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Abstract. – OBJECTIVE: Baculoviral inhibi-
tor of apoptosis repeat-containing 5 (BIRC5) is 
a member of apoptosis inhibition family which 
suppresses caspase activity. Osteosarcoma tis-
sues have significantly higher BIRC5 and lower 
microRNA-218 (miR-218) level than adjacent tis-
sues, indicating tumor suppressor role of miR-
218 in osteosarcoma. Bioinformatics analysis 
showed satisfactory targeting correlation be-
tween miR-218 and 3’-UTR of BIRC5 mRNA. This 
study, thus, investigated if dysregulation of miR-
218 and BIRC5 affected apoptosis of osteosar-
coma cells U2OS. 

PATIENTS AND METHODS: A total of 42 osteo-
sarcoma patients were collected for tumor and 
adjacent tissues to compare miR-218 and BIRC5 
expressions. Dual-luciferase reporter gene as-
say examined targeted regulation between miR-
218 and BIRC5. In vitro cultured U2OS cells were 
treated with miR-218 mimic and/or si-BIRC5. 
Caspase-3 activity was measured by spectrom-
etry while flow cytometry was used to test cell 
apoptosis, plus protein expression assay by 
Western blot assay. 

RESULTS: Compared to adjacent tissues, os-
teosarcoma tissues had significantly depressed 
miR-218 expression and elevated BIRC5 expres-
sion (p<0.05). miR-21 targeted 3’-UTR of BIRC5 
to suppress its expression. The elevation of 
miR-218 and/or silencing BIRC5 significantly de-
pressed BRIC5-induced inhibition on caspase-5, 
and facilitated U2OS cell apoptosis (p<0.05). 

CONCLUSIONS: We observed that miR-218 
was significantly down-regulated in osteosarco-
ma tissues, which had elevated BIRC5 expres-
sion. MiR-218 targeted and inhibited BIRC5 ex-
pression, weakened caspase-5 inhibition by 
BIRC5, and facilitated U2OS osteosarcoma cell 
apoptosis. 
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Introduction

Osteosarcoma is a malignant tumor in mesen-
chymal tissues in which tumor cells can direct-

ly transform into bone or bone-like tissues. It is 
featured as a spindle like tumor cells with bo-
ne-like or immature bone mesenchymal tissues1. 
Osteosarcoma frequently occurs in children and 
teenagers, with high malignancy, lower sensi-
tivity to chemo therapy and radiotherapy, unfa-
vorable prognosis, rapid progression and distal 
metastasis mainly in pulmonary tissues, which 
is one important factor causing recurrence and 
impeding clinical treatment efficacy2. Therefore, 
the research of osteosarcoma pathogenesis and 
screening of sensitive and specific index during 
pathogenesis are of critical importance for early 
diagnosis, improving treatment efficacy and im-
proving prognosis. Inhibitor of apoptosis protein 
(IAPs) is one family of proteins with structural 
homologous and inhibition on cell apoptosis. Ba-
culoviral inhibitor of apoptosis repeat-containing 
5 (BIRC5), also named as surviving is one novel 
member of IAPs family, and is the most potent 
apoptosis inhibitor currently discovered. BIRC5 
has dual functions of regulating cell apoptosis 
and proliferation, and can impede cell apoptosis 
via inhibiting apoptotic proteins caspase-3 and 
caspase-73. BIRC5 is also specifically expressed 
during G2/M phase at the high expression level, 
and facilitates cell mitosis and proliferation4. Pre-
vious studies showed the correlation between ele-
vated BIRC5 expression and various tumors in-
cluding liver cancer5, colorectal carcinoma6 and 
non-small cell lung cancer7. The BIRC5 expres-
sion is also potentiated in osteosarcoma tissues8, 
and is closely correlated with patient survival and 
prognosis9, indicating tumor facilitating the role 
of BIRC5 in osteosarcoma. MicroRNA (miR) is 
one non-coding small single-stranded RNA with 
18-22 nucleotide length, and can facilitate target 
gene mRNA degradation or inhibit translation 
via complete or incomplete complementary bin-
ding with target gene mRNA, thus participating 
in the modulation of various biological processes 
including cell proliferation, cycle, differentiation 
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and apoptosis. Abnormal expression or function 
of miR is closely correlated with tumor pathoge-
nesis10. A previous research11 found significantly 
lowered miR-218 expression in osteosarcoma tis-
sues compared to adjacent tissues, indicating its 
role as tumor suppressor role in osteosarcoma. 
Bioinformatics analysis revealed the satisfactory 
complementary relationship between miR-218 
and 3’-UTR of BIRC5. This study thus investiga-
ted the role of miR-218 and BIRC5 dysregulation 
in affecting apoptosis of osteosarcoma cells and 
pathogenesis.

Patients and Methods

Major Reagents and Materials
Human osteosarcoma cell line U2OS were 

purchased from ATCC (American Type Cultu-
re Collection) Cell Bank (Manassas, VA, USA). 
Dulbecco’s Modified Eagle Medium (DMEM) 
culture medium, fetal bovine serum (FBS) and 
penicillin-streptomycin were purchased from Gi-
bco BRL. Co. Ltd. (Grand Island, NJ, USA). Lipo-
fectamine 2000 was purchased from Invitrogen/
Life Technologies (Carlsbad, CA, USA). ReverTra 
Ace aPCR Kit and SYBR Green dye were purcha-
sed from Toyobo Co. Ltd. (Osaka, Japan). Mouse 
anti-BIRC5 was purchased from Abcam Biotech-
nology (Cambridge, MA, USA). Rabbit anti-Cle-
aved Caspase-3 antibody was purchased from 
Cell Signaling Technology Inc. (Danvers, MA, 
USA). Horseradish peroxidase (HRP)-conjuga-
ted anti-mouse or rabbit secondary antibody was 
purchased from Jackson ImmunoResearch (West 
Grove, PA, USA). Annexin V/propidium iodide 
(PI) apoptotic kit was purchased from Yusheng 
BioTech. (Shanghai, China). Caspase-3 activity 
kit was purchased from Beyotime Biotechnology 
(Shanghai, China). Dual-Luciferase Reporter as-
say system and pGL3-promoter were purchased 
from Promega (Madison, WI, USA).

Clinical Information
A total of 42 osteosarcoma patients who were 

diagnosed and treated in Zhang Qiu People’s 
Hospital from August 2015 to March 2016 were 
recruited to collect tumor tissue and adjacent 
tissue (at least 3 cm from tumor edge) samples. 
All tissues were confirmed by pathology exa-
mination, showing 19 cases of osteoblast type, 
11 cases of fibroblast type, 7 cases of chondro-
blast, and 5 cases of other types. There were 29 
males and 13 females, aging between 11 and 22 

years old (average age = 15.6 years). All patien-
ts had not received chemotherapy, radiotherapy 
or other special treatment. Fresh tissue samples 
were kept in liquid nitrogen within 10 min, and 
were stored at -80°C. This study was approved 
by the Ethics Committee of Zhang Qiu People’s 
Hospital, Zhangqiu, China. All of the patients 
have written the conformed consents and ap-
proved this study.

Cell Culture
Human osteosarcoma cell line U2OS was kept 

in DMEM medium containing 10% FBS and 1% 
penicillin-streptomycin, and were kept in a cham-
ber with 5% CO2 under 37°C. The medium was 
changed every other day. Cells at log-growth pha-
se were used for further experiments.

Construction of Luciferase Reporter Gene 
Vector

Using HEK293 genome as the template, 
full-length fragment of 3’-UTR of BIRC5 gene 
was amplified. PCR products were purified from 
agarose gel, and were ligated into pGL-3M lucife-
rase reporter plasmid after XbaI/NotI dual dige-
stion. The recombinant plasmid was then used to 
transform DH5α competent cells. Positive clones 
with primary screening were selected for sequen-
cing. Those plasmids with correct sequence were 
used for further cell transfection and following 
experiments.

Luciferase Reporter Assay
Lipofectamine 2000 was used to transfect 

HEK293 cells with 500 ng pGL3-BIRC5-3’UTR 
plasmid, 30 nmol miR-218 mimic (or negative 
control), and 30 ng controlled plasmid pRL-TK. 
After 6 h transfection, the medium was changed 
to normal DMEM medium containing 10% FBS 
and 1% streptomycin-penicillin. After 48 h con-
tinuous incubation, the dual-luciferase assay was 
performed. In brief, cells were washed twice in 
phosphate-buffered saline (PBS), with the ad-
dition of 100 μl passive lysis buffer (PLB) lysis 
buffer. With vortex at room temperature for 30 
min, the mixture was centrifuged at 1000 r/min 
for 10 min. 20 μl cell lysate was mixed with 100 
μl LAR II. The fluorescent value I was measured 
in a microplate reader. The enzymatic reaction 
was stopped in 100 μl Stop & Glo, followed by 
quantification of fluorescent value II. The relative 
expression level of the reporter gene was calcula-
ted as the ratio of fluorescent value I/ fluorescent 
value II. 
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Cell Grouping and Transfection
Cultured U2OS cells t were divided into 5 

groups, including mimic normal control (NC) 
control, miR-218 mimic group, small interfere 
NC (si-NC) group, si-BIRC5 group, and miR-
218+si-BIRC5 group. Oligonucleotide fragmen-
ts and Lipofectamine 2000 were diluted in Op-
ti-MEM medium for 5 min room temperature 
incubation. After 30 min, two dilutions were 
mixed, incubated at room temperature for 30 
min, and were added into serum-free medium. 
After 6 h, DMEM medium containing 10% FBS 
and 1% streptomycin-penicillin was added for 
48 h continuous culture in further experimen-
ts. Oligonucleotide sequences were: mimic NC, 
5’-UUCUC CGAAC GUGUC ACGUU U-3’; 
miR-218 mimic, 5’-UUGUG CUUGA UCUAA 
CCAUG UAUGG UUAGA UCAAG CACAA 
UU-3’; si-BIRC51 sense, 5’-GCAUC UCUAC 
AUUCA AGAAdT dT-3’; si-BIRC5 anti-sense, 
5’-UUCUU GAAUG UAGAG AUGCdT dT-
3; si-NC sense, 5’-UUCUC CGAAC GUGUC 
ACGUdT dT-3’; si-NC anti-sense, 5’-ACGUG 
ACACG UUCGG AGAAdT dT-3’.

Quantitative Real Time-PCR (qRT-PCR) for 
Gene Expression

The RNA extraction (Omega Bio-Tek Inc., 
Winooski, VT, USA) kit was used to extract 
total RNA. In brief, cells were lysed in 350 μl 
tyrosine kinase (TRK) buffer, with addition of 
equal volume ethanol (70%). The mixture was 
transferred and loaded onto filtration column, 
which was centrifuged at 12000 ×g for 1 min. 
The column was washed using Wash Buffer I 
and Wash Buffer II (2 times, 500 μl each). RNA 
was solved in diethyl pyrocarbonate (DEPC) 
treated water. Complementary DNA (cDNA) 
was synthesized in a 10 μl system including 1 
μg total RNA, 2 μl reverse transcription (RT) 
buffer (5 ×), 0.5 μl oligo dT + random primer 
mix, 0.5 μl RT enzyme mix, 0.5 μl RNase 
inhibitor, and ddH2O. The reaction conditions 
were: 37°C for 15 min, followed by 98°C 5 
min. cDNA products were kept at -20°C fridge. 
Using cDNA as the template, PCR amplification 
was performed under the direction of Taq DNA 
polymerase using primers (miR-218PF: 5’-AA-
GAC ACCCT GGACG AAGCC-3’; miR-218PR: 
5’-ACAAC CAGAG TCCAC CGGCG-3’; U6PF: 
5’-ATTGG AACGA TACAG AGAAG ATT-3’; 
U6PR: 5’-GGAAC GCTTC ACGAA TTTG-3’; 
BIRC5PF: 5’-AGGAC CACCG CATCT CTA-
CAT-3’; BIRC5PR: 5’-AAGTC TGGCT CGTTC 

TCAGT G-3’; β-actinPF: 5’-GAACC CTAAG 
GCCAA C-3’; β-actinPR: 5’-TGTCA CGCAC 
GATTT CC-3’. In a PCR system with 10 μl total 
volume, we added 4.5 μl 2× SYBR Green Mix-
ture, 1.0 μl of forward/reverse primer (at 2.5 
μm/l), 1 μl cDNA, and 3.0 μl ddH2O. PCR con-
ditions were: 95°C for 15 s, 60°C for 30 s and 
74°C for 30 s. The reaction was performed on 
Bio-Rad CFX96 fluorescent quantitative PCR 
cycler (Bio-Rad Laboratories, Hercules, CA, 
USA) for 40 cycles to collect fluorescent data.

Western Blot

Caspase-3 Activity Assay by Spectrometry
Standard dilutions of 0, 10, 20, 50, 100 and 

200 μM pNA were prepared from 10 mM 
stock. Absorbance values at 405 nm wavelen-
gth were measured by a microplate reader to 
plot a standard curve with pNA concentration 
against A405 value. Attached cells were dige-
sted in trypsin, and were collected into culture 
medium for 4°C centrifugation for 5 min at 600 
×g. Supernatant was carefully removed and wa-
shed out by PBS. 100 μl lysis buffer were added 
for every 2 × 106 cells. Cells were lysed at 4°C 
for 15 min, and were centrifuged at 18000 ×g 
with 4°C for 10 min. Supernatants were saved 
for further use. Ac-DEVD-pNA was placed on 
ice, mixed with buffer and test samples, with 10 
μl Ac-DEVD-pNA. The mixture was incubated 
at 37°C for 2 h. A405 value was measured when 
color changed significantly.

Flow Cytometry for Cell Apoptosis
Cells were digested by trypsin and washed twi-

ce in PBS, with the addition of 100 μl Binding 
Buffer. The mixture was added with 5 μl Annexin 
V-FITC and 5 μl PI staining solution. After dark 
incubation for 10 min, 400 μl biniding buffer 
were added to re-suspend cells, which were loa-
ded onto Beckman FC 500MCL flow cytometry 
for testing.

Statistical Analysis
SPSS 18.0 software was used for data analy-

sis (SPSS, Inc., Chicago, IL, USA). Measure-
ment data were presented as mean ± standard 
deviation (SD). The Student’s t-test was used to 
compare the differences between two groups. 
The Tukey’s post-hoc test was used to validate 
the ANOVA for comparing measurement data 
among groups. A statistical significance was 
defined when p<0.05.
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Results

Lowered MiR-218 Expression 
in Osteosarcoma Tissues

qRT-PCR results showed significantly elevated 
BIRC5 mRNA expression level in osteosarcoma 
tissues compared to adjacent tissues (Figure 1A), 
whilst miR-218 expression was lower (Figure 1B). 
Western blotting results showed higher BIRC5 
protein level in osteosarcoma tissues (Figure 1C). 
These results showed that miR-218 probably tar-
geted and regulated BIRC5 expression.

MiR-218 Inhibited BIRC5 
in Osteosarcoma Cell Line U2OS

The online prediction of target gene by mi-
croRNA.org showed complementary binding sites 
between miR-218 and 3’-UTR of BIRC5 mRNA 
(Figure 2A). Dual luciferase reporter gene assay 
demonstrated that miR-218 mimic transfection si-
gnificantly depressed relative luciferase activity 
in HEK293 cells, proving the targeted regulation 
of BIRC5 expression by miR-218, indicating that 
BIRC5 was the target gene of miR-218 (Figure 
2B). Transfection of miR-218 mimic significant-
ly inhibited mRNA and protein expression of 
BIRC5 in U2OS cells, further showing the targe-

ted regulation of BIRC5 expression by miR-218 
(Figure 2C, D).

MiR-218 Inhibited BIRC5 Expression and 
Facilitated U2OS Cell Apoptosis

Transfection of miR-218 mimic and/or si-
BIRC5 significantly suppressed BIRC5 mRNA 
and protein expression in U2OS cells (Figure 3A, 
B), potentiated caspase-3 activity (Figure 3B, C), 
and enhanced cell apoptosis (Figure 3D).

Discussion

Osteosarcoma is one common primary mali-
gnant bone tissues in children and adolescents. 
It occupies about 20% cases of total bone tu-
mors, and 76% of malignant bone tumors. It is 
frequently occurred in population at 10-20 years 
old, more in males than females subjects12. It is 
surveyed that the incidence of osteosarcoma is 
only 5.0 per million in people younger than 20 
years old, but it is the eighth popular malignant 
tumor in children and adolescents, occupying 
about 60% death of all malignant tumors in the-
se people13. Osteosarcoma has high malignancy, 
rapid progression and early occurrence of meta-

Figure 1. MiR-218 and BIRC5 expression in osteosarcoma tissues. A, qRT-PCR for BIRC5 mRNA expression. B, qRT-PCR 
for miR-218 expression. C, BIRC5 protein expression by Western blot.
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stasis. More than 20% of osteosarcoma patients 
had distal metastasis during primary diagnosis, 
with lung as the major site for metastasis. Even-
tually about 80% of all osteosarcoma patients 
developed pulmonary metastasis, thus making 
recurrence and distal metastasis as major factors 
affecting treatment efficacy of treatment14. With 
the development of medical technology, occur-
rence of assisted chemo-therapy, and surgery 
with limb retention, clinical treatment efficacy 
has gained great progression, but still lacked 
satisfactory levels. With unfavorable prognosis, 
5-year overall survival rate of osteosarcoma is 
only 60%1,15, with about 80% survived cases wi-
thout distal metastasis within 5 years16. For tho-
se having distal metastasis, the 5-year survival 
rate is only lower than 30%15. Therefore, further 
study of molecules with abnormal expression 
and function in osteosarcoma pathogenesis, and 
exploration of sensitive and specific indexes, are 
of critical importance assisting early diagnosis, 
screening targeted drugs and improving pro-
gnosis. Cell proliferation and apoptosis are two 
aspects for cell fate determination, an imbalance 
between these two factors affects tumor occur-
rence and progression. Apoptosis is on program-
med cell death route. Barrier of apoptotic regu-

lation is one important reason for dys-regulated 
growth of tumor cells, and plays important roles 
in inducing tumor pathogenesis17. Over-expres-
sion of oncogene and lower expression of tumor 
suppressor gene play important roles in inducing 
blockade of cell apoptosis and tumor formation18. 
BIRC5 is one new member of IAPs family, and 
is the most potent apoptotic inhibitor discovered 
to date6. Biological functions of BIRC5 are com-
plex, with pluripotent functions including inhi-
bition of cell apoptosis, facilitating mitosis and 
proliferation, and inducing tumor cell resistan-
ce. BIRC5 encodes a functional protein with 142 
amino acids and unique structures, and inhibits 
cell apoptosis under various stimuli by directly 
inhibiting the key molecule of signal pathway, 
caspase proteinase19. BIRC5 is up-regulated at 
G2/M phase via cell cycle-dependent expression 
manner. It can bind with cyclin-dependent ki-
nase 4 (CDK4) to form BIRC5/CDK4 complex, 
thus releasing p21 form CDK4 complex, for-
ming complex with pro Caspase-3 via transloca-
ting into mitochondria, in order to inhibit caspa-
se activity and to fight against G2/M phase cell 
apoptosis20. BIRC5 can also exert synergistic 
effects with other regulatory factors at G2/M 
checkpoint. Its over-expression benefits the in-

Figure 2. MiR-218 targeted and regulated BIRC5 expression in U2OS cells. A, MiR-218 targeted 3’-UTR of BIRC5 mRNA. 
B, Dual luciferase reporter gene assay. C, qRT-PCR for miR-218 and BIRC5 gene expression. D, Western blot for BIRC5 pro-
tein expression. *p<0.05 compared to mimic NC group.
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vasion of tumor cells from cycle checkpoint or 
cell apoptosis, and accelerates cell mitosis and 
abnormal proliferation, thus causing tumor for-
mation21. Davies et al22 found significantly posi-
tive expression rate of BIRC5 in osteosarcoma 
tissues than healthy control people. Liu et al23 
found 68.6% positive rate of BIRC5 in osteosar-
coma tissues, with lower survival rate in those 
with higher expression level compared to that 
with low expression, plus higher recurrent proba-
bility. Chen et al24 showed significantly elevated 
BIRC5 expression in normal human osteoblast 
cell hFOB1.19 osteosarcoma cell lines U2OS and 

Saos-2. Zhang et al25 also found remarkably hi-
gher BIRC5 expression in doxorubicin-resistant 
osteosarcoma cell line MG63/DOX compared 
to that in non-resistant cell line MG63. These 
results suggested that BIRC5 up-regulation can 
participate in osteosarcoma pathogenesis, and is 
also correlated with lower drug sensitivity and 
unfavorable prognosis. This study found signifi-
cantly lower BIRC5 expression in osteosarcoma 
tissues, as consistent with the reports of Davies 
et al22 and Liu et al23. Taheriazam et al11 found 
significantly lower miR-218 expression level in 
osteosarcoma tissues compared to adjacent tis-

Figure 3. MiR-218 inhibited BIRC5 expression and facilitated U2OS cell apoptosis. A, qRT-PCR tested miR-218 and BIRC5 
gene expression. B, Western blot for protein expression. C, Spectrometry for caspase-3 activity. D, Flow cytometry for cell 
apoptosis. *p<0.05 compared to mimic NC group, #p<0.05 compared to si-NC group.
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sues, plus the correlation between expression le-
vel and tumor stage, size and metastasis. Wang 
et al26 also revealed close correlation between si-
gnificantly depressed miR-218 and clinical stage, 
tumor volume and distal metastasis, indicating 
the tumor suppressor role of miR-218 in osteo-
sarcoma pathogenesis. Bioinformatics analysis 
revealed satisfactory complementary targeting 
relationship between 3’-UTR of BIRC5 and 
miR-218. This study thus investigated if miR-
218/BIRC5 dysregulation plays a role in osteo-
sarcoma cell apoptosis and pathogenesis. This 
study showed significantly depressed miR-218 
expression in osteosarcoma tissues compared to 
adjacent tissues, as consistent with the reports of 
Taheriazam et al11 and Wang et al26. Our results 
indicated possible role of miR-218 down-regu-
lation osteosarcoma tissues in elevating BIRC5 
expression. Dual luciferase reporter gene assay 
showed that the up-regulation of miR-218 by 
transfecting miR-218 mimic could significantly 
depressed relative luciferase activity of HEK293 
cells, and the inhibition on BIRC5 expression in 
U2OS cells, supporting that BIRC5 was target 
gen of miR-215. Further study found that eleva-
tion of miR-218 and/or silencing BIRC5 expres-
sion significantly potentiated caspase-3 enzyma-
tic activity, and facilitates U2OS cell apoptosis, 
suggesting the role of miR-218 in targeted inhi-
bition on BIRC5 expression and facilitating oste-
osarcoma cell apoptosis. Wang et al26 found that 
potentiation of miR-218 expression significantly 
inhibited Saos-2 osteosarcoma cell proliferation 
and induced their apoptosis. Jin et al27 found that 
miR-218 could inhibit migration and invasion of 
Saos-2 osteosarcoma cells via targeted inhibi-
tion on TIAM1, MMP2 and MMP9 expressions. 
All these studies supported the role of miR-218 
in weakening malignant biological behaviors of 
osteosarcoma cells, as consistent with our study. 
In related studies about miR-218/BIRC5 expres-
sion dysregulation and tumor pathogenesis, Li 
et al28 found that miR-218 enhanced 5-fluorou-
racil induced apoptosis of colorectal carcinoma 
HCT116 cells via targeted inhibition on BIRC5 
expression. Hu et al29 found that the up-regula-
tion of miR-218 and decrease of BIRC5 expres-
sion could remarkably potentiate drug-resistan-
ce of resistant breast cancer cell line MCF-7/A02 
for chemotherapy drugs including Taxol and 
doxorubicin. This study found tumor suppressor 
role of miR-218 in targeted regulation on BIRC5 
for facilitating osteosarcoma cell apoptosis, thus 
replenishing the evidences about the partici-

pation of miR-218 and BIRC5 dysregulation in 
tumor pathogenesis. Also this study received a 
few interesting results, there were a few limita-
tions, such as the present study has not clarified 
the specific mechanism for the miR281 targeted 
BIRC5.

Conclusions

We found that miR-218 was significantly 
down-regulated in osteosarcoma tissues, with re-
markably elevated BIRC5 expression. MiR-218 could 
weaken inhibition on caspase-3 activity by BIRC5, 
and facilitates apoptosis of U2OS osteosarcoma 
cells via targeted inhibition on BIRC5 expression.
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