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Abstract. – OBJECTIVE: MiR-384 was report-
ed to be downregulated and functioned as a tu-
mor suppressor in several cancers. However, 
the expression and function of miR-384 in osteo-
sarcoma (OS) have not been investigated. In the 
present study, we aimed to analyze the effect and 
mechanism of miR-384 in the progression of OS.

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) 
was used to determine the expression of miR-
384 in OS tissues and cells. MTT assay, colony 
formation analysis, Transwell assays were per-
formed to analyze the role of miR-384 in human 
OS cells. Western blotting was applied to ana-
lyze the expression of SETD8, and the lucifer-
ase reporter assay was used to assess the tar-
get gene of miR-384 in OS cells.

RESULTS: We found that miR-384 was signifi-
cantly lowly expressed in OS tissues and OS cell 
lines compared with the adjacent noncancer-
ous tissues and normal bone cell lines, respec-
tively. Further functional analysis indicated that 
up-regulation of miR-384 significantly inhibited 
OS cells proliferation, migration, and invasion, 
but down-regulation of miR-384 had the oppo-
site effects on OS cells in vitro. Moreover, SETD8 
was identified as the potential target of miR-384 
using dual luciferase assay, qRT-PCR and West-
ern blot. Finally, we observed that upregulation 
of SETD8 reversed the effects of overexpressing 
of miR-384 on the proliferation, migration, and 
invasion of OS. 

CONCLUSIONS: Our data provided the first ev-
idence which supported the function of miR-384 
as a tumor suppressor in OS by targeting SETD8. 
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Introduction

Osteosarcoma (OS), the most common primary 
malignant bone tumor, predominantly affects 

children, adolescents, and young adults. 70-75% 
of patients are between 10 and 25 years old1,2. De-
spite the rapid development of diagnoses and the-
rapies, the overall survival rate of osteosarcoma 
has not been substantially improved3. Because of 
the side effects and development of resistance, the 
common treatment, chemotherapy, is limited4. In 
addition, OS usually presents a high tendency to 
metastatic spread5. These problems result in high 
mortality. Therefore, it is vital to clarify the mole-
cular mechanism of OS development for the treat-
ment of this disease.

MicroRNAs (miRNAs) are a family of short 
non‑coding RNAs that negatively regulate gene 
expression at the post‑transcriptional level6. 
Recent studies7,8 have revealed critical fun-
ctions of miRNAs in essential biological pro-
cesses, including proliferation, differentiation, 
and apoptosis. By regulating a variety of tar-
gets in cancer cells, miRNAs generally acted 
as oncogene or tumor suppressor9,10. For instan-
ce, miR-448 was reported to serve as a tumor 
suppressor in lung squamous cell carcinoma by 
targeting DCLK111. Forced expression of miR-
1271 suppressed endometrial cancer cells pro-
liferation by targeting CDK112. For OS, Xie et 
al13 revealed miR-397 as a tumor suppressor by 
inhibiting the proliferation, migration, and in-
vasion through targeting EIF4G2. Those results 
indicated the important potential of miRNAs as 
a therapeutic target for OS.

MiR-384, located in Xq21.1, has been reported 
to be down-regulated in several tumors, inclu-
ding colorectal cancer, non-small-cell lung can-
cer, and hepatocellular carcinoma14-16. Also, in 
vitro and in vivo assay suggested that miR-384 
function as tumor suppressor in above tumors. 
However, the expression pattern and biological 
effect of miR-384 in the progression of OS have 
not been reported. 
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Patients and Methods

Clinical Specimens
A total of 35 osteosarcoma samples and ma-

tched adjacent non-tumor samples were collected 
at Southern Medical University between January 
2015 and January 2016. All the samples were col-
lected before any treatment. The specimens were 
immediately frozen in liquid nitrogen and stored 
at -80°C until use. Written informed consent was 
obtained from all of the patients. Approval for 
this work was granted by the Ethics Committee 
of Southern Medical University.

Cell Culture and Transfection
Four OS cell lines (MG-63, HOS, SaOS-2, and 

U2OS) and human osteoblasts (hFOB1.19) cells 
were brought from Jennio Biotech Corp (Guan-
gzhou, Guangdong, China). All cell lines were 
cultured in Dulbecco’s Modified Eagle Medium 
(DMEM; Gibco, Carlsbad, CA, USA) supplemen-
ted with 10% fetal bovine serum (FBS) at 37°C in 
a humidified 5% CO2 incubator.

MiR-384 mimics and miR-384 inhibitor and 
negative control were purchased from Ambion 
(Ambion Life Technologies, Austin, TX, UK). 
SETD8 overexpressed plasmids were obtained 
from Ribobio Co. (Guangzhou, Guangdong, Chi-
na). Transfection of miRNA mimics or plasmid 
was conducted using 3 μL Lipofectamine 2000 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Transfection efficiencies were evaluated in every 
experiment by qRT-PCR.

RNA Extraction and qRT-PCR
Total RNA was extracted from clinical speci-

mens and cells with TRIzol reagent according to 
the manufacturer’s instructions. 1 μg total RNA 
was reverse transcribed into cDNA using the mi-
Script reverse transcription kit according to the 
manufacturer’s instructions. Quantitative rever-
se transcription-PCR (qRT-PCR) was performed 
using SYBR Premix Ex Taq II (TaKaRa, Otsu, 

Shiga, Japan) and the ABI Prism® 7900 Sequen-
ce Detection System (Applied Biosystems, Foster 
City, CA, USA). The expression of miR-384 was 
normalized to U6 small nuclear RNA. The pri-
mers used are shown in Table I. The comparative 
2-ΔΔCt method was used for relative quantification 
and statistical analysis.

Cell Proliferation Assay
Cells were cultured in 96-well plates about 

1.0 ×104 cells/mL. Then, the cells were incuba-
ted with 20 μl of 5 mg/ml methyl thiazolyl tetra-
zolium (MTT – Sigma-Aldrich, St. Louis, MO, 
USA) for 4 h at 37°C, and 150 μl of dimethyl sul-
foxide (DMSO – Sigma-Aldrich, St. Louis, MO, 
USA) was added. Cell viability was assessed by 
the absorbance at 490 nm using a microplate re-
ader (Bio-Rad, Hercules, CA, USA). All experi-
ments were performed three times.

Colony Formation Assays
After translation, the cells were inoculated into 

six-well plates and maintained in Roswell Park 
Memorial Institute-1640 (RPMI-1640) medium 
contained 10% fetal bovine serum (FBS) for two 
weeks. Then, colonies were fixed and stained 
with 0.05% crystal violet. Visible colonies were 
then manually counted. For each treatment group, 
wells were counted in triplicate.

Cell Migration and Invasion Assays
For migration assay, 1×105 cells in 100 μl se-

rum-free DMEM were placed on the non-coated 
membrane in the upper chamber. For invasion 
assay, Matrigel (BD Biosciences, Beijing, China) 
was added. Media containing 20% FBS were ad-
ded to the lower chamber. The cells attached to 
the lower surface of the membrane were fixed in 
4% paraformaldehyde at room temperature for 30 
min and stained with 4,6-diamidino-2-phenylin-
dole (DAPI). Finally, cells were counted in five 
randomly assigned fields under a microscope 
(Olympus, Tokyo, Japan).

Table I. Sequence of the primers used in this study.

Genes Sequences

MiR-384 Forward primer: 5’-TGTTAAATCAGGAATTTTAA-3’
 Reverse primer: 5’-TGTTACAGGCATTATGAA-3’
SETD8 Forward primer: CCATGGCTAGAGGCAGGAAG
 Reverse primer: TTCCGGCTAATGGTTTCCCC
U6 Forward primer: 5’-CGCTTCGGCAGCACATATAC-3’
 Reverse primer: 5’-TTCACGAATTTGCGTGTCAT-3’. 
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Luciferase Reporter Assay
Reporter constructs containing pGL3-SETD8 

and pGL3-MUT SETD8 (with a mutated tar-
get seed sequence) were obtained from Bio-A-
sia (Haidian, Beijing, China). Cells (5 ×104/well) 
were cultured in 24-well plates and, then, co-tran-
sfected with pGL3- SETD8-3’UTR and miR-384 
mimic miR-384-MUT or control mimics using 
Lipofectamine 2000 Reagent. Forty-eight hours 
later, Luciferase activity was measured using the 
Dual-Luciferase Reporter Assay Kit (Promega, 
Madison, WI, USA). Renilla-luciferase was used 
for normalization.

Western Blotting
Sodium dodecyl sulphate-polyacrylamide 

gel electrophoresis (SDS-PAGE) was performed 
to separate the protein samples that were fur-
ther transferred to a polyvinylidene difluoride 
(PVDF) membrane (Millipore, Songjiang, Shan-
ghai, China). Then, the membranes were exposed 
to primary and secondary antibodies at optimum 
dilution. Subsequently, the target bands were vi-
sualized with the Super Signals West Dura Exten-
ded Duration Substrate as instructed. The primary 
antibodies were to SETD8 (1:1000, ProteinTech, 
Donghu, Wuhan, China), GAPDH (1:5000; Pro-
teinTech, Donghu, Wuhan, China), and anti-rab-
bit IgG-HRP were purchase from CST (Danvers, 
MA, USA). The experiments were carried out on 
three separate occasions.

Statistical Analysis
All the statistical analyses were performed 

using SPSS18.0 for Windows (SPSS Inc., Chica-
go, IL, USA). The Student t-test was used to esti-
mate the significant differences between groups. 
p< 0.05 was considered as statistically significant.

Results

MiR-384 Was Commonly Downregulated 
in OS Tissues and Cell Lines

Expression of miR-384 was measured in OS 
samples and adjacent non-tumor tissues using 
Real-time PCR. As shown in Figure 1A, we ob-
served that the expression of miR-384 was down-
regulated in the OS tissues compared with adja-
cent no-tumor tissues (p < 0.01). Moreover, we 
detected the levels of miR-384 in OS cell lines. 
As shown in Figure 1B, the data indicated that the 
expression of miR-384 was evidently decreased in 
human OS cell line (HOS, SaOS-2, MG-63, and 
U2OS) compared with osteoblast cell line. Taken 
together, our results suggested miR-384 as an an-
ticancer miRNA.

MiR-384 Suppressed the Proliferation, 
Migration, and Invasion of OS Cells

Based on the results that miR-384 was down-re-
gulated in OS, we next investigated the biological 
function of miR-384 in OS. As shown in Figure 

Figure 1. The expression levels of miR-384 in OS tissues and cell lines. (A) qRT-PCR was performed to measure relative 
miR-384 expression in NSCLC tissues and adjacent non-tumor tissues. (B) qRT-PCR of miR-384 expression in OS cell lines 
(MG-63, HOS, SaOS-2 and U2OS) and human osteoblasts (hFOB1.19). The relative expression of miR-384 was normalized to 
U6. *p < 0.05; **p < 0.01.
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2A and 2B, miR-384 was overexpressed or re-
pressed in MG-63 cells and U2OS cells by tran-
sfection with miR-384 mimic or miR-384 inhibi-
tor. MTT and colony formation assay showed that 
U2OS cells with miR-384 mimics proliferated at 
a slower rate than control cells, and MG63 cells 
with miR-384 inhibitor proliferated at a faster rate 
than control cells (Figure 2C, 2D and 2E). Moreo-
ver, Transwell assays indicated that miR-384 ove-
rexpression significantly decreased the migration 
(Figure 2F; p < 0.01) and invasion (Figure 2G; p < 
0.01) of U2OS cells. In contrast, down-regulation 
of miR-384 significantly increased the migration 
(Figure 2F; p < 0.01) and invasion (Figure 2G; p < 
0.01) of MG63 cells.

SETD8 is a Direct Target of miR-384
To explore the mechanisms of miR-384 in OS 

cells, we used bioinformatics analysis to find the 
direct target of miR-384. We found that there was 
a putative miR-384 binding seed site in the 3’UTR 
of SETD8 (Figure 3A). Then, we performed lu-
ciferase reporter assay to confirm our hypothe-
sis. The target sequence of the wild-type (WT) 
SETD8 3’-UTR or mutant (MUT) SETD89 3’-
UTR was cloned into a luciferase reporter vector 
(Figure 3A). Then, we observed that up-regula-
tion of miR-384 resulted in a significant downre-
gulation in the luciferase activities of the pGL3- 

SETD8-3’UTR Wt (Figure 3B, p < 0.05), whereas 
pGL3-SETD8-3’UTR MUT blocked this effect 
(Figure 3B and 3C). Subsequently, we used RT-
PCR to detect the levels of miR-384 and SETD8 
mRNA in OS tissues. The results of Spearman’s 
correlation test showed a significant inverse as-
sociation between miR-384 and SETD8 mRNA 
(Figure 3D). Moreover, the protein expression 
of SETD8 was decreased by miR-384 mimic in 
U2OS and miR-384 inhibitor played an opposing 
role in SETD8 expression (Figure 3E). Together, 
these results suggest that SETD8 is a target of 
miR-384 in OS.

Overexpression of SETD8 Rescues the 
Effects of miR-384 in OS Cells

Having demonstrated that SETD8 is a direct 
target of miR‑384, we further explore whether 
SETD8 re-expression could reverse the tu-
mor-suppressor function of miR-384 in OS. MG63 
cells were co-transfected with miR-384 mimics or 
NC-mimics and overexpressed SETD8 plasmid. 
Up-regulation of SETD8 was confirmed by qRT-
PCR and Western blot (Figure 4A and 4B). The 
results of MTT and colony formation assay indi-
cated that the forced SETD8 expression rescued 
the inhibition effect of miR-384 on cell prolifera-
tion (Figure 4C and 4D). Furthermore, transwell 
assay revealed that the inhibition effect of miR-

Figure 2. The effect of miR-384 on the proliferation, migration and invasion of OS cells. (A) The expression levels of miR-384 
in U2OS cells transfected with miR-384 mimics. (B) The expression levels of miR-384 in MG63 cells transfected with miR-
384 inhibitor. (C-D) The proliferation of U2OS and MG63 cells with aberrant expression of miR-384 was evaluated by MTT 
assay. (E) The long-term cell viability was evaluated using the colony formation assay. (F-G) Transwell assays were used to 
investigate the changes in the migratory and invasive abilities of U2OS and MG63 cells. *p < 0.05; **p < 0.01.
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significantly down-regulated in renal cell carcino-
ma and its overexpression significantly inhibited 
the growth and invasion of RCC cells by targeting 
astrocyte elevated gene 1. Lai et al20 revealed that 
miR-384 was significantly low expressed in he-
patocellular carcinoma and exerted a suppressive 
effect on hepatocellular carcinoma cell prolifera-
tion through targeting IRS1. Wang et al14 showed 
that low expression of miR-384 was closely cor-
related with poor prognosis of colorectal cancer 
patients. Functionally, forced miR-384 expression 
suppressed human colorectal cancer metastasis 
by targeting KRAS and CDC42. These results hi-
ghlighted the potential role of miR-384 in tumor 
oncogenesis or progression. Then, we wondered 
whether miR-384 also exerted a similar effect 
in OS. Our in vitro experiment confirmed our 
hypothesis. 

To explore the potential mechanism by which 
miR-384 suppressed proliferation and metasta-
sis in OS, the identification of cancer‑specific 
miRNAs and their target genes is essential. We 
performed bioinformatic analysis and found that 
SETD8 was a target of miR-384. SETD8 was an 
important oncogene in various tumors, including 
breast cancer, lung cancer, and OS21-23. Of note, a 
recent investigation by Zhang et al24 showed that 
miR-127-3p targeted SETD8 to inhibit prolifera-

384 on cell migration and invasion was rescued 
by up-regulation of SETD8 (Figure 4E and 4F). 
These results suggested that the role of miR-384 
as one tumor suppressor in OS was partly due to 
its regulation on SETD8.

Discussion

OS has become a serious burden for all coun-
tries of the world with, with an estimated worl-
dwide yearly incidence rate of 4 million17. Several 
investigations have manifested the pivotal role of 
miRNAs in the development of OS, indicating a 
promising strategy against this disease18. In the 
present study, we found that miR-384 was signifi-
cantly low expressed in OS tissues and cell lines. 
Overexpression of miR-384 could significantly 
inhibit OS cell proliferation, invasion, and migra-
tion, but inhibition of miR-384 exerted a contrary 
effect. Our data for the first time indicated that 
miR-384 may act as a tumor suppressor in OS. 

According to previous researches, miR-384 
was found to be abnormally expressed in several 
tumors. Growing studies reported the biological 
function and potential mechanism of miR-384 in 
tumor development. For instance, Song et al19 re-
ported that the expression levels of miR-384 was 

Figure 3. SETD8 is the direct target of miR-384. (A) Sequence alignment between miR-384 and the 3’UTR of human SETD8 
mRNA and mutated nucleotides in the SETD8 3’-UTR (SETD8-3’UTR-MUT). (B-C) The analysis of the relative luciferase 
activities of SETD8-WT, SETD8-MUT in U2OS and MG63 cells. (D) An inverse correlation between miR-384 and SETD8 
expression in the same set of OS was detected through Spearman’s correlation analysis. (E) SETD8 protein expressions levels 
were detected after miR-384 mimics transfected in U2OS and miR-384 inhibitor transfected in MG63 by Western blot. *p < 
0.05; **p < 0.01.
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tion and invasion in human osteosarcoma cells. 
Combining our previous results, we suggested that 
SETD8 may be a target of miR-384. Subsequent-
ly, luciferase reporter confirmed our suggestion. 
The data of PCR and Western blot also showed 
that overexpression of miR-384 could suppress 
the levels of SETD8 proteins and mRNA. Moreo-
ver, we performed in vitro experiment to validate 
whether overexpression of SETD8 could rescue 
the effects of miR-384 in OS cells. The results 
confirmed miR-384 as a tumor suppressor by tar-
geting SETD8. 

Conclusions

Our study firstly revealed that miR-384 inhi-
bited the proliferation, migration, and invasion 
of OS cells in vitro by directly targeting SETD8, 
indicating that miR-384 can serve as a potential 
therapeutic target for OS.
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