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Abstract. Human osteosarcoma is the most frequent malig‑
nant primary bone tumor that mainly occurs in young adults 
and children. MicroRNAs (miRNAs/miRs) are abnormally 
expressed in human osteosarcoma and contribute to osteo‑
sarcoma initiation and development. The present study aimed 
to investigate the role of miR‑382‑5p in the nosogenesis of 
osteosarcoma and to identify a novel target for osteosarcoma 
treatment. miR‑382‑5p expression was detected in human 
osteosarcoma clinical tissues and cell lines, including 143B, 
U2OS and MG63, via reverse transcription‑quantitative PCR 
analysis. Multiple bioinformatic prediction toowe used to 
identify the potential target genes of miR‑382‑5p and vascular 
endothelial zinc finger 1 (VEZF1), which were validated via 
the dual‑luciferase reporter assay. MG63 and U2OS cells were 
transfected with miR‑382‑5p mimics. The Cell Counting Kit‑8 
assay was performed to assess cell proliferation, while the 
Transwell assay was performed to assess migration and inva‑
sion. Cell colony formation was measured via crystal violet 

staining, and apoptosis was assessed via Annexin V/propidium 
iodide staining. The wound healing assay was performed 
to assess the migratory ability of U2OS and MG63 cells. 
Antitumor effects of miR‑382‑5p were evaluated in nude 
mice xenografts using U2OS cells. The results demonstrated 
that miR‑382‑5p expression was markedly downregulated 
in human osteosarcoma tissues and cell lines compared 
with adjacent normal tissues. Transfection of miR‑382‑5p 
mimics into MG63 and U2OS cells significantly inhibited 
the malignant behaviors of cells, including decreased prolif‑
eration, migration, diminished colony formation and invasion, 
and promoted osteosarcoma cell apoptosis. Bioinformatics 
prediction indicated that VEZF1 is a direct target gene of 
miR‑382‑5p. Overexpression of VEZF1 restored osteosarcoma 
tumor development inhibited by miR‑382‑5p in vivo. In addi‑
tion, overexpression of miR‑382‑5p restrained the growth of 
xenograft osteosarcoma in nude mice following co‑transfec‑
tion, and overexpression of VEZF1 attenuated the inhibitory 
effect of miR‑382‑5p in nude mice. miR‑382‑5p acted as a 
tumor suppressor gene and inhibited the malignant biological 
behaviors of human osteosarcoma cells and functions associ‑
ated with directly targeting VEZF1. Taken together, these 
results suggest that the miR‑382‑5p/VEZF1 interaction has an 
important role in osteosarcoma development and progression, 
and thus may be used as a diagnostic and therapeutic target for 
osteosarcoma.

Introduction

Human osteosarcoma is the most frequent malignant bone 
tumor, and its characteristics of malignant proliferation and 
invasion have made it the leading cause of cancer‑associated 
mortality among teenagers and children (1‑3). The incidence 
of osteosarcoma is approximately 4‑5 cases per million, which 
accounts for >60% of all bone malignancies and ~20% of all 
primary osteosarcomas in children >5 years old (4). Surgery 
and chemotherapy are the most common treatment methods 
for osteosarcoma  (5). With improvements in therapeutic 
technologies, the 5‑year survival rate of newly diagnosed 
patients with osteosarcoma without metastasis has improved 
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to ~60‑70% (6). However, the 5‑year survival rate of patients 
with osteosarcoma is only 20% because of the frequency of 
recurrent or metastatic disease (7). Thus, it is important to 
understand the molecular mechanisms underlying the initia‑
tion, progression, invasion and recurrence of osteosarcoma to 
identify novel therapeutic targets and develop rational strate‑
gies for clinical treatment of osteosarcoma.

MicroRNAs (miRNAs/miRs) are small (17‑25 nucleo‑
tides) non‑coding RNAs  (8). These molecules are highly 
conserved endogenous RNAs that have an important role in 
post‑transcriptional regulation of mRNAs for translation, and 
influence diverse biological activities (9). Although only the 
biological functions of a few miRNAs have been elucidated, 
miRNAs have been associated with osteosarcoma initiation, 
progression and invasion (10,11). Increasing evidence suggest 
that miRNAs may perform gene regulation in different types 
of cancer, such as direct regulation of target genes, including 
oncogenes or tumor suppressor genes  (12). For example, 
miR‑142‑3p has been demonstrated to inhibit osteosar‑
coma cell proliferation by targeting Rac1 (13). In addition, 
miR‑142‑3p has been reported to be highly overexpressed 
in osteosarcoma cells, to have pivotal roles in cellular inva‑
sion, proliferation, migration and apoptosis, and to induce 
E‑cadherin expression and decrease expression of matrix 
metalloproteinase (MMP)2 and MMP9 (13). Thus, miRNAs 
are considered potential biomarkers and therapeutic targets 
for osteosarcoma.

Increasing evidence suggest that miR‑382‑5p is enriched in 
the serum of patients with ischemic stroke (14). Notably, serum 
miR‑382‑5p may be used as a non‑invasive biomarker for 
potential diagnosis of ischemic stroke (15). In addition, aber‑
rant miR‑382‑5p expression is frequently observed in different 
types of human cancer, including oral, breast cancer, ovarian, 
prostate, colorectal, lung and glioblastoma (16‑19). However, 
the underlying molecular mechanisms and functional role 
of miR‑382‑5p in osteosarcoma tissues and cell lines remain 
largely unclear.

The present study aimed to investigate the biological 
effects of miR‑382‑5p on osteosarcoma cell migration, inva‑
sion, proliferation and apoptosis, both in vitro and in vivo. The 
results demonstrated that miR‑382‑5p expression was mark‑
edly downregulated in human osteosarcoma tumor tissues 
and cell lines, including MG63 and U2OS cells. In addition, 
overexpression of miR‑382‑5p inhibited malignant biological 
behaviors, including colony formation, proliferation, invasion 
and migration of osteosarcoma cell lines. Further studies 
demonstrated that miR‑382‑5p suppressed osteosarcoma 
development and progression by targeting VEZF1, and its 
aberrant expression remarkably reversed the antitumor effects 
of miR‑382‑5p overexpression in human osteosarcoma cell 
lines in vitro. Both the in vivo and in vitro experiments provide 
novel insights into the molecular functions of miR‑382‑5p in 
human osteosarcoma, which may be used as a potential thera‑
peutic target for patients with osteosarcoma.

Materials and methods

Clinical samples and cell culture. A total of 20 paired 
(13 men and seven women; age range, 22‑48 years; mean 
age, 33.8 years) adjacent normal tissues (within 5 mm from 

the tumor boundary) and osteosarcoma tumor tissues were 
collected from patients who underwent surgical resection 
at Nanchong Central Hospital (Nanchong, China) between 
January  2018 and December  2019. Resected tissues were 
immediately frozen in liquid nitrogen and stored at ‑80˚C until 
subsequent experimentation. The present study was approved 
by the Institutional Center Ethics Review Committee of 
Nanchong Central Hospital (Nanchong, China; approval 
no. 2020‑002) and written informed consent was provided by 
all patients or their guardians prior to the study start.

Human osteosarcoma cell lines, including HFOB, HOBC, 
143B and U2OS were purchased from The Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences, 
while MG63 cells were purchased from the American Type 
Culture Collection (ATCC, cat. no. ATCC® CRL‑1690™) and 
U2 osteosarcoma (ATCC® CRL‑2611™) were purchased from 
the indicated vendors and maintained in Dulbecco's Modified 
Eagle's Medium (DMEM, Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10%  fetal bovine serum (FBS; 
AccuRef Scientific, https://www.accurefsci.com), 100 IU/ml 
penicillin and 100 µg/ml streptomycin (all from Thermo Fisher 
Scientific, Inc.), at 37˚C with 5% CO2.

Transfection of miRNA mimics and plasmids. Human 
miR‑382‑5p mimics (50 nM, 5'‑GAA​GUU​GUU​CGU​GGU​
GGA​UUG​G‑3'), antisense or negative controls (50  nM, 
NC‑mimic; 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3') were purchased 
from Shanghai GenePharma Co., Ltd.. The DNA coding 
sequence for VEZF1 was cloned into the pcDNA™3.1  (+) 
expression vector (Thermo Fisher Scientific, Inc.), and the 
empty vector pcDNA3.1 was used as the NC. Osteosarcoma 
cell lines (MG63 and U2OS) in logarithmic growth phase were 
maintained in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS. Cells were incu‑
bated at 37˚C with 5% CO2 in a sterility incubator and cultured 
for 24 h. Cells were transfected with miR‑382‑5p mimics using 
the Lipofectamine® 3000 kit (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Cells were collected 
for subsequent experimentation 48 h post‑transfection.

Lentivirus packaging and infection. The 2nd lentiviral system 
purchased from Shanghai Genechem Co., Ltd., was used for 
lentivirus generation. Lentiviral particles were produced in 
Lenti‑X™ 293T cells (Takara Bio Inc.; cat. no. 632180) in 
10‑cm dish by transiently co‑transfecting control lentiviral 
vector (4.5 µg) or miR‑382‑5p overexpressing lentiviral vector 
(4.5  µg) together with helper plasmids pHelper  1.0 (Gag 
and Pol; 2.5 µg) and pHelper 2.0 (VSVG; 2.0 µg) using the 
Lipofectamine® 3000 kit (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The vector construc‑
tions, verification by sequencing, virus packaging and collection 
of the corresponding viral supernatants were performed by 
Shanghai Genechem Co., Ltd. The lentivirus in medium of 
293T cells were harvested by centrifuging at 75,000 x g for 
1.5 h at 4˚C 48 h post‑transfection (Abcam), according to the 
manufacturer's protocol. Cells in the logarithmic growth phase 
were seeded into 96‑well microplates (Costar; Corning, Inc.) 
at a density of 2x104 cells/well. Subsequently, the medium 
was replaced with DMEM supplemented with 10% FBS after 
overnight incubation at 37˚C. Cells were incubated for an 
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additional 24, 48, 72, and 96 h, respectively. At each time point, 
100 µl CCK‑8 reagent was added to each well and cells were 
incubated for an additional 2 h at 37˚C. Against a background 
control, the sample absorbance was measured at a wavelength 
of 490, using a microplate reader (Bio‑Rad Laboratories, Inc.).

Apoptosis assay. MG63 and U2OS cells seeded into 6‑well 
plates were transfected with the indicated miRNA mimics or 
the indicated plasmids and incubated at 37˚C for an additional 
24 h. Cells were digested with 0.25% trypsin‑EDTA solution 
(Sigma‑Aldrich; Merck KGaA), terminated with cell medium, 
and harvested via centrifuged at 300 x g for 5 min at 4˚C. After 
washing with PBS, the Annexin V‑fluorescein Isothiocyanate 
(FITC)/PI Apoptosis kit (BD Biosciences) was used to detect 
cell apoptosis according to the manufacturer's protocols. Cells 
were washed three times with PBS and the binding buffer, 
and stained with Annexin V‑FITC/PI for 15‑20 min at room 
temperature in the dark. Cells were re‑washed and the labeled 
cells were detected using a flow cytometer (CytoFLEX; 
Beckman Coulter, Inc.). Flow cytometry data were analyzed 
using Expo32 software (version 1.2; Beckman Coulter, Inc.).

Cell migration and invasion assays. Transwell® Boyden 
chambers (BD Biosciences) were used for in vitro cell migra‑
tion assays, and chambers coated with or without Matrigel 
(BD  Biosciences) were used to assess the migratory and 
invasive abilities of MG63 and U2OS cells in  vitro. For 
pre‑coating, Matrigel was maintained at 4˚C overnight and 
the diluted with serum‑free DMEM at dilution of 1:4 on ice. 
Subsequently, Matrigel was added to each upper chamber for 
coverage. Following incubation at 37˚C for 1 h, the chamber 
was rinsed with serum free DMEM followed by 50 µl of 
DMEM supplemented with 10 g/l BSA at 37˚C. Cells were 
resuspended in FBS‑free fresh medium 48 h post‑transfection. 
Cells were plated at a density of 1x105  cells/well into the 
upper chamber, and 200 µl complete medium was loaded 
into the lower chamber. Following incubation at 37˚C for 
24 h, the migratory and invasive cells on the lower surface of 
the membrane were fixed with 4% paraformaldehyde at 4˚C 
for 1 h and stained with 0.1% crystal violet (Sigma‑Aldrich; 
Merck KGaA) at room temperature for 15 min, followed by 
a light microscopy (Nikon E600; Nikon Instrument Inc.) for 
visualization and photography. Stained cells were counted in 
five randomly selected fields at low‑power (x100) magnifica‑
tion.

Dual‑luciferase reporter assay. Given that miRNAs poten‑
tially interact with VEZF1, the binding sites between VEZF1 
and miR‑382‑5p were predicted using lncBase version 2.0 (20). 
Candidate genes were targeted by miR‑382‑5p, and the 
binding sites of miR‑382‑5p were predicted using the online 
tools STarMirDB (http://sfold.wadsworth.org/starmirDB.
php) and miRWalk (http://mirwalk.umm.uni‑heidelberg.de). 
The predicted binding sites within the 3'‑untranslated region 
(UTR) of VEZF1 mRNA (5'‑AGG​ACA​UUA​AAU​UGU​
ACA​ACU​UU‑3') and the corresponding mutated binding 
region (5'‑AGG​ACA​UUA​AAU​UGU​CCU​ACC​GU‑3') were 
cloned into a luciferase‑expressing vector pcDNA3.1. For 
the luciferase reporter assay, MG63 cells were transfected 
with different combinations of miR‑382‑5p mimics, control 

mimics, and pcDNA3.1‑VEZF1 3'‑UTR wild‑type or mutant 
using the Lipofectamine® 3000 kit (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. Following 
transfection for 48 h, cells were collected and luciferase activi‑
ties were detected using the dual‑luciferase reporter assay 
system (Promega Corporation) according to the manufac‑
turer's instructions. Firefly luciferase activity was normalized 
to Renilla luciferase activity.

Reverse transcription‑quantitative (RT‑q)PCR. According to 
the manufacturer's protocols, total RNA and miRNA were 
extracted from osteosarcoma tissues and cell lines using 
TRIzol® reagent (AccuRef Scientific) and the miRNeasy mini 
kit (Qiagen GmbH), respectively. The PrimeScript® RT Master 
Mix Perfect Real‑Time Reagent kit (Takara Bio, Inc.) was used 
to synthesize cDNA from total RNA, according to the manu‑
facturer's instructions. For miRNA RT, the corresponding 
cDNA was synthesized using a universal tag (miScript II RT 
kit; Qiagen GmbH). qPCR for miRNA and mRNA was subse‑
quently performed using a standard protocol from the SYBR 
Green PCR kit (AccuRef Scientific) on an AB7500 RT‑PCR 
instrument (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) The following thermocycling conditions were used for 
qPCR: 95˚C for 10 min, and 40 cycles of 95˚C for 10 sec, 60˚C 
for 30 sec and 72˚C for 10 sec. Relative quantification was 
determined by normalization to U6 or GAPDH. The following 
primer sequences were used for qPCR: VEZF1 forward, 5'‑GCC​
TCA​ACT​GAC​AGA​GGA​GAA​G‑3' and reverse, 5'‑TCC​AAA​
GTA​CTC​CTT​GGC​TCC​‑3'; AKIRIN1 forward, 5'‑GCA​CCT​
AGC​TCT​CCA​GAA​CA‑3' and reverse, 5'‑CTT​GTC​CCA​TAC​
CGT​CGC​AT‑3'; SLAIN1 forward, 5'‑TTT​TCC​CCA​GTG​TTT​
TCG​GAG​‑3' and reverse, 5'‑CCC​TGG​AAG​TGT​AAC​CTT​
GCT​‑3'; LMTK3 forward, 5'‑GTG​TAA​TGT​CTG​CGT​AAC​
CGC​‑3' and reverse, 5'‑CCC​CCA​GTT​GAC​AGA​ACT​CC‑3'; 
FOXN2 forward, 5'‑GGG​CTG​GAA​TCT​GCT​GTT​AGG​G‑3' 
and reverse, 5'‑TCC​ATG​GCT​TCA​ACC​AAC​TGT​‑3'; TOP1 
forward, 5'‑GTT​CAA​GCC​ACA​GAC​CGA​GA‑3' and reverse, 
5'‑GCC​TGG​TAG​AAC​GCT​GAC​AA‑3'; AMOTL2 forward, 
5'‑GGG​TGA​TTC​AGT​TGG​GTG​CT‑3' and reverse, 5'‑GTA​
CCG​TGG​GTC​AGT​GAC​AG‑3'; ARIH2 forward, 5'‑ACT​
TGG​GTG​ACA​TCT​GCC​TG‑3' and reverse, 5'‑GTC​CTC​TAT​
GTC​CCC​AGG​GT‑3'; DDX3X forward, 5'‑GTA​GCA​GTC​
GTG​GAC​GTT​CT‑3' and reverse, 5'‑ACC​TGT​GTG​CCA​AGG​
TTT​GA‑3'; GAPDH forward, 5'‑GTC​TCC​TCT​GAC​TTC​
AAC​AGC​G‑3' and reverse, 5'‑ACC​ACC​CTG​TTG​CTG​TAG​
CCA​A‑3'; miR‑382‑5p forward, 5'‑ATC​CGT​GAA​GTT​GTT​
CGT​GG‑3' and reverse, 5'‑TAT​GGT​TGT​AGA​GGA​CTC​CTT​
GAC​‑3'; and U6 forward, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​‑3' 
and reverse, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3'. All experi‑
ments were performed in triplicate. PCR product specificity 
was confirmed via melting curve analysis. Relative expression 
levels were calculated using the 2‑ΔΔCq method (21).

Western blotting. Protein samples from osteosarcoma tumor 
tissues and cell lines were isolated using RIPA lysis buffer 
(Sigma‑Aldrich; Merck KGaA) and subsequently centrifuged 
at 12,000 x g for 30 min at 4˚C. Total protein was quantified 
using the BCA method (Thermo Fisher Scientific, lnc.). Equal 
amounts of protein samples (20 µg/lane) were separated via 
10%  SDS‑PAGE, transferred onto PVDF membranes and 
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blocked with 5%  skimmed milk at room temperature for 
1 h. The membranes were incubated with primary antibodies 
against VEZF1 (1:1,000; cat. no. SAB2102675; Sigma‑Aldrich; 
Merck KGaA) and β‑actin (1:10,000; cat. no. MFCD00164531; 
Sigma‑Aldrich; Merck KGaA) at 4˚C overnight. All primary 
antibodies were diluted in a Primary Dilution Solution 
(AccuRef Scientific) prior to incubation. Following the primary 
incubation, membranes were incubated with secondary 
HRP‑conjugated polyclonal antibody anti‑rabbit IgG (1:10,000; 
cat. no. MFCD00163923; Sigma‑Aldrich; Merck KGaA) at 
room temperature for 1 h. Protein bands were visualized using 
the Enhanced Chemiluminescence kit (Millipore, Sigma) 
and qualified using ImageJ software (version 1.49, National 
Institutes of Health).

Colony formation assay. Following trypsinization, MG63 and 
U2OS cells were suspended in medium that included 0.3% agar 
(low melt, Bio‑Rad Laboratories, Inc.) and 10% FBS (AccuRef 
Scientific), seeded into 12‑well plates and subsequently transfected 
with the indicated miRNA mimics or the indicated plasmids 
followed by culturing for an additional 24 h. Subsequently, 
500 cells of each group were seeded into 35‑mm dishes, and 
the medium was replaced with fresh complete DMEM every 
2 days. Following culturing for 14 days at 37˚C in the incubator 
and washing three times with PBS, the cells were fixed with 
4% paraformaldehyde for 10 min at room temperature. Cells were 
subsequently stained with 0.1% crystal violet (Sigma‑Aldrich; 
Merck KGaA) for 20 min at room temperature and washed 
with tap water. Cells were observed under a light microscope 
(Nikon E600; Nikon Instrument Inc.) with x200 magnification. 
All experiments were performed in triplicate.

Human osteosarcoma xenograft model. A total of 15 female 
BALB/c nude mice (4‑6 weeks old and weighed 18‑20 g) were 
obtained from Taconic Biosciences Company and acclimated 
in a specific‑pathogen‑free facility at the Experimental Animal 
Center of Nanchong Central Hospital, with a 12/12 h light/dark 
cycle, 40‑60% humidity, 24‑26˚C temperature condition and 
free access to food and water for ≥1 week. Stable NC lentivirus 
and stable miR‑382‑5p‑expressing lentivirus‑infected MG63 
cells were resuspended in normal saline and mixed with an 
isopycnic of Matrigel® (BD Biosciences) at a final concentra‑
tion of 5x106 cells/ml, respectively. Cells were injected into 
the left flank of nude mice subcutaneously at a density of 
1x106 cells/mouse. Tumor size was measured every 7 days using 
vernier calipers. Following tumor cell inoculation, the mice were 
euthanatized at day 21 using CO2 inhalation with a flow rate of 
3 l/min and euthanasia was confirmed via cardiac and respira‑
tion arrest. The tumors were subsequently isolated, weighed, 
imaged and subjected to subsequent analyses. All animal 
experiments were performed in accordance with the Guide for 
the Care and Use of Laboratory Animals (National Academies 
Press, 2011; Washington, USA). The animal experimental 
protocol was approved by the Ethical Review Committee for 
Animal Experiments of Nanchong Central Hospital (Nanchong, 
China; approval no. NSMC‑2020‑42), and all experiments were 
performed according to the AVMA guidelines.

Immunohistochemistry. While the tumors were pictured 
and weighed, partial tumor tissues were collected and cut 

into 5  mm3 size. Subsequently, tissues were fixed with 
4% formaldehyde at 4˚C more than 12 h. Then, tissues were 
paraffin‑embedded at 60˚C overnight and cut into 5‑µm thick 
slices. Tumor tissues from xenograft mice were deparaffinized 
and rehydrated in an ethanol series. Antigen retrieval was 
performed according to previous experimental protocols (22). 
After washing with PBS and subsequent blocking with 
3% hydrogen peroxide at room temperature for 10 min, the 
sections were incubated with rabbit‑anti‑Ki‑67 polyclonal 
antibody (1:400; cat. no. PA5‑19462; Thermo Fisher Scientific, 
Inc.) overnight at 4˚C. Sections were washed three times with 
PBS, and the samples were incubated with HRP‑conjugated 
secondary donkey‑anti‑rabbit monoclonal antibody (1:200; 
cat. no. ab6802; Abcam) at room temperature for 1 h. Samples 
were re‑washed five times with PBS and subsequently stained 
with 0.5% diaminobenzidine and counterstained with Mayer's 
hematoxylin at room temperature for 2‑3 min. The mounted 
slices were observed under a light microscope (Nikon E600; 
Nikon Instrument Inc., magnification, x200).

Wound healing assay. U2OS and MG63 cells were seeded 
into 6‑well plates at a density of 2x105 cells/well and allowed 
to adhere for 24 h. Mimics were introduced into the cells 
and monolayer cells were scratched using a 200 µl pipette tip 
after 24 h. The medium was replaced with fresh serum‑free 
RPMI‑1640 medium. Wounded areas were observed at 0 and 
48 h after culturing under a light microscope (Nikon E600; 
Nikon Instrument Inc., magnification, x100). The wound‑healing 
rate  (%) was calculated using the following equation: 
Wound‑healing rate (%) = (width at 0 h‑width at 48 h)/width at 
0 h) x100. All experiments were performed in triplicate.

Statistical analysis. All quantitative data are presented as the 
mean ± standard deviation. Normal distribution of all data 
were confirmed using the Kolmogorov‑Smirnov D test, and 
differences between unpaired two groups were compared 
using unpaired two‑tailed Student's t‑test. Paired two‑tailed 
Student's t‑test was used to compare differences between 
adjacent tissues and tumor tissues. Comparisons among 
multiple groups were performed using ANOVA analysis. All 
experiments were performed in triplicate. SPSS v.19.0 soft‑
ware (IBM Corp.) was used to assess the correlation between 
miR‑382‑5p and VEZF1 mRNA expression, using Pearson's 
correlation analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑382‑5p expression is downregulated in osteosar‑
coma tumor tissues and cell lines. To investigate the role 
of miR‑382‑5p in osteosarcoma, RT‑qPCR analysis was 
performed to detect miR‑382‑5p expression in 20  paired 
human osteosarcoma tissues and adjacent normal tissues. The 
results demonstrated that miR‑382‑5p expression was signifi‑
cantly downregulated in osteosarcoma tumor tissues compared 
with adjacent normal tissues (P<0.01; Fig. 1A). In addition, 
miR‑382‑5p expression was detected in human osteosarcoma 
cell lines. The results demonstrated that miR‑382‑5p expres‑
sion was significantly downregulated in human osteosarcoma 
cell lines (143B, MG63 and U2OS) compared with the normal 
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HFOB and HOBC cell lines (P<0.01; Fig. 1B). Notably, MG63 
and U2OS cells exhibited ~80% reduction of miR‑382‑5p 
expression (Fig. 1B). Thus, these cell lines were selected for 
subsequent experimentation.

Overexpression of miR‑382‑5p inhibits proliferation, invasion 
and migration of osteosarcoma cells, and promotes apoptosis. 
According to the identifications in Fig.  1, downregulated 
miR‑382‑5p expression in human osteosarcoma tissues and 
osteosarcoma cell lines suggests that miR‑382‑5p may have 
important antitumor functions in the initiation and progression 
of osteosarcoma. Thus, the effects of miR‑382‑5p overexpres‑
sion on the malignant behaviors of human osteosarcoma cells 
were investigated, including colony formation, proliferation, 
invasion and migration. MG63 and U2OS cells were trans‑
fected with miR‑382‑5p mimic or a NC miRNA mimic, and 
a 40‑fold increase in miR‑382‑5p expression was observed at 
48 h in miR‑82‑5p mimic‑transfected MG63 and U2OS cells 
(P<0.01; Fig. 2A). We then compared the proliferation of these 
cells by performing CCK‑8 assays. In addition, overexpres‑
sion of miR‑382‑5p significantly impeded the proliferation of 
both MG63 and U2OS cells (both P<0.01; Fig. 2B). A nearly 
50% decrease in OD450nm absorbance values was observed in 
miR‑382‑5p mimic‑transfected MG63 and U2OS cells at 72 h 
after culturing. Furthermore, similar reductions in colony 
numbers were also observed in MG63 (P<0.01; Fig. 2C) and 
U2OS (P<0.01) cells with ectopic miR‑382‑5p expression, 
which suggests that miR‑382‑5p notably decreases the colony 
formation ability of human osteosarcoma cells. Notable reduc‑
tions in the migratory (P<0.01; Fig. 2D) and invasive (P<0.01; 
Fig. 2E) abilities of both MG63 and U2OS cells were also 
observed following transfection with miR‑382‑5p mimics. In 
addition, overexpression of miR‑382‑5p significantly elevated 
the apoptotic rates of MG63 and U2OS cells (both P<0.01; 
Fig. 2F). Taken together, these results suggest that miR‑382‑5p 
exhibits tumor‑suppressive functions in human osteosarcoma 
cells.

miR‑382‑5p directly targets VEZF1 in osteosarcoma cells. To 
further investigate the molecular mechanisms underlying the 
tumor‑suppressive function of miR‑382‑5p in osteosarcoma, 

bioinformatics analysis was performed, using STarMirDB 
and miRWalk (23,24), to predict the target genes based on 
the consensus binding sites of miR‑382‑5p. In the present 
study, the potential targets of miR‑385‑5p were predicted 
using ENCORI and TargetScan databases and the overlapped 
targets were screened using a Venn analysis (Fig. 3A). A total 
of nine overlapped targets of miR‑382‑5p were identified, 
and overexpression of miR‑382‑5p significantly inhibited the 
expression levels of VEZF1, FOXN2, and AMOTL2, particu‑
larly VEZF1 (P<0.01; Fig. 3B). The dual‑luciferase reporter 
assay was performed to determine whether VEZF1 is a direct 
target of miR‑382‑5p in osteosarcoma. The results demon‑
strated that luciferase activity significantly deceased following 
co‑transfection of wild‑type VEZF1 3'‑UTR and miR‑382‑5p 
mimics but remained unchanged following co‑transfection 
with mutated VEZF1 3'‑UTR and miR‑382‑5p mimics or NC 
in MG63 cells (P<0.01; Fig. 3C). These results suggest direct 
binding of miR‑382‑5p to the predicted 3'‑UTR of VEZF1.

RT‑qPCR and western blot analyses were performed to 
further verify the association between miR‑382‑5p and VEZF1 
expression in osteosarcoma tissues and adjacent normal 
tissues, and the respective cell lines. The results demonstrated 
that the mRNA and protein expression levels of VEZF1 were 
significantly lower in adjacent normal tissues compared with 
osteosarcoma tissues (P<0.01; Fig. 3D). Similarly, the mRNA 
and protein expression levels of VEZF1 were significantly 
lower in normal cells compared with osteosarcoma cells 
(P<0.01; Fig. 3E). Furthermore, mRNA VEZF1 expression 
was inversely correlated with miR‑382‑5p expression in osteo‑
sarcoma tissues (r=‑0.2182; P<0.01; Fig. 3F).

VEZF1 mRNA expression significantly decreased in 
MG63 cells transfected with miR‑382‑5p mimic compared 
with the control group (P<0.05; Fig. 3G). Furthermore, western 
blot analysis demonstrated that VEZF1 protein expression 
significantly decreased in MG63 cells transfected with 
miR‑382‑5p mimic compared with the control group (Fig. 3H). 
Collectively, these results suggested that VEZF1 is a direct 
downstream target of miR‑382‑5p in human osteosarcoma.

Overexpression of VEZF1 enhances cell proliferation, inva‑
sion and migration, while inhibiting apoptosis in osteosarcoma 

Figure 1. miR‑382‑5p expression is downregulated in osteosarcoma tissues and cell lines. (A) RT‑qPCR analysis was performed to detect miR‑382‑5p expres‑
sion in 20 paired osteosarcoma tissues and adjacent normal tissues. (B) RT‑qPCR analysis was performed to detect miR‑382‑5p expression in normal cell lines 
(HFOB and HOBC) and three human osteosarcoma cell lines (143B, MG63 and U2OS). **P<0.01 vs. HFOB cells; ##P<0.01 vs. HOBC cells. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR. 
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cells. To determine whether VEZF1 promotes the malignant 
behaviors of osteosarcoma cell, including invasion, prolif‑
eration and migration in MG63 or U2OS cells, MG63 and 
U2OS cells were transfected with VEZF1‑expressing plasmid 
to elevate VEZF1 protein expression (P<0.01; Fig. 4A). The 
results of the CCK‑8 assay demonstrated that overexpression 
of VEZF1 significantly enhanced the proliferation of MG63 
and U2OS cells (P<0.05; Fig. 4B). Furthermore, overexpres‑
sion of VEZF1 significantly increased the colony formation 
ability of MG63 and U2OS cells (P<0.01; Fig. 4C). The results 
of the wound healing assay demonstrated that overexpression 
of VEZF1 promoted osteosarcoma cell migration in MG63 or 
U2OS cells compared with the NC group (P<0.01; Fig. 4D). 
Similarly, the results of the Transwell assay demonstrated 
that overexpression of VEZF1 promoted the invasive ability 
of MG63 and U2OS cells compared with the NC group 
(P<0.01; Fig. 4E). Flow cytometric analysis demonstrated that 

overexpression of VEZF1 significantly decreased cell apop‑
tosis compared with the control group (P<0.01; Fig. 4F). Taken 
together, these results suggest that VEZF1 promotes malignant 
behaviors of MG63 and U2OS cells.

Overexpression of VEZF1 abrogates the effect of miR‑382‑5p 
on cell proliferation, invasion, migration and cell apoptosis. 
To further investigate the association between VEZF1 and 
miR‑382‑5p in human osteosarcoma cells, the effects of 
overexpressing VEZF1 on malignant behaviors of miR‑382‑5p 
mimic‑transfected MG63 or U2OS cells were assessed. 
Western blot analysis demonstrated that overexpression of 
VEZF1 significantly increased VEZF1 expression in MG63 
and U2OS cells compared with the miR‑382‑5p mimics group 
(P<0.01; Fig. 5A). Similarly, the results of the CCK‑8 assay 
demonstrated that overexpression of VEZF1 significantly 
enhanced the proliferation of MG63 or U2OS cells compared 

Figure 2. Overexpression of miR‑382‑5p inhibits cell proliferation, migration and invasion, while promoting apoptosis in osteosarcoma cells. (A) The effi‑
ciency of overexpression of miR‑382‑5p following transfection of MG63 and U2OS cells with NC mimic or miRNA‑382‑5p mimic was assessed via reverse 
transcription‑quantitative PCR analysis. (B) The Cell Counting Kit‑8 assay was performed to assess the proliferation of MG63 cells (left) and U2OS cells 
(right) transfected with NC mimic or miR‑382‑5p mimic. (C) The colony formation assay was performed to assess the number of MG63 and U2OS cell colonies 
formed following transfection with NC mimic or miR‑382‑5p mimic. (D) The wound healing assay was performed to assess the migratory ability of MG63 and 
U2OS cells transfected with NC mimic or miR‑382‑5p mimic. Scale bar, 200 µm. (E) The Transwell assay was performed to assess invasive ability of MG63 
and U2OS cells transfected with NC mimic or miR‑382‑5p mimic. Scale bar, 200 µm. (F) Flow cytometric analysis was performed to detect apoptosis in MG63 
and U2OS cells transfected with NC mimic or miR‑382‑5p mimic. **P<0.01. miR, microRNA; NC, negative control; OD, optical density. 
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Figure 3. VEZF1 is a direct target of miR‑382‑5p in osteosarcoma. (A) Bioinformatics analysis was performed to identify the potential targets of miR‑382‑5p, 
among which nine mRNAs were selected for subsequent experimentations. (B) Relative expression of potential targets of miR‑382‑5p in MG63 cells following 
transfection with miR‑382‑5p mimic. (C) The mature miR‑382‑5p sequence, the putative binding sites of miR‑382‑5p and the corresponding wild‑type and 
mutant sites of VEZF1 mRNA 3'‑UTR (left) and the luciferase activity of the reporter vectors demonstrated that VEZF1 mRNA expression significantly 
decreased in MG63 cells following transfection with miR‑382‑5p mimics (right). (D) RT‑qPCR analysis was performed to detect VEZF1 mRNA expression in 
osteosarcoma tissues and adjacent normal tissues. *P<0.05, **P<0.01. (E) RT‑qPCR analysis was performed to detect VEZF1 mRNA expression in osteosarcoma 
cell lines (143B, MG63 and U2OS) and normal cell lines (HFOB and HOBC). **P<0.01 vs. HFOB cells; ##P<0.01 vs. HOBC cells. (F) Pearson's correlation 
analysis was performed to assess the correlation between miR‑382‑5p and VEZF1 expression in osteosarcoma. (G) RT‑qPCR analysis was performed to detect 
VEZF1 mRNA expression in MG63 cells transfected with miR‑382‑5p mimic or NC mimic. *P<0.05. (H) Western blot analysis was performed to detect 
VEZF1 protein expression in cells transfected with miR‑382‑5p mimic or NC mimic. **P<0.01. VEZF1, vascular endothelial zinc finger 1; miR, microRNA; 
UTR, untranslated; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; WT, wild‑type; MUT, mutant. 
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with the miR‑382‑5p mimics group (P<0.01; Fig.  5B). 
Furthermore, simultaneous overexpression of VEZF1 in 
miR‑382‑5p‑transfected MG63 and U2OS cells significantly 
increased the number of cell colonies (P<0.01; Fig. 5C), and 
significantly induced the cell migratory (P<0.01; Fig. 5D) and 
invasive (P<0.01; Fig. 5E) abilities, while decreasing apoptosis 
(P<0.01; Fig. 5F). Taken together, these results suggested that 
simultaneous overexpression of VEZF1 reverses the effects of 
miR‑382‑5p overexpression on malignant behaviors of human 
osteosarcoma cells.

Overexpression of VEZF1 attenuates the inhibitory effect 
of miR‑382‑5p in an animal model. To further investigate 
the tumor‑inhibiting function of miR‑382‑5p via VEZF1 
in human osteosarcoma in vivo, empty lentivirus‑infected 
control stable U2OS cells (LV), miR‑382‑5p‑expressing 
lentivirus‑infected stable U2OS cells (LV‑miR‑382‑5p) and 
VEZF1 overexpression vectors (VEZF1) were inoculated 
and co‑transfected into LV‑miR‑382‑5p cells on the left flank 
of model mice via subcutaneous injection. Some of the mice 
were sacrificed at day 18 following tumor inoculation. The 

Figure 4. Overexpression of VEZF1 promotes cell proliferation, migration and invasion, while suppressing apoptosis in osteosarcoma cells. (A) Western blot 
analysis was performed to detect VEZF1 protein expression. (B) The Cell Counting Kit‑8 assay was performed to assess the proliferation of MG63 (left) 
and U2OS (right) cells in the NC and overexpression VEZF1 groups. (C) Overexpression of VEZF1 promoted the proliferation of MG63 and U2OS cells as 
demonstrated by the cell colony formation assay. (D) Overexpression of VEZF1 promoted the migratory ability of MG63 and U2OS cells as demonstrated by 
the wound healing. Scale bar, 200 µm. (E) Overexpression of VEZF1 promoted the invasive ability of MG63 and U2OS cells as demonstrated by the Transwell 
assay. Scale bar, 200 µm. (F) Overexpression of VEZF1 significantly suppressed apoptosis of MG63 and U2OS cells. *P<0.05; **P<0.01. VEZF1, vascular 
endothelial zinc finger 1; NC, negative control; OE, overexpression; OD, optical density. 
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results demonstrated that 21 days after xenografting, the 
tumor volume significantly decreased in U2OS cells stably 
transfected with LV‑miR‑382‑5p significantly. In addition, 
the weight of the mice decreased by 70% compared with the 
miR‑382‑5p mimics and VEZF1 co‑transfection or miR‑NC 
groups (Fig. 6A and B). RT‑qPCR analysis demonstrated 
a notable increase in miR‑382‑5p expression following 
transduction with miR‑382‑5p lentivirus but had no obvious 
change after overexpressing VEZF1, whereas VEZF1 mRNA 
expression significantly decreased following transfection 
with miR‑382‑5p mimics but significantly increased after 
overexpressing VEZ1 (P<0.01; Fig.  6C), which confirms 
the association between miR‑382‑5p and VEZF1 in human 
osteosarcoma.

Immunohistochemical analysis of Ki‑67 in tumor tissues 
indicated pleomorphic poorly differentiated neoplastic cells, 
confirming cancerous tissue growth (Fig. 6D). Subsequent 
experiments focused on miR‑382‑5p‑mediated regulation of 
B‑cell lymphoma 2 (Bcl2) and Bax, which are downstream 
of the vascular endothelial growth factor (VEGF) signaling 
pathway (25). Western blot analysis demonstrated that overex‑
pression of miR‑382‑5p promoted Bax expression and suppressed 
Bcl2 expression, while simultaneously promoting cleaved 
caspase‑3 expression (P<0.01; Fig. 6E). In addition, overexpres‑
sion of VEZF1 attenuated the suppression of miR‑382‑5p in 
osteosarcoma cells. Taken together, these results suggest that the 
size and weight of xenograft tumors in nude mice significantly 
decrease following transfection with miR‑372‑3p mimics.

Figure 5. Simultaneous overexpression of VEZF1 reverses the antitumor effects of miR‑382‑5p mimic on malignant behaviors of human osteosarcoma cells. 
(A) Western blot analysis was performed to detect VEZF1 protein expression following transfection of MG63 and U2OS cells with miRNA‑382‑5p mimics 
alone or the indicated miRNA‑382‑5p mimics and recombinant plasmids pcDNA‑VEZF1 co‑transfection and normal control. (B) The Cell Counting Kit‑8 
assay was performed to assess the proliferation of MG63 cells (left) and U2OS (right) cells following transfection with NC, miR‑382‑5p mimics alone or 
miR‑382‑5p mimics and recombinant plasmids pcDNA‑VEZF1. (C) VEZF1 abrogated the regulatory effect of miR‑382‑5p on the proliferation of MG63 and 
U2OS cells as demonstrated by the cell colony formation assay. Scale bar, 200 µm. (D) VEZF1 abrogated the regulatory effect of miR‑382‑5p on the migratory 
ability of MG63 and U2OS cells as demonstrated by the wound healing assay. (E) VEZF1 abrogated the regulatory effect of miR‑382‑5p on the invasive ability 
of MG63 and U2OS cells as demonstrated by the Transwell assay. Scale bar, 200 µm. (F) Flow cytometric analysis was performed to detect apoptosis of MG63 
and U2OS cells transfected with NC, miR‑382‑5p mimics alone or miR‑382‑5p mimics and recombinant plasmids pcDNA‑VEZF1. **P<0.01. VEZF1, vascular 
endothelial zinc finger 1; miR, microRNA; NC, negative control; OE, overexpression; OD, optical density. 
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Discussion

The first miRNAs, which are small non‑coding RNA 
segments (~22 nucleotides in length) were identified in 1993 

(in Caenorhabditis elegans) (26). These miRNAs have diverse 
roles in cellular development, differentiation, apoptosis and 
metabolism, including osteoma initiation and normal osteo‑
genesis (9). These molecules have important roles in various 

Figure 6. Overexpression of VEZF1 restores osteosarcoma tumor development inhibited by miR‑382‑5p in vivo. (A) The tumor growth curves during the 
observation period of 21 days. The xenograft nude mice model was constructed using U2OS cells. Tumor volumes were measured every 7 days. Stable U2OS 
cells transfected with miRNA‑382‑5p mimics, control cells or miRNA‑382‑5p overexpression and recombinant plasmids pcDNA‑VEZF1 co‑transfection 
were subcutaneously injected into the right flank of each mouse (1x106 cells/mouse) to establish the human osteosarcoma xenograft model. (B) Tumors were 
dissected 1 month after xenografting and weighed. (C) Reverse transcription‑quantitative PCR analysis was performed to detect VEZF1 expression in the 
different groups. (D) Immunohistochemistry analysis was performed to detect Ki‑67 expression in the different groups. Scale bar, 100 µm. (E) Western blot 
analysis was performed to detect the protein expression levels of Bcl2, Bax and cleaved caspase‑3 in xenograft tumor tissues. **P<0.01. VEZF1, vascular 
endothelial zinc finger 1; miR, microRNA; Bcl2, B‑cell lymphoma 2; NC, negative control; OE, overexpression. 
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functions, such as those of tumor‑suppressor genes or onco‑
genes, so when they are disordered, they contribute to initiation 
and progression of cancer (27). Recent studies have reported 
that aberrant expression of miRNAs has been demonstrated 
in a range of human diseases, including various malignan‑
cies  (28‑30). miR‑382‑5p has been repeatedly observed in 
various human malignancies, including lung, oral, ovarian, 
breast and prostate cancers (16‑19). Given that miR‑382‑5p 
has been reported to be frequently and significantly reduced 
in tumor tissues and tumor‑associated cell lines, it was specu‑
lated that miR‑382‑5p functions as a tumor‑suppressor gene 
or oncogene in osteosarcoma. However, the highly complex 
molecular mechanisms underlying miR‑382‑5p inhibition of 
osteosarcoma cells remain unclear.

The results of the present study demonstrated that 
miR‑382‑5p expression was markedly downregulated in 
clinical osteosarcoma tumor tissues and osteosarcoma‑asso‑
ciated cell lines compared with normal tissues and cell lines. 
In addition, miR‑382‑5p exerted antitumor functions in 
human osteosarcoma cells, including restraining cell colony 
formation, proliferation, migration and invasion, as well as 
enhancing apoptosis in vitro and suppressing tumor growth 
in vivo. These results are in accordance with previous find‑
ings, demonstrating that miR‑382‑5p expression is notably 
downregulated in cancer cells (16,31,32). Previous study had 
demonstrated that miR‑382‑5p acts as tumor suppressor to 
inhibit the metastasis and relapse of osteosarcoma by targeting 
YB‑1 (33), while circ_0001658 can significantly promote the 
proliferation and metastasis of osteosarcoma by modulating 
the miR‑382‑5p/YB‑1 axis (34). A recent study also reported 
that LINC00265 can promote the proliferation, migration, 
invasion and angiogenesis of osteosarcoma by targeting 
miR‑382‑5p mediated SAT1 and VAV3 (35). In the present 
study, bioinformatics analysis was performed to identify a 
target gene of miR‑382‑5p as VEZF1, which was identified as 
a novel and functional target of miR‑382‑5p via the dual‑lucif‑
erase reporter assay. Overexpression analyses of VEZF1 in 
osteosarcoma cells with ectopic expression of VEZF1 was 
also performed. The results demonstrated that overexpression 
of VEZF1 notably attenuated the tumor‑suppressive role of 
miR‑382‑5p mimics on the malignant behaviors of human 
osteosarcoma cells. Taken together, these results suggest that 
the miR‑382‑5p‑VEZF1 axis may act as a novel molecular 
target for developing therapeutics against osteosarcoma.

Osteosarcoma is the most common primary bone malig‑
nancy that predominantly occurs in children, adolescents 
and young adults (36). With improvements in technology, the 
5‑year overall survival rate has increased to ~60‑70% (37). 
However, the response of osteosarcoma to chemotherapy 
remains poor, and there is a risk of recurrence and metas‑
tasis following surgical excision and chemotherapy  (38). 
Biomarkers are considered one of the most effective tools 
to determine the prognosis of a tumor following chemo‑
therapy (39). A previous study demonstrated that miRNAs are 
significantly upregulated in serum samples from patients with 
breast cancer (40). However, due to the deficiency of serum 
samples, miR‑382‑5p expression was unable to be detected in 
serum samples of patients with osteosarcoma in the present 
study. miR‑382‑5p expression was only detected in tissue 
samples and the results demonstrated that miR‑382‑5p was 

significantly downregulated in clinical osteosarcoma tissues 
and osteosarcoma‑associated cell lines. Despite the limitation 
in serum samples, the results of the present study and previous 
findings suggest that miR‑382‑5p may serve as a novel 
biomarker for the prognosis of patients with osteosarcoma. 
Considering the prognostic significance, serum miR‑382‑5p 
expression and its prognostic value in osteosarcoma will be 
investigated in prospective studies.

Recent studies have reported that miR‑382‑5p has impor‑
tant functions, including a tumor‑suppressor or oncogene, 
in the context of different types of cancer. For examples, 
previous studies have demonstrated that miR‑382‑5p expres‑
sion is downregulated in human ovarian tumor tissues and 
cancer‑associated cell lines  (17,32), whereas miR‑382‑5p 
expression is upregulated in breast and glioma tumor tissues 
and cancer‑associated cell lines (16,31). However, the expres‑
sion and function of miR‑382‑5p in osteosarcoma remains 
unclear. The results of the present study demonstrated that 
miR‑382‑5p expression was markedly downregulated in osteo‑
sarcoma tissues and cell lines, and significantly low expression 
levels were detected in tumor tissues. In vivo and in vitro 
overexpression of miR‑382‑5p inhibited proliferation, invasion 
and migration of osteosarcoma cells, and enhanced apoptosis. 
Taken together, these results suggest that overexpression of 
miR‑382‑5p exerts a tumor‑suppressive effect in osteosarcoma.

A previous study reported that miRNAs recognize and 
combine specific target mRNAs depending on complete 
or partial base‑pairing, mostly at the 3'‑UTR of the target 
genes, to regulate gene expression following transcription, 
which includes both tumor suppressors and oncogenes (41). 
Bioinformatic analysis was performed in the present study to 
predict gene targets of miR‑382‑5p. The results revealed that 
VEZF1 has a highly conserved miR‑382‑5p binding sequence 
in the mRNA 3'‑UTR. The results of the dual‑luciferase 
reporter assay confirmed the direct association between 
miR‑382‑5p and VEZF1 in human osteosarcoma cells.

VEZF1 is a Krüppel‑like zinc finger protein that plays a vital 
role in vascular development, and is a member of the VEGF 
signaling pathway (42). Abnormal expression of VEZF1 contrib‑
utes to the pathogenesis of different disorders, including cancer 
and cardiovascular diseases (43). Recent study has reported that 
a small molecule inhibitor of VEZF1, Vec6, prevents wound 
healing and angiogenesis (44). Increasing evidences suggest that 
VEZF1 plays a major role in the development and progression of 
malignancy (43,45,46). The results of the present study demon‑
strated that overexpression of VEZF1 in vitro and in a nude 
mice model increased proliferation, invasion and migration of 
osteosarcoma cells, and decreased apoptosis. Furthermore, over‑
expression of VEZF1 notably attenuated the tumor‑suppressive 
effects of miR‑382‑5p mimics in human osteosarcoma cells 
and the animal model, which suggests that VEZF1 may act as 
an oncogene in human osteosarcoma cells. However, further 
studies are required to screen potential targets of miR‑382‑5p 
other than VEZF1 to determine the tumor‑suppressive functions 
of miR‑382‑5p in human osteosarcoma.

In conclusion, the results of the present study demonstrated 
that miR‑382‑5p acts as a tumor‑suppressor gene, whose 
ectopic expression inhibits the malignant biological behaviors 
of human osteosarcoma cells in vitro and in a nude mice model. 
VEZF1 was identified as a direct target gene of miR‑382‑5p, 
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and its overexpression remarkably attenuated the inhibitory 
effect of miR‑382‑5p mimics in human osteosarcoma cells. 
The miR‑382‑5p/VEZF1 axis provides novel insights into the 
pathogenesis of osteosarcoma, and miR‑382‑5p expression 
may have effects on the malignancy of osteosarcoma cells. 
Thus, miR‑382‑5p expression may potentially act as a prog‑
nostic biomarker or a therapeutic target in osteosarcoma.
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