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Abstract. – OBJECTIVE: Osteosarcoma can 
form tumor osteoid tissue and bone tissue di-
rectly or indirectly through cartilage stage. It 
mainly occurs in children and adolescents with 
high mortality. MicroRNA (miRNA) possesses 
tissue sensitivity as tumor biomarker and plays 
a promoting or inhibitory role in tumor patho-
genesis as oncogene or tumor suppressor 
gene. It was found that miR-155 was abnormal-
ly expressed in tumor and could be treated as 
a biomarker for cancer progression. However, 
miR-155 expression in osteosarcoma and relat-
ed mechanism still remains unclear. This study 
aimed to explore the role of miR-155 in osteosar-
coma occurrence and development.

MATERIALS AND METHODS: Osteosarcoma 
cell line MG-63 was cultured in vitro and trans-
fected by miR-155 mimics or inhibitor. MiR-155 
expression was examined by Real-time PCR (RT-
PCR). Cell proliferation was evaluated by MTT 
assay. Caspase 3 activity was determined by 
caspase 3 activity detection kit. Cell invasion was 
measured by transwell assay. B-cell lymphoma-2 
(Bcl-2) and nuclear factor κB (NF-κB) protein ex-
pressions were assessed by Western blot.

RESULTS: MiR-155 mimics significantly 
up-regulated miR-155 expression, promoted 
MG-63 cell proliferation and invasion, inhibit-
ed caspase 3 activity, and up-regulated expres-
sions of NF-κB and Bcl-2 compared with control 
group (p < 0.05). However, miR-155 inhibitor sig-
nificantly inhibited MG-63 cell proliferation and 
invasion, enhanced caspase 3 activity, and re-
duced expressions of NF-κB and Bcl-2 com-
pared with control group (p < 0.05).

CONCLUSIONS: MiR-155 affected osteosarco-
ma cell proliferation and apoptosis through reg-
ulating NF-κB signaling pathway, indicating it 
might be a new biomarker for osteosarcoma di-
agnosis and treatment.
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Introduction

Osteosarcoma is the most common type of bone 
malignant tumor with high malignant degree1. Os-
teosarcoma is derived from mesenchymal tissue 
in distal femur or proximal humeral bone and can 
form tumor osteoid tissue and bone tissue directly 
or indirectly through cartilage stage2,3. Osteosarco-
ma frequently occurs in children and adolescents, 
accounting for more than 30% of primary bone tu-
mor4. Rapid tumor cell proliferation and early stage 
hematogenous metastasis of osteosarcoma are the 
causes for high mortality rate5,6. At present, the 
amputation combined with adjuvant chemothera-
py, radiotherapy, and bone reconstruction are the 
main treatment methods for osteosarcoma7. How-
ever, fast growth, high malignancy, easy to inva-
sion, metastasis, and recurrence lead to poor prog-
nosis, bring huge mental and economic burdens to 
the patients and their families8,9. The pathogenesis 
of osteosarcoma is complicated and has not been 
fully elucidated. Therefore, identification of the 
effective molecular targets for the pathogenesis of 
osteosarcoma is helpful to improve the treatment 
effects10. MicroRNA (MiRNA) is a type of small 
non-coding RNA that can inhibit downstream tar-
get protein translation or degrade mRNA through 
negative complementary binding11,12. MiRNA ac-
counts for about 1-5% of all predicted genes, while 
each miRNA can regulate more than 200 target 
genes, suggesting that about 1/3 coding genes were 
regulated by miRNA13,14. As a tumor biomarker, 
miRNA possesses the tissue sensitivity and regu-
lates malignant tumor growth as oncogene or tu-
mor suppressor gene15. It was showed that miR-155 
was abnormally expressed in tumor, suggesting it 
might be a tumor biomarker16. MiR-155 was found 
up-regulated in multiple cancers, such as lung can-
cer and breast cancer17,18. However, miR-155 ex-
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pression and related mechanism in osteosarcoma 
have not been fully clarified. This study aimed to 
explore the role of miR-155 in the occurrence and 
development of osteosarcoma.

Materials and Methods

Main Reagents and Instruments
Osteosarcoma cell line MG-63 (ATCC® CRL-

1427™) was provided by American Type Culture 
Collection Cell Bank (ATCC, Manassas, VA, USA). 
Dulbecco’s Modified Eagle Medium (DMEM) me-
dium, fetal bovine serum (FBS), ethylene diamine 
tetraacetic acid (EDTA), and penicillin-strepto-
mycin were purchased from HyClone (South Lo-
gan, UT, USA). Dimethylsulfoxide (DMSO) and 
3-(4,5)- dimethylthiazol-(-z-y1)-3,5-di-phenytetra-
zoliumromide (MTT) were obtained from Gibco 
(Grand Island, NY, USA). Trypsin-EDTA was got 
from Sigma-Aldrich (St. Louis, MO, USA). Poly-
vinylidene difluoride (PVDF) membrane was de-
rived from Pall Life Sciences (Covina, CA, USA). 
Western blot related reagents were provided by 
Beyotime Biotech. (Shanghai, China). Enhanced 
chemiluminescence (ECL) reagent was obtained 
from Amersham Biosciences (Piscataway, NJ, 
USA). Rabbit anti-human nuclear factor κB (NF-
κB) monoclonal antibody (1:3000), B-cell lympho-
ma-2 (Bcl-2) monoclonal antibody (1:3000), and 
mouse-anti rabbit horseradish peroxidase (HRP) 
labeled IgG secondary antibody were provided by 
Cell Signaling Technology (Danvers, MA, USA). 
Transwell chamber was obtained from Corning 
(Corning, NY, USA). RNA extraction kit, reverse 
transcription kit, and lipo2000 were purchased 
from Invitrogen/Life Technologies (Carlsbad, CA, 
USA). Taqman MiRNA reverse transcription kit 
was got from Pierce (Rockford, IL, USA). MiR-155 
mimics, miR-155 inhibitor, and negative control 
were synthesized by Genepharma (Shanghai, Chi-
na). Other reagents were purchased from Sangon 
Biotech. Co. Ltd. (Shanghai, China). Benchtop was 
purchased from Sutai High-tech Materials Co. Ltd. 
(Shanghai, China). Equipment Engineering Co. 
Ltd (Suzhou, Jiangsu, China). Thermo Scientific 
Forma incubator was provided by Pierce (Rock-
ford, IL, USA). ABI 7700 Fast PCR amplifier was 
derived from ABI (Foster City, CA, USA).

 
Methods
MG-63 Cell Culture and Grouping

MG-63 cells were unfrozen at 37°C and cen-
trifuged at 1000 r/min for 3 min. Then, the cells 

were re-suspended in 1 ml Dulbecco’s Modified 
Eagle Medium (DMEM) medium and cultured at 
37°C with 5% CO2 for 24-48 h. Next, the cells 
were seeded in dish at a density of 1×106/cm2 in 
high-glucose DMEM containing 10% fetal bovine 
serum (FBS), 100 U/ml penicillin, and 100 μg/ml 
streptomycin. The cells in logarithmic phase were 
used for the following experiments. MG-63 cells 
were randomly divided into four groups, miR-155 
mimics, mimics normal control (NC), inhibitor 
NC, and miR-155 inhibitor group. This study was 
approved by the Ethical Committee of College 
of Optoelectronic Engineering, Health Science 
center Shenzheng University (Shenzhen, Guang-
dong, China).

MiR-155 Mimics and Inhibitor 
Transfection

MiR-155 mimics and inhibitors were trans-
fected to MG-63 cells. miR-155 mimics, 
5’-GAUAGUUCGGUGUGCACA-3’. miR-155 
inhibitor, 5’-CGGAUAUGUGCAGUGCUA-3’. 
miR-155 mimicsNC, 5’-AUGGUCGUUAAG-
CCAGUG-3’. miR-155 inhibitor NC, 5’-AGG-
CAGUGUCGUCAAUUG-3’. MG-63 cells in 
logarithmic phase were seeded in 6-well plate. A 
total of 5 μl lipo2000, miR-155 mimics, or miR-
155 inhibitor were added to 200 μl serum-free 
medium at room temperature for 15 min, respec-
tively. Next, they were mixed and incubated at 
room temperature for 30 min. When the cell fu-
sion reached 70-80%, they were used to transfect 
cells at 37°C with 5% CO2 for 6 h. The medium 
was changed for further cultivation.

Real-Time PCR
Total RNA was extracted from hippocampus 

tissue using TRIzol reagent and reversely tran-
scribed to complementary DNA (cDNA). The 
primers were designed using PrimerPremier 6.0 
software and synthesized by Invitrogen/Life 
Technologies (Carlsbad, CA, USA). The primer 
sequences were listed in Table I. Real-time PCR 
was performed at 55°C for 1 min, followed by 35 
cycles of 92°C for 30 s, 58°C for 45 s, and 72°C 
for 35 s. GAPDH was selected as internal refer-
ence. The relative expression of mRNA was cal-
culated by 2-∆Ct method.

MTT assay
MG-63 cells in logarithmic phase were seeded in 

96-well plate at a density of 5×l03/well for 24 h. 20 μl 
MTT was then added into the plate for 4 h every 24 
h. After that, 150 μl dimethylsulfoxide (DMSO) was 
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added into the plate for 10 min followed by measur-
ing the OD value at a wavelength of 570 nm. Each 
experiment was repeated for at least three times.

Transwell Assay
The cells were further cultured for 24 h at 48 

h after transfection. 50 mg/l Matrigel was used to 
coat the bottom of transwell chamber at 1:5. Next, 
50 μl serum free medium containing 10 g/l BSA 
were added to the upper chamber at 37°C for 30 
min. The chamber was put into the 24-well plate. 
A total of 500 μl DMEM medium containing 10% 
FBS was added to the lower chamber, while 100 
μl tumor cell suspension were added to the upper 
chamber with serum free medium. After 48 h, the 
chamber was washed by phosphate-buffered sa-
line (PBS) and fixed by absolute alcohol. At last, 
the membrane was stained by crystal violet for 30 
min and observed under the microscope. Each ex-
periment was repeated for three times.

Western Blot
The MG-63 cells were added with RIPA and 

cracked on ice for 15-30 min. Next, the tissues 
were treated by ultrasound at 5 s for 4 times and 
centrifuged at 10000 × g for 15 min. The pro-
tein was transferred to new Eppendorf (EP) tube 
and stored at -20°C. The protein was separated 
by 10% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
to polyvinylidene difluoride (PVDF) membrane 
at 100 mA for 1.5 h. After blocked by 5% skim 

milk for 2 h, the membrane was incubated in Bcl-
2 monoclonal antibody (dilution at 1:1000) and 
NF-κB monoclonal antibody (1:200) at 4°C over-
night. Then the membrane was incubated in goat 
anti rabbit secondary antibody (1:2000) at room 
temperature for 30 min. Next, the membrane 
was treated by developer for 1 min and exposed 
to observe the result. The film was scanned by 
Quantity One software and analyzed by protein 
image processing system. Each experiment was 
repeated for four times.

Caspase 3 Activity Detection
Caspase 3 activity was tested according to the 

manual. The cells were digested by trypsin and 
centrifuged at 600×g and 4°C for 5 min. Next, the 
cells were added with 2 mM Ac-DEVD-pNA and 
detected at 405 nm to calculate caspase 3 activity.

Statistical Analysis
All data were presented as mean ± standard 

deviation (SD) and compared by Student’s t-test 
or one-way analysis of variance (ANOVA) with 
Newman-Keuls multiple comparison post-hoc 
analysis. All data analyses were performed on 
SPSS11.5 software (SPSS Inc., Chicago, IL, USA). 
p < 0.05 was depicted as statistical significance.

Results

Effects of miR-155 Transfection on miR-
155 Expression in Osteosarcoma Cells

Real-time PCR was applied to test miR-155 
expression in osteosarcoma cells transfected with 
miR-155 mimics and inhibitor. MiR-155 mimics 
transfection significantly upregulated miR-155 
expression in osteosarcoma cells compared with 
control (p < 0.05). Whereas, miR-155 inhibitor 
transfection effectively suppressed miR-155 level 
compared with control (p < 0.05, Figure 1).

Effects of miR-155 on Osteosarcoma Cell 
Proliferation 

MTT assay was adopted to test the impact 
of miR-155 on osteosarcoma cell proliferation. 
MiR-155 mimics transfection significantly pro-

Figure 1. The impact of miR-155 transfection on miR-155 
expression in osteosarcoma cells. *p < 0.05, compared with 
mimic NC; #p < 0.05, compared with inhibitor NC.

Table I. Primer sequences.

Gene	 Forward 5’-3’	 Reverse 5’-3’

GAPDH	 AGTACCAGTCTGTTGCTGG	 TAATAGACCCGGATGTCTGGT
mir-155	 CCCCACAGTCTACTGTAAG	 GCATTGCCGATGGTACTGATT
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moted osteosarcoma cell proliferation compa-
red with control (p < 0.05). MiR-155 inhibitor 
transfection significantly inhibited osteosarco-
ma cell proliferation compared with control (p 
< 0.05, Figure 2).

Effects of miR-155 on caspase 3 Activity 
in Osteosarcoma Cells

MiR-155 mimics transfection significantly de-
creased caspase 3 activity in osteosarcoma cells 
compared with control (p < 0.05). MiR-155 inhi-
bitor transfection significantly increased caspase 
3 activity in osteosarcoma cells compared with 
control (p < 0.05, Figure 3). 

Effects of miR-155 on Osteosarcoma 
Cell Invasion

Transwell assay was selected to analyze the 
effect of miR-155 on osteosarcoma cell invasion. 
MiR-155 mimics transfection significantly ac-
celerated osteosarcoma cell invasion compared 
with control (p < 0.05). MiR-155 inhibitor tran-
sfection attenuated osteosarcoma cell invasion 
compared with control (p < 0.05, Figure 4).

Effects of miR-155 on Bcl-2 Expression in 
Osteosarcoma Cells

Western blot was adopted to analyze the im-
pact of miR-155 on Bcl-2 protein expression in 

Figure 2. The impact of miR-155 on osteosarcoma cell pro-
liferation. *p < 0.05, compared with mimic NC; #p < 0.05, 
compared with inhibitor NC.

Figure 3. The influence of miR-155 on Caspase 3 activity 
in osteosarcoma cells. *p < 0.05, compared with mimic NC; 
#p < 0.05, compared with inhibitor NC.

Figure 4. The effect of miR-155 on osteosarcoma cell invasion. A, Transwell assay detection of cell invasion. B, Cell invasive 
ability analysis. *p < 0.05, compared with mimic NC; #p < 0.05, compared with inhibitor NC.
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osteosarcoma cells. MiR-155 mimics transfection 
significantly upregulated Bcl-2 protein expression 
in osteosarcoma cells compared with control (p < 
0.05). MiR-155 inhibitor transfection significantly 
inhibited Bcl-2 protein expression in osteosarcoma 
cells compared with control (p < 0.05, Figure 5).

Effects of miR-155 on NF-κB Expression 
in Osteosarcoma Cells

Western blot was used to analyze the impact 
of miR-155 on NF-κB protein expression in oste-
osarcoma cells. MiR-155 mimics transfection 
markedly promoted NF-κB protein expression in 
osteosarcoma cells compared with control (p < 
0.05). MiR-155 inhibitor transfection apparently 
suppressed NF-κB protein expression in osteo-
sarcoma cells compared with control (p < 0.05, 
Figure 6).

Discussion

Osteosarcoma is featured as high morbidi-
ty and poor prognosis in bone malignant tumor. 
The mortality of osteosarcoma attracts much at-
tention. In spite of improved treatment methods, 
the survival rate of osteosarcoma has not been 
substantially increased19,20. As small molecule 

nucleotides, miRNAs play important roles in cell 
proliferation, differentiation, apoptosis, immune 
response21,22. MiRNA expression is regulated by 
a variety of factors, including transcription level, 
pathological state, and environments. Therefore, 
miRNA expression and regulation are affected 
in different tissue cells even in the same tissue 
cells23. MiRNA is closely associated with disease 
type, thus can be treated as important targets for 
disease diagnosis and prognosis24. Our findings 
showed that miR-155 mimics transfection promo-

Figure 5. The impact of miR-155 on Bcl-2 protein expression in osteosarcoma cells. A, Western blot detection of Bcl-2 
protein expression. B, Bcl-2 expression analysis. *p < 0.05, compared with mimic NC; #p < 0.05, compared with inhibitor NC.

Figure 6. The influence of miR-155 on NF-κB expression 
in osteosarcoma cells. A, Western blot detection of NF-κB 
protein expression. B, NF-κB expression analysis. *p < 0.05, 
compared with mimic NC; #p < 0.05, compared with inhi-
bitor NC.
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ted osteosarcoma cell proliferation and invasion, 
while miR-155 inhibitor transfection suppressed 
cell proliferation and invasion, which was con-
sistent with previous studies on its role in breast 
cancer and lung cancer17,18, further supporting a 
promoting role of miR-155 in osteosarcoma. Fur-
ther mechanism analysis revealed that miR-155 
mimics transfection inhibited caspase 3 activi-
ty and facilitated NF-κB and Bcl-2 expressions, 
whereas miR-155 inhibitor transfection enhanced 
caspase 3 activity and inhibited NF-κB and Bcl-
2 expressions. As a nuclear transcriptional factor, 
NF-κB participates in multiple physiological pro-
cesses, such as inflammation and immune respon-
se. NF-κB signaling pathway plays a critical role 
in tumor occurrence and development25. MiR-155 
affects tumor cell apoptosis by regulating NF-κB. 
Bcl-2 is an anti-apoptotic protein that regulates 
caspase 3 activity. As a member of Caspase fa-
mily, caspase 3 is the executor of apoptosis that 
induces tumor cell apoptosis26,27. Thus, this study 
confirmed that down-regulation of miR-155 inhi-
bited osteosarcoma cell proliferation and induced 
cell apoptosis through NF-κB signaling pathway, 
leading to reduced Bcl-2 expression and decrea-
sed caspase 3 activity.

Conclusions

We showed that miR-155 affected osteosarco-
ma cell proliferation and apoptosis through re-
gulating NF-κB signaling pathway, indicating it 
might be a new biomarker for osteosarcoma dia-
gnosis and treatment.
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