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MicroRNAs (miRNAs) are small conserved RNAs regulating specific target genes in posttranscriptional 
levels. They have been involved in multiple processes of tumor progression, including cell proliferation. 
miR-214-5p (also miR-214*) is a newly identified miRNA, and its functions are largely unknown. In this 
study, we explore the role of miR-214-5p in the proliferation and invasion of human osteosarcoma (OS) 
cells. The results showed that miR-214-5p was sharply reduced in OS tissues and cell lines, compared 
with normal tissues and cell lines. In addition, the miR-214-5p mimic greatly increased the miR-214-5p 
level and significantly decreased the proliferation and invasion of HOS and G293 OS cells. In contrast, the 
miR-214-5p inhibitor had a completely opposite effect on the miR-214-5p level, cell proliferation, and cell 
invasion. Moreover, bioinformatics and luciferase reporter gene assays confirmed that miR-1908 targeted 
the mRNA 3¢-UTR region of ROCK1, a characterized tumor promoter in OS. In conclusion, miR-214-5p 
was identified as a new tumor suppressor, which directly targeted ROCK1 and suppressed proliferation of 
human OS cells.
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INTRODUCTION

Osteosarcoma (OS) is a common primary bone can-
cer, which is most prevalent in children and young adults 
(1,2). OS commonly occurs in the long bones of the 
extremities near the metaphyseal growth plates. Although 
death rates for OS have been declining in recent years, the 
overall 5-year survival rate for OS is below 70%, even 
with a high proportion of amputation (2–4). Therefore, it 
is still urgent to explore reliable therapeutic targets and 
approaches for OS treatment.

Increasing evidence shows that microRNAs (miRNAs) 
are involved in nearly all types of cancers by posttranscrip-
tionally regulating specific tumor suppressors or promoters. 
Aberrant expression and dysregulation of miRNAs have 
also been shown to significantly contribute to cancer 
growth and metastasis in OS patients (5–9). For example, 
the expression level of miR-191 was increased in OS tis-
sues in comparison with the adjacent normal tissues, and 
overexpression of miR-191 promoted cell proliferation in 
Saos-2 and MG62 cells by directly suppressing the tumor-
suppressor checkpoint kinase 2 (5). miR-301a was induced 
by doxorubicin in a time-dependent manner in OS cells, 
which modulated doxorubicin resistance by targeting 

AMP-activated protein kinase a1 (8). Even though 
miRNAs have been extensively investigated in cancers, 
their roles and mechanisms in OS progression are not 
thoroughly known.

In this study, we explore the role of miR-214-5p (also 
miR-214*), a very recently identified miRNA, in the pro-
gression of human OS. miR-214-5p expression was first 
detected in OS and normal adjacent tissues, as well as 
in normal human osteoblast and OS cell lines. We found 
miR-214-5p to be sharply reduced in OS tissues and cell 
lines. Then either miR-214-5p mimic or miR-214-5p 
inhibitor was transfected into the HOS and G293 OS cell 
lines, and cell proliferation was detected. Moreover, bio-
informatics and luciferase reporter gene assays were used 
to confirm its target gene.

MATERIALS AND METHODS

Ethical Statements

This study protocol was approved by the Ethics Com-
mittee of the China–Japan Union Hospital (China). The 
subjects and their guardians were previously informed about  
the experimental details, and they gave written consent.
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Tissue Samples

OS and matched normal adjacent tissues were isolated 
from a total of 48 adolescent OS patients who under-
went tumor resection during 2012 to 2015 in our hospi-
tal. Patients who received chemo- or radiotherapy were 
excluded from this study.

Cell Culture and Transfection

Human normal osteoblast cell line hFOB and human 
OS cell lines, including HOS, MG63, G293, SAOS2, and 
U2OS, were purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). They were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, Grand Island, NY, USA) supplemented with 10% 
fetal bovine serum (FBS; Gibco), 100 U/ml penicillin 
(Gibco), and 100 U/ml streptomycin (Gibco) at 37°C in a 
humidified 5% CO2 incubator.

For transfection, HOS and G293 cells were subcultured 
in six-well plates. On reaching 70% of confluence, 60 µM 
of the oligo miR-214-5p mimic, 60 µM of the miR-214-5p 
inhibitor, or 60 µM of the oligo negative control (NC) 
was transfected into the cells using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions. The miR-214-5p mimic, inhibitor, 
and NC were designed and synthesized by Ribobio Co. 
Ltd. (Guangzhou, P.R. China).

Cell Proliferation

The cells were seeded in 12-well culture plates at 
5 × 104/well posttransfection for 48 h. Then cell prolifera-
tion was evaluated using the Cell Counting Kit-8 (CCK-8; 
Sigma-Aldrich, St. Louis, MO, USA) assay according to 
the manufacturer’s instructions.

In Vitro Invasion Assay

Transwell invasion assay was used to detect cell inva-
sion. Cells (5 × 104) with serum-free medium were plated 
in the top chamber with a noncoated membrane (24-well 
insert; 8 µm; Corning). Medium containing 10% serum 
was used as a chemoattractant in the lower chamber. After 
incubation for 24 h, a cotton swab was used to remove 
the nonmigrated cells in the upper chamber, and the fil-
ters were individually stained with 2% crystal violet. The 
invasive cells were captured under a light microscope 
(100×; Olympus IX70; Olympus Corporation, Osaka, 
Japan) and counted.

Real-Time Quantitative PCR

Total RNA was isolated using TRIzol reagent (Invi-
trogen) and then applied to synthesize cDNA. Real-time 
quantitative polymerase chain reactions (qPCRs) were 
carried on in a 25-µl system, using SYBR Premix Ex Taq 
(TaKaRa, Dalian, P.R. China), 0.4 mM of primers, and 200 
ng of cDNA template. The primers of miR-214-5p and U6 

RNA (as internal reference) were designed and produced 
by Ribobio. PCR amplification cycles were performed using 
the SYBR Premix Ex Taq II Kit (Invitrogen). The reactions 
were initially denatured at 95°C for 1 min and followed by 
35 cycles of 95°C for 15 s and 60°C for 1 min. The transcript 
abundance was calculated using the 2−DDCt method.

Western Blotting

Thirty micrograms of total protein from each sample 
was separated by 12% SDS-PAGE. The protein was 
electrotransferred onto a PVDF membrane (Millipore, 
Billerica, MA, USA) for immunoblotting analysis. The 
primary antibodies anti-Rho-associated, coiled coil-
containing protein kinase 1 (ROCK1) (1:300; Abcam) 

Figure 1. miR-214-5p was significantly downregulated in human 
OS tissues and cell lines. OS tissues and matched normal adja-
cent tissues were sampled from 48 adolescent OS patients. The 
expression levels of miR-214-5p were detected in these tis-
sues with real-time qPCR. (A) miR-214-5p was significantly 
downregulated in OS tissues compared with the matched nor-
mal adjacent tissues. The expression levels of miR-214-5p were 
detected in hFOB human normal osteoblast cell line and five OS 
cell lines, including HOS, MG63, G293, SAOS2, and U2OS, 
with real-time qPCR. (B) miR-214-5p was significantly down-
regulated in OS cell lines compared with normal osteoblast cell 
line. **p < 0.01, ***p < 0.001 versus hFOB.
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and anti-GAPDH (1:500; Abcam) were used to incubate 
on the PVDF membrane overnight and then incubated 
with the appropriate HRP-conjugated secondary antibody 
for 1 h at room temperature. Proteins were detected with 
an ECL kit (Millipore) and analyzed with Quantity One 
Analysis Software (Bio-Rad).

3′-UTR Luciferase Gene Reporter Assay

The 3¢-UTR region of human ROCK1 mRNA was 
amplified by PCR, and the sequences were purified 
and inserted into the psiCHECK™-2 Vector (Promega, 
Madison, WI, USA). The NC or miR-214-5p mimic was 
respectively cotransfected with psiCHECK-ROCK1 3¢- 
UTR into the HEK293 cells using the X-tremeGENE 9 
DNA Transfection Reagent (Roche, Basel, Switzerland). 
The cells were then incubated for 48 h, and luciferase 
activity was measured using a Microplate Reader 
(Berthold Technologies, Berlin, Germany).

Statistical Analysis

All data were obtained from at least three independent 
experiments. The data were expressed as means ± SEM. 
Statistics were calculated with SPSS 22.0. Multiple com-
parisons were assessed by one-way ANOVA followed by 
Dunnett’s tests. The difference between groups was con-
sidered statistically significant if p < 0.05.

RESULTS

miR-214-5p Was Markedly Reduced in Human OS 
Tissues and Cell Lines

The expression levels were detected in OS tissues and 
matched normal adjacent tissues. Real-time qPCR analy-
sis showed that miR-214-5p was reduced by about 40% in 
the OS tissues (p < 0.01) (Fig. 1A). Then the miR-214-5p 
levels in hFOB human normal osteoblast cell line and five 
OS cell lines were also detected, including HOS, MG63, 

Figure 2. miR-214-5p mimic transfection suppressed proliferation and invasion of HOS and G293 human OS cell lines. The NC 
or miR-214-5p mimic was transfected into HOS and G293 human OS cell lines. After incubation for 48 h, miR-214-5p expression 
was detected with real-time qPCR, cell proliferation was detected with the CCK-8 method, and cell invasion was detected with the 
Transwell invasion assay. (A) miR-214-5p expression was increased greatly by the miR-214-5p mimic transfection. (B) The miR-
214-5p mimic significantly suppressed the proliferation of HOS and G293 cells. (C) The miR-214-5p mimic significantly suppressed 
the migration of HOS and G293 cells. *p < 0.01 versus Control.
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G293, SAOS2, and U2OS. The results showed that miR-
214-5p was reduced by more than 40% in all the OS cell 
lines (p < 0.01), and by more than 60% in HOS and G293 
cells (p < 0.001) (Fig. 1B). These data on miR-214-5p level 
changes suggested that miR-214-5p might have an effect 
on the progression of human OS.

miR-214-5p Mimic Transfection Suppressed 
Proliferation and Invasion of Human OS Cells

To explore the role in progression of human OS, the 
NC or miR-214-5p mimic was transfected into HOS and 
G293 cells. After incubation for 48 h, miR-214-5p expres-
sion, cell proliferation, and cell invasion were detected. 
Real-time qPCR analysis showed that miR-214-5p expres-
sion was increased by more than sevenfold by the miR-
214-5p mimic transfection (p < 0.01) (Fig. 2A). CCK-8 and 

Transwell invasion assays displayed that the miR-214-5p 
mimic significantly suppressed proliferation and migration 
of HOS and G293 cells (p < 0.05) (Fig. 2B and C).

miR-214-5p Inhibitor Transfection Promoted 
Proliferation and Invasion of HOS and G293 Cells

Then the NC or miR-214-5p inhibitor was trans-
fected into HOS and G293 cells. After incubation for 
48 h, miR-214-5p expression, cell proliferation, and cell 
invasion were detected. In contrast to the results from the 
miR-214-5p mimic transfection, miR-214-5p expression 
was sharply decreased by miR-214-5p inhibitor trans-
fection (p < 0.01) (Fig. 3A). The miR-214-5p inhibitor 
significantly promoted proliferation and migration of 
HOS and G293 cells (p < 0.05) (Fig. 3B and C). These 
data on the mimic and inhibitor transfection indicated 

Figure 3. miR-214-5p inhibitor transfection increased proliferation and invasion of HOS and G293 human OS cell lines. The NC 
or miR-214-5p inhibitor was transfected into HOS and G293 human OS cell lines. After incubation for 48 h, miR-214-5p expression 
was detected with real-time qPCR, cell proliferation was detected with the CCK-8 method, and cell invasion was detected with the 
Transwell invasion assay. (A) The miR-214-5p level was sharply decreased by the miR-214-5p inhibitor transfection. (B) The miR-
214-5p inhibitor significantly promoted the proliferation of HOS and G293 cells. (C) The miR-214-5p inhibitor significantly promoted 
the migration of HOS and G293 cells. *p < 0.01 versus Control.
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Figure 4. miR-214-5p suppressed ROCK1 expression by directly targeting the 3¢-UTR of ROCK1 mRNA. (A) Alignment of hsa-
miR-214-5p and ROCK1 mRNA sequences among various mammals. The outputs of the (B) TargetScan and (C) miRanda online 
servers on the potential targeting relationship between miR-214-5p and 3¢-UTR region of ROCK1 mRNA. The NC mimic and miR-
214-5p mimic were respectively cotransfected with the 3¢-UTR dual-luciferase vector into HEK293 cells. After incubation for 48 h, 
the luciferase activity in each group was measured using a Microplate Reader. (D) The miR-214-5p mimic suppressed the luciferase 
activity. The miR-1908 mimic or inhibitor was transfected into HOS and G293 cells. After incubation for 48 h, the ROCK1 pro-
tein expression was detected with Western blotting. (E) The miR-214-5p mimic sharply suppressed the ROCK1 protein expression. 
***p < 0.001 versus Control.
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that miR-214-5p had a negative effect on the prolifera-
tion and migration of OS cells.

miR-214-5p Directly Targeted the ROCK1 mRNA 
and Suppressed Expression of the ROCK1 Protein

Next, we investigated the potential molecular mecha-
nism from which miR-214-5p suppressed proliferation 
and migration of OS cells. Bioinformatics analysis was 
used to evaluate the target relationship between miR-
214-5p and ROCK1. The sequence analysis showed 
that the 3¢-UTR region of the ROCK1 mRNA sequences 
was conserved in humans and in mammals, and seven 
consecutive bases completely matched with the seed of 
miR-214-5p (Fig. 4A). The output of the TargetScan and 
miRanda online servers showed that miR-214-5p poten-
tially targeted this region (Fig. 4B and C). Then a 3¢-UTR 
luciferase reporter gene assay was used to validate their 
relationship. The results revealed that miR-214-5p mark-
edly weakened the luciferase activity (Fig. 4D). To fur-
ther validate that ROCK1 was a target of miR-214-5p, 
the NC or miR-214-5p mimic was transfected into HOS 
and G293 cells. After incubation for 48 h, expression of 
the ROCK1 protein was detected with Western blotting. 
The results indicated that the ROCK1 protein level was 
sharply reduced by the miR-214-5p mimic transfection 
(Fig. 4E). These data suggest that miR-214-5p suppressed 
proliferation and migration of OS cells by directly target-
ing the tumor promoter ROCK1.

DISCUSSION

The precursor miR-214 was cleaved into two indepen-
dent mature miR-214s, miR-214-5p, and miR-214-3p, 
by the endoribonuclease Dicer. miR-214-3p (also miR-
214) is a well-characterized miRNA, which has been 
shown to induce cell survival and drug resistance in 
several cancers and play an important role in the deter-
mination of cell fate in multiple cell lineages (10–14). 
However, miR-214-5p was quite poorly reported, which 
was much less expressed than miR-214*. Until very 
recently, miR-214-5p was found to be upregulated in 
human and rodent fibrotic livers, compared with nor-
mal livers (15). In this study, we explored the role of 
miR-214-5p in the proliferation and invasion of human 
OS cells. We first found that miR-214-5p was sharply 
reduced in the OS tissues and cell lines compared with 
the normal tissues and cell lines, suggesting that miR-
214-5p might have an effect on the progression of OS. 
Then the miR-214-5p mimic or miR-214-5p inhibitor 
was transfected into HOS and G293 OS cell lines. The 
MiR-214-5p mimic significantly decreased the pro-
liferation and invasion of HOS and G293 OS cells. In 
contrast, the miR-214-5p inhibitor increased cell prolif-
eration and invasion. Therefore, miR-214-5p played a 
negative role in the OS progression in vitro.

The human ROCK1 gene is located on human chro-
mosome 18 with a specific location of 18q11.1, which 
translated a 1,354-amino acid, RhoA-activating serine/
threonine kinase (16,17). ROCK1 has been proven to 
play key roles in cancer progression and, in particular, cell 
motility, metastasis, and angiogenesis (18–20). ROCK1 
was recently identified as a therapeutic target in OS, for it 
was highly expressed in various OS tissues and cell lines, 
its knockdown decreased cell proliferation, and its high 
levels were strongly associated with poor outcomes of 
OS (21,22). Some miRNAs targeting ROCK1 have been 
reported to inhibit OS tumorigenesis. For instance, miR-
340 was frequently downregulated in OS tumors and cell 
lines, and its downregulation in tumor tissues contributed 
to the OS progression and metastasis by targeting ROCK1 
(23). Other miRNAs, like miR-335 and miR-145, have 
also been shown to inhibit the proliferation, migration, 
and invasion of OS cells (24–26). In the current study, our 
data on bioinformatics and luciferase reporter gene assays 
confirmed that miR-214-5p was also a ROCK1-targeting 
miRNA, which could be a rationale for miR-214-5p sup-
pressing OS cell proliferation and invasion.

In conclusion, miR-214-5p was identified as a new 
tumor suppressor, which directly targeted ROCK1 and 
suppressed proliferation of human OS cells.
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