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MicroRNA-302a suppresses cell proliferation, migration
and invasion in osteosarcoma by targeting ADAM9
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Abstract. Osteosarcoma (OS) is the most frequent malignant
primary bone tumor arising from primitive bone-forming
mesenchymal cells in children and adolescents. The dysregu-
lation of microRNAs (miRNAs) has been reported in OS, and
these aberrantly expressed miRNAs are involved in the initia-
tion and progression of OS. The aim of the present study was
to investigate the expression and functions of miRNA-302a
(miR-302a) in OS and its underlying mechanism. It was
found that the expression of miR-302a was reduced in OS
tissues and cell lines. The low expression of miR-302a was
significantly correlated with tumor-node-metastasis stage
and metastasis. The ectopic overexpression of miR-302a
inhibited the proliferation, migration and invasion of OS
cells. Bioinformatics analysis showed that a disintegrin and
metalloproteinase 9 (ADAMY) was a potential target gene of
miR-302a. Subsequently, reverse transcription-quantitative
polymerase chain reaction and western blot analyses revealed
that miR-302a regulated the expression of ADAMO at the
post-transcriptional level in OS cells. In addition, a luciferase
reporter assay demonstrated that miR-302a directly targeted
the 3'untranslated region of ADAMO. In clinical OS tissues, the
mRNA expression of ADAMO was upregulated and inversely
correlated with the expression of miR-302a. In addition, the
effects of ADAMO knockdown on cell proliferation, migration
and invasion were similar to those induced by the overexpres-
sion of miR-302a in OS cells. These findings suggested that
miR-302a inhibited OS cell growth and metastasis by targeting
ADAMO9. miR-302a may serve as a potential therapeutic target
for patients with OS.
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Introduction

Osteosarcoma (OS) represents the most frequent malignant
primary bone tumor arising from primitive bone-forming
mesenchymal cells in children and adolescents (1). It occurs
predominantly in metaphyseal regions of the long bone, with
the distal femur and proximal tibia accounting for ~50% of all
OS cases (2). There is evidence that OS is caused by genetic and
epigenetic changes, and environmental factors, which inhibit
mesenchymal stem cells differentiating into osteoblasts (3). As
aresult of the progress made in diagnostic techniques, surgery,
neoadjuvant radiotherapy and chemotherapy, the prognosis for
patients with OS has improved (4). However, the presence of
advanced phenotypes at the time of diagnosis, distant metas-
tasis, and resistance to chemotherapy and/or therapy remain
major causes of treatment failure (5). The molecular mecha-
nisms underlying the initiation and progression of OS remain
to be elucidated. Therefore, a comprehensive understanding
of the carcinogenesis and progression of OS is required to
investigate novel therapeutic strategies for this disease.

MicroRNAs (miRNAs) are an abundant group of endog-
enous, non-protein-coding, single stranded RNA molecules
of ~18-25 nucleotides in length (6). miRNAs regulate gene
expression at the transcriptional and post-transcriptional
levels through direct interaction with the 3'untranslated
regions (3'UTRs) of their target genes via base-pairing,
which leads to translational repression or mRNA degrada-
tion (7). Computational estimations suggest that there are
~1,000 miRNAs in the human genome, which regulate one
third of human protein-encoding genes (8,9). Through this
mechanism, miRNAs are involved in the regulation of a wide
range of physiological and pathological processes, including
cell proliferation, cell cycle, apoptosis, survival, differentia-
tion, invasion and metastasis (10-12). The dysregulation of
miRNAs has been reported in several types of human cancer,
in which these aberrantly expressed miRNAs are involved in
tumor tumorigenesis, growth, metastasis, chemotherapy resis-
tance and radiation resistance (13,14). miRNAs can function
either as tumor-suppressors or oncogenes in different types of
human cancer depending on the characteristics of their target
genes (15). Therefore, the identification of cancer-associated
miRNAs may provide therapeutic targets for cancer.

The present study is the first, to the best of our knowledge,
to report that miR-302a was significantly downregulated in
OS tissues and cell lines. It also provided the first evidence



3566

that miR-302a targeted ADAMO to inhibit cell proliferation,
migration and invasion in OS.

Materials and methods

Patient samples. A total of 75 OS tissues and pair-matched
non-tumorous tissues were collected from patients diagnosed
with OS at the Department of Orthopedics, 89th Hospital of
PLA (Weifang, China) between February 2013 and December
2015. No patients had received chemotherapy and/or radio-
therapy prior to surgery. All specimens were frozen in
liquid nitrogen and stored at -80°C. The present study was
approved by the Ethics Committee of the 89 Hospital of PLA
and written informed consent was also obtained from each
patient.

Cell culture and transfection. OS cell lines (MG63, HOS,
U20S, SAOS-2) and a human normal osteoblastic cell line
(hFOB 1.19) were purchased from America Type Culture
Collection (Manassas, VA, USA), and grown in Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin
in a 37°C humidified 5% CO, incubator. The hsa-miR-302a
mimics and its negative control mimics (NC) were synthe-
sized by GenePharma Co., Ltd. (Shanghai, China). ADAM9
small interfering (si)RNA and negative control siRNA (NC
siRNA) were purchased from Guangzhou RiboBio Co.,
Ltd. (Guangzhou, China). The AMAMY9 siRNA sequence
was 5'-GGAATGGCATTGTGGGAA-3" and the NC
siRNA sequence was 5-TTCTCCGAACGTGTCACG
TTT-3". The cells were seeded in 6-well plates at a density of
8x10° cells/well, and transfected with oligonucleotides at room
temperature using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) when the cells were grown to 60-70%
density.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR) analysis. RNA was isolated
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). The expression of miR-302a was detected using TagMan
microRNA assays (Applied Biosystems; Thermo Fisher
Scientific, Inc.), with U6 as an internal control. To determine
mRNA expression levels, total RNA was reverse transcribed
into cDNA using an M-MLV Reverse Transcription system
(Promega Corporation, Madison, WI, USA). SYBR Green PCR
Master mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) was used to measure the mRNA expression of ADAMY,
and data was normalized to -actin. This reaction included 2 pl
cDNA (100 ng), 2 pl forward primer, 2 ul reverse primer, 10 pl
SYBR® Green PCR Master Mix and 4 ul ddH,O. The thermo-
cycling conditions for gPCR were as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.
The primers were designed as follows: miR-302a, 5'-CGTGGA
TGTACTTGCTTTGAA-3' (forward) and 5-TCACCAAAA
CATGGAAGCAC-3' (reverse); U6, 5-GCTTCGGCAGCA
CATATACTAAAAT-3' (forward) and 5-CGCTTCACGAAT
TTGCGTGTCAT-3' (reverse); ADAMY, 5'-CATTGAGGG
AGGGACTTCTGGT-3' (forward) and 5-ATGGGAACTGCT
GAGGTTGCTT-3' (reverse); and B-actin, 5'"TGACGTGGA
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CATCCGCAAAG-3' (forward) and 5'-CTGGAAGGTGGA
CAGCGAGG-3' (reverse). The relative expression of miR-302a
and ADAMO were calculated using the 2“4 method (16).

Cell proliferation assay. A Cell counting kit-8 (CCK-8;
Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
assay was used to investigate the effect of miR-302a on OS
cell proliferation. A total of 3,000 transfected OS cells were
seeded into 96-well plates and incubated at 37°C in an atmo-
sphere of 5% CO, for 1, 2, 3 and 4 days. At these time points,
10 ul CCK-8 solution was added into each well and cultured
for additional 2 h. The absorbance at 450 nm was detected
using an automatic multi-well spectrophotometer (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Each assay was
performed in triplicate and repeated three times.

Cell migration and invasion assay. Transwell chambers (8-ym
pore size; BD Biosciences, San Jose, CA, USA), precoated
with or without Matrigel (BD Biosciences) were used to the
perform cell migration and invasion assays, respectively. In
brief, a total of 3x10* transfected OS cells suspended in 200 pl
FBS-free culture medium were seeded in the upper Transwell
chambers, and 500 yl culture medium containing 10% FBS
was added to the lower chambers. Following incubation at
37°C in an atmosphere of 5% CO, for 48 h, cotton swabs were
used to remove the nonmigrated and noninvaded cells in the
upper chamber. The migrated and invaded cells were fixed with
4% paraformaldehyde for 10 min, stained with 0.5% crystal
violet for 30 min, and washed with PBS (Gibco; Thermo
Fisher Scientific, Inc.). The cell numbers were counted in five
randomly selected fields of each Transwell chambers under an
inverted microscope (Olympus, Tokyo, Japan).

Luciferase reporter assay. The luciferase reporter
vectors, pMir-ADAMO9-3'UTR wild-type (WT) and pMir-
ADAMO9-3'UTR mutant-type (MUT), were synthesized by
GenePharma, Co., Ltd. Using Lipofectamine 2000, HEK293T
cells (American Type Culture Collection, Manassas, VA,
USA) were transfected with luciferase reporter vectors, in
addition to miR-302a mimics or NC. Following incubation for
48 h at 37°C in an atmosphere of 5% CO,, luciferase activi-
ties were detected using a Dual-Luciferase Reporter Assay
system (Promega Corporation). Renilla luciferase activities
were normalized to firefly luciferase activities. Each assay was
performed in triplicate.

Bioinformatics analysis. Bioinformatics analysis was
conducted to predict the candidate genes of miR-302a using
TargetScan (http:/www.targetscan.org/) and miRanda
(http://www.microrna.org/microrna/getDownloads.do).

Protein extraction and western blot analysis. Total protein
was extracted using RIPA buffer (Beyotime Institute of
Biotechnology, Haimen, China) supplemented with protease
inhibitors and phosphate inhibitors. The concentration of total
protein was detected using a BCA protein assay (Pierce; Thermo
Fisher Scientific, Inc.). Equal quantities (20 ug) of protein were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and then transferred onto polyvinylidene
difluoride membranes (EMD Millipore, Bedford, MA, USA).
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Subsequently, the membranes were blocked with 5% non-fat
skimmed milk powder in Tris-buffered saline (TBS), and
incubated with mouse anti-human monoclonal ADAM9
antibody (1:1,000 dilution; cat. no. sc-377233; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) and mouse
anti-human monoclonal GADPH antibody (1:1,000 dilution;
cat. no. sc-166574; Santa Cruz Biotechnology, Inc.), at 4°C
overnight. Following washing with TBS containing 0.5%
Tween, the membranes were probed with goat anti-mouse
horseradish peroxidase-conjugated secondary antibody
(1:1,000 dilution; cat. no. sc-2005; Santa Cruz Biotechnology,
Inc.) at room temperature for 1 h. Protein bands were visual-
ized using enhanced chemiluminescence, according to the
manufacturer's protocol.

Statistical analysis. Data are presented as the mean + standard
deviation. The differences between groupswere compared
using Student's t-test or one-way analysis of variance using
SPSS 13.0 statistical software (SPSS, Inc, Chicago, IL, USA).
Student-Newman-Keuls test was utilized to compare between
two groups in experiments involving multiple groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Expression of miR-302a in OS tissues and cell lines. The
present study first investigated whether miR-302a was dysregu-
lated in OS tissues, compared with pair-matched non-tumorous
tissues, using RT-qPCR analysis. The results showed that the
expression of miR-302a was significantly lower in the OS
tissues, compared with the pair-matched non-tumorous tissues
(Fig. 1A; P<0.05).

RT-qPCR was also performed to detect the expression of
miR-302a in OS cell lines, including the MG63, HOS, U20S,
SAOS-2 cell lines, and a human normal osteoblastic cell line
(FOB 1.19). Comparison with the expression in the FOB 1.19
cells, the expression of miR-302a was significantly lower in
all the examined OS cell lines (Fig. 1B; P<0.05). These data
suggested that miR-302a was downregulated in OS tissues and
cell lines.

Downregulation of miR-302a is associated with aggressive
tumor progression in patients with OS. The correlations
between the expression of miR-302a and clinicopathological
characteristics were analyzed. As shown in Table I, the expres-
sion levels of miR-302a were significantly correlated with
tumor-node-metastasis (TNM) stage (P=0.001) and metastasis
(P=0.030) in OS. However, no significant associations were
found between the expression of miR-302a and the other clini-
copathological characteristics, including age, gender, tumor
size, and tumor location (P>0.05).

Expression of miR-302a in OS cells following transfection.
To examine the functions of miR-302a in OS, the miR-302a
mimics or NC mimic was injected into MG63 and U20S cells,
for relatively lower expression levels of miR-302a. Following
transfection for 48 h, RT-qPCR analysis was performed
to evaluate its transfection efficiency. As shown in Fig. 2,
miR-302a was significantly increased in the MG63 and U20S
cells transfected with miR-302a mimics (P<0.05).

3567

Table I. Correlation between the expression of miR-302a
and clinicopathological characteristics of in patients with
osteosarcoma.

Expression
of miR-302a
Clinicopathological ~ Cases
feature (n) Low High P-value
Age (years) 0.576
<19 55 29 26
=19 20 12 8
Gender 0.213
Male 39 24 15
Female 36 17 19
Tumor size (cm) 0.620
<10 31 18 13
>10 44 23 21
Tumor location 0.837
Tibia/femur 61 33 28
Elsewhere 14 8 6
TNM stage 0.001
I-1I 35 12 23
I 40 29 11
Metastasis 0.030
Present 36 15 21
Absent 39 26 13

miR, microRNA; TNM, tumor-node-metastasis.
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Figure 1. miR-302a is reduced in OS tissues and cell lines. (A) Expression
levels of miR-302a in OS tissues were lower, compared with those in
pair-matched non-tumorous tissues. (B) Expression level of miR-302a was
reduced in MG63, HOS, U20S, SAOS-2 OS cell lines, compared with the
hFOB 1.19 human normal osteoblast cell line. ‘P<0.05, vs. hFOB 1.19. miR,
microRNA; OS, osteosarcoma.
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Figure 2. Expression of miR-302a following transfection with miR-3021 mimics. The expression of miR-302a was increased in the MG63 and U20S cells
following transfection with miR-302a mimics. "P<0.05, vs. NC. miR, microRNA; NC, negative control.
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Figure 3. Overexpression of miR-302a inhibits MG63 and U20S cell proliferation, migration and invasion. (A) Transfection with miR-302a mimics suppressed
MG63 and U20S cell proliferation. (B) Cell migration and invasion assays showed that the overexpression of miR-302a significantly decreased MG63 and
U20S cell migration and invasion (magnification, x200). “P<0.05, vs. NC. miR, microRNA; NC, negative control.

Effects of miR-302a on the proliferation, migration and
invasion of OS cells. To examine the effects of miR-302a on
the proliferation of OS cells, cell proliferation assays were
performed using the CCK-8 method. As shown in Fig. 3A, the
overexpression of miR-302a inhibited MG63 and U20S cell
proliferation (P<0.05). As the expression level of miR-302a

is correlated with metastasis in patients with OS, the present
study examined whether ectopic miR-302a affected the migra-
tion and invasion capacities in OS. To confirm this hypothesis,
cell migration and invasion assays were used, which revealed
that the migration and invasion abilities were significantly
decreased in the MG63 and U20S cells transfected with
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Figure 4. ADAMO is a direct target gene of miR-302a. (A) Data from bioinformatics analysis indicating the putative target sites of miR-302a in the 3'UTR

of ADAMO. (B) Reverse transcription-quantitative polymerase chain reaction

analysis was performed to detect the mRNA levels of ADAM9 in MG63 and

U20S cells transfected with the miR-302a mimics or NC. (C) Western blot analysis was used to examine the protein level of ADAM9 in MG63 and U20S
cells injected with miR-302a mimics or NC. (D) Overexpression of miR-302a caused a significant decrease in luciferase activities of pMir-ADAM9-3'UTR
WT, whereas co-transfection with pMir-ADAM9-3'UTR MUT and miR-302a mimics showed no difference, compared with the control group. "P<0.05, vs.
NC. miR, microRNA; 3'UTR, 3'untranslated region; ADAMO, a disintegrin and metalloproteinase 9; NC, negative control; WT, wild-type; MUT, mutant.

miR-302a mimics, compared with the cells transfected with
NC (Fig. 3B; P<0.05). These data suggested that miR-302a
acted as a tumor suppressor in OS.

Identification of ADAM9 as a direct target of miR-302a.
To investigate the molecular mechanism by which
miR-302a inhibited OS cell growth and metastasis,

bioinformatics analysis was performed using TargetScan
(http://www.targetscan.org/) and miRanda (http:/www.
microrna.org/microrna/getDownloads.do). The analysis
showed that ADAMO was among the list of predicted miR-302a
targets (Fig. 4A).

The correlation between miR-302a and ADAM9 was
further examined by evaluating the mRNA and protein
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Figure 5. Expression of ADAMY is inversely correlated with miR-302a in
OS tissues. (A) Reverse transcription-quantitative polymerase chain reaction
analysis was performed to determine the mRNA level of ADAMY in OS
tissues and pair-matched non-tumorous tissues. (B) Spearman's correlation
analysis showed that the expression of ADAMO was inversely correlated
with that of miR-302a in OS tissues. "P<0.05, vs. non-tumorous tissues.
miR, microRNA; OS, osteosarcoma; ADAMO, a disintegrin and metallopro-
teinase 9.

expression levels of ADAMY9 in MG63 and U20S cells
following transfection with miR-302a mimics. The results of
the RT-qPCR analysis showed that the restoration of miR-302a
in MG63 and U20S cells had no regulatory effect on the
mRNA expression of ADAMY (Fig. 4B; P>0.05). However,
the results of western blot analysis revealed that the overex-
pression of miR-302a downregulated the protein expression of
ADAMY in MG63 and U20S cells (Fig. 4C; P<0.05). These
results indicated that miR-302a regulated the expression of
ADAMD at the post-transcriptional level in OS.

Luciferase reporter assays were also performed to deter-
mine whether ADAMO was a direct target gene of miR-302a.
HEK293T cells were transfected with pMir-rADAM9-3'UTR WT
or pMir-rADAMO9-3'UTR MUT, in addition to miR-302a mimics
or NC. As shown in Fig. 4D, the overexpression of miR-302a
decreased the luciferase activity of pMir-rADAM9-3'UTR WT
(P<0.05), but not that of pMir-ADAM9-3'UTR MUT. Taken
together, these results demonstrated that ADAMO was a direct
target gene of miR-302a.

Expression of ADAM9 is inversely correlated with miR-302a
in OS tissues. As ADAMY was identified as a direct target
gene of miR-302a in OS, the present study measured its
expression in OS tissues and pair-matched non-tumorous
tissues using RT-qPCR analysis. It was found that the mRNA
levels of ADAMO were significantly upregulated in OS tissues,
compared with those in pair-matched non-tumorous tissues
(Fig. 5A; P<0.05). Spearman's correlation analysis revealed
that ADAMO was inversely correlated with the expression of
miR-302a in OS tissues (Fig. 5B; r=-0.6043; P<0.001).
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Knockdown of ADAMY inhibits cell proliferation, migration
and invasion in OS. To investigate the roles of ADAMY in
OS, loss-of-function experiments were performed. MG63
and U20S cells were transfected with ADAM9 siRNA or
NC siRNA. As shown in Fig. 6A, ADAMY siRNA markedly
decreased the expression of ADAMY in MG63 and U20S
cells (P<0.05). Following transfection, cell proliferation,
cell migration and invasion assays were performed, which
demonstrated that the knockdown of ADAMS significantly
suppressed MG63 and U20S cell proliferation (Fig. 5B;
P<0.05), migration and invasion (Fig. 5C; P<0.05). The
results showed that the effects of ADAMO9 knockdown were
similar with those of miR-302a in OS cells, suggesting that
ADAMO9 was a direct and functional target of miR-302a in
OS.

Discussion

Previous studies have provided evidence for the dysregula-
tion of miR-302a in various types of human cancer. For
example, in colorectal cancer, the expression of miR-302a
was found to be lower in tumor cell lines, compared with
that in normal colon epithelium cells (17). Zhang et al (18)
reported that, compared with normal prostate tissues, the
expression level of miR-302a was reduced in prostate cancer
tissues, and even lower in tumor tissues with a Gleason
score =8. Liang et al (19,20) demonstrated that miR-302a
was significantly downregulated in metastatic breast cancer
tissues and cell lines, and in irradiated breast cancer cell lines.
Guo et al (21) showed that miR-302a was significantly down-
regulated in ovarian cancer tissues and cell lines, compared
with normal cervical tissues and normal cells, respectively.
The reduced expression levels of miR-302a in tumor tissues
has also been shown to correlate with TNM stage in patients
with ovarian cancer (21). However, until now, there have been
no reports on the expression level of miR-302a in OS. The
present study initially measured the expression of miR-302a
in OS tissues and pair-matched non-tumorous tissues using
RT-qPCR analysis. The results showed that miR-302a was
markedly downregulated in OS tissues. Consistent with
the expression pattern in tissues, OS cell lines also showed
reduced expression of miR-302a compared with the human
normal osteoblastic cell line. The statistical analysis showed
that low expression levels of miR-302a were correlated with
TNM stage and metastasis in patients with OS. These data
suggested that miR-302a may be involved in the progression
of several types of human cancer.

Previous studies have reported significant roles of miR-302a
in cancer progression. Wei et al (17) found that the overexpres-
sion of miR-302a suppressed cell proliferation and invasion in
colorectal cancer. In prostate cancer, functional investigations
revealed that the restoration of miR-302a inhibited prostate
cancer cells growth in vitro and in vivo, and enhanced G1/S
cell cycle arrest (18). In breast cancer, the upregulation of
miR-302a decreased tumor cell invasion abilities and metas-
tasis in vitro and in vivo (19). In addition, the ectopic expression
of miR-302a improved the radiosensitivity of breast cancer
cells to radiation therapy in vitro and in vivo (20). In ovarian
cancer, the induced expression of miR-302a has been found
to repress cell proliferation, induce cell cycle arrest at the
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Figure 6. ADAMY knockdown inhibits MG63 and U20S cell proliferation, migration and invasion. (A) ADAM9 was downregulated in MG63 and U20S
cells following transfection with ADAMO siRNA. (B) Transfection of ADAMO9 siRNA decreased MG63 and U20S cell proliferation. (C) Cell migration and
invasion assays showed that the knockdown of ADAM9 suppressed MG63 and U20S cell migration and invasion abilities. "P<0.05, vs. NC siRNA. ADAM9Y,
a disintegrin and metalloproteinase 9; siRNA, small interfering RNA; NC, negative control.

G1 phase and decrease transition from the G1 phase to the S
phase (21). However, the functions of miR-302 in OS have not
been reported previously. In the present study, the downregula-
tion of miR-302a in OS suggested that miR-302a may act as
a potential tumor suppressor in OS. Functional experiments
showed that the overexpression of miR-302a suppressed OS
cell proliferation, migration and invasion in vitro, suggesting
that the decreased expression of miR-302a in OS may promote
OS cell growth and metastasis.

At the molecular level, several target genes of miR-302a
have been identified, including mitogen-activated protein
kinase (MAPK) in colorectal cancer (17), AKT in prostate
cancer (18), C-X-C chemokine receptor type 4 (19), breast
cancer resistance protein (22), MAPK kinase 1 (23) in breast
cancer, and syndecan-1 in ovarian cancer (21). In the present
study, the results demonstrated that ADAM9 may be one of
the direct targets of miR-302a in OS. Members of the ADAM
family have been demonstrated to contribute to several
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biological functions, including fertilization, adhesion, migra-
tion and proteolysis (24,25). ADAMY, a member of the ADAM
family, was found to be significantly upregulated in non-small
cell lung cancer (26), colon cancer (27), gastric cancer (28)
and prostate cancer (29). Several studies have reported that
ADAMD is important in cancer cell growth, invasion and
metastasis (28,30-32). A study by Jiang et al (33) found that
ADAM®Y is produced and secreted by human osteoblasts and
acts as one of the insulin-like growth factor binding protein-5
proteases, which is important in regulating bone formation.
ADAMY was also reported to be upregulated in OS tissues
and cell lines, compared with normal tissues and cells (33).
These findings indicated that ADAMY may be involved in the
initiation and progression of OS, and may be investigated as an
effective therapeutic target for OS.

In conclusion, the present study showed that miR-302a
was significantly downregulated in OS. Its reduced expres-
sion was correlated with TNM stage and metastasis in OS.
Functionally, the upregulation of miR-302a inhibited the
proliferation, migration and invasion of OS cells by directly
targeting ADAMO, thus being involved in the carcinogen-
esis and progression of OS. The results of the present study
suggested that miR-302a may be a therapeutic target in the
treatment of patients with OS.
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