
treatments alone.

Radiation exerts detrimental effects on tumor cells through 
direct breaking of DNA strands, lipids and proteins and indi-
rect bystander effects, resulting in DNA damage, chromosomal 
instability, gene mutation and apoptosis  (31,32). Cisplatin 
induces the formation of platinum‑DNA adducts, which results 
in the breakage and damage of single‑ and double‑stranded 
DNA and the inhibition of tumor cell division, leading to 
tumor cell death (33,34). Therefore, combined treatment of 
radiation and cisplatin may cause inhibition of proliferation 
and division of tumor cells through several molecular and 
cellular antitumor mechanisms, including enhanced apoptosis 
and cell cycle arrest, as previously demonstrated for the treat-
ment of head and neck cancer and cervical cancer (35‑37). 
Similarly, the results from the present study demonstrated that 

the combined treatment of radiation and cisplatin exhibited 
superior therapeutic effects on osteosarcoma MG‑63 cells 
compared with radiation or cisplatin treatments alone. These 
findings may be due to mutually enhanced effects of radiation 
and cisplatin resulting from various molecular and cellular 
antitumor mechanisms.

The present study demonstrated that combining radia-
tion and cisplatin was more potent in inhibiting MG‑63 
cell proliferation and migration compared with radiation or 
cisplatin treatments alone. The dose used in the present study 
is 2.0 Gy radiation + 5 g/ml cisplatin. However, the effect of 
combined radiation and cisplatin treatment on cell cycle G2 
arrest and apoptosis is less than those of radiation treatment 
and greater than those of cisplatin treatment. These results 
suggested that the regulation of MG‑63 cell apoptosis and cell 
cycle by the combined treatment of radiation and cisplatin may 
be due to a different mechanism compared with radiation or 

Figure 8. Effects of radiation on MG‑63 cell cycle. MG‑63 cells were seeded and cultured overnight and treated with radiation. (A) After 12 h, cell cycle was 
determined by flow cytometry. Quantification of the effects of radiation on (B) G1 phase, (C) G2 phase and (D) S phase of MG‑63 cell cycle.

Figure 9. Effects of cisplatin on MG‑63 cell cycle. MG‑63 cells were seeded and cultured overnight and treated with cisplatin. (A) After 12 h, cell cycle was 
determined by flow cytometry. Quantification of the effects of cisplatin on (B) G1 phase, (C) G2 phase and (D) S phase of MG‑63 cell cycle.
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cisplatin treatments alone, and may therefore require further 
investigation.

The results of the present study revealed that combined 
treatment with radiation and cisplatin resulted in decreased 
mRNA and protein expression levels of BRCA1 and p53. 
Furthermore, the combined treatment of radiation and cisplatin 
exhibited a more potent inhibitory effect on p53 expression in 
MG‑63 cells compared with BRCA1 expression. In addition, 
the combined treatment of radiation and cisplatin was more 
potent in decreasing Bax protein expression and increasing 
Bcl‑2 protein expression compared with radiation and cisplatin 
treatments alone in MG‑63 cells. These findings suggested that 
the BRCA1‑p53 signaling pathway may mediate the effects 
of combined treatment of radiation and cisplatin on MG‑63 
cells. BRCA1 is a tumor suppressor gene involved in multiple 
cell signaling pathways, including the damaged DNA repair 
pathway and cell cycle regulation (38). The low expression 
levels and high rates of mutation of BRCA1 can decrease DNA 

repair capacity in cancer cells, including ovarian cancer and 
breast cancer cells, resulting in cell insensitivity to platinum 
and other platinum drugs (39‑43). In addition, DNA is the 
main target of radiation, and BRCA1 mutation is associated 
with radiation sensitivity (44‑46). Therefore, BRCA1 expres-
sion may be negatively associated with the effects of platinum 
drugs and radiation on tumor cells, which was demonstrated 
in the present study. Therefore, determining how low BRCA1 
expression may be associated with the effect of radiation 
and cisplatin treatment on osteosarcoma requires further 
investigation.

Bax is a pro‑apoptotic protein and Bcl‑2 is an anti‑apop-
totic protein. They mediate the intrinsic apoptosis pathway by 
controlling mitochondrial outer membrane integrity (47,48). 
The results of the present study demonstrated that combining 
radiation and cisplatin had a more potent effect in decreasing 
Bax protein expression and increasing Bcl‑2 protein expres-
sion compared with radiation or cisplatin treatments alone 

Figure 11. Effects of radiation on MG‑63 cell migration. MG‑63 cells were seeded and cultured overnight and treated with radiation. After 12 h, MG‑63 cell 
migration was determined by Transwell assay. (A) Representative results obtained from Transwell assay. Scale bar, 50 µm. (B) Analysis of the results obtained 
from Transwell assay.

Figure 10. Effects of radiation and cisplatin on MG‑63 cell migration. MG‑63 cells were seeded and cultured overnight and treated with radiation and/or 
cisplatin. After 12 h, MG‑63 cell migration was determined by Transwell assay. (A) Representative results obtained from Transwell assay. Scale bar, 50 µm. 
(B) Analysis of the results obtained from Transwell assay.
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in MG‑63 cells. Previous studies reported inconsistent find-
ings on a rat tumor model of human small cell lung cancer 
where Bcl‑2 expression was increased in cisplatin‑resistant 
subline (GLC4‑CDDP) following combined treatment (49), 

in esophageal squamous cell carcinoma where neither Bcl‑2 
nor Bax expression were associated with the efficacy of 
therapy (50), and in non‑small cell lung cancer where high 
expression of Bcl‑2 in tumors was significantly associated 

Figure 13. Effects of radiation and cisplatin on the expression levels of BRCA1, p53, Bax and Bcl‑2 in MG‑63 cells. MG‑63 cells were seeded and cultured 
overnight and treated with radiation and/or cisplatin. After 12 h, cells were collected for further analysis. (A) BRCA1 and (B) p53 mRNA expression levels 
were determined by reverse transcription‑quantitative PCR. (C) Protein expression levels of (D) BRCA1, (E) p53, (F) Bax and (G) Bcl‑2 were determined by 
western blotting and semi‑quantified using Quantity One software. BRCA1, breast cancer 1.

Figure 12. Effects of cisplatin on MG‑63 cell migration. MG‑63 cells were seeded and cultured overnight and treated with cisplatin. After 12 h, MG‑63 cell 
migration was determined by Transwell assay. (A) Representative results obtained from Transwell assay. Scale bar, 50 µm. (B) Analysis of the results obtained 
from Transwell assay.
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Figure 15. Effects of cisplatin on the expression levels of BRCA1, p53, Bax and Bcl‑2 in MG‑63 cells. MG‑63 cells were seeded and cultured overnight and 
treated with cisplatin. After 12 h, cells were collected for further analysis. (A) BRCA1 and (B) p53 mRNA expression levels were determined by reverse 
transcription‑quantitative PCR. (C) Protein levels of (D) BRCA1, (E) p53, (F) Bax and (G) Bcl‑2 were determined by western blotting and semi‑quantified 
using Quantity One software. BRCA1, breast cancer 1.

Figure 14. Effects of radiation on the expression of BRCA1, p53, Bax and Bcl‑2 in MG‑63 cells. MG‑63 cells were seeded and cultured overnight and treated 
with radiation. After 12 h, cells were collected for further analysis. (A) BRCA1 and (B) p53 mRNA expression levels were determined by reverse transcrip-
tion‑quantitative PCR. (C) Protein expression levels of (D) BRCA1, (E) p53, (F) Bax and (G) Bcl‑2 were determined by western blotting and semi‑quantified 
using Quantity One software. BRCA1, breast cancer 1.
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with longer survival duration (51). The heterogeneous nature 
of the tumor and the numerous apoptotic pathways involved in 
cancer may account for these differences (52‑54).

The current study presented some limitations. Firstly, 
the present study only examined the effect of single doses 
of cisplatin and radiation and of combined treatment in only 
one cell line and at only one time point. Additional cell lines, 
multiple doses of treatment and more combinations will be 
examined in future studies. Secondly, this study only measured 
cell proliferation using a CCK‑8 assay to determine treat-
ment efficacy. The assessment of colony formation to detect 
cell viability following therapy will be conducted in future 
studies. Thirdly, increased levels of the tumor suppressor 
p53 are usually induced by radiation through DNA damage; 
however, the present study revealed that the p53 level was 
decreased following treatment with radiation and cisplatin. 
The underlying mechanism require further investigation.

In conclusion, treatment with radiation and cisplatin, alone 
or in combination, inhibited cell proliferation and migration, 
induced cell cycle arrest in G2 phase, stimulated cell apoptosis, 
decreased the expression levels of BRCA1 and p53, decreased 
Bax protein expression and increased Bcl‑2 protein expression 
in MG‑63 cells, suggesting that the BRCA1‑p53 signaling 
pathway may serve a crucial role. Furthermore, combined treat-
ment with radiation and cisplatin exhibited more potent effects 
in inducing these phenomena compared with radiation or cispl-
atin treatments alone. These findings suggested that combining 
radiation and cisplatin may be considered a good approach for 
the treatment of osteosarcoma and that the BRCA1 level may 
be used to evaluate treatment efficacy in MG‑63 cells.
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