
© 2018 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2018:11 8643–8653

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
8643

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OTT.S175745

mir-222-3p promotes osteosarcoma cell 
migration and invasion through targeting TiMP3

Jianping guo
Quanxiang liu
Zengxin li
haifeng guo
changshuang Bai
Fajia Wang
Department of Orthopaedic 
surgery, affiliated hospital of Beihua 
University, Jilin 132011, Pr china

Background: Abnormal expression of miRNAs has been reported in osteosarcoma (OS), and 

miR-222-3p levels have been found to be increased in the serum of OS patients. However, the 

exact role of miR-222-3p in OS remains unclear. In the present study, we aimed to identify the 

molecular mechanism underlying the role of miR-222-3p in the development of OS.

Methods: We examined the expression level of miR-222-3p in OS tissues and OS cells using 

reverse-transcription quantitative PCR (RT-qPCR) analysis. MTT, colony formation, and tran-

swell invasion assays were used to analyze the effects of miR-222-3p on the proliferation and 

invasion ability of OS cells. Luciferase reporter gene assays were used to confirm the target 

gene of miR-222-3p in OS cells. Tumor xenografts were then used to investigate the role of 

miR-222-3p in OS growth in vivo.

Results: The data of the present study demonstrated that miR-222-3p levels were increased in 

OS tissues and OS cells. Downregulation of miR-222-3p significantly inhibited the proliferation, 

migration, and invasion of OS cells in vitro. Further analysis revealed that tissue inhibitors 

of metalloproteinases 3 (TIMP3) is one of the functional target genes of miR-222-3p, and 

inhibition of TIMP3 efficiently rescues the blocking of cell proliferation and invasion mediated 

by miR-222-3p inhibitor in OS cells.

Conclusion: Our findings constitute evidence that miR-222-3p promotes OS cell proliferation 

and invasion through targeting TIMP3 mRNA and provide novel insight into the mechanism 

underlying the development of OS.

Keywords: microRNA-222-3p, osteosarcoma, tissue inhibitor of metalloproteinases 3, 

migration, invasion

Introduction
Osteosarcoma (OS) is the most frequent malignant primary bone tumor in adolescents 

and is characterized by high rates of metastasis and recurrence.1,2 Recently, advances 

in the diagnosis and treatment of OS have improved patient outcomes; however, due 

to its high invasiveness and propensity for metastasis, the prognosis of OS remains 

poor.3,4 Previous studies revealed that gene therapy may be a rational and promising 

strategy for patients with various cancers, including OS.5–8 However, the mechanisms 

underlying OS progression and metastasis remain obscure. Thus, elucidating these 

underlying molecular mechanisms and identifying novel diagnostic biomarkers is 

crucial for OS treatment.

miRNAs are a class of endogenous noncoding RNAs (18–25 nucleotides in length), 

which regulate gene expression via binding to the 3′-untranslated region (UTR) of 

target mRNAs posttranscriptionally.9 It has been reported that miRNAs are ectopically 

expressed in various diseases, including OS.10–12 A recent study demonstrated that miR-

222 was abnormally expressed in OS patients.13 However, the role of miR-222 in OS 
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remains unknown. Therefore, determining the exact role of 

miR-222 in OS progression may contribute to the develop-

ment of an effective therapeutic strategy for OS.

Tissue inhibitors of metalloproteinases (TIMPs), a family 

of endogenous protease inhibitors, control extracellular 

matrix (ECM) proteolysis through inhibition of matrix 

metalloproteinases (MMPs).14 It has been reported that 

TIMPs also inhibit a disintegrin and metalloproteinases 

with thrombospondin motifs proteins.15 Previous studies 

demonstrated that TIMP3 deficiency enhanced cell prolif-

eration, angiogenesis, migration, and invasion in various 

types of cancer, including lung, colorectal, and prostate 

cancers.16–18 Moreover, overexpression of TIMP3 inhibits 

invasion and promotes apoptotic cell death in melanoma 

cell lines,19 whereas low expression of TIMP3 is implicated 

in OS metastasis.14

In the present study, we investigated the role of miR-

222-3p in OS and its mechanism of action. The findings 

were confirmed using a luciferase assay. In addition, the 

function of miR-222-3p was examined in vitro and in vivo, 

and the association between miR-222-3p and TIMP3 was 

investigated in OS patient tissues. The aim of the study was 

to elucidate the mechanism underlying OS development and 

progression and provide novel insights into its treatment.

Materials and methods
Tissue specimens
We selected 30 paired OS and adjacent non-OS tissues 

from the Affiliated Hospital of Beihua University. The 

histopathological subtypes of the OS samples included 

15 osteoblastic, nine chondroblastic, and six fibroblastic 

cases. All the tissues were stored in liquid nitrogen until 

use. None of the patients received any treatment, such as 

chemotherapy or radiotherapy, prior to surgery. The age 

of patients was 10–65 years, and they included 19 men and 

11 women. All adult patients and a parent for patients under 

18 years of age provided written informed consent, and this 

study was conducted in accordance with the latest revision 

of the principles outlined in the Declaration of Helsinki. The 

study protocol was approved by the Clinical Research Ethics 

Committee of Beihua University (Jilin, China).

cell culture and transfection
OS cell lines (MG-63, HOS, U2OS, and Saos-2) and the 

normal osteoblast cell line hFOB were purchased from 

Tianjin Sai’er Biotechnology Co. Ltd. (Tianjin, China). 

All OS cells were cultured in RPMI 1640 medium (Thermo 

Fisher Scientific, Waltham, MA, USA) supplemented with 

10% FBS (Thermo Fisher Scientific), and hFOB cells were 

cultured in DMEM with 10% FBS. Cultures were maintained 

in a humidified atmosphere at 37°C with 5% CO
2
.

miR-222-3p inhibitor and control inhibitor were pur-

chased from RiboBio (Guangzhou, China). TIMP3-specific 

small interfering RNAs (si-TIMP3) and control small inter-

fering RNAs (si-control) were purchased from GeneChem 

(Shanghai, China). Cells were cultured to ~80% confluence, 

followed by transfection with miR-222-3p inhibitor (50 nM) 

or control inhibitor using Lipofectamine 2000 reagent 

(Thermo Fisher Scientific) according to the manufacturer’s 

protocol. The cells were cultured in transfection media for 

6 hours, and then the media were replaced by complete 

medium for the following assays.

reverse-transcription quantitative Pcr 
(rT-qPcr) analysis
Total RNA was extracted from OS cells using TRIzol reagent 

(Thermo Fisher Scientific) according to the manufacturer’s 

instructions. Then, complementary DNA was synthesized 

using the Reverse Transcriptase M-MLV kit with random 

primers (TaKaRa, Dalian, China). GAPDH or U6 was used as 

an internal control. The relative mRNA and miRNA expres-

sions were quantified using the 2−ΔΔCq method. The primers 

used were as follows: GAPDH forward 5′-ATC ACC ATC 

TTC CAG GAG GGA-3′ and reverse 5′-CCT TCT CCA 

TGG TGG TGA AGA C-3′; U6 forward 5′-CTC GCT TCG 

GCA GCA CA-3′ and reverse 5′-AAC GCT TCA CGA ATT 

TGC GT-3′; TIMP3 forward 5′-ACC GAG GCT TCA CCA 

AGA TG-3′ and reverse 5′-CAT CAT AGA CGC GAC CTG 

TCA-3′; miR-222-3p forward 5′-AGC TAC ATC TGG CTA 

CTG GGT-3′ and reverse 5′-GCG AGC ACA GAA TTA 

ATA CGA C-3′.

cell viability assay
OS cells (1×103 per well) were seeded in 96-well culture 

plates (Corning, Shanghai, China), and then treated with 

miR-222-3p inhibitor or control inhibitor. A total of 20 µL 

of MTT reagent was added to each well and incubated for 

4 hours. The supernatant was discarded, and 150 µL of 

dimethyl sulfoxide was added to dissolve formazan crystals 

by swirling gently. The absorbance was measured at 492 nm 

using a microplate reader.

colony formation assay
The transfected OS cells were harvested and seeded at a density 

of 250 cells per well in 12-well plates and incubated at 37°C 

with 5% CO
2
 in a humidified incubator for 2 weeks. During 

colony growth, the culture medium was replaced every 3 days. 

The colony number in each well was counted and calculated.
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Wound healing assay
The OS cells were treated as indicated, seeded in six-well 

plates (104/well) and cultured to 100% confluence. Subse-

quently, a wound was created in the cell monolayer using a 

sterile plastic micropipette tip. The cells were then washed by 

PBS and cultured for another 24 hours in serum-free medium. 

Images were captured at different time points (0 and 24 hours) 

under a light microscope to assess the rate of gap closure.

Transwell cell invasion assay
For the invasion assay, we performed the experiment using 

BioCoat Matrigel chamber according to manufacturer’s 

protocol. Cells (5×104) were seeded in the upper chamber 

with FBS-free medium. The bottom chamber contained 

medium supplemented with 10% FBS. After incubation for 

24 hours, the cells on the upper surface of the membrane were 

removed with a cotton swab and invading cells were stained 

with crystal violet solution. The number of stained cells was 

counted in five random fields under a microscope.

Western blotting
The cells or tissues were lysed using RIPA buffer (Solarbio, 

Beijing, China). The lysis solution was collected after cen-

trifugation at 12,000× g for 5 minutes at 4°C. The protein con-

centration was determined using the BCA assay. Total protein 

(10 µg) was loaded in 15% SDS-PAGE gels and transferred 

to polyvinylidene fluoride membranes. The membrane was 

blocked with 5% skimmed milk overnight, and then incubated 

with primary antibody for 1 hour at room temperature. After 

washing, the membranes were incubated with a secondary 

antibody for 1 hour at room temperature. The immunoblots 

were acquired using Immobilon Western Chemiluminescent 

HRP Substrate kit (Millipore, Beijing, China) according to 

the manufacturer’s protocol. The antibodies using in the 

present study were as follows: rabbit anti-TIMP3 (1:2,000; 

ProteinTech Group, Inc., Chicago, IL, USA) and mouse anti-

β-actin (1:3,000; ProteinTech Group, Inc.). Goat anti-rabbit 

and anti-mouse IgGs (ProteinTech Group, Inc.) were used 

as secondary antibodies diluted at 1:5,000.

luciferase reporter assay
The TIMP3 3′-UTR containing wild-type or mutant miR-

222-3p seed sequence fragment was cloned and constructed 

in the PGL3-control with XbaI/FseI (NEB, Ipswich, MA, 

USA). The primers used were as follows: TIMP3 3′-UTR 

wild-type forward 5′-CTA GTC TAG AAG TGG ACA 

TCA GTG TCT TC-3′ and reverse 5′-GGG GGC CGG 

CCT GTC TCA GCT ACA TAA ATG-3′; TIMP3 3′-UTR 

mutant type 5′-CTA GTC TAG AAG TGG ACA TCA GTG 

TCT TC-3′ and reverse 5′-GGG GGC CGG CCT GTC TCA 

GCA GTA TAA ATG-3′. OS cells were seeded into 24-well 

plates and cotransfected with luciferase reporter plasmids 

using Lipofectamine 2000 (Thermo Fisher Scientific) when 

the cells were 70% confluent. After 36 hours, luciferase 

activities were detected using the Luciferase Assay System 

(Promega Corporation, Fitchburg, WI, USA) with a GloMax 

luminometer (Promega), and the results were normalized 

against pRL-TK activity.

Xenograft tumor model
BALB/c nude male mice, 5-week-old and weighing 20–25 g, 

were used for the in vivo tumor assay. OS cells (2 × 106), stably 

transfected the miR-222-3p inhibitor or miR-control inhibi-

tor (NC), were suspended in 100 µL of serum-free DMEM/

Matrigel (1:1). Next, the cells were injected subcutaneously 

into the flank of each mouse. Tumor volumes were measured 

weekly and calculated using the formula: Volume (mm3)= 
1/2 (length×width).2 The mice were sacrificed by cervical 

dislocation under anesthesia with diethyl ether after 30 days. 

The tumor tissues were harvested, weighed, and used to 

determine miR-222-3p and TIMP3 expression. The animal 

experiments were approved by the Laboratory Animal Ethics 

Committee of Beihua University (Jilin, China) and followed 

the Regulations for the Administration of Affairs Concern-

ing Experimental Animals approved by the State Council 

and promulgated by Decree No 2 of the State Science and 

Technology Commission (1988).

statistical analysis
The results were analyzed using Student’s t-test and 

ANOVA. The correlation between miR-222-3p and TIMP3 

in clinical OS tissue was analyzed with Pearson’s correlation 

coefficient. The statistical significance was assessed by com-

paring mean values (±SD) and was assumed for *P,0.05 

and **P,0.01.

Ethics approval
This study was approved by the Clinical Research Ethics 

Committee of Beihua University and the Laboratory Animal 

Ethics Committee of Beihua University (Jilin, China).

Results
mir-222-3p is upregulated in Os
To identify the potential role of miR-222-3p in OS, we 

detected the expression of miR-222-3p by RT-qPCR in 

30 pairs of OS tissues. The expression levels of miR-

222-3p in OS tissues were significantly higher compared 

with those in the corresponding normal tissues (Figure 1A).  
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Moreover, miR-222-3p expression levels in OS cell lines 

(HOS, MG-63, Saos-2, and U-2OS) were increased compared 

with the normal human osteoblast cell line hFOB (Figure 1B). 

Considering that U-2OS and MG-63 cells exhibited higher 

expression of miR-222-3p among the four OS cell lines, HOS 

and U-2OS cells were selected to perform the following exper-

iments. Our data demonstrated that miR-222-3p expression 

is increased in both OS tissues and cell lines, suggesting that 

its upregulation may be associated with OS progression.

inhibition of mir-222 in Os cells 
decreases their proliferation and colony 
formation ability
To explore the effect of miR-222-3p on OS cell proliferation, 

miR-222-3p inhibitor or NC was transfected into MG-63 and 

U-2OS cells. RT-qPCR revealed that miR-222-3p inhibitor 

decreased the miR-222-3p expression in U-2OS and MG-63 

cells (Figure 2A and B). Our data revealed that downregula-

tion of miR-222-3p suppressed the proliferation of MG-63 

and U-2OS cells compared with NC (Figure 2C and D). 

In addition, the colony formation assay revealed that down-

regulation of miR-222-3p decreased the colony formation 

ability of OS cells (Figure 2E and F). Thus, it was concluded 

that miR-222-3p increases the proliferation and colony for-

mation ability of OS cells.

inhibition of mir-222 suppresses 
migration and invasion ability of Os cells
To investigate the effects of miR-222-3p on the migratory and 

invasive behavior of OS cells in vitro, we performed wound 

healing and invasion assays. Our results demonstrated that 

OS cells treated with miR-222-3p inhibitor exhibited a sig-

nificant reduction in migration capacity compared with cells 

transfected with miR-NC (Figure 3A and B). Furthermore, 

ectopic expression of miR-222-3p induced a marked decrease 

in the invasion ability of U-2OS and MG-63 cells compared 

with cells transfected with miR-NC (Figure 3C and D). Taken 

together, these results suggest that inhibition of miR-222 

suppresses migration and invasion of OS cells.

TiMP3 is a direct target of mir-222-3p
We next examined the potential targets of miR-222-3p. 

TargetScan 7.0, miRanda, and Pictar were used to predict miR-

222-3p target genes. TIMP3 attracted our attention among the 

candidate target genes (Figure 4A), and we validated whether 

miR-222-3p could directly target the 3′-UTR of TIMP3 using 

luciferase reporter assays. Our data revealed that miR-222-3p 

significantly inhibited the firefly luciferase activity of pGL3-

TIMP3-wt in OS cells. By contrast, there was no such effect 

when the seed sequence was mutated (Figure 4B and C). 

Furthermore, Western blotting was performed to determine 

the effect of miR-222-3p on TIMP3 expression at the protein 

level. Overexpression of miR-222-3p significantly reduced 

TIMP3 expression in OS cells. Conversely, the expression 

of TIMP3 was upregulated when using miR-222-3p inhibi-

tor in OS cells (Figure 4D and E). These results suggest that 

TIMP3 is one of the direct target genes of miR-222-3p in OS.

TiMP3 expression is inversely correlated 
with mir-222-3p expression in Os tissues
As TIMP3 was confirmed as a target gene of miR-222-3p in OS 

cells, we determined its expression in OS and corresponding 

Figure 1 mir-222-3p is upregulated in Os tissues and cell lines.
Notes: (A) mir-222-3p mrna levels were examined by qrT-Pcr analysis in 30 cases of clinical Os tissues and paired peritumor tissues. **P,0.01. (B) gene expression 
levels of mir-222-3p were compared between human osteosarcoma cell lines (hOs, Mg-63, saos-2, and U-2Os) and normal human osteoblast cell hFOB by qrT-Pcr. 
*P,0.05; **P,0.01.
Abbreviations: Os, osteosarcoma; rT-qPcr, reverse-transcription quantitative Pcr.
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Figure 2 inhibition of mir-222 in Os cells decreases their proliferation and colony formation.
Notes: (A, B) mir-222-3p inhibitor or nc was transfected into Mg-63 and U-2Os cells, respectively, and mir-222-3p expression was measured using rT-qPcr. (C, D) 
cell proliferation was assayed in Mg-63 and U-2Os cells. cells transfected with mir-222-3p inhibitor displayed decreased proliferation compared with the control. (E, F) 
colony formation was assayed in Mg-63 and U-2Os cells. *P,0.05; **P,0.01. 
Abbreviations: Os, osteosarcoma; rT-qPcr, reverse-transcription quantitative Pcr; nc, control inhibitor. 
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Figure 3 inhibition of mir-222 suppresses migration and invasion in Os cells.
Notes: (A, B) cell migration was determined by wound healing assay in Mg-63 and U-2Os cells after transfection with mir-222-3p inhibitor or control inhibitor. 
(C, D) Transwell invasion assay was conducted in Mg-63 and U-2Os cells. *P,0.05; **P,0.01.
Abbreviation: Os, osteosarcoma.

normal tissues. Our data demonstrated that TIMP3 mRNA 

expression levels were markedly decreased in OS tissues com-

pared with matched adjacent normal tissues (Figure 5A). More-

over, Spearman’s correlation analysis revealed that TIMP3 

mRNA expression was inversely correlated with miR-222-3p 

expression in OS tissues (Figure 5B; r = −0.754, P,0.01).

TiMP3 is involved in mir-222-3p-
mediated growth of Os cells
To further explore the function of TIMP3 in miR-222-3p-

mediated proliferation of OS cells, the efficiency of TIMP3 

siRNAs was first validated by Western blot analysis in 

the cells (Figure 6A). MTT and colony formation assays 
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Figure 4 TiMP3 is a direct target of mir-222-3p.
Notes: (A) The suspected binding of mature human mir-222-3p with the wild-type 3′-UTr region of TiMP3 mrna is shown. a mutated 3′-UTr of TiMP3 is also shown. 
(B, C) A dual-luciferase reporter assay was performed with MG-63 and U-2OS cells cotransfected with firefly luciferase constructs containing wild-type 3′-UTr region of 
TiMP3 (Wt-TiMP3) or mutated 3′-UTr region of TiMP3 (Mut-TiMP3) and mir-222-3p mimic or control. The relative luciferase activities were evaluated 24 hours after 
transfection (**P,0.05). (D, E) Osteosarcoma Mg-63 and U-2Os cells were infected by mir-222-3p mimic, mir-222-3p inhibitor, or control. The protein expression levels 
of TiMP3 were evaluated by Western blotting. 
Abbreviations: TiMP3, tissue inhibitor of metalloproteinases 3; UTr, untranslated region; nc, control inhibitor. 

Figure 5 TiMP3 is inversely expressed with mir-222-3p in Os tissues.
Notes: (A) The gene expression levels of TiMP3 were compared between human clinical Os tissues and paired peritumoral tissues (n=30, **P,0.01). (B) correlation of 
miR-222-3p levels with TIMP3 mRNA levels was examined by RT-qPCR analysis in clinical OS tissues (Pearson’s correlation coefficient, r=−0.754; n=30; P,0.01). 
Abbreviations: TiMP3, tissue inhibitor of metalloproteinases 3; Os, osteosarcoma; rT-qPcr, reverse-transcription quantitative Pcr.
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β

Figure 6 TiMP3 is involved in mir-222-3p-mediated regulation of Os cells.
Notes: (A) The interference efficiency of TIMP3 siRNAs (si-TIMP3-1 or si-TIMP3-2) was examined by Western blotting in hFOB cells. (B) effects of mir-222-3p inhibitor 
and mir-222-3p inhibitor+si-TiMP3 on Mg-63 cell growth. (C) effects of mir-222-3p inhibitor and mir-222-3p inhibitor+si-TiMP3 on Mg-63 cell colony formation ability. 
(D) effects of mir-222-3p inhibitor and mir-222-3p inhibitor+si-TiMP3 on Mg-63 cell invasion ability. *P,0.05; **P,0.01. 
Abbreviations: TiMP3, tissue inhibitor of metalloproteinases 3; Os, osteosarcoma; nc, control inhibitor.

demonstrated that downregulation of TIMP3 could rescue the 

proliferation suppression of MG-63 cells by the miR-222-3p 

inhibitor (Figure 6B and C). In addition, the same effects 

were observed on the invasion capacity of MG-63 cells 

(Figure 6D). These results suggest that TIMP3 is involved 

in miR-222-3p-mediated regulation of OS cells.

inhibition of mir-222-3p reduced tumor 
growth in vivo
Finally, we explored the potential involvement of miR-

222-3p in tumorigenesis though a MG-63 xenograft mouse 

model in vivo. Our data demonstrated that the tumors were 

smaller in the miR-222-3p inhibitor group compared with 

those in the miR-NC group (Figure 7A). Tumor size was 

found to be significantly smaller in the miR-222-3p inhibitor 

group compared with that in the miR-NC group (Figure 7B). 

Moreover, we examined miR-222-3p and TIMP3 expression 

levels in tumor tissue using RT-qPCR and Western blot 

analysis, respectively. Our data revealed that miR-222-3p 

expression was downregulated, whereas TIMP3 expression 

was obviously upregulated in the miR-222-3p inhibitor 

group compared with the miR-NC group (Figure 7C and D).  

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8651

mir-222-3p promotes Os cell migration and invasion through targeting TiMP3

β

Figure 7 inhibition of mir-222-3p reduces tumor growth in vivo.
Notes: (A) Tumor growth curves. (B) Photographs of tumor tissues. (C) mir-222-3p expression in tumor tissues was determined by rT-qPcr analysis. (D) TiMP3 protein 
expression in tumor tissues was determined by Western blotting. β-actin was used as an internal control. *P,0.05; **P,0.01. 
Abbreviations: rT-qPcr, reverse transcription-quantitative polymerase chain reaction; TiMP3, tissue inhibitor of metalloproteinases 3; nc, control inhibitor.

These findings indicate that miR-222-3p promotes tumor growth 

through suppressing TIMP3 expression in OS in vivo.

Discussion
OS is the most common primary malignant bone tumor, 

which most frequently occurs during childhood and adoles-

cence, whereas the mechanism underlying its development 

remains elusive.20 Recent studies have demonstrated that 

ectopic expression of miRNAs has been observed in vari-

ous cancers, including OS.10,11,21 Therefore, identification of 

specific miRNAs involved in the growth and metastasis of OS 

may provide new evidence pointing toward novel diagnostic 

and prognostic biomarkers and therapeutic targets for OS.

In the present study, we demonstrated that miR-222-3 p 

was upregulated in OS tissues and OS cell lines. In addition, 

inhibition of miR-222-3p can suppress OS cell proliferation, 

colony formation, and invasion in vitro. Taken together, these 

findings indicate that miR-222-3p may be a promising target 

for OS treatment. Various studies have demonstrated that the 

ectopic expression of miR-222-3p plays key roles in tumor 

growth and malignant behavior through modulating the 

expression of oncogenes and/or tumor suppressor genes.22–24 

It has been reported that elevated expression of miR-222-3p 

in the serum may be a novel biomarker for screening OS 

patients and predicting poor prognosis.13 However, the 

detailed mechanism of miR-222-3p in OS tumorigenesis 

remains obscure and requires further investigation.

To determine the potential function of miR-222-3p 

in OS development, we analyzed the expression level of 

miR-222-3p in 30 OS paired tumor tissues using RT-qPCR. 

We found that miR-222-3p was markedly upregulated in OS 

tumor tissues and OS cell lines. Moreover, our data revealed 

that miR-222-3p increased OS cell proliferation by targeting 

TIMP3 in vitro. These results indicated that miR-222-3p may 

act as a tumor activator. It has been reported that miRNAs 

regulate various biological processes through modulating 

target genes.25,26 Therefore, we used three bioinformatics 

algorithms to predict possible target genes of miR-222-3p in 

OS cells. Our data demonstrated that a conserved miR-222-3p 

binding site was present in the 3′-UTR of TIMP3. In addition, 

the luciferase assay confirmed that TIMP3 is a direct target 

gene of miR-222-3p in OS cells.

TIMP3, a member of the TIMP family of proteins, inhibits 

MMPs to limit degradation of the ECM.27 It has been reported 

that the expression level of TIMP3 was downregulated in 

various types of cancer.28,29 These studies indicated that 

TIMP3 may act as a potent tumor suppressor. Moreover, 

TIMP3 was verified as a target of several miRNAs, such 
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as miR-21,30 miR-206,31 miR-181b,32 and miR-373.33 In the 

present study, we observed that ectopic overexpression of 

miR-222-3p markedly suppressed TIMP3 expression levels. 

Furthermore, we investigated the TIMP3 expression level 

in OS tissues and it was found to be inversely correlated 

with miR-222-3p expression. In addition, downregulation 

of TIMP3 rescued the effect of miR-222-3p downregula-

tion in OS cells. Taken together, our results indicate that 

miR-222-3p may act as a tumor activator, partially by target-

ing TIMP3 during the development of OS.

In conclusion, the present study identified miR-222-3p 

as a tumor growth activator in human OS through targeting 

TIMP3. These findings suggest that miR-222-3p and its 

target, TIMP3, may be a novel candidate target for OS 

therapeutics in the future.
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