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Abstract. Osteosarcoma (OS) is the most common primary 
malignancy of the bone in teenagers and accounts for 20‑35% 
of all malignant primary bone tumors. Increasing evidence 
shows that microRNAs (miRNAs) are abnormally expressed 
in several types of human cancer. miRNAs are necessary to 
maintain the malignant phenotype of cancer cells and can 
function as either tumor suppressors or oncogenes. The present 
study aimed to measure the expression of miRNA‑129‑5p 
(miR‑129‑5p) in OS, determine the effects of miR‑129‑5p on the 
malignant behaviors of OS cells, and elucidate the molecular 
mechanism underlying the oncogenesis and progression of OS. 
The expression levels of miR‑129‑5p in OS tissues and cell 
lines were measured using reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. SAOS‑2 and 
U2OS cells were then transfected with miR‑129‑5p mimics 
or miR‑negative control. The effects of miR‑129‑5p on the 
proliferation, migration and invasion of SAOS‑2 and U2OS 
cells in  vitro were then evaluated using 3‑(4,5‑dimethyl-
thiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide, Transwell 
migration assay and invasion assays, respectively. In addi-
tion, bioinformatics analysis, a luciferase reporter assay, and 
RT‑qPCR and western blot analyses were used to examine 
whether Rho‑associated protein kinase 1 (ROCK1) was a 
direct target of miR‑129‑5p. The mRNA expression of ROCK1 
in OS tissues was detected using RT‑qPCR analysis, and the 
biological roles of ROCK1 in OS cells were also evaluated. 
The results showed that miR‑129‑5p was significantly down-
regulated in the OS tissues and cell lines. The re‑expression 
of miR‑129‑5p suppressed the cell proliferation, migration 
and invasion of OS cells. In addition, ROCK1 was confirmed 
as a direct target of miR‑129‑5p. The mRNA expression of 

ROCK1 was high in OS tissues and inversely correlated with 
the expression of miR‑129‑5p. The downregulation of ROCK1 
inhibited the proliferation, migration and invasion of OS cells. 
These findings suggested that miR‑129‑5p inhibited cell prolif-
eration, migration and invasion in the development of OS via 
the negative regulation of ROCK1. The miR‑129‑5p/ROCK1 
axis may serve as an efficient target in cancer therapy.

Introduction

Osteosarcoma is the most common primary malignancy of 
bone in teenagers and accounts for 20‑35% of all malignant 
primary bone tumors (1,2). It originates from primitive trans-
formed cells of mesenchymal origin in bone, which exhibit 
osteoblastic differentiation and produce malignant osteoid (3). 
Currently, the most common treatments for patients with OS 
are neoadjuvant chemotherapy, surgery and adjuvant chemo-
therapy (4). With development in the therapeutic strategies, the 
5‑year overall and disease‑free survival rates for patients with 
OS have improved in the last 30 years (5). However, the cura-
tive effects in the treatment of those patients with metastasis 
or at an advanced clinical stage have been less effective in 
this period (6). The molecular mechanisms underlying the 
occurrence and development of OS remain to be fully eluci-
dated (7). Therefore, it is important to fully understand the 
mechanism underlying the metastasis and progression in OS, 
and to investigate therapeutic targets to improve the prognosis 
of this disease.

MicroRNAs (miRNAs) are an abundant class of non‑coding, 
conserved, single‑strand RNA molecules containing 18‑25 
nucleotides  (8,9). It is well established that miRNAs are 
important in several diverse biological processes, including 
cell proliferation, cell cycle, apoptosis, metastasis, inva-
sion, angiogenesis, stress responses and differentiation (10). 
miRNAs exert their functions through interaction with the 
3' untranslated regions (3'UTRs) of target genes in a base 
pairing manner, and mainly result in translational repres-
sion or target mRNA degradation (11,12). At present, >1,000 
miRNAs have been identified in the human genome, and 
these can modulate the expression of thousands of human 
protein‑encoding genes (9,13). Accumulated evidence shows 
that numerous miRNAs are abnormally expressed in several 
types of human cancer (14‑16). These miRNAs are necessary 
to maintain the malignant phenotype of cancer cells, and can 
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function as either tumor suppressors or oncogenes depending 
on the tumor type and effects of their target genes (17). This 
suggests there is merit in investigating miRNAs as novel and 
efficient therapeutic targets for antitumor therapy.

Previous studies have reported that miR‑129‑5p is involved 
in the carcinogenesis and progression of several types of 
human cancer, including breast cancer (18), gastric cancer (19), 
lung cancer (20), thyroid carcinoma (21), ovarian cancer (22) 
and colorectal cancer (23). However, the expression, effects 
and mechanisms underlying the effects of miR‑129‑5p in OS 
remain to be elucidated. Therefore, in the present study, the 
expression levels of miR‑129‑5p in OS tissues and cell lines 
were examined, and the biological roles of the direct target 
genes of miR‑129‑5p in OS were investigated.

Materials and methods

Cell lines and tumor specimens. The human OS cell lines, 
MG‑63, SAOS‑2, HOS, 143B and U2OS, were purchased from 
American Type Culture Collection (Manassas, VA, USA). A 
human normal osteoblastic cell line (hFOB 1.19) was also 
obtained from American Type Culture Collection. The cells 
were grown in Dulbecco's modified Eagle's medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.). The cultures were 
maintained at 37˚C in a 5% CO2 atmosphere. In addition, 
19 pairs of OS tissues and corresponding adjacent normal 
bone tissues (13 male, 6 female; age range 23‑67 years; mean 
age, 42 years; I+IIA stage, 11; IIB/III stage, 8) were collected 
from the Department of Orthopedic Surgery, First Affiliated 
Hospital of Harbin Medical University (Harbin, China) 
between August 2013 to December 2015. The present study 
was approved by the Ethics Committee of the First Affiliated 
Hospital of Harbin Medical University.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The NanoDrop 
ND‑1000 spectrophotometer (Thermo Fisher Scientific, Inc.) 
was used to measure the concentration. Reverse transcrip-
tion was performed using M‑MLV (Promega Corporation, 
Madison, WI, USA). The temperature protocol for reverse 
transcription was as follows: 95˚C for 2 min; 20 cycles of 94˚C 
for 1 min, 55˚C for 1 min and 72˚C for 2 min; then 72˚C for 
5 min. The expression levels of miR‑129‑5p and the mRNA 
expression levels of Rho‑associated protein kinase 1 (ROCK1) 
were determined using SYBR Premix Ex Taq™ kits (Takara 
Bio, Inc., Tokyo, Japan). The reaction system contained 10 µl 
SYBR Premix Ex Taq, 2 µl cDNA (200 ng), 0.8 µl forward 
primer, 0.8 µl reverse primer, 0.4 µl ROX reference dye and 
6 µl ddH2O. The amplification was performed with cycling 
conditions as follows: 5 min at 95˚C, followed by 40 cycles 
of 95˚C for 30  sec and 65˚C for 45  sec. GAPDH and U6 
were used as the internal reference for ROCK1 mRNA and 
miR‑129‑5p, respectively. RT‑qPCR analysis was performed 
on an Applied Biosystems® 7900 HT Real‑Time PCR system 
(Thermo Fisher Scientific, Inc.). The primers were designed as 
follows: miR‑129‑5p, 5'‑GAT​ACT​CAC​TTT​TTG​CGG​TCT‑3' 

(forward) and 5'‑GTG​CAG​GGT​CCG​AGG​T‑3' (reverse); U6, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' (forward) and 5'‑AAC​
GCT​TCA​CGA​ATT​TGC​GT‑3' (reverse); ROCK1, 5'‑ATG​
AGT​TTA​TTC​CTA​CAC​TCT​ACC​ACT​TTC‑3' (forward) and 
5'‑TAA​CAT​GGC​ATC​TTC​GAC​ACT​CTA​G‑3' (reverse); and 
GAPDH, 5'‑ACA​CCC​ACT​CCT​CCA​CCT​TT‑3' (forward) and 
5'‑TAG​CCA​AAT​TCG​TTG​TCA​TAC​C‑3' (reverse). Data were 
calculated and normalized using the 2‑ΔΔCq method (24).

Transfection of cells. The miR‑129‑5p mimics and nega-
tive control miRNA mimics (miR‑NC) were synthesized by 
GenePharma (Shanghai, China). Small interfering (si)RNA 
targeting ROCK1 (si‑ROCK1) and siRNA negative control 
(si‑NC) were purchased from Biomics Biotechnologies Co., 
Ltd. (Nantong, China). The si‑ROCK1 sequence was 5'‑GGG​
UAA​CUC​AUC​UGG​UAA​ATT‑3' and the si‑NC sequence 
was 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. The cells 
were seeded into 6‑well plates at a density of 50‑60% 1 day 
prior to transfection. Cell transfection was performed using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. Cell proliferation was evaluated using an MTT 
assay (Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) 
according to the manufacturer's protocol. Briefly, cells grown 
in the logarithmic phase were seeded in 96‑well plates at a 
density of 2,500 cells/well. Following adherence, the cells 
were transfected with the miRNA mimics or siRNA, followed 
by incubation at 37˚C in 5% CO2 atmosphere for 24, 48, 72 and 
96 h. The MTT assay was then performed at each time point; 
20 µl MTT solution was added to the culture medium and 
incubated at 37˚C for an additional 4 h. Subsequently, the MTT 
formazan was dissolved by 150 µl DMSO (Sigma‑Aldrich; 
Merck Millipore). The absorbance was determined at 490 nm 
using an automatic multi‑well spectrophotometer (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Transwell migration and invasion assays. The cell migration 
and invasion capacities were assessed using Transwell cham-
bers (8‑µm pores; BD Biosciences, San Jose, CA, USA). For 
the invasion assay, the chambers were coated with 60 µl of 
Matrigel (5 mg/ml; BD Biosciences). The cells were collected 
48 h following transfection and, at a density of 4x104 in 200 µl 
FBS‑free medium, were seeded in the upper chamber. Culture 
medium (600 µl) supplemented with 20% FBS was added 
to the lower chamber. Following incubation at 37˚C in a 5% 
CO2 atmosphere for 48 h, cotton swabs were used to wipe the 
cells remaining in the upper chamber. The invaded cells were 
stained with 0.5% crystal violet for 30 min and then counted in 
five randomly selected fields under a light microscope (magni-
fication, x200; Olympus Corporation, Tokyo, Japan). For the 
migration assay, the procedures were similar to those in the 
invasion assay, with the exception that the upper chambers 
were not coated with Matrigel.

miRNA target prediction and luciferase reporter assay. 
To determine the potential target genes of miR‑129‑5p, 
bioinformatics analysis was performed with TargetScan 7.0 
(http://www.targetscan.org/) and miRanda (August 2010 release; 
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http://www.microrna.org). psiCHECK™2‑ROCK1‑wild‑type 
( W T ) ‑3 'U T R a nd psiCH ECK™2‑ROCK1‑mut a nt 
(MUT)‑3'UTR were synthesized by GenePharma. At 1 day 
prior to transfection, HEK293T cells (American Type Culture 
Collection) were seeded in 24‑well plates at a density of 
1x105  cells/well. psiCHECK™2‑ROCK1‑WT‑3'UTR or 
psiCHECK™2‑ROCK1‑MUT‑3'UTR, together with the 
miR‑129‑5p mimics or miR‑NC were transfected into the 
HEK293T cells using Lipofectamine 2000. The culture 
medium was replaced with DMEM containing 10% FBS at 8 h 
post‑transfection. The cells were incubated at 37˚C in 5% CO2 
atmosphere for 48 h and luciferase activities were determined 
using a Dual‑Luciferase Reporter Assay system (Promega 
Corporation). Renilla luciferase activities were normalized to 
firefly luciferase activities.

Western blot analysis. Total protein was isolated from 
the tissues and cell lines using RIPA buffer (Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) supplemented 
with protease inhibitors and phosphate inhibitors (Roche 
Diagnostics, Indianapolis, IN, USA). A Bicinchoninic Acid 
Protein assay kit (Thermo Fisher Scientific, Inc.) was used 
to detect protein concentrations. Equal quantities of protein 
(30 µg) were separated by 10% SDS‑PAGE gel and transferred 
onto a polyvinylidene difluoride membrane (EMD Millipore, 
Bedford, MA, USA) followed by blocking with 5% non‑fat 
milk in Tris‑buffered saline‑Tween 20 (TBST) for 1 h at room 
temperature. The membranes were then immunoblotted with 
primary antibodies at 4˚C overnight. Following washing three 
times with TBST, the membranes were incubated with goat 
anti‑mouse horseradish peroxidase‑conjugated secondary 
antibody (cat no. sc‑2005; 1:2,000; Santa Cruz Biotechnology, 
Inc.) for 2 h at room temperature. Finally, immunoreactive 
protein bands were visualized using the enhanced chemilu-
minescence system (Pierce; Thermo Fisher Scientific, Inc.). 
The primary antibodies used in the present study were as 
follows: Mouse anti‑human monoclonal ROCK1 antibody (cat 
no. sc‑365628; 1:1,000) and mouse anti‑human monoclonal 
GAPDH antibody (cat no.  sc‑47724; 1:1,000) (both from 
Santa Cruz Biotechnology, Inc.). The densitometry of protein 
bands was quantified using ImageJ version 1.49 (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Data are presented as the mean ± standard 
deviation. The differences between groups were compared 
using two‑tailed Student's t-test or one‑way analysis of vari-
ance using SPSS 19.0 statistical software (IBM SPSS Inc., 
Armonk, NY, USA). SNK analysis was performed as a post 
hoc test following analysis of variance. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑129‑5p is downregulated in OS tissues and OS cell 
lines. The expression of miR‑129‑5p was determined in OS 
tissues and corresponding adjacent normal bone tissues 
using RT‑qPCR analysis. As shown in Fig. 1A, the expres-
sion of miR‑129‑5p was significantly lower in the OS tissues, 
compared with that in the corresponding adjacent normal 
bone tissues (P<0.05). The expression levels of miR‑129‑5p 

in the MG‑63, SAOS‑2, HOS, 143B and U2OS cells, and in 
the human normal osteoblast cell line (hFOB 1.19) were also 
detected. Compared with the expression in hFOB 1.19 cells, 
the expression of miR‑129‑5p was downregulated in all five 
OS cell lines (Fig. 1B; P<0.05).

miR‑129‑5p inhibits cell proliferation, migration and inva‑
sion in OS. To examine the potential roles of miR‑129‑5p 
in OS, the SAOS‑2 and U2OS cells were transfected with 
miR‑129‑5‑mimics or miR‑NC. Following transfection, the 
expression of miR‑129‑5p was significantly increased in the 
SAOS‑2 and U2OS cells transfected with the miR‑129‑5p 
mimics  (Fig.  2A; P<0.05). The MTT assay showed 
that cell proliferation was inhibited in the miR‑129‑5p 
mimic‑transfected SAOS‑2 and U2OS cells, compared with 
that in the miR‑NC‑transfected cells  (Fig.  2B; P<0.05). 
Similarly, the Transwell migration and invasion assays indi-
cated that the ectopic expression of miR‑129‑5p decreased the 
migration and invasion capacities of the SAOS‑2 and U2OS 
cells (Fig. 2C; P<0.05). Taken together, these data suggested 
that miR‑129‑5p acted as a tumor suppressor in OS via inhib-
iting cell proliferation, migration and invasion.

ROCK1 is a direct target of miR‑129‑5p. To examine the 
molecular mechanism underlying the tumor suppressive roles 
of miR‑129‑5p in OS, bioinformatics analysis was performed 
using TargetScan 7.0 and miRanda. A number of genes were 
predicated as potential direct target genes of miR‑129‑5p, 
however, ROCK1 was selected for further analysis as it has 

Figure 1. miR‑129‑5p is expressed at low levels in OS tissues and cell lines. 
(A) Expression levels of miR‑129‑5p in OS tissues and corresponding adjacent 
normal bone tissues were determined using RT‑qPCR analysis. (B) RT‑qPCR 
analysis was performed to measure the expression of miR‑129‑5p in OS cell 
lines and a human normal osteoblastic cell line. *P<0.05. OS, osteosarcoma; 
miR, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase 
chain reaction.
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been reported to be involved in the carcinogenesis and progres-
sion of OS (25) (Fig. 3A; P<0.05).

A luciferase reporter assay was then performed to investigate 
whether ROCK1 is a direct target of miR‑129‑5p. HEK293T cells 

were co‑transfected with psiCHECK™2‑ROCK1‑WT‑3'UTR 
or psiCHECK™2‑ROCK1‑MUT‑3'UTR and miR‑129‑5p 
mimics or miR‑NC. The results showed that the upregula-
tion of miR‑129‑5p suppressed the luciferase activities 

Figure 2. miR‑129‑5p suppresses the proliferation, migration and invasion of SAOS‑2 and U2OS cells. (A) SAOS‑2 and U2OS cells were transfected with 
miR‑129‑5p mimics or miR‑NC. Expression of miR‑129‑5p was significantly upregulated in the SAOS‑2 and U2OS cells following transfection with miR‑129‑5p 
mimics. (B) A 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay was used to analyze the proliferation of SAOS‑2 and U2OS cells trans-
fected with miR‑129‑5p mimics or miR‑NC. (C) Transwell migration and invasion assays were performed to examine the migration and invasion capacities of 
SAOS‑2 and U2OS cells transfected with miR‑129‑5p mimics or miR‑NC (magnification, x200). *P<0.05, vs. miR‑NC. miR, microRNA; NC, negative control.
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of psiCHECK™2‑ROCK1‑WT‑3'UTR  (Fig.  3B; P<0.05) 
but had no inhibitory effects on the luciferase activities of 
psiCHECK™2‑ROCK1‑MUT‑3'UTR, suggesting that ROCK1 
may be a direct target of miR‑129‑5p.

To confirm the regulatory roles of miR‑129‑5p in the 
expression of ROCK1, the expression levels of ROCK1 were 
measured in SAOS‑2 and U2OS cells following transfection 
with miR‑129‑5p mimic or miR‑NC. The results of RT‑qPCR 
and western blot analyses indicated that the mRNA (Fig. 3C; 
P<0.05) and protein (Fig. 3D; P<0.05) levels of ROCK1 were 
downregulated in the miR‑129‑5p mimic‑transfected SAOS‑2 
and U2OS cells, compared with those in the miR‑NC group. 
Taken together, these results suggested that ROCK1 may be a 
direct target of miR‑129‑5p.

ROCK1 is upregulated in OS tissues and inversely correlated 
with the expression levels of miR‑129‑5p. As the results 
demonstrated that ROCK1 was a direct target of miR‑129‑5p 
in OS, the present study detected the expression of ROCK1 
in OS tissues and corresponding adjacent normal bone tissues 
using RT‑qPCR analysis. The results showed that the mRNA 
expression of ROCK1 was significantly higher in the OS 
tissues, compared with that in corresponding adjacent normal 
bone tissues  (Fig.  4A; P<0.05). The associations between 
the expression of miR‑129‑5p and the mRNA expression 
of ROCK1 in OS tissues were analyzed using Spearman's 

Figure 3. ROCK1 is a direct target of miR‑129‑5p. (A) Schematic illustration of 
two conserved miR‑129‑5p binding sites in the 3'UTR of ROCK1. (B) Luciferase 
activities were detected in HEK293T cells 48 h following co‑transfection with 
psiCHECK™2‑ROCK1‑WT‑3'UTR or psiCHECK™2‑ROCK1‑MUT‑3'UTR, 
and miR‑129‑5p mimics or miR‑NC. (C) mRNA expression levels of ROCK1 in 
SAOS‑2 and U2OS cells transfected with miR‑129‑5p mimics or miR‑NC were 
detected using reverse transcription‑quantitative polymerase chain reaction 
analysis. (D) Protein expression levels of ROCK1 were measured in SAOS‑2 
and U2OS cells transfected with miR‑129‑5p mimics or miR‑NC. *P<0.05, vs. 
miR‑NC. miR, microRNA; ROCK1, Rho‑associated protein kinase 1; 3'UTR, 
3' untranslated region; NC, negative control; WT, wild‑type; MUT, mutant.

Figure 4. ROCK1 is upregulated in OS tissues and inversely correlated with 
the expression of miR‑129‑5p expression. (A) Relative mRNA expression of 
ROCK1 was determined in OS tissues and corresponding adjacent normal 
bone tissues using reverse transcription‑quantitative polymerase chain 
reaction analysis. (B) Upregulation of ROCK1 in OS tissues was negatively 
correlated with the expression of miR‑129‑5p. *P<0.05, vs. normal tissues. OS, 
osteosarcoma; miR, microRNA; ROCK1, Rho‑associated protein kinase 1.
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correlation analysis, and it was found that the mRNA expres-
sion of ROCK1 was inversely correlated with the expression 
of miR‑129‑5p in OS tissues (R=‑0.6203; P=0.0046; Fig. 4B).

miR‑129‑5p triggers the inhibition of OS cell proliferation, 
migration and invasion, in part, via targeting ROCK1. 
To investigate whether the downregulation of ROCK1 
contributed to the tumor suppressive roles of miR‑129‑5p 
in cell proliferation, migration and invasion, the biological 
functions of ROCK1 were determined using an RNA inter-
ference method. SAOS‑2 and U2OS cells were injected with 
si‑ROCK1 or si‑NC. The results of the RT‑qPCR and western 
blot analyses indicated that the mRNA (Fig. 5A; P<0.05) 
and protein (Fig. 5B; P<0.05) expression levels of ROCK1 
were reduced in the SAOS‑2 and U2OS cells transfected 
with si‑ROCK1. Subsequently, an MTT assay, and Transwell 
migration and invasion assays were performed to evaluate 
the roles of ROCK1 in OS. As shown in Fig. 5C and D, the 
downregulation of ROCK1 suppressed SAOS‑2 and U2OS 
cell proliferation (P<0.05), migration and invasion (P<0.05). 
These findings demonstrated that the biological functions of 
the underexpression of ROCK1 were similar to those induced 
by the overexpression of miR‑129‑5p in OS cells, suggesting 
that the antitumor effect of miR‑129‑5p was, in part, depen-
dent on the downregulation of ROCK1.

Discussion

miR‑129 is transcribed from two genes, mir‑129‑1 and 
mir‑129‑2. The mature miRNAs, miR‑129‑5p and miR‑129‑3p, 
are processed from 5' and 3' precursors, respectively (26). 
In the present study, it was shown that miR‑129‑5p was 
downregulated in OS tissues and cell lines, compared with 
corresponding adjacent normal bone tissues and a human 
normal osteoblast cell line, respectively. In addition, the 
re‑expression of miR‑129‑5p inhibited cell proliferation, 
migration and invasion in OS. ROCK1 was identified as a novel 
direct target gene of miR‑129‑5p, and miR‑129‑5p negatively 
regulated the expression of ROCK1 via binding to its 3'UTR. 
Taken together, these findings suggested that miR‑129‑5p may 
be a novel potential therapeutic target for the treatment of 
patients with OS.

miR‑129‑5p has been found to be abnormally expressed in 
various types of cancer. For example, Yu et al (18) reported 
that the expression of miR‑129‑5p was lower in breast 
cancer tissues than paired adjacent normal breast tissues; the 
downregulation of miR‑129‑5p was significantly associated 
with advanced clinical stage and poor prognosis in patients 
with breast cancer. Jiang et al (19) found that the levels of 
miR‑129‑5p were reduced in gastric cancer tissues and blood 
samples, compared with those in matched non‑tumor adjacent 
tissues and healthy volunteers, respectively. Ma et al  (27) 
demonstrated that miR‑129‑5p was downregulated in hepato-
cellular carcinoma, and was correlated with vascular invasion, 
intrahepatic metastasis and recurrence rate. In addition, 
patients with hepatocellular carcinoma with a low expression 
of miR‑129‑5p had a poorer outcome, compared with patients 
with a high level of miR‑129‑5p. Similarly, Zhai et al (28) 
revealed that a low expression of miR‑129‑5p was correlated 
with advanced stage and vascular invasion. miR‑129‑5p 

has also been found to be expressed at low levels in lung 
cancer (20), thyroid carcinoma (21), ovarian cancer (22) and 
colorectal cancer (23). These findings suggest that miR‑129‑5p 
is involved in carcinogenesis and cancer progression.

Previous studies have reported that miR‑129‑5p functions 
as a tumor suppressor in several types of human cancer. For 
example, in breast cancer, the overexpression of miR‑129‑5p 
inhibits cell mobility and migration, reverses epithelial‑mesen-
chymal transition, attenuates irradiation‑induced autophagy 
and decreases radioresistance (18,29,30). In gastric cancer, 
the upregulation of miR‑129‑5p causes marked suppression 
of cell viability, colony‑forming ability, migration and inva-
sion (19). Ma et al (27) showed that the ectopic expression of 
miR‑129‑5p suppressed cell growth, invasion and metastasis 
in hepatocellular carcinoma (28). Duan et al (21) reported 
that the re‑expression of miR‑129‑5p reduced cell migration 
and induces apoptosis of thyroid carcinoma. Tan et al (22) 
demonstrated that the enforced expression of miR‑129‑5p 
repressed ovarian cancer cell proliferation, survival and 
tumorigenicity. In colorectal cancer, miR‑129‑5p has been 
shown to inhibit cell growth, induce apoptosis and enhance 
cell‑cycle arrest in colorectal cancer  (23). These findings 
indicate that miR‑129‑5p is important in these types of 
human cancer, and may serve as a potential therapeutic target 
for their treatment.

To investigate the potential molecular mechanism by 
which miR‑129‑5p regulates the proliferation and metastasis 
in OS, the present study performed bioinformatics analysis 
using two prediction programs. ROCK1 was predicted as a 
potential target gene of miR‑129‑5p. The experimental data 
further revealed that miR‑129‑5p suppressed the luciferase 
activities of the psiCHECK™2‑ROCK1‑WT‑3'UTR reporter 
but did not affect that of a ‘seed region' ROCK1‑MUT‑3'UTR 
reporter. In addition, the overexpression of miR‑129‑5p 
decreased the mRNA and protein expression of ROCK1 in 
OS cells. The mRNA expression of ROCK1 was expressed 
at high levels in OS tissues, compared with corresponding 
adjacent normal bone tissues, and its expression was 
inversely correlated with the expression level of miR‑129‑5p. 
The biological effects of the underexpression of ROCK1 
were similar to those induced by the overexpression of 
miR‑129‑5p in OS cells, suggesting that the antitumor effect 
of miR‑129‑5p was, at least in part, dependent on the down-
regulation of ROCK1. These data suggested that miR‑129‑5p 
directly negatively regulated the expression of ROCK1 via 
binding to its 3'UTR.

ROCK is an essential downstream effector of the Rho 
small GTPase and functions predominantly as a molecular 
switch, which binds GTP and GDP to modulate cell prolifera-
tion, survival and cytoskeleton organization, inducing changes 
in cell shape/morphology, invasion and movement  (31‑33). 
There is considerable and increasing evidence supporting the 
importance of the ROCK1 in the development and progres-
sion of OS. Liu et al (25) found that ROCK1 was significantly 
upregulated in OS tissues and cell lines. The high expression 
level of ROCK1 was correlated with poor prognosis in patients 
with OS, whereas the downregulation of ROCK1 suppressed 
cell proliferation and viability, and increased apoptosis in OS. 
Wang et al (34) indicated that the underexpression of ROCK1 
repressed OS cell migration and invasion. These findings 
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suggest that ROCK1 can be investigated as a promising thera-
peutic target for the treatment of patients with OS.

In conclusion, the present study observed the downregula-
tion of miR‑129‑5p in OS tissues and OS cell lines, whereas the 

ectopic expression of miR‑129‑5p suppressed tumor cell prolif-
eration, migration and invasion. ROCK1 was identified as a 
direct target gene of miR‑129‑5p. The miR‑129‑5p/ROCK1 axis 
may be a promising therapeutic target for the treatment of OS.

Figure 5. Downregulation of ROCK1 inhibits the proliferation, migration and invasion of SAOS‑2 and U2OS cells. The SAOS‑2 and U2OS cells were trans-
fected with si‑ROCK1 or si‑NC. (A) mRNA and (B) protein expression levels of ROCK1 were downregulated in SAOS‑2 and U2OS cells following transfection 
with si‑ROCK1. (C) MTT assays were used to determine the proliferation of SAOS‑2 and U2OS cells transfected with si‑ROCK1 or si‑NC. (D) Transwell 
migration and invasion assays were performed to evaluate the migration and invasion abilities of SAOS‑2 and U2OS cells transfected with si‑ROCK1 or si‑NC 
(magnification, x200). *P<0.05, vs. si‑NC. miR, microRNA; ROCK1, Rho‑associated protein kinase 1; si‑, small interfering RNA; NC, negative control.
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