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Abstract. MicroRNA-708-5p (miR-708-5p) and epithelial- 
to‑mesenchymal transition (EMT) have been widely identified 
to contribute to the pathogenesis and progression of multiple 
cancers. However, the connection between miR-708-5p and 
EMT has not been sufficiently clarified. Therefore, our research 
aimed to investigate the impact of miR-708-5p on EMT and 
the metastasis of osteosarcoma (OS). We first analyzed the 
differentially expressed microRNAs (DEmiRNAs) from the 
GSE70367 dataset. We found that the expression of miR-708-5p 
was lower in OS cells. Overexpression of miR-708-5p was able 
to impair the migration and invasion of OS cells. Moreover, 
miR-708-5p inhibited EMT of OS cells MG63 and SaOS-2, 
wherein E-cadherin was increased, and N-cadherin, vimentin, 
and Snail were decreased. Semaphorin 4C (SEMA4C), 
mitogen-activated protein kinase kinase kinase 3 (MAP3K3), 
and zinc finger E‑box‑binding homeobox 1 (ZEB1) were 
predicted as target genes of miR-708-5p by bioinformatics 
method. Only ZEB1, one of the EMT-inducing transcription 
factors, was validated as the direct target gene of miR-708-5p 
in OS cells through dual-luciferase reporter assay and Western 
blot analysis. Knockdown of ZEB1 was found to inhibit the 
metastasis of MG63 and SaOS-2 cells, whereas ZEB1 over-
expression promoted their metastasis. In summary, miR-708-5p 
impaired the metastasis and EMT of OS, which was found to 
be mediated by inhibition of ZEB1.

Introduction

Osteosarcoma (OS) is a primitive mesenchymal cell-derived 
bone tumor that most commonly occurs at the metaphyses of 
long bones in adolescents (1). Although the annual incidence 
of OS is three to four patients per million (2), OS is ranked 
among the leading causes of cancer-related deaths in the 
pediatric age group (3). OS is rarely cured because it spreads 
systemically, with the lung being the most common metastatic 
hotspot followed by bone (4). The prognosis of OS patients 
has greatly improved due to multi-agent chemotherapy, with 
long-term survival rates improving from less than 20% to 
65-70% (5). Aside from low prevalence and easy metastasis, 
large tumor heterogeneity causes difficulty in significantly 
improving the survival rates of patients (3). Therefore, there 
is an urgent research aim to decipher the molecular mecha-
nisms underlying the occurrence and development of OS, and 
explore possible effective molecular treatment strategies to 
halt its metastasis.

MicroRNAs (miRNAs) are endogenous ~22 nt, short, 
non-coding RNAs that regulate gene expression through 
direct post-transcriptional repression of mRNA targets (6,7). 
Since the discovery of the first miRNA, lin‑4, an increasing 
number of miRNAs have been found, and a large number 
of target genes have been validated. Mammalian miRNAs 
have been identified to play multiple roles in diverse cellular 
(including cell death and cell proliferation) and physiological 
processes (7,8). In the field of cancer, miRNAs function as 
oncogenes or tumor suppressors through their participa-
tion in tumor growth, invasion, angiogenesis, and immune 
evasion (9). Although the molecular etiology of OS remains to 
be further defined, the effects of miRNAs on the pathogenesis 
and progression of OS have been widely investigated (10). A 
previous study found that miR-708-5p was downregulated in 
OS samples compared with non-neoplastic bone samples (11). 
In our bioinformatics analysis, we detected that miR-708-5p 
was decreased in OS cells MG63 and SaOS-2 compared 
with human bone marrow-derived mesenchymal stem cells 
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(hMSCs). The differential expression of miR-708-5p between 
normal and OS cells impelled us to clarify the specific function 
and mechanism of miR-708-5p in OS.

Epithelial cells converting to mesenchymal cells is the 
basic process for embryonic development. This process 
consists of important phenotypic changes, which include loss 
of cell-cell adhesion, lack of cell polarity, and development 
of migratory and invasive properties (12). Carcinoma cells 
are able to acquire increased motility and impaired intercel-
lular adhesion to develop mesenchymal cell morphology and 
infiltrate ambient tissues through epithelial‑to‑mesenchymal 
transition (EMT) (13). EMT transcription factors (EMT-TFs), 
such as Snail1, Twist1, ZEB1 and ZEB2, activate EMT (14,15). 
EMT-TFs act as repressors of E-cadherin genes by directly 
(Snail1, ZEB1 and ZEB2) or indirectly (Twist1) binding 
to the E-boxes on the E-cadherin promoter to repress its 
transcription. Moreover, EMT can be regulated by TGF-β, 
hypoxia, Notch, and WNT pathways. MicroRNAs such as 
miR-200, miR-103/107, and miR-181a can mediate EMT by 
targeting EMT-TFs (14,15). However, the relationship between 
miR‑708‑5p and EMT in OS has been insufficiently clarified. 
Therefore, we investigated the specific impacts of miR‑708‑5p 
on the metastasis of OS and EMT and explored its target genes 
in OS.

Zinc finger E-box-binding homeobox 1 (ZEB1) and its 
mammalian paralog ZEB2 belong to the ZEB family within 
the ZF (zinc finger) class of homeodomain transcription 
factors. The ZEB family plays an important role in normal 
embryonic development, including inducing EMT, in which 
epithelial cells lose polarity and obtain invasive properties, 
thus becoming mesenchymal cells (16). The main role of ZEB1 
during EMT is the inhibition of the expression of E-cadherin 
by binding to its promoter region, which results in the cells 
losing their epithelial properties (17). ZEB1 has been reported 
to be associated with proliferation, apoptosis, migration, inva-
sion, and EMT of OS (18-21). ZEB1 has been validated to be 
regulated by several miRNAs in OS. miR‑126 was testified 
to inhibit proliferation, migration, invasion, and EMT in OS 
via targeting ZEB1 (19), miR-130a was reported to inhibit OS 
growth and metastasis through directly targeting ZEB1 (20). 
Nonetheless, the relationship between miR-708-5p and ZEB1 
has not been fully explored in OS.

In the present study, we examined the expression of 
miR-708-5p in OS cell lines and reintroduced miR-708-5p 
in OS cell lines utilizing cell transfection. The effects of 
miR-708-5p on OS cell migration and invasion were observed, 
the direct target gene of miR-708-5p was validated, and the 
EMT of OS cells was explored. The results will provide novel 
theoretical strategies for the diagnosis and treatment of OS. 
In summary, this study will help us further decipher the 
molecular etiology of OS.

Materials and methods

Cell lines and human bone marrow mesenchymal stem cells 
(hMSCs). 293T and human OS cell lines MG63, SaOS-2 and 
normal bone marrow cell line HS-5 were purchased from the 
American Type Culture Collection (Manassas, VA, USA). 
Upon approval by the Ethics Committee of the Children's 
Hospital of Chongqing Medical University (Chongqing, 

China), human bone marrow-derived mesenchymal stem 
cells (hMSCs) were obtained from three healthy donors who 
provided informed consent. hMSCs were isolated from bone 
marrow utilizing density gradient centrifugation as previous 
described (22,23). In brief, Ficoll medium (TBD Science) 
and bone marrow dilution solution (diluted with PBS of 1:1 
ratio) were gently added into a centrifuge tube at a 1:2 ratio 
and then centrifuged for 30 min at 644 x g. The cloudiness 
interface layer which contains monocytes were aspirated into 
another centrifuge tube and mixed with PBS, and the mixture 
was centrifuged for 3 min at 161 x g. The supernatant of the 
mixture was discarded, and then complete culture medium was 
added to suspend the primary cells. The primary cell suspen-
sion was transferred onto T‑25 flasks, and the culture medium 
was discarded to abandon unattached cells. All the above 
cells were maintained in Dulbecco's modified Eagle's medium 
(Hyclone, GE Healthcare) supplemented with 10% fetal bovine 
serum (FBS; Lonsera) and 100 U/ml streptomycin/penicillin 
at 37˚C in 5% CO2.

Differentially expressed miRNAs. miRNA Expression data 
from human osteosarcoma (OS) dataset GSE70367 was 
downloaded from the National Center for Biotechnology 
Information (NCBI) Gene Expression Omnibus (GEO) 
database (http://www.ncbi. nlm.nih.gov/geo). The dataset 
GSE70376 was based on GPL16384 platform. GSE70376 
dataset includes miRNAs expression data in five OS cell lines 
(MG63, Saos, HOS, NY and Hu09) and human mesenchymal 
stem cells (hMSCs).

Cell transfection. miRNA mimics, scramble negative control 
mimics (scramble NC mimic) and ZEB1-specific small 
interfering RNA (si‑ZEB1) were synthesized by GenePharma 
(Shanghai, China). The ZEB1 overexpression plasmid 
pEZ-ZEB1 and empty plasmid pEZ-M35 were purchased 
from GeneCopoeia. MicroRNA-708-5p mimic (20 nM) 
and scramble NC mimic (20 nM) were transfected into OS 
cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
The subsequent experiments were performed after the cells 
were transfected for 48 h.

RNA extraction and RT‑qPCR. Total RNA was extracted 
using TRIzol reagent (Tiangen) in line with the manufacturer's 
instructions and first‑strand DNA was synthesized using the 
Reverse Transcriptase (RT) M-MLV kit with random hexamer 
primers (Takara). miRNAs were extracted utilizing Magen 
Hipure Universal RNA Kits (Magen, Guangzhou, China) 
according to manufacturer's instructions. Target-specific 
primers were used for reverse transcription [RT primers (5'-3') 
for miR-708-5p: GTC GTA TCC AGT GCA GGG TCC GAG 
GTA TTC GCA CTG GAT ACG ACC CCA GC and RT primers 
(5'-3') for U6: GTC GTA TCC AGT GCA GGG TCC GAG GTA 
TTC GCA CTG GAT ACG ACT TGC GC]. TB Green™ Premix 
Ex Taq™ II (Takara) was used to determine the expression 
of miRNAs and mRNAs utilizing the 2-ΔΔCq (24) method by 
CFX Connect Real-Time PCR system (Bio-Rad Laboratories, 
Inc). GAPDH and U6 were used as the internal references for 
mRNAs and miRNAs, respectively. The sequence of primers 
for RT‑qPCR are listed in Table Ι.
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Wound healing assay. To determine whether miR-708-5p 
affects the lateral migration ability of OS cells, cells were 
digested and resuspended in DMEM after 48 h of transfection, 
and then plated into 6‑well plates. When the cell confluence 
reached 80-90%, a straight scratch was made using a 10-µl 
pipette tip. The floating debris were removed by washing with 
PBS and the culture medium was replaced with serum-free 
DMEM culture media. The final photomicrographs 
were captured utilizing an inverted phase contrast microscope 
(Nikon, Japan) at a magnification of x100 at 24 h for MG63 
cells or 48 h for SaOS-2 cells.

Cell migration and invasion assays. For the cell migration 
assay, 1.5x104 OS cells were plated into 8-micron inserts in 
a 24-well plate containing serum-free DMEM. For the inva-
sion assay, the Transwell chambers were pre-coated with 1:3 
diluted Matrigel (Solarbio) and 3x104 OS cells were plated 
into 8‑micron inserts. The lower chambers were filled with 
700 µl complete medium with 10% FBS. Cells were allowed 
to migrate for 24 h (MG63) or 48 h (SaOS-2). After migration, 
the inserts were washed twice with fresh PBS and fixed with 
4% paraformaldehyde for 10 min. After fixation, the inserts 
were washed with ddH2O twice and stained with 5% crystal 
violet solution for 15 min. After staining, the inserts were 
washed with ddH2O and the non-migrated cells were carefully 
removed with a cotton swap. The migrated cells were captured 
and counted at x100 magnification under an inverted phase 
contrast microscope (Nikon, Japan) in at least five visual fields.

Western blot analysis. Total protein was extracted after 
transfection for at least 48 h. OS cells were lysed with 
RIPA buffer containing protease inhibitors and phosphatase 
inhibitor (Roche Applied Science), and then centrifuged 
at 12,000 x g for 25 min at 4˚C and the supernatants were 
collected. Concentration of protein was measured by BCA 
assay and then the protein was boiled for 10 min in loading 
buffer. Equal amounts (15 ng) of cell protein were loaded 
onto 8-10% SDS-PAGE gels and subsequently transferred 
onto polyvinylidene difluoride membranes (PVDF; Millipore) 
membranes. The membranes were blocked with 5% bovine 
serum albumin (BSA; Solarbio) diluted with TBST and then 
incubated with primary antibodies overnight at 4˚C. Western 
blotting was performed utilizing primary antibodies specific 
for β-actin (1:1,000 dilution; cat. no. TA-09; Zhongshan 
Golden Bridge Biotechnology), MMP2 (1:1,000 dilution; 
D8N9Y; Cell Signaling Technology), MMP7 (1:1,000 dilu-
tion; AF0218; Affinity Biosciences), MMP9 (1:1,000 dilution; 
AF5228; Affinity Biosciences), E‑cadherin (1:500 dilution; 
sc‑21791; Santa Cruz Biotechnology, Inc.), N‑cadherin (1:500 
dilution; sc‑53488; Santa Cruz Biotechnology, Inc.), Vimentin 
(1:500 dilution; WL01960; Wanleibio), ZEB1 (1:1,000 dilu-
tion; YN3011; Immunoway) and Snail (1:1,000 dilution; 
WL01863; Wanleibio). After incubation with the primary 
antibody at 4˚C overnight, the membranes were washed with 
TBST for 30 min, and then the membranes were incubated 
with HRP-labelled IgG secondary antibody (1:5,000 dilu-
tion; Zhongshan Goldenbridge Biotechnology) at 37˚C for 
1 h. The protein bands were detected using ECL solution 
kit (Immobilon Western, Millipore). The protein bands were 
quantified using Image Lab software version 5.2 (Bio‑Rad 

Laboratories, Inc.), and the values are expressed relative to 
β-actin.

Dual‑luciferase reporter assay. We cloned the sequences 
from miR-708-5p binding sites on 3' UTRs of ZEB1, 
SEMAC and MAP3K3, respectively, into the pGL6-miR 
(Beyotime Institute of Biotechnology) reporter plasmid. The 
miRNA-mRNA binding sites were also mutated and cloned 
into the reporter plasmid. When the 293T cells reached 70% 
confluence in 24‑well plates, the cells were co‑transfected 
with 400 ng wild-type (or mutant) reporter plasmids plus 
miR-708-5p mimic (or scramble NC mimic), together with 
10 ng Renilla reporter plasmid PRL-SV40 per well, and the 
mixture was diluted in serum-free medium. The medium 
was replaced with complete medium containing 10% FBS 
after 6 h, and the 293T cells were lysed to be measured 48 h 

Table I. Primer sequences used for RT-qPCR.

Genes Sequences (5'-3')

miR‑708‑5p
  Forward GGCGCGAAGGAGCTTACAATCTA
  Reverse ATCCAGTGCAGGGTCCGAGG
U6
  Forward GTGCTCGCTTCGGCAGCACA
  Reverse ATCCAGTGCAGGGTCCGAGG
GAPDH
  Forward CAGCGACACCCACTCCTC
  Reverse TGAGGTCCACCACCCTGT
MMP2
  Forward AGACATACATCTTTGCTGGAGACA
  Reverse CTTGAAGAAGTAGCTGTGACCG
MMP7
  Forward GGAGGAGATGCTCACTTCGAT
  Reverse AGGAATGTCCCATACCCAAAGA
MMP9
  Forward GGGACGCAGACATCGTCATC
  Reverse TCGTCATCGTCGAAATGGGC
E‑cadherin
  Forward AATGAAGCCCCCATCTTTG
  Reverse CAGCCAGTTGGCAGTGTCT
N‑cadherin
  Forward CCATCAAGCCTGTGGGAATC
  Reverse GCCGCTTTAAGGCCCTCAT
Vimentin
  Forward TGCTCAATGTTAAGATGGCCCT
  Reverse TTCAAGGTCATCGTGATGCTGA
Snail
  Forward CCATGTCCGGACCCACAC
  Reverse GCCGGACTCTTGGTGCTT
ZEB1
  Forward CCAAGCTTATGAAAGTTACAAATTATAA
  Reverse CGGGATCCCTTCAAAGGACTTTGTAGAT
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post-transfection. Luciferase activity assay was then performed 
using the Dual-Luciferase Reporter Assay System (Promega), 
and normalized with the Renilla activity.

Immunofluorescence. Cells cultured on crawling pieces 
were washed with PBS and fixed with 4% paraformaldehyde 
for 20 min, and 0.25% Triton X-100 (Solarbio) was used for 
permeabilization at 37˚C for 15 min. Next, 0.5% Triton X‑100 
was used for permeabilizing at room temperature for 20 min. 
Goat serum (AR0009, Boster Biological Technology) was 
used for blocking at 37˚C for 30 min and then the cells were 
incubated with primary antibodies specific for ZEB1 (1:200 
dilution; sc‑515797; Santa Cruz Biotechnology, Inc.) at 4˚C 
overnight. Then the crawling pieces were washed with PBS for 
3 times and Rhodamine (TRITC)-conjugated goat anti-mouse 
IgG (ZF0313; Zhongshan Goldenbridge Biotechnology, 
Beijing, China) was used to incubate the cells at 37˚C for 1 h. 
Nuclei were stained with Hoechst 33258 (DA0011, Leagene 
Biotechnology) at room temperature for 5 min. Images were 
captured using a fluorescence microscope at x400 magnifica-
tion (DM4B, Leica, Germany). ImageJ software (version 1.48; 
National Institutes of Health, Bethesda, MD, USA) was 
utilized to quantify the cell fluorescence.

Statistical analysis. GraphPad Prism 6 (GraphPad Software, 
Inc.) was utilized to analyze the data. All the data are 
presented as the mean ± standard deviation from at least 
three independent experiments. Unpaired t-test was used to 
compare two groups. Comparisons between multiple groups 
(when >2 groups) were performed by one-way analysis of vari-
ance and Tukey's multiple comparision test in which pairwise 
comparisons between all groups were performed. Statistical 
significance was set at P<0.05.

Results

Lower expression of miR‑708‑5p in OS cell lines. The 
microRNA expression data were obtained from Gene 
Expression Omnibus (GEO) database (http://www.ncbi. 
nlm.nih.gov/geo) (accession number: GSE70367), which 
partly consists of five OS cell lines (MG63, Saos‑2, Hu09, 
NY, HOS) and normal control cells (hMSCs). These data 
were analyzed using GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/), the parameter was set as default. The top 
50 differentially expressed miRNAs are presented in a 
heatmap drawn using HemI (http://hemi.biocuckoo.org/), 
in which hsa-miR-708-5p was decreased in the OS cell 
lines (MG63, SaOS-2, Hu09, NY, HOS) compared with that 
noted in the human bone marrow-derived mesenchymal 
stem cells (hMSCs) (Fig. 1A). Furthermore, the expression 
of miR-708-5p was significantly lower in the MG63 and 
SaOS-2 cells in comparison with the hMSCs and HS-5, as 
validated by RT-qPCR (Fig. 1B-E). Moreover, miR-708-5p 
was reported to be downregulated in OS samples and was 
correlated with OS prognosis and progression (3). These 
findings suggest that miR‑708‑5p may serve as a therapeutic 
miRNA for OS.

Overexpression of miR‑708‑5p impairs the migration and 
invasion of OS cells. MicroRNA-708-5p mimic (708-5p mimic) 

and scramble NC mimic (NC mimic) were transfected into OS 
MG63 and SaOS‑2 cells and the transfection efficiency was 
verified (Fig. 1F and G). MG63 and SaOS‑2 cells transfected 
with 708‑5p mimic showed significantly increased miR‑708‑5p 
mRNA expression. To investigate whether miR-708-5p 
affects the migration and invasion of OS, wound healing and 
Transwell assays were conducted. The wound healing rate of 
MG63 (24 h) and SaOS‑2 (48 h) was significantly decreased in 
the 708-5p mimic group compared with the NC mimic group 
(Fig. 2A and B). Concordant with the wound healing assay, the 
numbers of transmembrane migratory and invasive cells were 
significantly decreased in the 708‑5p mimic group compared 
with the NC mimic group in the MG63 and SaOS-2 cells 
(Fig. 2C and D).

Given that matrix metalloproteinases (MMPs) play a 
crucial role during tumor metastasis, we also assessed the 
mRNA (Fig. 3A and B) and protein levels of MMP2, MMP7, 
and MMP9 (Fig. 3C-E) in the MG63 and SaOS-2 cells. The 
mRNA and protein levels of MMP2, MMP7, and MMP9 were 
significantly decreased after miR‑708‑5p was overexpressed 
in MG63 cells (Fig. 3D). Likewise, the mRNA and protein 
levels of MMP2 and MMP9 were significantly decreased after 
miR-708-5p was overexpressed in the SaOS-2 (Fig. 3E).

miR‑708‑5p suppresses epithelial‑to‑mesenchymal transition 
(EMT) of OS cells. To further investigate whether miR-708-5p 
affects EMT in OS, we detected the mRNA and protein levels 
of EMT-related biomarkers. As shown in Fig. 3, miR-708-5p 
overexpression significantly induced the expression of epithe-
lial biomarker E-cadherin while significantly repressing 
mesenchymal biomarkers N-cadherin, vimentin, and 
EMT-related transcription factor Snail. These results indicate 
that miR-708-5p impairs the EMT of OS cells.

Zinc finger E‑box‑binding homeobox 1 (ZEB1) is a direct 
target gene of miR‑708‑5p. To explore the miR-708-5p-me-
diated downstream regulator of OS cells, TargetScan7.2 
(http://www.targetscan.org/vert_72/) was applied to predict 
the potential target genes of miR-708-5p. Semaphorin 4C 
(SEMA4C), mitogen-activated protein kinase kinase kinase 3 
(MAP3K3), and ZEB1 are types of tumor metastasis-associ-
ated genes and were thus screened as our candidate target 
genes of miR-708-5p. To validate whether miR-708-5p binds 
to the 3'UTR (3' untranslated region) of these candidate 
genes, we cloned a part of 3'UTR (containing the binding 
sites) of candidate genes into pLG6-miR to construct a 
dual-luciferase reporter system. 3'UTR luciferase reporter 
plasmid (wild-type; WT) or 3'UTR mutated (MUT) luciferase 
reporter plasmid (mutant type) with microRNA mimic or NC 
mimic were co-transfected into 293T cells. miR-708-5p over-
expression significantly decreased the luciferase activities 
in the wild-type 3'UTR of SEMA4C, MAP3K3, and ZEB1, 
whereas the mutant type exhibited no significant changes 
(Fig. 4A-C). Nonetheless, only the protein level of ZEB1 was 
decreased after miR-708-5p overexpression in MG63 and 
SaOS‑2 cells (Fig. 4D). This finding indicates that ZEB1 was 
directly targeted by miR-708-5p in OS. Moreover, immuno-
fluorescence results showed that miR‑708‑5p overexpression 
could inhibit the fluorescence intensity of ZEB1 in MG63 
cells (Fig. 4E).
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ZEB1 is upregulated in OS and suppression of ZEB1 inhibits 
OS cell migration and invasion. We downloaded the expression 
box plot of ZEB1 in sarcoma tissues and normal tissues from 
the Gene Expression Profiling Interactive Analysis database 
(GEPIA), a web server for cancer and normal gene expression 
profiling and interactive analyses. As shown in Fig. 5A, ZEB1 
was upregulated in sarcoma tissues when compared to that in 
normal tissues. Hence, we further assessed the protein levels 

of ZEB1 in OS MG63 and SaOS-2 cells. We found that ZEB1 
was upregulated in MG63 and SaOS-2 cells compared with that 
noted in the hMSCs and HS‑5 (Fig. 5B). These findings suggest 
that ZEB1 may act as an oncogene in OS. To better elucidate 
the role of ZEB1 in the metastasis of OS, ZEB1 was inhibited 
through small-interference RNA (si-ZEB1). ZEB1 mRNA and 
protein expression levels were significantly decreased after 
transfection with siRNA, as determined by RT-qPCR and 

Figure 1. Differentially expressed miRNAs in OS cell lines and miR-708-5p expression in OS cell lines. (A) Top 50 differentially expressed miRNAs in OS 
cell lines (MG63, HOS, NY, SaOS-2, Hu09) and normal hMSCs. (B-E) Expression of miR-708-5p in MG63, SaOS-2, hMSC and HS-5 cells by RT-qPCR. All 
data are presented as mean ± SD from at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs. hMSCs or HS-5 cells. (F and G) Expression of 
miR-708-5p in MG63 and SaOS-2 cells after transfection with 20 nM miR-708-5p mimics (708-5p mimics) or the scramble negative control (NC mimic). All 
data are presented as mean ± SD from at least three independent experiments. *P<0.05, **P<0.01 vs. the NC mimic. OS, osteosarcoma; hMSCs, human bone 
marrow-derived mesenchymal stem cells.
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Western blot analysis (Fig. 5C and E). Moreover, the numbers of 
invasive and migratory (transmembrane) cells were decreased 
after ZEB1 was effectively knocked down (Fig. 5D and F).

ZEB1 reverses the miR‑708‑5p‑mediated suppression of cell 
metastasis. To further confirm whether ZEB1 plays a vital role 
in the miR-708-5p-mediated suppression of cell migration and 
invasion, rescue experiments were conducted. As shown in 
Fig. 6A and C, the mRNA and protein expression levels of ZEB1 
were increased after transfected with pEZ-ZEB1 in MG63 and 
SaOS-2 cell lines. Subsequently, the numbers of invasive and 

migratory (transmembrane) cells were increased after ZEB1 
was reintroduced (Fig. 6B, D and E). In brief, ZEB1 abrogated 
the miR-708-5p-mediated inhibition of metastasis of OS cells.

Discussion

Currently, miRNAs are considered to regulate more than 60% 
of human protein-coding genes (25). In addition, miRNAs 
generally bind to the 3'-untranslated regions (3'UTR) of target 
mRNA genes functioning in two patterns: Endonucleolytic 
cleavage and translational repression or deadenylation (26). 

Figure 2. miR-708-5p expression suppressed the migration and invasion of OS cells. Effects of miR-708-5p on the lateral migration of (A) MG63 and 
(B) SaOS-2 cells and on the longitudinal migration and invasion of (C) MG63 and (D) SaOS-2 cells following transfection of the miR-708-5p mimics (708-5p 
mimics) or the scramble negative control (NC mimic). All data are presented as mean ± SD from at least three independent experiments. **P<0.01, NC mimic 
vs. 708-5p mimic. OS, osteosarcoma.
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Except for the 3'UTR of mRNAs, 5'-UTRs or coding regions 
are factitiously the binding sites of miRNAs, by which miRNAs 
could also develop an inhibitory effect on target genes (27). 
Our colleagues previously illuminated the miRNA-mRNA 
networks through biological analysis (28), which elucidated 
osteosarcomagenesis-associated miRNAs and provided a theo-
retical basis for the discovery of the molecular mechanisms of 
osteosarcoma (OS) carcinogenesis.

miR-708-5p is one of the key miRNAs in numerous tumors 
and acts either as a tumor suppressor or promoter. miR-708-5p 
was recently reported to be induced by glucocorticoid receptor 
agonists in breast cancer cells. This characteristic of miR-708-5p 
was found to inhibit cell proliferation, colony formation, and 
cell-cycle arrest (29). Not alone, miR-708-5p was suggested to 
be induced by glucocorticoids to impair metastasis through 
targeting Rap1B in ovarian cancer (30). Furthermore, suppres-
sion of miR-708-5p by polycomb group was found to increase 
metastasis by calcium-induced cell migration (31). Restoration 

of miR-708-5p expression in renal cancer cells was found to 
inhibit cell growth, clonability, invasion, and migration, and 
induce apoptosis (32). In contrast, miR-708-5p has been found 
to be involved in the carcinogenesis in several types of tumors. 
Silencing of miR-708-5p was found to promote apoptosis 
and inhibit growth of bladder carcinoma cells through direct 
repression of caspase-2 (33). In colorectal cancer, miR-708-5p 
was reported to be significantly upregulated when compared 
to normal tissues (34,35). The proliferation and invasion of 
colorectal cancer cells were inhibited. Thus, apoptosis was 
found to be promoted after silencing of miR-708 (34).

In summary, miR-708-5p was found to have numerous 
functions in multiple types of cancers. Sui et al (36) found that 
miR-708-5p inhibited the growth and invasion of OS cells via 
regulating the URGCP/NF-κB signaling pathway. However, 
more specific effects and mechanisms that miR‑708‑5p may 
produce in OS, especially epithelial-to-mesenchymal transition 
(EMT), are still ambiguous. To fill this gap, we investigated 

Figure 3. miR-708-5p suppresses epithelial-to-mesenchymal transition (EMT) of OS cells. (A) mRNA and (C, left column) protein levels of MMP2, 
MMP7, MMP9, N-cadherin, vimentin, E-cadherin and Snail after miR-708-5p overexpression (708-5p mimics) compared to the scramble negative control 
(NC mimic) in MG63 cells. (B) mRNA and (C, right column) protein levels of MMP2, MMP9, N-cadherin, vimentin, E-cadherin and Snail after miR-708-5p 
overexpression (708-5p mimics) compared to the scramble negative control (NC mimic) in SaOS-2 cells. Relative protein expression levels in (D) MG63 
and (E) SaOS-2 cells. All data are presented as mean ± SD from at least three independent experiments. *P<0.05, **P<0.01, NC mimic vs. 708-5p mimic. 
OS, osteosarcoma; MMP, matrix metalloproteinase.
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differentially expressed microRNAs (DEmiRNAs) in OS cells 
and marrow-derived mesenchymal stem cells (hMSCs). The 
results showed that miR‑708‑5p was downregulated in five OS 
cell lines (MG63, HOS, NY, SaOS-2, and Hu09) compared 
with hMSCs. Tumor-initiating cells of OS may be derived from 
mesenchymal stem cells in given bone circumstances (37). The 
differential expression of miR-708-5p in OS cells and hMSCs 
prompted us to consider whether it is involved in the occurrence 
and development of OS. Hence, we further explored the func-
tion of miR-708-5p in MG63 and SaOS-2 cells, which are two 
representative OS cell lines. First, we validated the downregu-
lation of the expression of miR-708-5p in MG63 and SaOS-2 
cells in comparison with two types of normal cells, namely, 

hMSCs and HS-5. Then, we transfected 20 nM of miR-708-5p 
mimics into OS cells, and miR-708-5p was successfully over-
expressed. Restoration of miR-708-5p impaired the migration 
and invasion abilities of the MG63 and SaOS-2 cells. MMP2, 
MMP7, and MMP9 are three members of the matrix metal-
lopeptidase gene family, which are zinc‑dependent enzymes 
and can cleave the components of the extracellular matrix 
and molecules involved in signal transduction. MMPs are 
thought to promote cancer cell metastasis via disrupting the 
basement membrane and other components of ECM (38). 
We further discovered that the mRNA and protein levels of 
MMP2, MMP7, and MMP9 were significantly decreased after 
miR-708-5p overexpression in MG63 cells. Likewise, MMP2 

Figure 4. ZEB1 is a direct target gene of miR-708-5p. (A-C) Dual luciferase assay. (D) Western blot analysis for ZEB1, MAP3K3 and SEMA4C in MG63 and 
SaOS‑2 cells after miR‑708‑5p overexpression (708‑5p mimics). (E) Immunofluorescence assay for ZEB1 in MG63 cells in the 708‑5p mimics group compared 
to the scramble negative control (NC mimic) group. All data are presented as mean ± SD from at least three independent experiments. *P<0.05, **P<0.01, 
NC mimic vs. 708-5p mimic. ZEB1, Zinc finger E‑box‑binding homeobox 1.
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Figure 5. ZEB1 is upregulated in OS and suppression of ZEB1 inhibits OS cell migration and invasion. (A) Box plot of ZEB1 expression in sarcoma tissues 
from GEPIA. (B) Protein levels of ZEB1 in MG63, SaOS-2, hMSCs and HS-5 cells. (C and E) Left: mRNA levels of ZEB1 in MG63/SaOS-2 cells after 
si-ZEB1 transfection. Right: protein levels of ZEB1 in MG63/SaOS-2 cell after si-ZEB1 transfection. (D and F) Transwell assays for migration and invasion of 
MG63/SaOS-2 cells after si-ZEB1 transfection. All data are presented as mean ± SD from at least three independent experiments. **P<0.01, si-ZEB1 vs si-NC. 
OS, osteosarcoma; ZEB1, Zinc finger E‑box‑binding homeobox 1; hMSCs, human bone marrow‑derived mesenchymal stem cells; GEPIA, Gene Expression 
Profiling Interactive Analysis database.
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Figure 6. ZEB1 is involved in the miR-708-5p-mediated suppression of cell metastasis. (A and C) Left: mRNA levels of ZEB1 in MG63/SaOS-2 cells after trans-
fection with the pEZ-ZEB1 plasmid. Right: protein levels of ZEB1 in MG63/SaOS-2 cells after transfection with the pEZ-ZEB1 plasmid. (B and D) Transwell 
assays in four groups (empty+NC mimic, pEZ-ZEB1+NC mimic, pEZ-ZEB1+708-5p mimic, pEZ-ZEB1+NC mimic) to determine MG63/SaOS-2 cell migra-
tion and invasion after transfection. (E) The numbers of migratory and invasive (transmembrane) cells in the MG63 (left) and SaOS-2 (right) cell lines. All 
data are presented as mean ± SD from at least three independent experiments. *P<0.05, ***P<0.001, empty plasmid vs. pEZ-ZEB1 plasmid; **P<0.01, pEZ-ZEB1 
plasmid+708-5p mimic vs. empty+708-5p mimic. ZEB1, Zinc finger E‑box‑binding homeobox 1.
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and MMP9 were significantly decreased after miR‑708‑5p 
overexpression in the SaOS-2 cells.

miR-708-5p has been reported to suppress EMT in renal 
cancer and melanoma cells (32,39). After miR-708-5p transfec-
tion, epithelial marker E‑cadherin was significantly increased, 
whereas mesenchymal markers N-cadherin and Vimentin were 
significantly decreased. Likewise, the mRNA and protein level 
of Snail, one of EMT-TFs, was decreased after miR-708-5p 
transfection. These results indicate that miR-708-5p inhibited 
the migration and invasion of OS through impairing EMT.

Searching and validating one or more direct target genes 
are essential in clarifying the specific mechanism of certain 
miRNAs in a given disease. We employed bioinformatics soft-
ware to predict the target genes of miR-708-5p. Three tumor 
metastasis-associated genes, namely, MAP3K3, SEMA4C, and 
ZEB1 were chosen, as our candidate genes. Although miR-708-5p 
was found to bind to 3'UTR of the predicted target genes by using 
dual-luciferase report assay in 293T cells, at the protein level, only 
ZEB1 was significantly decreased after miR‑708‑5p overexpres-
sion in OS MG63 and SaOS-2 cells. Combining the results of 
the dual-luciferase report assay and Western blot analysis, we 
concluded that ZEB1 was the direct target gene of miR-708-5p in 
OS. To determine whether ZEB1 is involved in miR-708-5p-medi-
ated suppression of OS cell migration and invasion, we conducted 
rescue experiments. We discovered that the re-expression of 
ZEB1 reversed the inhibition of migration and invasion mediated 
by miR‑708‑5p. This finding suggests that ZEB1 takes part in the 
miR-708-5p-mediated suppress of the migration and invasion of 
OS cells. ZEB1 is highly expressed in OS tissues when compared 
to normal tissue (18,40). Moreover, the protein level of ZEB1 was 
found to be upregulated in OS MG63 and SaOS-2 cells unlike 
that in the hMSCs and HS-5 cells. Silencing of ZEB1 was found 
to inhibit the migration and invasion of MG63 and SaOS-2 cells. 
Thus, a miR-708-5p/ZEB1/EMT axis that mediates the metastasis 
of OS is established. In summary, miR-708-5p is downregulated 
in OS, and reinduction of the overexpression of miR-708-5p 
could suppress the migration and invasion abilities of OS cells by 
directly targeting ZEB1. Thus, miR-708-5p facilitates inhibition 
of EMT in OS cells. As a tumor suppressor in OS, miR-708-5p 
may serve as a novel diagnostic and therapeutic biomarker for OS.
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