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Abstract. – OBJECTIVE: To detect the ex-
pression of microRNA-520d-3p in osteosarco-
ma tissue and the function on the osteosarcoma 
cells proliferation.

PATIENTS AND METHODS: We used qRT-
PCR to access microRNA-520d-3p level from 10 
cases of osteosarcoma and its adjacent tissues. 
The osteosarcoma cell lines were screened. 
The microRNA-520d-3p mimics or inhibitor was 
transfected into human osteosarcoma cells by 
liposome method, and the cell proliferation of 
each group was detected by the CCK8 assay. 
We used bioinformatics methods to detect and 
predict the target genes of microRNA-520d-3p. 
Luciferase reporter assay was utilized to detect 
the relative luciferase activity between microR-
NA-520d-3p and Akt1. Meanwhile, after cells 
were transfected with microRNA-520d-3p mim-
ics, microRNA-520d-3p mimics + OE-Akt1, mi-
croRNA-520d-3p inhibitor or microRNA-520d-3p 
inhibitor + si-Akt1, we detected cell viability us-
ing CCK-8 assay, respectively to access the in-
teraction between Akt1 and microRNA-520d-3p. 

RESULTS: Lowly expressed microRNA-520d-3p 
in osteosarcoma tissues was observed in com-
parison with adjacent tissues. After transfecting 
with microRNA-520d-3p mimics, the viability of 
MG63 and U-20S cells decreased, which was high-
er in cells transfecting microRNA-520d-3p inhibi-
tor. Bioinformatics prediction and dual luciferase 
reporter assay illustrated that microRNA-520d-3p 
targeted on Akt1. At the same time, Akt1 expres-
sion was higher in osteosarcoma tissues than 
in adjacent ones, cell proliferation was inhibit-
ed after blocking its expression. In addition, af-
ter transfected with microRNA-520d-3p mimic, vi-
ability of MG63 and U-20S cells decreased, which 
can be reversed by OE-Akt1. In contrast, the vi-
ability of MG63 and U-20S cells increased after 
transfection with microRNA-520d-3p inhibitor 
and which were reversed by si-Akt1.

CONCLUSIONS: Lowly expressed microR-
NA-520d-3p was observed in osteosarcoma; over-
expression of microRNA-520d-3p can target Akt1 
thus inhibiting proliferation of osteosarcoma cells.
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Introduction

Osteosarcoma is a common primary malig-
nant bone tumor, which is originated in the 
mesenchymal tissue, with a high degree of 
malignancy1. Osteosarcoma often occurred in 
adolescents, about 75% of patients aged from 
15 to 25 years old, male incidence was slightly 
higher than women; osteosarcoma occurred in 
the long bones, 80% to 90% of osteosarcoma 
occurred in the femur and tibia. Less than 1% 
of osteosarcoma occurred in extremities2. Cur-
rent treatments for osteosarcoma include surgi-
cal resection, radiotherapy, and chemotherapy3. 
However, the prognosis of patients with osteo-
sarcoma is poor, long-term survival of patients 
with metastasis or recurrence is still below 
20%4. Therefore, understanding the molecu-
lar mechanisms of osteosarcoma invasion and 
metastasis will help to develop new prognostic 
molecular biomarkers and targeted therapies.

Studies5,6 have shown that microRNAs (miR-
NAs) were involved in many pathophysiologi-
cal processes, such as cell proliferation, growth 
and tumor suppression; it had extensive gene 
regulatory functions. The microRNA-520d-3p 
iss one of the important members of the miR-
NA family. It has been shown to be abnormally 
expressed in a variety of tumor cells and had 
effects on the proliferative ability and apopto-
sis of tumor cells7,8. However, the role of osteo-
sarcoma was rarely reported. To better evalu-
ate the function of microRNA-520d-3p in the 
development of osteosarcoma, we investigated 
the expression of microRNA-520d-3p in os-
teosarcoma cells. Also, we studied the effect 
of targeting downstream regulatory factor of 
microRNA-520d-3p, Akt1 (protein kinase B), 
on migration and invasion of tumor cells. So, 
we provided a new idea for the establishment 
of early detection, diagnosis, and treatment of 
osteosarcoma, as well as development of new 
anti-tumor drugs and interventions.
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Patients and Methods

Acquisition of Data and Patient 
Information

A total of 10 cases of osteosarcoma underwent 
surgery in The First People’s Hospital of Chang-
zhou was selected. Osteosarcoma and adjacent 
tissues were collected. The resected samples were 
immediately put into liquid nitrogen, and then 
placed in -80°C freezer (Thermo Fisher Scientif-
ic, Waltham, MA, USA) for storage. All patients 
signed the informed consent form. This study was 
approved by the Ethics Committee of The First 
People’s Hospital of Changzhou.

Cell Culture and Transfection
Osteoblasts (Hfob1.19) and osteosarcoma cell 

lines (MG63, U-20S, HOS, Saos2) were main-
tained in medium with 10% fetal bovine serum 
(FBS) (HyClone, South Logan, UT, USA) in a 
thermostatic incubator at 37°C, 5% CO2. Cells in 
the logarithmic growth phase were transfected 
with microRNA-520d-3p NC (negative control), 
mimics, inhibitor, Akt1-siRNA and OE-Akt1 ac-
cording to the instructions of Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). Culture medi-
um was replaced after transfection for 6 h. The 
interference sequences were microRNA-520d-3p 
mimics (5’-AAAGUGCUUCUCUUUGGU-
GGGU-3, R: 5’-CCACCAAAGAGAAGCAC-
UUUUU-3’), microRNA-520d-3p inhibitor 
(5’-ACCCACCAAAGAGAAGCACUUU-3’), si-
Akt1 (5’-AGGAAGUCAUCGUGGCCAATT-3’), 
NC (5’-CAGUACUUUUGUGUAGUACAA-3’).

RNA Extraction and qRT-PCR (Quantitative 
Real-Time Polymerase Chain Reaction)

We used TRIzol (Invitrogen, Carlsbad, CA, 
USA) to extract the total RNA of tissues and tumor 
cells. RNA purity was determined by a UV spec-
trophotometer. The integrity of RNA was accessed 
by agarose gel electrophoresis and stored at -80°C 
before the use. The cDNA was reversely transcribed 
and 1 µL cDNA was used for microRNA-520d-3p 
detection. SYBR Green method (Abcam, Cam-
bridge, MA, USA) was used for polymerase chain 
reaction (PCR) detection. PCR amplification condi-
tions: pre-denaturation at 94°C for 5 min, then, 94°C 
for 30 s, 55°C for 30 s, and 72°C for 1.5 min, for 40 
cycles. Primer sequences were: internal reference 
U6 primer (F: 5’-CTCGCTTCGGCAGCAGCA-
CATATA-3’, universal primer for kit downstream), 
microRNA-520d-3p (F: 5’-GGTCTACAAAGG-
GAAGC-3’; R: 5’-TTTGGCACTAGCACATT-3’), 

Akt1 (F: 5’-GCCACG-CATATGGTACCACTA-3’, 
R: 5’-CGTAGGTGCGTG-CAGG-3’).

Cell Counting Kit-8 (CCK8) Assay
After cells were transfected for 24 h, they were 

digested and collected. Cells were then inoculated 
in 96-well plates at a density of 2×103 per well, 
with 6 replicates in each group. 2 h before detec-
tion, until the cells adhered, we used the CCK8 
(Dojindo, Kumamoto, Japan) method to measure 
cell viability. After incubation for 2 h, 10 µL of 
CCK8 was added to each well for incubation at 
37°C for 2 h. The absorbance of each well at 450 
nm was recorded using a microplate reader (Bio-
Rad, Hercules, CA, USA).

Target Gene Prediction of 
microRNA-520d-3p

For predicting the target gene of MicroR-
NA-520d-3p, the target gene appeared in the three 
databases of TargetScan, mirBase, and mirDB was 
selected. 

Construction of Luciferase Reporter Gene 
Vector and its Activity Assay

The 3’UTR (untranslated region) sequence of the 
target gene Akt1 was downloaded from the NCBI 
website, to construct the wild sequence, Akt1 WT 
3’UTR and the mutant sequence, Akt1 MUT (muta-
tion) 3’UTR. Osteosarcoma cells were subsequently 
seeded in 96-well plates and co-transfected with 50 
pmol/L microRNA-520d-3p mimics or NC with the 
constructed 80 ng Akt1 wild-type or mutant plasmid 
into MG63 and U-20S cells. After transfection for 
48 h, cells were lysed using dual luciferase reporter 
assay to detect the fluorescence intensity.

Western Blot
The transfected tissues and MG63 and U-20S 

cells were collected, the extraction buffer was add-
ed and the lysates were collected. The protein con-
centration was determined by bicinchoninic acid 
(BCA, Abcam, Cambridge, MA, USA) method, and 
the sample volume was adjusted according to the 
protein concentration. After 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE, Merck Millipore, Billerica, MA, USA), the 
polyvinylidene fluoride (PVDF Merck Millipore, 
Billerica, MA, USA) membrane was cut according 
to the size of the molecular weight. Then, PVDF 
membrane was blocked with 5% skimmed milk. 
Anti-Akt1 primary antibody was incubated. After 
washing, the corresponding secondary antibody was 
incubated and then image exposure was performed.
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Statistical Analysis
We used statistical product and service solu-

tions (SPSS) 19.0 statistical software (IBM, Ar-
monk, NY, USA) for analysis, measurement data 
were expressed as mean ± standard deviation, 
comparison of data between groups was analyzed 
by t-test. p<0.05 considered the difference was 
statistically significant.

Results

The microRNA-520d-3p Expression in 
Osteosarcoma and Adjacent Tissues

We used qRT-PCR to access the microR-
NA-520d-3p level from 10 osteosarcomas and 

adjacent tissues, and U6 was used as a control. 
The results demonstrated that lower expression of 
microRNA-520d-3p in osteosarcoma tissue was 
found compared with that in adjacent tissues, the 
difference was statistically significant (p<0.01, 
Figure 1A).

Screening Cell Lines and Transfection 
Efficiency Detection

We utilized qRT-PCR to determine the mRNA 
level of microRNA-520d-3p in osteoblasts 
(Hfob1.19) and osteosarcoma cell lines (MG63, 
U-20S, HOS, Saos2). MicroRNA-520d-3p was 
significantly down-regulated in osteosarcoma 
cell lines MG63 and U-20S compared with hu-

Figure 1. Expression of microRNA-520d-3p and its effect on proliferation of osteosarcoma cells. A, The microRNA-520d-3p was 
overexpressed in osteosarcoma tissues. B, Expression of microRNA-520d-3p in osteoblasts (Hfob1.19) and osteosarcoma cell lines 
(MG63, U-20S, HOS, Saos2). C-D, The expression of microRNA-520d-3p in MG63 and U-20S cells after mimic and inhibitor of 
microRNA-520d-3p were transfected. E-F, After transfected with microRNA-520d-3p mimic, CCK8 showed the viability in both 
MG63 and U-20S cells was decreased, while the activity was increased after transfection with microRNA-520d-3p inhibitor.



T.-D. He, J.-K. Zhu, Z.-X. Wei, Y.-M. Wang

2318

man normal osteoblast line Hfob1.19 (Figure 1B); 
the difference was statistically significant, and 
these cells lines could be used for subsequent 
cell experiments. Next, we detected microR-
NA-520d-3p expression in MG63 and U-20S cells 
after transfected with mimic and inhibitor of mi-
croRNA-520d-3p, respectively. Transfection data 
were shown in Figure 3C, F. Mimic and inhibi-
tor of microRNA-520d-3p have been successfully 
transfected into MG63 and U-20S cells.

Effect of microRNA-520d-3p on Viability 
of Osteosarcoma Cells 

CCK8 assay revealed that the viability of MG63 
and U-20S cells was decreased after transfected 
with microRNA-520d-3p mimic, while the activity 
increased after transfected with microRNA-520d-3p 
inhibitor. The above results demonstrated that mi-
croRNA-520d-3p can significantly inhibit the prolif-
erative ability of osteosarcoma cells.

Akt1 Serves as the Target Gene for 
microRNA-520d-3p

We next investigated the function of microR-
NA-520d-3p in osteosarcoma. Prediction based on 
bioinformatics website TargetScan, mirBase, and 
mirDB revealed that Akt1 was a candidate target 
gene for microRNA-520d-3p. The sequence compar-
ison of Akt1 and microRNA-520d-3p was shown in 
Figure 2A. After transfection of microRNA-520d-3p 
mimic in MG63 and U-20S cells, the Akt1 WT 
3’UTR group had lower luciferase than that of Akt1 
MUT 3’UTR. There was no significant difference, 
suggesting that Akt1 was one of the target genes of 
microRNA-520d-3p. Subsequently, Western blot il-
lustrated that Akt1 was overexpressed in osteosarco-
ma tissues (Figure 2D). After Akt1 transfection, the 
viability of MG63 and U-20S cells decreased (Fig-
ure 2E, F), suggesting that Akt1 promoted the prog-
ress of osteosarcoma. The Akt1 level was down-reg-
ulated in microRNA-520d-3p mimic group than the 

Figure 2. Akt1 is predicted as a target gene for microRNA-520d-3p. A, Sequence comparison of Akt1 and microRNA-520d-3p. 
B-C, After transfection of microRNA-520d-3p mimic in MG63 and U-20S cells, the Akt1 WT 3’UTR group presented a low-
er luciferase activity than the Akt1 MUT 3’UTR luciferase group. D, Akt1 was overexpressed in osteosarcoma tissue. E-F, 
Transfected with si-Akt1, MG63 and U-20S cell viability decreased. G, Transfection of microRNA-520d-3p mimic down-reg-
ulated the protein expression of Akt1, but was increased after transfected with microRNA-520d-3p inhibitor. H, Transfection 
of si-Akt1 decreased protein expression of Akt1.
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control group, while it was increased after trans-
fection with microRNA-520d-3p inhibitor (Figure 
2G). In addition, the protein expression of Akt1 de-
creased after si-Akt1 transfection (Figure 2H). The 
above data pointed out that microRNA-520d-3p can 
target and inhibit the expression of Akt1, which was 
the target gene of microRNA-520d-3p.

Interaction Between Akt1 and 
microRNA-520d-3p

The above experiments revealed that microR-
NA-520d-3p can target Akt1 in a direct way. We then 
further validated the interaction between microR-
NA-520d-3p and Akt1 by cell experiments. The re-
sults pointed out that after mimic transfected with mi-
croRNA-520d-3p, the viability of MG63 and U-20S 
cells decreased and could be reversed by OE-Akt1. 
After transfection of microRNA-520d-3p inhibitor, 
the viability of MG63 and U-20S cells increased and 
was reversed by si-Akt1 (Figure 3A, B). The above 
data illustrated that microRNA-520d-3p affected cell 
proliferation by downregulating Akt1 expression.

Discussion

Previous studies9,10 have found that miRNA 
suppressed gene expressions mainly by comple-

mentarily binding to the 3’-UTR end of its target 
mRNA or inhibiting mRNA translation, there-
by participating in various biological behaviors, 
such as early development, cell proliferation, and 
apoptosis. Several studies11,12 have shown that the 
abnormal miRNA expression was closely related 
to malignant tumors. Because of the advantages 
of excellent stability, high sensitivity and specific-
ity rather than other tumor biomarkers, miRNAs 
have been widely applied in diagnosis, prediction 
and treatment of various diseases. 

The microRNA-520d-3p has been reported to be 
dysregulated in many types of tumor cells and played 
an important regulatory role in tumorigenesis and 
progression. Nishimura et al13 reported that microR-
NA-520d-3p expression was related to the recur-
rence of ovarian cancer and lymph node metastasis. 
Ruixin et al7 found lower microRNA-520d-3p ex-
pression in gastric cancer cells. MicroRNA-520d-3p 
can promote the invasion and metastasis of cancer 
cells via the regulation of Eph pathway. It may serve 
as a tumor suppressor gene, but the effect of mi-
croRNA-520d-3p on osteosarcoma is unclear.

Our results indicated that microRNA-520d-3p 
expression in osteosarcoma tissues was significant-
ly lower than that in adjacent tissues, suggesting 
that microRNA-520d-3p may be considered as one 
of the potential biological markers of osteosarco-

Figure 3. Further validation of the interaction between Akt1 and microRNA-520d-3p. A-B, After transfected with microR-
NA-520d-3p mimic, the viability of MG63 and U-20S cells, which can be reversed by OE-Akt1. After transfection with mi-
croRNA-520d-3p inhibitor, the viability of MG63 and U-20S cells increased and they could be reversed by si-Akt1.
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ma. Also, microRNA-520d-3p expression was sig-
nificantly lower in osteosarcoma cell lines such as 
MG63 and U-20S than in osteoblasts (Hfob1.19). In 
this study, exogenous interference with the microR-
NA-520d-3p expression in MG63 and U-20S cells 
was carried out. Viability changes were observed 
after transfection of microRNA-520d-3p mimics 
and microRNA-520d-3p inhibitor in MG63 and 
U-20S cells, respectively. The data illustrated that 
high exogenous level of microRNA-520d-3p can in-
hibit the vitality of osteosarcoma cells, meanwhile, 
inhibiting the microRNA-520d-3p expression in 
MG63 and U-20S cells can significantly inhibit the 
viability of osteosarcoma cells, suggesting that mi-
croRNA-520d-3p inhibited the occurrence and de-
velopment of osteosarcoma. It also affected prolifer-
ation of osteosarcoma cells thus involving in tumor 
development. Subsequently, bioinformatics analysis 
revealed that Akt1 was the target gene of microR-
NA-520d-3p. The PI3K (phosphoinositide 3-kinase)/
AKT1 pathway is a well known signaling pathway 
associated with malignant tumor metastasis14. It also 
has a clear role in the metastasis of osteosarcoma and 
inhibits osteosarcoma metastasis by inhibiting the 
PI3K/AKT1 pathway15. In this work, we found that 
Akt1 expression in osteosarcoma was significantly 
up-regulated confirmed by Western blot, indicating 
that Akt1 functioned as tumor promotion in osteo-
sarcoma. At the same time, qRT-PCR and Western 
blot found that inhibition of microRNA-520d-3p can 
increase the Akt1 expression, thereby inhibiting the 
proliferation of osteosarcoma cells.

In summary, microRNA-520d-3p serves as a 
tumor suppressor, affects the proliferation of os-
teosarcoma cells by inhibiting Akt1 expression, 
which has a great significance in the progression 
of osteosarcoma. 

Conclusions

We showed that the microRNA-520d-3p was 
lowly expressed in osteosarcoma. The overex-
pression of microRNA-520d-3p can target Akt1 
and inhibit proliferation of osteosarcoma cells.
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