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Suppression of circ_0008932 inhibits tumor growth and
metastasis in osteosarcoma by targeting miR-145-5p
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Abstract. Osteosarcoma (OS) is a common type of primary
malignant tumor. Although the pathogenesis of OS has been
extensively studied, the underlying molecular mechanisms
have remained to be fully elucidated. Accumulating evidence
has revealed that dysregulation of various circular RNAs
(circRNAs) is associated with tumorigenesis and recent
studies have indicated that circRNA circ_0008932 is aber-
rantly expressed in tumors. In the present study, the expression
and detailed function of circ_0008932 in OS were elucidated.
The levels of circ_0008932 in OS samples and cell lines
were examined using reverse transcription-quantitative PCR.
A cell model with circ_0008932 knockdown was generated
using specific small interfering RNA (si-circ_0008932). Cell
viability was determined by a Cell Counting Kit-8 assay, the
cell migratory/invasive capacity was evaluated using Transwell
assays and cell apoptosis was assessed by flow cytometry.
The results suggested that circ_0008932 was upregulated
in most primary OS tumors, suggesting that circ_0008932
is associated with the development of OS. In the in vitro
assays, si-circ_0008932 inhibited the proliferation, migration
and invasion of OS cells, while apoptosis was promoted. A
luciferase reporter assay revealed that circ_0008932 may
downregulate microRNA (miR)-145-5p through direct
binding. Furthermore, the expression of miR-145-5p was nega-
tively correlated with circ_0008932 levels in OS specimens. In
addition, further functional studies indicated that miR-145-5p
inhibitors eliminated the effects caused by si-circ_0008932 in
OS cells. In comparison, the changes in the biological behavior
of OS cells transfected with si-circ_0008932 were enhanced
by miR-145-5p. In summary, circ_0008932 may be a novel
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oncogenic factor during the progression and development of
OS by targeting miR-145-5p; more importantly, circ_0008932
may be a potential therapeutic target for OS.

Introduction

Osteosarcoma (OS) is one of the most common primary malig-
nancies and it mainly arises in the metaphyses of long bones
in adolescents and young adults (1). OS is associated with
abnormal cell differentiation caused by genetic and epigenetic
alterations (2). Although treatment methods, including chemo-
and radiotherapy and surgery, have been developed and are in
use, the prognosis of patients with recurrent and metastatic OS
remains poor with a five-year survival rate of 50-60% (3). It
has been indicated that multiple oncogenes and tumor suppres-
sors are involved in the occurrence and development of OS (4).
However, the detailed molecular mechanisms of OS and
processes associated with its progression, including migration
and invasion, have remained to be fully elucidated.

Circular RNAs (circRNAs) are a group of non-coding
RNAs, which are widely expressed in numerous species.
They are characterized as having covalent and closed-loop
structures (5). CircRNAs are considered key epigenetic regu-
lators in the pathogenesis of various diseases and they may
have essential roles in tumor genesis and development (6).
For instance, circ-0000658 was downregulated in OS
tissues and cells, which inhibited the cell cycle, prolifera-
tion, invasion and migration of cells through the microRNA
(miRNA/miR)-1227/IRF2 axis (7). Silencing of circ_0032462
inhibited OS cell proliferation, migration and invasion by
upregulating kinesin family member 3B (8). Circ_0008932 was
significantly upregulated in esophageal squamous cell carci-
noma (ESCC) and knockdown of circ_0008932 reduced the
viability, colony formation ability and invasion of ESCC cells
through targeting the miR-182/Myc axis (9). Circ_0008932
suppressed vascular smooth muscle cell (VSMC) migration,
proliferation and differentiation by binding to miR-145 (10,11).
However, the roles of circ_0008932 in OS have not been previ-
ously studied.

In the present study, it was revealed that circ_0008932 was
upregulated in osteosarcomatissues compared to corresponding
noncancerous samples and circ_0008932 upregulation was
also associated with metastasis in patients with OS. The
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survival analysis demonstrated that high circ_0008932 expres-
sion in OS tissues was associated with an unfavorable overall
survival prognosis. Suppression of circ_0008932 significantly
inhibited the proliferation, invasion and migration of OS cells,
while cell apoptosis was promoted. Furthermore, the present
data indicated that circ_0008932 directly downregulated
miR-145-5p expression, which was negatively correlated with
circ_0008932 expression in OS tissues.

Materials and methods

OS tissues and cell lines. A total of 50 OS tissues and matched
non-tumor tissues were collected from all patients (27 males
and 23 females; mean age, 6.36+2.18 years) during surgery at
the Department of Radiation Oncology, Chongqing University
Cancer Hospital (Chonqging, China), where metastasis was
detected in 29 cases. Metastatic tissues were not analyzed
in this study. Written informed consent was provided by all
patients. The protocol was approved by the Ethics Committee
of Chongqing University Cancer Hospital (Chongqing, China).
Upon collection, tissues were immediately frozen using liquid
nitrogen and stored at -80°C prior to RNA isolation. Cell
lines, including NHOst, HOS, SOSP-9607, SaOS-2 and U20S,
were purchased from the Cell Bank of the Chinese Academy
of Sciences and cultured using Dulbecco's modified Eagle's
medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (FBS; HyClone;
Cytiva).

Cell transfection. Small interfering (si)RNA against
circ_0008932 (si-circ_0008932; 5'-~AACCACUGCCUGCCU
CAAUCU-3") and a scrambled control siRNA used as a nega-
tive control (si-NC; 5'-UUACGUUACAAAUCCGAUGUA
-3") were purchased from Shanghai GenePharma Co., Ltd.
miR-145-5p mimics (5'-GUCCAGUUUUCCCAGGAAUCC
CU-3") and the respective control (miR-NC; 5'-~AAUUGAAGU
UCCCAGGAAUCCCU-3"), as well as miR-145-5p inhibitor
(5'-AGGGAUUCCUGGGAAAACUGGAC-3") and its control
(in-NC; 5'-CAGUACUUUUGUGUAGUACAAA-3') were
synthesized by Shanghai GenePharma Co., Ltd. siRNAs,
miR mimics, miR inhibitors and their NC oligonucleotides
(50 nM) were transfected using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR. Total RNA was extracted from cells and tissues using
the TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. PrimeScript™
RT kit (cat. no. RR0O36B; Takara Biotechnology Co., Ltd.)
was used for reverse transcription, the sample was incubated
at room temperature for 30 min. After that, 1 cycle of PCR
was performed at 42°C for 45 min, 99°C for 5 min and 5°C
for 5 min in a PCR cycler. qPCR analyses of circ_0008932
and miR-145-5p were performed using TB Green® Premix Ex
Taq™ (cat. no. RR420A; Takara Bio, Inc.) in an ABI Prism
7700 system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions contained initial denatur-
ation at 95°C for 10 min, followed by 40 cycles of 95°C for
10 sec, 60°C for 30 sec and 72°C for 10 sec and final extension

at 72°C for another 5 min. Primers for U6 and miR-145-5p
were purchased from GeneCopoeia, Inc. The primer sequences
were as follows: circ_0008932 forward, 5-TTTGGTCCCCTT
CAACCAGCTG-3' and reverse, S-TAAACCAAGGTAAAA
TGGTCGA-3"; miR-145-5p forward, 5'-GTCCAGTTTTCC
CAGGAATCC-3' and reverse, 5-TCGGCAGGGTCCAGT
TTTCCCA-3"; GAPDH forward, 5'-CATGGCCTTCCGTGT
TCCTA-3' and reverse, 5S"“TACTTGGCAGGTTTCTCCAGG
-3' and U6 forward, 5'-GCTTCGGCAGCACATATACTA
AAAT-3" and reverse, 5'-CGCTTCACGAATTTGCGTGTC
AT-3". The expression of circ_0008932 was normalized to that
of GAPDH and the levels of miR-145-5p were normalized to
those of U6. The expression was calculated using the 2444
method (12). Patients were divided into circ_0008932 high- or
low-expression groups according to the mean circ_0008932
expression value. All experiments were performed in triplicate.

Cell proliferation assay. Sa0OS-2 and U20S cells were
seeded in 96-well plates at a density of 1x10° cells per well.
The cells were transfected with si-NC or si-circ_0008932
or co-transfected with miR-145-5p mimics/inhibitors and
si-circ_0008932. Cell viability was evaluated for 4 consecu-
tive days by using a Cell Counting Kit (CCK)-8 assay (Dojindo
Molecular Technologies, Inc.). A total of 10 1 CCK-8 reagent
was added to each well and the cells were incubated at 37°C
for another 2 h. The absorbance at 450 nm was measured using
a microplate reader (Bio-Rad Laboratories). All experiments
were independent and performed in triplicate.

Cell migration and invasion assays. For the cell invasion and
migration assays, 1.0x10° SaOS-2 or U20S cells were collected
after transfection and used for each experiment. Cell migra-
tion and invasion were determined using Transwell assays. In
brief, the suspension of cells containing no FBS was seeded
into the upper chamber of the Transwell insert with a pore size
of 8 ym (BD Biosciences). In addition, for the cell invasion
assay, cells were seeded onto the upper chambers pre-coated
with Matrigel® (Sigma-Aldrich; Merck KGaA). DMEM with
10% FBS was added into lower chamber. Cells were incubated
at 37°C for 12 h and those that migrated or invaded through
the membrane were fixed with 4% polyoxymethylene at room
temperature for 10 min, stained with 0.2% crystal violet
at room temperature for 10 min and then counted under an
IX83 inverted fluorescent microscope (magnification, x200;
Olympus Corporation).

Luciferase assay. Bioinformatics analysis was performed
using Targetscan (release 5.2; www.targetscan.org) and
miRNA.org (version 10.0; www.microrna.org/microrna).
To investigate the interaction between circ_0008932 and
miR-145-5p, wild-type fragment of the 3'-untranslated
region (UTR) on circ_0008932 with complementary
binding sites of miR-145-5p were obtained from Shanghai
GenePharma Co., Ltd. A circ_0008932 3'UTR-mutant (MUT)
vector containing the mutant binding site of miR-145-5p
was produced using a QuikChange Multi Site-Directed
Mutagenesis kit (Stratagene; Agilent Technologies, Inc.)
using the restriction digestion sites of Spel and HindIII
(Promega Corporation). The pmirGLO Dual-Luciferase
plasmids (Promega Corporation) were used to construct the
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Figure 1. Circ_0008932 was upregulated in OS tissues and cells. (A) The expression of circ_0008932 in normal NHOst and four OS cell lines (HOS, SOSP-9607,
Sa0S-2 and U20S) was examined using reverse transcription-quantitative PCR. (B) The expression of circ_0008932 in 50 OS and matched normal tissues
was determined. (C) Levels of circ_0008932 in primary OS cases with or without metastasis. (D) Kaplan-Meier curves for the overall survival in the low- and
high-circ_0008932 expression groups. ‘P<0.05, “P<0.01 vs. NHOst, low-circ_0008932 expression or as indicated. OS, osteosarcoma; circ, circular RNA;

NHOst, normal osteoblast cells.

luciferase reporter vectors. Mutant circ_0008932 was used as
a control. For circ_0008932 (https://circinteractome.nia.nih.
gov/api/v2/circsearch’circular_rna_query=hsa_circ_0008932&gene_
symbol_query=&submit=circRNA+Search), Homo sapiens
full open reading frame cDNA of circ_0008932 was selected.
The products were amplified using primers with flanking
Spel and Hind]IlI restriction digestion sites and the amplified
DNA was then inserted into the pmirGLO Dual-Luciferase
reporter vector (Promega Corporation). The 293T cells
(The Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences) were cultured with serum-free DMEM
at 37°C with 5% of CO,. Cells were transfected with 25 nM
wild-type or mutant pMIR-circ_0008932, as well as Renilla
luciferase control vector (pRL-TK; Promega Corporation)
using Lipofectamine® 2000. Cells were co-transfected with
25 nM miR-NC or miR-145-5p mimics/inhibitors, respec-
tively. Luciferase activity was examined 48 h after transfection
using the Dual-Luciferase reporter assay system (Promega
Corporation) using an LB 960 Centro XS3 luminometer
(Molecular Devices, LLC).

Flow cytometry. Flow cytometry was used to determine cell
apoptosis. Transfected cells (1x10° per well) were assayed
using the Annexin V-FITC/propidium iodide (PI) apoptosis
detection kit (Beijing Solarbio Science & Technology Co., Ltd.)
according to the manufacturer's protocol. Cells were stained
with annexin V-FITC and propidium iodide (PI). After a 10 min
incubation at room temperature, the cells were analyzed using a
BD FACSAria III cytometer (BD Biosciences) and interpreted
by ModFit software (version 2.0; BD Biosciences).

Statistical analysis. Values are expressed as the mean + standard
deviation and analyzed using SPSS 19.0 (IBM Corporation).

Statistical significance was examined using Student's t-test or
one-way ANOVA. Tukey's test was conducted as a post-hoc
test following ANOVA. Patient survival was assessed using
the Kaplan-Meier method and the log-rank test was applied to
determine significant differences between groups. Pearson's
correlation analysis was used to evaluate the relationship
between the expression levels of circ_0008932 and miR-145-5p.
P<0.05 was considered to indicate statistical significance.

Results

Circ_0008932 is upregulated in OS tissues and cells and
high levels are associated with metastasis and prognosis.
RT-qPCR was performed to detect the levels of circ_0008932
in OS tissues and cells. The expression of circ_0008932
was assessed in five cell lines. The results indicated that the
expression of circ_0008932 was increased in the four OS
cell lines (HOS, SOSP-9607, SaOS-2 and U20S) compared
with that in NHOst normal human osteoblast cells (Fig. 1A).
Furthermore, the expression of circ_0008932 in OS and paired
non-tumor tissues was also evaluated. The results indicated
that circ_0008932 expression was significantly increased in
OS samples (Fig. 1B). In addition, circ_0008932 expression
was increased in primary tumors of patients with metastasis
compared with those without metastasis (Fig. 1C). In addition,
the overall survival of patients with OS with high circ_0008932
expression was poor compared with that of patients with low
circ_0008932 expression (P=0.004; Fig. 1D).

Silencing of circ_0008932 inhibits the proliferation, inva-
sion and migration of OS cells, whereas cell apoptosis
is enhanced. To determine whether the inhibition of
circ_0008932 is able to suppress the proliferation, migration
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Figure 2. Silencing of circ_0008932 inhibits the proliferation, invasion and migration of osteosarcoma cells. (A and B) The expression of circ_0008932 in
(A) Sa0S-2 and (B) U20S cells transfected with si-NC or si-circ_0008932 was detected by reverse transcription-quantitative PCR. (C and D) The proliferation
of (C) Sa0S-2 and (D) U20S cells transfected with si-NC or si-circ_0008932 was evaluated using Cell Counting Kit-8 assays. (E-H) Transwell assays were
used to assess invasion and migration of SaOS-2 and U20S cells transfected with si-NC or si-circ_0008932. (E) Quantitative results and (F) representative
images of cell invasion. (G) Quantitative results and (H) representative images of cell migration Magnification, x200. “P<0.01 vs. si-NC. Circ, circular RNA;

si, short interfering RNA; NC, negative control; OD, optical density.

and invasion of OS cells, SaOS-2 and U20S cells were
transfected with si-NC or si-circ_0008932 for 24 h and
subsequently, cell proliferation, invasion and migration
were examined. It was confirmed that the expression of
circ_0008932 was significantly decreased in SaOS-2 and
U20S cells transfected with si-circ_0008932 (Fig. 2A
and B). The results revealed that knockdown of circ_0008932
markedly suppressed cell proliferation (Fig. 2C and D), inva-
sion (Fig. 2E and F) and migration (Fig. 2G and H), while
cell apoptosis was promoted (Fig. 3). These data suggested
that knockdown of circ_0008932 suppressed the prolifera-
tion/motility and promoted apoptosis of OS cells.

miR-145-5p is a direct target of circ_0008932. Bioinformatics
analysis using Targetscan and miRNA.org indicated that
circ_0008932 contains potential binding sites for miR-145-5p.
To confirm whether miR-145-5p is a direct target of
circ_0008932, luciferase vectors containing the wild-type or
mutant circ_0008932 sequence were constructed (Fig. 4A).
For the luciferase assays, wild-type or mutant plasmids were
co-transfected into 293T cells with miR-145-5p mimics or inhib-
itors. As presented in Fig. 4B, miR-145-5p mimics significantly
reduced the luciferase activity of wild-type circ_0008932, while
that of the mutant circ_0008932 was not affected. The results
also suggested that knockdown of circ_0008932 significantly
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(r=-0.699; P<0.01). “P<0.01 vs. NC. RT-qPCR, reverse transcription-quantitative PCR; circ, circular RNA; miRNA, microRNA; NC, negative control; si, short
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increased the expression of miR-145-5p (Fig. 4C). To evaluate the
interaction between circ_0008932 and miR-145-5p, their expres-
sion levels were determined in OS and paired adjacent normal
tissues. The results indicated that the expression of miR-145-5p
was significantly decreased in OS tissues (Fig. 4D). Furthermore,
the expression of miR-145-5p was inversely correlated with the
levels of circ_0008932 (Fig. 4E). Taken together, circ_0008932
was indicated to downregulate miR-145-5p through direct
binding, consequently affecting tumor progression in OS.

Si-circ_0008932 inhibits OS cell growth and motility by
targeting miR-145-5p. To investigate whether circ_0008932

regulates the proliferation, invasion and migration of OS
cells via targeting miR-145-5p, further experiments were
performed (Fig. 5). OS cells were transfected with si-NC and
si-circ_0008932, or co-transfected with si-circ_0008932,
miR-145-5p mimics or inhibitors. The transfection efficien-
cies of miR-145-5p inhibitors and mimics were confirmed
compared with their respective negative controls in both of
the OS cell lines (Fig. 5SA and B). The results revealed that
the proliferation, invasion and migration of OS cells were
significantly inhibited, while cell apoptosis was promoted after
transfection with si-circ_0008932, and these effects were abol-
ished by miR-145-5p inhibitors (Figs. 5C, E,F, I, S1A and S2A).



6 CAO and SHU: circ_0008932 REGULATES THE GROWTH OF OS THROUGH miR-145-5p

A, B
'g 1.59 Sa0s-2 'ﬁ 44 u20s
2 2
3 23
a @
o o
E . E 14
2 2
s 5,
1}
o in-NC miR-145-5p inhititors é miR-145-5p mimics
C 0, = siNC Sa0S-2 D 30, = sinc U20S
25 = si-circ_0008932 25 =+ si-circ_0008932
o <7 L. si-circ_0008932+miR-1 o “1 _ si-circ_0008932+miR-14
£ 20{  SSpinhibitors % 20{ ™ 55pmimics
o m
> L >
1.5 1.5 b
g g "
o 1.0 o 1.0
o
0.54 0.54
0.0 T T T T 0.0 T T T T
Day0 Day1 Day2 Day3 Day0 Day1 Day2 Day3
E s $a08-2 F_ so- Sa08-2
£ a0
g' 30-
§ 20+ 2%
2
w
T 10-
=
0-
si-NC si-circ_0008932 si-circ_0008932+ si-cire_0008932 si-circ_0008932+
miR-145-5p inhibitors miR-145-5p inhibitors
G . U208 Hﬂ U208
2 <
€ T
3 3
H :
E] 3
g R E w
‘® # T 204
)
si-NG si-circ_0008932 si-circ_0008932+ si-NC si-circ_000B932 si-circ_0008932+
miR-145-5p mimics miR-145-5p mimics
I 20 Sa0s-2 J 25- U20s
g 3
£ 15 o £ 201
E & 154
$ 101 8
g g 101
g &l ¢
3 35
o o
0- 0-

si-NC si-circ_0008932 si-circ_0008932+
miR-145-5p inhibitors

Figure 5. si-circ_0008932 inhibits osteosarcoma cell growth and motility by

si-cire_0008932 si-cire_0008932+
miR-145-5p mimies

targeting miR-145-5p. Transfection efficiencies of (A) miR-145-5p inhibi-

tors in SaOS-2 cells and (B) miR-145-5p mimics in U20S cells were confirmed. A Cell Counting Kit-8 assay was used to determine the proliferation of

(C) Sa0S-2 co-transfeced with si-circ_0008932 and miR-145-5p inhibitors and

(D) U20S cells co-transfeced with si-circ_0008932 and miR-145-5p mimics.

(E and F) Transwell assays were used to examine the (E) invasion and (F) migration of SaOS-2 cells after co-transfection with si-circ_0008932 and miR-145-5p
inhibitors. (G and H) Transwell assays were used to determine the (G) invasion and (H) migration of U20S cells co-transfected with si-circ_0008932 and
miR-145-5p mimics. (I and J) Apoptosis was measured in (I) SaOS-2 after co-transfection with si-circ_0008932 and miR-145-5p inhibitors and (J) U20S cells

after co-transfection with si-circ_0008932 and miR-145-5p mimics. “P<0.01 vs

. negative control. "P<0.05, #P<0.01 vs. si-circ_0008932. Circ, circular RNA;

miRNA, microRNA; NC, negative control; si, short interfering RNA; OD, optical density.

Furthermore, the changes in the biological behaviour of OS cells
caused by si-circ_0008932 were enhanced by co-transfection
with miR-145-5p mimics (Figs. 5D, G, H, J, S1B and S2B). In
summary, silencing of circ_0008932 suppressed the prolifera-
tion/motility and promoted apoptosis of OS cells by targeting
miR-145-5p.

Discussion

CircRNA is a type of non-coding RNA widely distributed in
eukaryotes. CircRNA is highly stable as it is resistant to exonu-
clease- or ribonuclease-mediated degradation (13). It has been
reported that circRNA is a key regulator of tumor gene expression



EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1106, 2021 7

and serves key roles in the signaling networks in oral squamous
cell carcinoma, including the Wnt/p-catenin and PI3K/AKT
pathways (14). Furthermore, upregulation of circ_0008932 was
detected in ESCC and knockdown of circ_0008932 suppressed
the proliferation, migration and invasion of ESCC cells via the
miR-182/Myc axis (9). In addition, circ_0008932 inhibited the
migration, proliferation and differentiation of VSMCs through
targeting miR-145 (10). However, the detailed functions of
circ_0008932 in OS have remained to be fully elucidated.

The results of the present study revealed that circ_0008932
was increased in tumor tissues of patients with OS. In addition,
upregulation of circ_0008932 was associated with metas-
tasis in patients with OS. Furthermore, the survival analysis
demonstrated that patients with OS with high circ_0008932
expression exhibited poor overall survival. In addition,
transfection with si-circ_0008932 inhibited the prolifera-
tion, invasion and migration of OS cells, while cell apoptosis
was promoted, suggesting that circ_0008932 affected the
biological behavior of OS cells. Furthermore, the expression
of circ_0008932 was significantly increased in OS cell lines,
including HOS, MG-63, SaOS-2 and U20S.

Previous studies indicated that circRNA acts as an miRNA
sponge through competitive binding, consequently leading to
loss of function of target miRNA and affect gene expression
at the post-transcriptional level (15-19). In the present study,
the results of the luciferase reporter assay revealed the interac-
tion between circ_0008932 and miR-145-5p. Furthermore, a
negative correlation between the expression of circ_0008932
and miR-145-5p in OS tissues was observed, suggesting that
the circ_0008932 and miR-145-5p axis may be involved in the
pathogenesis of OS.

Recent studies have revealed the dysregulation of miRNAs
in numerous types of cancer, including OS, which is closely
associated with tumor cell proliferation, differentiation, apop-
tosis, autophagy, metastasis and invasion (20,21). Emerging
evidence has revealed the involvement of miRNA in the growth
and metastasis of OS cells, such as miR-32, miR-142-3p,
miR-194, miR-202, miR-217 and let-7a. Furthermore,
miR-145-5p was downregulated in OS, which was associated
with the metastasis and prognosis of patients with OS (22,23).
The regulatory roles of miR-145-5p in the occurrence and
development of OS have also been confirmed (24). In addi-
tion, Feng et al (25) revealed that miR-145-5p suppressed
colorectal cancer cell proliferation, invasion and migration by
targeting Fascin-1. Furthermore, Tang ef al (26) suggested that
the downregulation of miR-145-5p is associated with tumor
aggressiveness/metastasis of OS and may be an independent
prognostic marker for patients with OS.

In consistency with these results, the present data revealed
the downregulation of miR-145-5p in OS specimens, where the
expression of miR-145-5p and circ_0008932 were inversely
correlated. Furthermore, the present study also indicated that
miR-145-5p inhibitors abolished the inhibitory effects caused
by si-circ_0008932 on OS progression, whereas miR-145-5p
mimics enhanced the changes in biological behavior induced
by si-circ_0008932 in OS cells. These results suggested that
miR-145-5p is involved in circ_0008932-modulated OS cell
proliferation, invasion, migration and apoptosis. However,
there were certain limitations to this study. For instance,
small RNAs in the samples could have been enriched using a

commercial kit prior to the experiments and both SaOS-2 and
U20S cells should be transfected with miR-145-5p mimics
and miR-145 inhibitors.

In conclusion, the present results indicated that
circ_0008932 may be an oncogenic factor in OS and the
inhibitory effects of si-circ_0008932 on the growth and
motility of OS cells was through miR-145-5p. To the best of
our knowledge, the present study is the first to suggest that
the circ_0008932/miR-145-5p axis regulates the proliferation,
migration, invasion and apoptosis of OS cells. Of note, this
novel signaling pathway of circ_0008932 may be a putative
target in future therapies for patients with OS.
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