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MicroRNA-539 suppresses osteosarcoma cell invasion 
and migration in vitro and targeting  
Matrix metallopeptidase-8
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Abstract: microRNAs (miRNA) are a class of small, non-coding RNA that involved in different cancer-related pro-
cesses. Previous studies have been indicated miR-539 as a tumor suppressor during tumorigenesis. However, the 
role of miR-539 in osteosarcoma is still unclear. In this study, we demonstrate miR-539 was downregulated in os-
teosarcoma tissues compared to adjacent normal tissue. Functional study suggests miR-539 inhabits the osteosar-
coma cell proliferation, invasion and migration. We also identified that MMP8 was a direct target of miR-539 by the 
luciferase activity assay. These findings provide evidence that miR-539 plays a key role in inhibiting osteosarcoma 
cell invasion and migration and can regulating MMP8 expression in osteosarcoma cells. These strongly suggest that 
exogenous miR-539 may have therapeutic value in treating osteosarcoma.
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Introduction

Although it accounts for less than 0.5% of all 
types of cancer, osteosarcoma (OS) is the most 
frequent primary malignancy of the bone and 
occurs mainly in adolescents and young adults 
[1]. By combining surgery with multiagent che-
motherapy, the 5-year cumulative survival rate 
of primary OS has significantly improved to 
60-90% in the past three decades [2, 3]. 
Unfortunately, as a result of approximately 80% 
of patients eventually developing metastatic 
disease following surgical treatment, pulmo-
nary metastasis in OS patients is a major cause 
of fatal outcome [4, 5]. Therefore, the identifi-
cation of effector molecules and signaling path-
ways that exhibits a close relationship with 
tumor progression and metastasis in order to 
improve the existing OS treatment is crucial.

MiRNAs are a class of small, noncoding RNA 
molecules ranging in size from 16 to 27 bases; 
usually between 21 and 23 bases for most 
miRNAs [6]. MiRNA is crucial in the regulation 
of diverse target mRNAs at the level of mRNA 
degradation or translation [7, 8]. A large num-

ber of miRNAs are located inside or close to 
chromosomal fragile sites that are frequently 
lost or amplified in cancers [9]. miRNAs have 
been characterized as oncogenes, tumor sup-
pressors or as components of regulatory path-
ways critical for tumorigenesis; therefore miR-
NAs play an important role in tumorigenesis 
and metastasis.

Recently, miR-539 has been reported to be up-
regulated in failing heart, and suppresses 
O-GlcNAcase expression [10]. Another study 
demonstrates miR-539 were downregulated in 
OS compared with the osteoblast cell line using 
microarray method [11]. However, the role of 
miR-539 in OS proliferation, invasion and migra-
tion remains elusive.

In the present study, we found that miR-539 
functions as a tumor suppressor in OS, which 
upregulates miR-539 expression in the OS cell 
line MG-63 reduces cell proliferation, migration 
and invasion in vitro. We screen the potential 
target of miR-539 by microRNA.org and 
TargetScan.human6.2. The results revealed 
that MMP8 may be a target of miR-539. Then 
we confirmed miR-539 directly target MMP by 
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interacted with its 3’UTR. Therefore, we specu-
late that miR-539 may suppress OS invasion 
and metastasis by targeting MMP8. Together, 
our data indicate that miR-539 plays an impor-
tant role in regulating OS cell proliferation, 
migration and invasion and may serve as a 
potential therapeutic target.

Materials and methods

Patient samples

OS specimens and adjacent normal tissues 
were collected in the First Affiliated Hospital of 
Harbin Medical University, China, from 
November 2008 to January 2014. All the 
patients recruited into the present study did 
not receive radiotherapy or chemotherapy or 
any other treatment before and after operation. 
Surgical specimens of the tumor resection 
were collected, and lumps of tumors as well as 
adjacent normal tissues, which were at least 2 
cm distal to tumor margins, were snap-frozen in 
liquid nitrogen. The use of tissue samples were 
approved by the ethical committees of the First 
Affiliated Hospital of Harbin Medical University.

Cell culture and transfection

The human OS cell line MG-63, U2OS, Saos2 
and osteoblast HOB cell lines (Shanghai Cell 
Bank, Chinese Academy of Sciences) was cul-
tured in Dulbecco’s modified Eagle’s medium 
(DMEM) with 10% fetal bovine serum (FBS) and 
incubated at 37°C in 5% CO2. MG-63 cells were 
seeded in six-well plates at 30% confluence 

one day prior to transfection. Transfection with 
miR-539 or miRNA control was performed 
using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA). Transfection complexes 
were prepared according to the manufacturer’s 
instructions.

Quantitative real-time PCR (qRT-PCR)

RNAs were extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA) and reverse-tran-
scribed using gene-specific reverse primers 
and reverse transcriptase (Takara, Japan), and 
the resulting cDNAs were PCR-amplified on an 
ABI 7500 thermocycler (Applied Biosystems). 
GAPDH were used to standardize the amounts 
of RNA in each sample.

Detection of cell phenotypes

The effect of miR-539 on proliferation of OS 
cells was evaluated by the MTT assay. MG-63 
cells were plated in 96-well culture plates 
(3×103 per well). After 24 h incubation, the cells 
were transfected with miR-539 mimics or 
miRNA control for 12, 24 and 48 hours. Then 
the MTT (0.5 mg/ml; Sigma-Aldrich, USA) was 
added to each well (20 μl/well). After 4 hours of 
additional incubation, MTT solution was dis-
carded and 200 ml of DMSO (Sigma, USA) was 
added and the plates shaken gently. The absor-
bance was measured on an ELISA reader at a 
wavelength of 570 nm. For colony formation 
assay, cells were counted and seeded in 
12-well plates (in triplicate) at 100 cells per 

Figure 1. miR-539 expression in OS tissues and cell lines. A. Relative expression of miR-539 in 15 paired tissues in 
comparison with corresponding adjacent normal tissues. B. The miR-539 expression was significantly lower in OS 
cell lines compared with osteoblast HOB cell lines. bars, SD; *P<0.05.
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well. Fresh culture medium was replaced every 
3 days. The number of viable cell colonies was 
determined after 14 days and colonies were 
fixed with methanol, stained with crystal violet, 
photographed and counted. Each experiment 
was performed in triplicate.

Luciferase activity assay

MG-63 cells were cotransfected with the pGL3 
vectors containing the 3’-UTR of MMP8 and 
miR-539 or the miRNA control. Luciferase activ-
ity was measured 36 h after transfection. The 
firefly luciferase activity was then normalized to 
the Renilla luciferase activity.

Transwell invasion assay in vitro

Invasion assays were performed in triplicate 
using Transwell invasion chambers (Costar 
3422, Corning Inc., NY, USA) coated with 
Matrigel (50 µl per filter) (BD, USA) as described 
in the manufacturer’s instructions. MG-63 cells 

were transfected with either miR-539 or the 
miRNA control oligonucleotide, cultured for 48 
h and then transferred to the top of the Matrigel-
coated invasion chambers in 1% fetal calf 
serum DMEM/F12 (2×104 cells/ well). DMEM/
F12 containing 10% fetal calf serum was added 
to the lower chambers. Following incubation for 
24 h, cells that remained on the top of the filter 
were removed and cells that migrated to the 
lower surface were fixed in 90% alcohol fol-
lowed by crystal violet staining. The values for 
invasion were obtained by counting three fields 
per membrane and represented as the average 
of six independent experiments made over mul-
tiple days.

Wound healing migration assay

When MG-63 cells transfected with miR-539 or 
miRNA control oligonucleotides were grown to 
confluence, a scratch in the cell monolayer was 
made with a micropipette tip. Following incuba-
tion of the cells under standard conditions for 

Figure 2. Overexpression of miR-539 inhibits in vitro growth of MG-63 cells. A. MG-63 cells were transfected with 
miR-539 or miRNA controls, respectively. qRT-PCR was used to measure the miR-539 expression after transfetion. 
B. At 24 h after transfection, MTT assay was performed to determine the proliferation of MG-63 cells. Data represent 
the mean ± SD from three independent experiments. C, D. Colony formation assay was performed to determine the 
long term proliferation of MG-63 cells. Representative results of colony formation of MG-63 cells transfected with 
miR-539 or miRNA control. The results were reproducible in three independent experiments.
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24 h, the plates were washed twice with fresh 
medium and images were captured at different 
times. The migration potential was estimated 
by counting the cells that migrated from the 
wound edge. The cell migration rate was 
obtained by counting three fields per area and 
represented as the average of six independent 
experiments made over multiple days.

Western blot analysis

MG-63 cells in the exponential growth phase 
were transfected with miR-539 for 48 h. Total 
proteins were isolated from the transfected 
cells. Protein concentrations were measured 
using a Micro-BCA protein assay kit (Beyotime, 
Beijing, China). Proteins were resolved by 10% 
SDS-PAGE gel, transferred to the nitrocellulose 
membrane and blocked in 5% non-fat dry milk 
in Tris-buffered saline pH 7.4, containing 0.05% 
Tween-20. They were subsequently blotted with 
a rabbit polyclonal antibody against MMP8 
(1:1000, Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, USA) and goat anti-rabbit IgG (1:3000, 
Santa Cruz), with actin used as a loading con-
trol. Signals were detected by secondary anti-
bodies labeled with horseradish peroxidase 
(HRP). All western blot analyses were per-
formed three times.

Statistical analysis

Data were expressed as the means ± SD of at 
least three experiments. A value of P<0.05 was 
considered to indicate a statistically significant 
result. All analyses were performed using SPSS 
version 17.0 (Statistical Package for the Social 
Sciences, Chicago, IL, USA).

Results

Expression of miR-539 in OS tissue and cell 
lines

Here, we used quantitative real-time PCR (qRT-
PCR) to measure miR-539 expression levels in 
15 pairs of OS tissues and adjacent normal tis-
sues, which showed that miR-539 was down-
regualted in the OS tissues (Figure 1A). In addi-
tion, we showed that miR-539 expression was 
downregulated in MG-63, U2OS and Saos2 
cells compared with osteoblast HOB cells 
(Figure 1B).

Effect of miR-539 on OS cell proliferation

To assess the biological role of miR-539 in OS 
cells, we investigated the effect of overexpres-
sion of miR-539 on cell viability and prolifera-

Figure 3. Ectopic miR-539 expression inhibits invasion and migration of MG-63 cells. A. A representative image of 
the three experiments is shown for each group. The cell invasion of MG-63 was inhibited via the upregulation of miR-
539 using the Transwell invasion assay. B. Quantification of cell invasion. Bars, SD; *P<0.05. This indicated that cell 
invasion is significantly inhibited by overexpression of miR-539. C. A representative image of the three experiments 
is shown for each group. The migration rate of miR-539 transfected MG-63 cells significantly lower than that of the 
control group. D. Quantification of cell migration. Bars, SD; *P<0.05.
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Figure 4. MiR-539 directly targets MMP8 mRNA and inhibits its expression. A. The putative miR-539-binding sites in the 3’-UTR of MMP8 mRNA was shown. B. The 
wild type (MMP8 3’-UTR) or mutant (MMP8 3’-UTR-mut) reporter plasmids was co-transfected into MG-63 with miR-539 or miRNA control. The normalized luciferase 
activity in the control group was set as relative luciferase activity. C. The expression of MMP8 mRNA was analyzed by real time PCR assay; actin was used as an 
internal control. D. The expression of MMP8 protein was analyzed by western blot assay, while actin was used as an internal control. All experiments were at least 
repeated in triplicate.
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tion. Firstly, qRT-PCT results confirmed miR-
539 expression level was significant elevated 
by miR-539 transfection. MTT assay revealed 
that cell growth was significantly impaired in 
MG-63 cells transfected with miR-539 (Figure 
2A, 2B). Similarly, the results of colony-forma-
tion assays revealed that clonogenic survival 
was decreased following overexpression of 
miR-539 in OS cells (Figure 2C, 2D).

miR-539 inhibits cell invasion and migration 
in vitro

To further investigate the effect of miR-539 on 
MG-63 cell invasion and migration, we 
employed the Transwell invasion assay and 
wound healing assay. MG-63 cells were trans-
fected with miR-539 or miRNA control. We 
observed a significant inhibition of invasion into 
Matrigel in miR-539 transfected cells (Figure 
3A, 3B; P<0.05). We also indicated that the 
number of migrated cells transfected with miR-
539 was significantly fewer than the number 
transfected with miRNA control (Figure 3C, 3D; 
P<0.05). These results suggest that the upreg-
ulation of miR-539 inhibits the invasion and 
migration of OS cells.

miR-539 directly targets and inhibits MMP8 
protein expression

In order to explore the potential target for miR-
539, miRanda and Targetscan were used and a 
large number of different genes were predict-
ed. Among these candidate miRNAs, MMP8 
attracted our attention immediately (Figure 
4A). To understand whether the effect of miR-
539 on MMP8 is specific, we performed the 
3’UTR luciferase reporter assay, which showed 
miR-539 had an obvious effect of inhibiting the 
luciferase intensity of wild-type 3’UTR lucifer-
ase reporter (Figure 4B). However, the inhibito-
ry effect of miR-539 was reduced in the pres-
ence of mutant 3’UTR luciferase reporter 
(Figure 4B). Then we tested whether miR-539 
could influence the endogenous MMP8 expres-
sion. Enforced expression of miR-539 induced 
a reduction of endogenous MMP8 mRNA 
expression in MG-63 and U2OS cells. Me- 
anwhile, miR-539 also inhibits MMP8 protein 
level in MG-63 cells (Figure 4D). These results 
provide evidence that miR-539 directly targets 
the 3’UTR of MMP8 mRNA, resulting MMP8 

mRNA degradation and suppressing its ex- 
pression.

Discussion

Recent study report that the aberrant expres-
sion of miRNAs contributes to the proliferation, 
invasion or metastatic behavior of human can-
cer [12]. MiRNAs have been demonstrated to 
targeting multiple genes thus regulating several 
biological processes. Moreover, the aberrant 
expression of miRNAs in human cancer cells 
causes destruction of miRNA-mediated mRNA 
networks. A recent study has demonstrated the 
miRNA expression signature associated with 
OS‑characterizing pathogenesis, clinical me- 
tastasis and chemotherapy response [13]. 
Another study indicated miR-26b inhibits prolif-
eration, migration, invasion and apoptosis in- 
duction via the downregulation of 6-phos- 
phofructo-2-kinase/fructose-2, 6-bisphospha-
tase-3 driven glycolysis in osteosarcoma cells 
[14]. However, the mechanism of miRNA in OS 
development is complex and still need to be 
explored. Previous study reported that the miR-
539 was deregulated in OS detected by micro-
array assay [11]. In this study, we investigate 
the downregulation of miR-539 in OS tissue 
and cell lines by qRT-PCR, and find ectopic 
expression of miR-539 inhibits MG-63 cell pro-
liferation, invasion and migration.

Matrix metalloproteinase-8 (MMP8) was a 
member of the matrix metalloproteinase (MMP) 
family of proteins. This protein is involved in the 
breakdown of extracellular matrix in embryonic 
development, reproduction, and tissue remod-
eling, as well as in disease processes, such as 
arthritis and metastasis. It was once thought to 
be produced exclusively by polymorphonuclear 
leukocytes, but more recent studies have 
shown that various other cell types including 
stem/progenitor cells express this protease 
[15, 16]. However, in human cancers, Matrix 
metalloproteinase 8 was revealed to be tumor- 
or metastasis-suppressive in vivo [17-19]. 
Subsequently, MMP-8 expression was found to 
be a marker of a lower incidence of lymph node 
metastasis and, consequently, to confer a bet-
ter prognosis in human breast carcinoma [20]. 
In human melanoma, function-inactivating 
mutations in MMP8 have been found at high 
frequency and wild-type but not mutant forms 
suppressed tumor formation in soft agar as- 
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says, supporting its role as a tumor suppressor 
[21]. In this study, the prediction of the MMP8 
gene as a potential target of miR-539 was per-
formed by microRNA.org and TargetScan.
human6.2. To identify whether miR-539 can 
genuinely regulate the expression of MMP8, 
the MMP8 3’-UTR was cloned into the pGL3 
vector, placing the 3’-UTR with the majority of 
potential miRNA binding sites downstream of 
the coding sequence of luciferase. We found 
that the overexpression of miR-539 significant-
ly reduced the luciferase activity from the 
reporter construct containing the MMP8 
3’-UTR. This indicates that MMP8 is a direct 
miR-539 target. Although this may not fully 
explained the miR-539 induced OS cell prolif-
eration, invasion and migration inhibition, there 
were hundreds of predicted targets of miR-539 
revealed in the TargetScan prediction and a 
single miRNA has been proven to target multi-
ple mRNAs in order to regulate gene expres-
sion[22], it is probable that other targets of 
miR-539 may also participate in OS prolifera-
tion migration and invasion. Furthermore, miR-
539 may also target different targets in differ-
ent types of cancer. Additionally, the tumor 
microenvironment may influence tumor pro-
gression, invasion and migration. Therefore, 
further studies are needed to identify the entire 
role of miR-539 in OS tumorigensis.

Our present study indicated that MMP8 is neg-
atively regulated by miR-539 through a special 
binding site in the MMP8 3’-UTR. Moreover, 
miR-539 inhibits cell proliferation, invasion and 
migration in MG-63 cells. These results sug-
gest that miR-539 may serve as a target in the 
discovery of effective therapies for OS.
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