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MicroRNAs (miRs) have been demonstrated to be involved in the develop
coma (OS), but the molecular mechanism still remains to be fully in
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INTROD

Osteosarcoma (OS) is the st common cancer that
is primarily present around regions with active bone
growth and repair'”. Recent studies have suggested that
some noncoding RNAs and proteins act as tumor sup-
pressors or oncogenes in OS, deregulations of which
are tightly associated with the malignant progression of
0S'?. Therefore, it is necessary to explore the underlying
molecular mechanisms for identifying targets or candi-
dates for the treatment of patients with OS.

MicroRNAs (miRs), a class of noncoding RNAs that
are 18-25 nucleotides in length, have been demonstrated
to suppress the protein expression of their targets via
directly binding to the 3’-untranslated region (3-UTR)

of their target mRNAs*’. Moreover, it has been well
established that miRs act as key regulators in tumorigen-
esis via regulating the expression of oncogenes or tumor
suppressors”™. For instance, Jin et al. reported that miR-
218 inhibited OS cell migration and invasion by target-
ing TIAM1, MMP2, and MMP9’. Duan et al. found that
miR-199a-3p was frequently downregulated in OS and
played a suppressive role in OS cell proliferation and
migration'”.

Recently, miR-148a has been demonstrated to play
a suppressive role in a variety of human cancers. For
instance, it suppresses the proliferation and migration
of pancreatic cancer cells by targeting ErbB3". Yu et al.
reported that miR-148a acted as a tumor suppressor in
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human gastric carcinogenesis by targeting CCK-BR via
inactivating STAT3 and Akt". Xu et al. found that miR-
148a could suppress metastasis and serve as a prognostic
indicator in triple-negative breast cancer".

A previous study has shown that miR-148a is upregu-
lated in the peripheral blood of OS patients compared to
healthy controls, and high circulating miR-148a levels
are significantly associated with tumor size and distant
metastasis, as well as shorter overall survival and disease-
specific survival after 5 years, suggesting that the cir-
culating miR-148a level may be used as an indicator of
progressive phenotype as well as a novel diagnostic bio-
marker for OS patients'*. On the contrary, Chang et al.
reported that overexpression of miR-148a significantly
inhibited the proliferation, migration, invasion, and stem-
ness of cancer stem cells derived from primary OS cells".
In addition, Bhattacharya et al. showed that the reduced
expression of miR-148a-3p contributed to the suppres-
sion of OS cell death'®. Therefore, miR-148a may act as a
tumor suppressor in OS. However, the underlying mecha-
nism of miR-148a in the regulation of OS progression
remains largely unknown.

Table 1. Association Between miR-14,
in Osteosarcoma
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The aim of this study was to investigate the expression
pattern and clinical significance of miR-148a in OS. We
also investigated the regulatory mechanism of miR-148a
in the malignant phenotypes of OS cells.

MATERIALS AND METHODS
Clinical Specimens

Our study was approved by the ethics committee of
Xiangya Hospital, Central South University, Changsha,
PR. China. A total of 76 cases of OS tissues and their
matched adjacent normal tissues were collected from
our hospital from January 2010 to March 2014. Written
informed consent was obtained from each patient. The
clinical characterigtics of OS patients are summarized
in Table 1. Tissu les were stored in liquid nitrogen
until use.

Cell Cultures

Human including Saos-2, 143B, and
U208, and umfn osteoblast cell line, hFOB1.19,
were ain the Cell Bank of Central South

UnimerstChangsha, P.R. China). Cells were cultured in

nd Clinicopathological Characteristics

Low miR-148a

High miR-148a

Variables (n=39) (n=37) p Value

Age 1.00
<20 32 16 16
>20 44 23 21

Sex 0.484
Male 45 25 20
Female 31 14 17

Tumor size 0.018*
<5 cm 30 10 20
>5cm 46 29 17

Location 0.808
Femur or tibia 51 27 24
Others 25 12 13

Lung metastasis 0.015%*
No 51 21 30
Yes 25 18 7

TMN stage 0.013*
/IIA 24 7 17
1IB/III 52 32 20

Serum lactate dehydrogenase 0.816
Normal 31 15 16
Elevated 45 24 21

Serum alkaline phosphatase 0.353
Normal 32 14 18
Elevated 44 25 19

*The difference is statistically significant.
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Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher, Carlsbad, CA, USA) with 10% fetal calf serum
added (Thermo Fisher) at 37°C in a humidified atmo-
sphere with 5% CO,.

Real-Time RT-PCR Assay

Total RNA was extracted using TRIzol reagent
(Thermo Fisher) according to the manufacturer’s instruc-
tions. For analysis of mRNA expression, RNA was
reverse transcribed into cDNA using 1 pg of total RNA
with M-MLV Reverse Transcriptase (Promega, Beijing,
PR. China) according to the manufacturer’s instructions.
GAPDH was used as the internal control. The specific
primers were as follows: rho-associated coiled-coil kinase 1
(ROCK1), 5-AAGTGAGGTTAGGGCGAAATG-3’ (for-
ward) and 5-AAGGTAGTTGATTGCCAACGAA-3’
(reverse); GAPDH, 5-CTGGGCTACACTGAGCACC-3’
(forward) and 5-AAGTGGTCGTTGAGGGCAATG-3’
(reverse). For miR analysis, real-time PCR was per-
formed using PrimeScript® miRNA RT-PCR Kit (Takara,
Dalian, PR. China) according to the manufacturer’s
instructions. U6 was used as the internal reference. The
reaction conditions were 95°C for 5 min, and 40 cycles
of denaturation at 95°C for 15 s and annealing/elongation
at 60°C for 30 s. The relative expression was analyze
the 27**Ct method.

Transfection

Cells were cultured to 70% conflu and -
pended in serum-free medium. Li iney 2000
(Thermo Fisher) was used to perfor fectiofaccord-
ing to the manufacturer cti ief, serum-
free medium was us e the -148a mimic

; R-148a inhibitor
(Genechem), pcDNA3.1-R® 1 plasmid (Yearthbio,
Changsha, P.R. China), and Lip@#€ctamine 2000, respec-
tively. The diluted Lipofectamine 2000 was then added
into the diluted miR or plasmid, respectively. After incu-
bation for 20 min at room temperature, they were added
into the cell suspension. After incubation at 37°C 5%
CO, for 6 h, the medium was replaced by DMEM with
10% fetal calf serum. After transfection for 48 h, the fol-
lowing assays were performed.

Western Blot

Western blotting assay was performed to detect the
protein expression level. In brief, tissues and cells were
solubilized in cold RIPA lysis buffer. Proteins were sepa-
rated with 10% SDS-PAGE and transferred onto PVDF
membrane (Thermo Fisher), which was blocked by 5%
skim milk for 1 h, and then incubated overnight at 4°C
with rabbit anti-human ROCK1 antibody (1:100; Abcam,
Cambridge, MA, USA) and rabbit anti-human GAPDH
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antibody (1:200; Abcam), and then with goat anti-rabbit
secondary antibodies (1:10,000; Abcam) for 40 min. An
ECL kit (Thermo Fisher) was used to visualize the pro-
tein bands.

Bioinformatical Prediction and Luciferase Assays

Bioinformatical analysis was used to predict the poten-
tial target genes of miR-148a using TargetScan (http://
www.targetscan.org/). ROCK1 was predicted to be a
potential target gene of miR-148a. The wild type (WT)
and mutant type (MT) of ROCK1 3’-UTR were ampli-
fied by PCR and cloned in pMIR-REPORT miRNA
(Thermo Fisher). Saos-2 and U20S cells were trans-
fected with WI-ROCK1-3'UTR or MT-ROCK1-3'UTR
reporter plasre us miR-148a mimics or miR-NC using
Lipofectamine
instructions. A

# luciferase activity were deter-
& Renilla Luciferase Assay Kit

thi nifla luciferase.

Cell Broliferation Assay

0s-2 and U20S cells in each group were suspended
n 100 ul of fresh serum-free DMEM containing 0.5 g/L
MTT (Sigma-Aldrich, St. Louis, MO, USA) and seeded
into 96-well plates. After incubation at 37°C for 4 h, the
MTT medium was removed by aspiration, and 50 pl of
dimethyl sulfoxide (Sigma) was added, and then incu-
bated at 37°C for 10 min. The optical density (OD) at
570 nm was measured using the ELx800 Absorbance
Microplate Reader (Biotek, Winooski, VT, USA).

Wound Healing Assay

Cells were cultured to full confluence, and wounds of
approximately 1-mm width were created with a plastic
scriber. OS cells in each group were washed with PBS
and incubated in serum-free DMEM. After wounding
for 24 h, cells were incubated in DMEM with 10% FBS.
After being cultured for 48 h, cells were photographed
using a microscope.

Cell Invasion Assay

Cell invasion assay was performed using the Transwell
chamber with a Matrigel-coated filter (BD Biosciences,
Franklin Lakes, NJ, USA). A total of 200 pl of the Saos-2
and U20S cell suspension (1x10* cells) in serum-free
DMEM was added to the upper chamber, and 500 ul of
DMEM containing 10% fetal calf serum was added to
the lower chamber. After incubation for 24 h, cells on
the upside of the filter were removed using cotton swabs.
The invasive cells on the lower side were fixed, stained
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with 0.1% crystal violet (Sigma), and counted using a
light microscope.

Tumor Growth In Vivo

BALB/C-nu/nu nude mice (male, 10 weeks) were
maintained under specific pathogen-free conditions at The
Animal Center of Central South University. U20S cells
were stably transfected with blank pLP/VSVG vector or
pLP/VSVG-miR-98 plasmid, respectively. These trans-
fected cells (1x10") were then injected subcutaneously
into the dorsal flank of mice. After tumor implantation
for 60 days, the animals were sacrificed, and the tumor
tissue in each mouse was photographed and weighed.
The tumor volume was then calculated using the formula
V (mm*)=0.5xaxb2 (a is the maximum length to diam-
eter, and b is the maximum transverse diameter).

Statistical Analysis

All data were expressed as mean*standard deviation
(SD). Difference was analyzed using one-way analysis
of variance (ANOVA) with SNK-q test. SPSS17.0 soft-
ware was used to perform statistical analysis. A value of
p<0.05 was considered statistically significant.
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RESULTS

miR-148a Is Downregulated in OS,
Associated With Disease Progression

To reveal the role of miR-148a in OS, we first performed
RT-PCR to examine the expression levels of miR-148a
in 76 cases of OS tissues and paired adjacent nontumor
bone tissues. miR-148a was significantly downregulated
in OS tissues compared to matched adjacent normal tis-
sues (Fig. 1A). We further examined the miR-148a levels
in OS cell lines including Saos-2, 143B, and U20S, as
well as in the human osteoblast cell line hFOB1.19. We
found that the expression of miR-148a was also reduced
in OS cell lines compared to hFOB1.19 cells (Fig. 1B).

We then studied
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Figure 1. RT-PCR was used to detect the expression of miR-148a in (A) osteosarcoma (OS) tissues and paired adjacent nontumor
bone tissues, and (B) human OS cell lines (Saos-2, 143B, and U20S) and the human osteoblast cell line hFOB1.19. **p<0.01 versus
hFOB1.19. (C) OS patients with low miR-148a expression showed shorter survival time, when compared with those having high miR-

148a expression.
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gender, location, serum lactate dehydrogenase, or serum
alkaline phosphatase (Table 1). These findings suggest
that reduced miR-148a expression may contribute to
the malignant progression of OS. Further investigation
showed that OS patients with a low miR-148a expres-
sion showed a shorter survival time when compared with
those having a high miR-148a expression, suggesting that
miR-148a may become a predictor for the prognosis of
OS patients (Fig. 1C).

miR-148a Directly Targets ROCKI and Inhibits
its Protein Expression in OS Cells

We further focused on the potential targets of miR-
148a, and ROCK1 was predicted to be a direct target
gene of miR-148a (Fig. 2A). To verify whether miR-148a
directly binds to the 3"-UTR of ROCKI1, we generated
WT-ROCKI1 and MT-ROCKI1 vectors that contain the WT
and MT seed sequences of miR-148a within the 3’-UTR
of ROCK1 mRNA, respectively (Fig. 2B). We conducted
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a luciferase reporter assay, and our data showed that the
luciferase activity was only decreased in Saos-2 and U20S
cells cotransfected with the WT-ROCK1 vector and the
miR-148a mimic, but showed no difference in Saos-2 and
U20S cells cotransfected with the MT-ROCK1 vector
and the miR-148a mimic, when compared to the control
group (Fig. 2C and D), indicating that ROCK1 is a target
gene of miR-148a in Saos-2 and U20S cells.

ROCK] Is Significantly Upregulated in OS

We then performed RT-PCR to examine the mRNA
expression of ROCKI1 in OS tissues and paired adjacent
nontumor bone tissues. ROCK1 was frequently upregu-
lated in OS tissues compared to matched adjacent normal
tissues (Fig. 3 In addition, we found that the protein
levels of ROCKJ&awere upregulated in OS cell lines
compared wit in the human osteoblast cell line
hFOB1.19 (Fig se data indicate that ROCKI is
upregul
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Figure 2. (A) Rho-associated coiled-coil kinase 1 (ROCK1) was predicted to be a direct target gene of miR-148a. (B) The wild or
mutant seed sequences of miR-148a within the 3’-untranslated region (3’-UTR) of ROCK1 mRNA were indicated. (C) Luciferase
activity was only reduced in Saos-2 and U20S cells cotransfected with the miR-148a mimic and the vector containing wild type (WT)
of ROCKI1 3’-UTR, but unchanged in cells cotransfected with the miR-148a mimic and the vector containing mutant type (MT) of
ROCKI1 3’-UTR, when compared to the control group. Control: Saos-2 and U20S cells transfected with WT-ROCK 1 or MT-ROCK1,
respectively. NC (negative control): Saos-2 and U20S cells cotransfected with WT-ROCK1 or MT-ROCK1 and scramble miR mimic,

respectively. **p<0.01 versus Control.
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Figure 3. RT-PCR was used to detect the mRNA expression of ROCK1 in (A) OS
and (B) human OS cell lines (Saos-2, 143B, and U20S) and the human ostgpblast

miR-148a Negatively Regulates the Protein Expression
of ROCKI in OS Cells

As miRs generally inhibit the protein translation of
their target genes, we further investigated the effectg0
miR-148a on the protein expression of ROCK1 in $aps-2

d

and U20S cells. Saos-2 and U20S cells werg tr;

with miR-NC, miR-148a mimic, NC inhibi or mi

148a inhibitor, respectively. RT-PCR dafamsho t
ance R-

transfection with the miR-148a mimig
148a expression when copffé
group, while transfectio @

resulted in a significant decrcage $8a expression
when compared with the NC 1f@ibitor group in Saos-2
and U20S cells (Fig. 4A and B)§We then performed
Western blot assay to determine ‘the protein levels of
ROCKI1 and found that overexpression of miR-148a sig-
nificantly inhibited the protein expression of ROCKI,
while knockdown of miR-148a significantly enhanced
the protein expression of ROCKI1 in Saos-2 and U20S
cells (Fig. 4C-F). Therefore, miR-148a negatively regu-
lates the protein expression of ROCK1 in OS cells.

miR-148a Inhibits the Proliferation, Migration,
and Invasion of OS Cells

Afterward, we examined the effects of miR-148a over-
expression or downregulation on the malignant pheno-
types of Saos-2 and U20S cells. MTT assay data showed
that overexpression of miR-148a markedly inhibited the
proliferation of Saos-2 and U20S cells, while inhibition
of miR-148a expression significantly enhanced the pro-
liferation of Saos-2 and U20S cells, suggesting that miR-
148a negatively mediates the proliferation of OS cells
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(Fig. 5A- oreover, wound healing and Transwell

ay datll indicated that overexpression of miR-148a sig-

ni inhibited the migration and invasion of Saos-2

U20S cells, suggesting that miR-148a may have a
pressive effect on OS metastasis (Fig. 6A-D).

Overexpression of ROCK1 Attenuates the Inhibitory
Effects of miR-148a on the Malignant Phenotypes
of OS Cells

We further explored the roles of miR-148a and ROCK1
in the regulation of OS cell proliferation and invasion.
Saos-2 and U20S cells were cotransfected with miR-148a
mimic and blank pcDNA3.1 vector, or with miR-148a
mimic and ROCK1 plasmid, respectively. After transfec-
tion, we first detected the protein levels of ROCKI in
each group. The protein levels of ROCK1 were higher in
Saos-2 and U20S cells cotransfected with the miR-148a
mimic and ROCKI1 plasmid when compared with those
in cells transfected with the miR-148a mimic and blank
vector (Fig. 7A and B). We then performed an MTT assay
and found that overexpression of miR-148a suppressed
the proliferation of Saos-2 and U20S cells, which was
significantly reversed by overexpression of ROCKI
(Fig. 7C and D), suggesting that miR-148a inhibits cell
proliferation via targeting ROCK1 in OS cells. We per-
formed wound healing and Transwell assays to examine
cell migration and invasion. Our data indicated that the
migration and invasion of Saos-2 and U20S cells were
significantly higher in the miR-148a+ROCKI1 group
when compared with the miR-148a+blank group (Fig. 8).
These findings suggest that miR-148a inhibits the malig-
nant phenotypes of OS cells via targeting ROCK1.
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Figure 4. Saos-2 and U20S cells were transfected with miR-NC, miR-148a mimic, NC inhibitor, or miR-148a inhibitor, respectively.
(A, B) RT-PCR was performed to determine the relative expression of miR-148a. (C—F) Western blot assay was performed to examine
the protein levels of ROCKI1. **p<0.01 versus miR-NC or NC inhibitor, respectively.
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Overexpression of ROCKI Reduces the Tumor wi
of U20S Cells in Nude Mice

To further study the potenfjd ect ofliR- 148a over-
expression on OS growth j @ e xeno model of
nude mice was generated. U2QS ¢ injected sub-
cutaneously into the dorsal flank ude mice. Sixty days
after tumor implantation, the animal§were sacrificed. The
tumors were significantly smaller in the miR-148a group
compared with those in the miR-NC group (Fig. 9A).
Moreover, overexpression of miR-148a decreased tumor
volume and weight when compared with the miR-NC
group (Fig. 9B and C). Therefore, overexpression of miR-
148a inhibits tumor growth of U20S cells in vivo.

DISCUSSION

miRs have been demonstrated to act as key regulators
in human cancers, including OS. However, the under-
lying mechanism of miR-148a in the regulation of the
malignant phenotypes of OS cells still needs to be fully
uncovered. Here we reported that miR-148a was signifi-
cantly downregulated in OS tissues and OS cell lines and
that low miR-148a expression is significantly associated
with OS progression. ROCK1 was then identified as a
target of miR-148a in Saos-2 and U20S cells, and the
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expression of ROCKI1 was significantly increased in
OS tissues and cell lines. Moreover, the protein expres-
sion of ROCK1 was negatively regulated by miR-148a
in Saos-2 and U20S cells. Further investigation showed
that miR-148a had a suppressive effect on the prolifera-
tion, migration, and invasion of Saos-2 and U20S cells.
Furthermore, overexpression of ROCKI1 attenuated the
inhibitory effects of miR-148a upregulation on the malig-
nant phenotypes of Saos-2 and U20S cells. In addition,
miR-148a overexpression significantly reduced the tumor
growth of U20S cells in nude mice.

Previous studies showed some seemingly contradictory
findings on the role of miR-148a in OS. Hu et al. studied
the differential expression profiles of miRs between OS
MG-63 cells and osteoblast cells using an miR microar-
ray and found a total of 268 miRs that were significantly
deregulated. They further showed that miR-148a was
among the upregulated miRs in MG-63 cells compared
with osteoblast cells'’. Moreover, Ma et al. showed that
miR-148a was upregulated in the peripheral blood of OS
patients compared to healthy controls, which was asso-
ciated with OS progression and poor prognosis'®. The
above two studies suggest that miR-148a may play an
oncogenic role in OS. However, Chang et al. reported
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Figure 6. Saos-2 and U20S cells were transfected with miR-NC and miR-148a mimic, respectively. (A, B) Wound assay and
(C, D) Transwell assay were performed to examine the cell migration and invasion. **p<0.01 versus miR-NC or NC inhibitor, respectively.

that overexpression of miR-148a significantly inhib-
ited the proliferation, migration, invasion, and stemness
of cancer stem cells derived from the OS MG-63 cell
line, and then showed that miR-148a was significantly
downregulated in OS tissues compared with nontumor
tissues". Similarly, Bhattacharya et al. showed that over-
expression of miR-148a could inhibit OS cell prolifera-
tion and induce cell apoptosis'®. Therefore, these findings
suggest that miR-148a may act as a tumor suppressor in
OS. However, the exact mechanism of miR-148a in OS is

unclear. In the present study, we, for the first time, showed
that miR-148a was downregulated in OS, and the reduced
miR-148a levels were associated with tumor size, lung
metastasis, and TNM stage in OS. These findings further
suggest that miR-148a downregulation may contribute
to OS progression. Moreover, in vitro and in vivo stud-
ies showed that miR-148a has a suppressive effect on the
proliferation, migration, invasion, and tumor growth of
OS cells. Therefore, miR-148a indeed acts as a tumor
suppressor in OS.
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Figure 7. Saos-2 and U20S cells were $6transfected with miR-148a mimic and blank pcDNA3.1 vector, or with miR-148a mimic and
pcDNA3.1-ROCKI1 expression plasmid, respectively. (A, B) Western blot assay was performed to examine the protein expression of
ROCKI1. (C, D) MTT assay was performed to examine cell proliferation. **p<0.01 versus miR-148a+blank.

As miRs generally function through regulating the
protein expression of their target genes, we then studied
the potential targets of miR-148a in OS. Bioinformatics
analysis and dual luciferase reporter gene assay data
showed that ROCK1 was a target gene of miR-148a in
OS cells. ROCKI1, a serine/threonine kinase in the Rho
family of GTPase proteins, is involved in the reorgani-
zation of the actin cytoskeleton and thus participates in
mediating cell motility'®*’. Moreover, ROCKI acts as
an important oncogene in a variety of human cancers,
such as lung cancer, bladder cancer, prostate cancer, and
so forth” . Recently, ROCK1 has been implicated in
OS. Liu et al. showed that the expression of ROCK1 was
frequently increased in OS tissues, which was associated
with poor outcomes in OS patients®. In our study, we

also reported that ROCK1 was upregulated in OS tis-
sues and cell lines when compared to paired adjacent
nontumor tissues and normal osteoblast cells, consistent
with the previous findings*. Moreover, Liu et al. showed
that knockdown of ROCKI1 decreased cell proliferation,
viability, and induced apoptosis in OS cells, which fur-
ther suggest that ROCK1 acts as an oncogene in OS>,
In this study, as we found that ROCKI1 was negatively
regulated by miR-148a in OS cells, we speculated that
it might also be involved in the miR-148a-mediated OS
cell proliferation, migration, and invasion. To clarify this
speculation, miR-148a-overexpressing OS cells were
transfected with ROCK1 expression plasmid to upregu-
late its expression. We showed that ROCK1 upregula-
tion significantly attenuated the suppressive effect of
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Figure 8. Saos-2 and U20S cells were cotransfected with miR-148a mimic and blank pcDNA3.1 vector, or with miR-148a mimic
and pcDNA3.1-ROCK1 expression plasmid, respectively. (A, B) Wound healing assay and (C, D) Transwell assay were performed to
examine cell migration and invasion, respectively. **p<0.01 versus miR-148a+blank.

miR-148a overexpression on the proliferation, migration,
and invasion of Saos-2 and U20S cells, which confirms
that miR-148a plays a suppressive role in the regulation
of OS malignant phenotypes, at least partly, via inhibi-
tion of ROCK1.

In addition, the targeting relationship between miR-
148a and ROCK1 has been reported in non-small cell lung
cancer (NSCLC) and gastric cancer”?. Li et al. reported
that miR-148a suppressed the epithelial-to-mesenchymal
transition of NSCLC cells by targeting ROCK1”. Zheng
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Figure 9. U20S cells were stably transfected w
the control group. Nude mice were then subcutas
sacrificed, and the xenograft was obtained. (B
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*monstrates, for the

first time, that miR-148a acts as a tumor suppressor in
OS via directly targeting ROCK1, thus suggesting that
miR-148a may become a potential candidate for the treat-
ment of OS.
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