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Introduction: Circular RNA circ_0007534 and microRNA-219a (miR-219a-5p) were reported to be
involved in osteosarcoma (OS) development. Osteosarcoma (OS) is one of the most common malignant
bone tumors, which was more prone to occur in the metaphysis of long bones, including distal femur
and proximal tibia. However, the detailed mechanisms were not fully clear. The purpose of this research
was to reveal the functional mechanisms of circ_0007534 and miR-219a-5p in OS.
Methods: The levels of genes were determined by quantitative real-time polymerase chain reaction (qRT-
PCR) or western blot assay. Cell proliferation ability was detected by cell counting kit-8 (CCK-8) and col-
ony formation assay. Cell migration and invasion abilities were measured using the transwell assay.
Furthermore, the interaction between miR-219a-5p and circ_0007534 or SRY (sex-determining region
Y)-box 5 (SOX5) was predicted by starbaseV3.0, and confirmed by the dual-luciferase reporter assay
and RNA immunoprecipitation (RIP) assay. Besides, tumor xenograft experiment was performed to ana-
lyze the effect of circ_0007534 depletion on tumor growth in vivo.
Results: The levels of circ_0007534 and SOX5 were increased, while the miR-219a-5p level was decreased
in OS tissues and cells. Circ_0007534 knockdown repressed the proliferation, colony formation, migra-
tion, and invasion in OS cells. Circ_0007534 targeted miR-219a-5p, and miR-219a-5p interacted with
SOX5. Furthermore, circ_0007534 regulated the growth of OS cells through modulating the levels of
miR-219a-5p and SOX5.
Conclusion: Our finding demonstrated that circ_0007534 knockdown suppressed the growth of OS cells
via regulating miR-219a-5p/SOX5 axis, providing a potential target for OS treatment and diagnosis.
� 2021 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteosarcoma (OS) is a common malignant tumor that mainly
affects children and adolescents worldwide, which inclines to
occur in the metaphysis of long bones, including the distal femur
and proximal tibia [1]. OS is the second leading cause of tumor-
related death in children and adolescents [2,3]. With the develop-
ment of science and technology, the 5-year survival rate of OS
patients after surgery and chemotherapy has been greatly
improved, but the mortality rate of patients with recurrent or
metastatic OS is still very high [4–6]. Thus, it is imperative to inves-
tigate the molecular mechanism of OS development for the therapy
of OS patients.

An increasing number of studies suggested circRNAs exerted a
pivotal function in OS development [7,8]. For instance, Li et al.
revealed that circRNA circ_ORC2 accelerated OS cell proliferation
and mobility through regulating miR-19a [9]. Yan et al. indicated
that circRNA circSAMD4A promoted cell growth via regulating
miR-1244/murine double minute2 (MDM2) pathway in OS [10].
Liu et al. demonstrated that circRNA circFAT1 positively regulated
cell development via binding to miR-375 in OS [11]. These data
confirmed that circRNAs acted as a class of important regulators
in OS development. Therefore, the studies of circRNAs functional
mechanism are essential for the therapy and diagnose of OS
patients.
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Table 1
The clinicopathological factors in osteosarcoma.

Clinicopathological features Number of cases

Age
>20 years 16
�20 years 26

Gender
Male 24
Female 18

Location
Femur/Tibia 30
Elsewhere 12

Tumor size (cm)
>8 15
�8 27

Enneking stage
I–II 19
III–IV 23

lymph node metastasis
Negative 17
Positive 25
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It is reported that approximately 90% of human transcripts are
non-coding RNAs, including long non-coding RNAs (lncRNAs),
microRNAs (miRNAs), and circular RNA (circRNAs) [12]. LncRNAs
and miRNAs were well reported and closely related to the develop-
ment of human cancers [13,14]. Unlike the linear RNAs, circRNAs
are mainly characterized by covalently closed loop structures that
lack 30 and 50 polyadenylated tails [15]. On account of its special
structure, circRNAs are resistant to nuclease and more stable than
linear RNA, which exhibited an obvious advantage in the develop-
ment and application of new clinical diagnostic markers [16]. Li
et al. indicated that the expression level of circ-KLHDC10 could
successfully distinguish the colorectal cancer patients and normal
individuals [17]. Increasing evidence has suggested that circRNAs
could function as tumor activators or suppressors in various can-
cers, including OS [18,19]. A previous report suggested that cir-
cRNA circ_0007534 mediated the growth of OS cells through
modulating protein kinase B (AKT) activity, and was considered
as a marker for the prediction of OS occurrence [20]. However,
the functional mechanism of circ_0007534 is not fully understood.

MiRNAs, with about 22 nucleotides, regulated the levels of
downstream genes via targeting 30untranslated region (UTR) of
the messenger RNA (mRNA) in human diseases [21]. Amounting
evidence demonstrated that miRNAs were abnormally expressed
in a variety of cancers, such as breast cancer [22], hepatocellular
carcinoma [23], lung cancer [24], and liver cancer [25]. MiR-
219a-5p, lowly expressed in OS tissues and cells, was reported to
suppress the mobility of OS cells [26], revealing that miR-219a-
5p exerted pivotal function in OS development. However, the study
of miR-219a-5p function in OS has rarely been reported.

SRY (sex-determining region Y)-box 5 (SOX5) was identified as
a transcription factor and played a crucial role in embryonic devel-
opment and cell growth [27]. Increasing evidence indicated that
SOX5 was involved in tumor growth. For example, You et al. con-
firmed that SOX5 level was upregulated in gastric cancer (GC) tis-
sues, and SOX5 induced the invasion as well as epithelial-
mesenchymal transition (EMT) of GC cells [28]. Sun et al. suggested
that SOX5 positively regulated the growth of breast cancer cells
through modulating the recombinant enhancer of zeste homolog
2 (EZH2) expression. In OS, SOX5 was reported to act as an onco-
gene and was highly expressed in OS tissues and cells [29]. How-
ever, the molecular mechanism of SOX5 function in OS
development is poorly explored.

Here, we detected the levels of circ_0007534, miR-219a-5p, and
SOX5 in OS tissues and cells. Furthermore, the functions of
circ_0007534, miR-219a-5p and SOX5 in OS cell progression were
also investigated. Besides, we also explored the effect of
circ_0007534 on tumor growth in vivo.
2. Materials and methods

2.1. Tissues and cell culture

OS tissues and paratumor tissues were obtained from the
patients with OS at the hospital of Xiangyang Central Hospital,
and then stored at �80 �C for further experiment. The clinical
information of the OS patients included age, gender, location,
tumor size, enneking stage, and lymph node metastasis was sum-
marized in Table 1. This research was approved by the Ethics
Review Committees of Xiangyang Central Hospital. All patients in
this research signed informed content.

Human osteoblast cell line (hFOB1.19: ATCC� CRL-11372),
which is often used as a normal human osteoblast cell model,
and four OS cell lines as the research subjects (143B: ATCC� CRL-
8303, mixed fibroblast and epithelial-like cell; MG63: ATCC�

CRL-1427, fibroblast-like cell; HOS: ATCC� CRL-1543, mixed
2

fibroblast and epithelial-like cell; and U2OS: ATCC� HTB-96,
epithelioid-like cell) were provided by the American Type Culture
Collection (ATCC, Manassas, VA, USA). All cells were cultured in
Roswell Park Memorial Institute-1640 medium (RPMI-1640;
Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS,
Invitrogen, Carlsbad, CA, USA) at 37 �C with 5% CO2.

2.2. RNA extraction and quantitative real-time polymerase chain
reaction (qRT-PCR)

Total RNA in OS tissues or cells was isolated using TRIzol (Invit-
rogen). Then, the PrimeScript RT reagent kit (TaKaRa Bio, Shiga,
Japan) was used to generate complementary DNA (cDNA) and the
SYBR Green Mix (Beyotime Biotechnology, Shanghai, China) was
applied to conduct the qRT-PCR assay. The reaction program was
as follows: Initial denaturation at 95 �C for 3 min; followed by
40 cycles of denaturation at 95 �C for 5 s, annealing at 60 �C for
30 s and extension at 72 �C for 30 s, and a final extension of
72 �C for 5 min. Relative expression levels were determined by
the comparative cycle threshold (Ct) method, using the 2�DDCt

method [30], and normalized by the level of U6 (for miR-219a-
5p, Accession: MIMAT0000276) or glyceraldehyde 3-phosphate
dehydrogenase (GAPDH for circ_0007534, Accession:
NM_007372, and SOX5, Accession: NM_006940). The primer
sequences of RT-qPCR were shown in Table 2.

2.3. Cell transfection

Small hairpin RNA against circ_0007534 (sh-circ_0007534),
miR-219a-5p mimic (miR-219a-5p), miR-219a-5p inhibitor (anti-
miR-219a-5p: 30-ACTAACAGGTTTGCGTTAAGA-50), and their nega-
tive control (sh-NC, miR-NC, and anti-NC) were obtained from
Genepharma (Shanghai, China). For overexpression of
circ_0007534 or SOX5, The sequences of circ_0007534 or SOX5
were cloned into the pcDNA3.1 plasmid (Genepharma) to con-
struct plasmids over-expressing circ_0007534 or SOX5. Lipofec-
tamine 2000 was employed to perform cell transfection assay
according to the manufacturer’s instruction.

2.4. Cell proliferation assay

Cell counting kit-8 (CCK-8) was employed to measure cell pro-
liferation according to the manufacturer’s instruction. Briefly,



Table 2
Primer sequences for RT-qPCR used in this study.

Gene Names Sequences (50–30)

circ_0007534 RT (Random
primer)

pd(N)6

circ_0007534-F CTGGTGTGGTTCAGGAGGAA
circ_0007534-R ATGGAATTGCTGGCGAGTTG

miR-219a-5p RT GTCGTATCCAGTGCGTGTCGTGGAGTCGG
CAATTGCACTGGATACGACACTGGA

miR-219a-5p-F TCTACAGTGCACGTGTCTCCAGT
miR-219a-5p-R CTCTCATTTGCTATATTCA

SOX5 SOX5-F CTTCATGCCTGACTGATAT
SOX5-R GACGTCTCAGGACTTACG

U6 U6-F TGCGGGTGCTCGCTTCGGCAGC
U6-R CCAGTGCAGGGTCCGAGGT

GAPDH GAPDH-F ATCACTGCCACCCAGAAGAC
GAPDH-R TTTCTAGACGGCAGGTCAGG
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U2OS and MG63 cells upon transfection were cultured for 24 h,
48 h, or 72 h. Subsequently, cells were incubated with CCK-8 solu-
tion for 2 h. Finally, the absorbance was examined by a microplate
reader (Bio-Rad, Richmond, CA, USA) at 450 nm.
2.5. Colony formation assay

In brief, transfected U2OS or MG63 cells were plated into 6-
well-plate, and then cultured at 37 �C for 10 days. Subsequently,
0.5% crystal violet was applied to stain the colonies for 20 min.
Finally, the colonies were imaged, and then counted with ImageJ
software (NIH, Bethesda, MD, USA).
2.6. Cell migration and invasion assay

Cell migration was examined using the transwell chamber (Mil-
lipore, Bedford, MA, USA). BD MatrigelTM Basement Membrane
Matirx (BD Biosciences, San Jose, CA, USA) was pre-coated to the
chamber membrane in the invasion assay, whereas BD MatrigelTM

Basement Membrane Matirx (BD Biosciences) was not coated in
the migration assay. In brief, transfected U2OS or MG63 cells were
harvested and then re-suspended with a serum-free medium. Sub-
sequently, 100 lL re-suspended cells were introduced into the
upper chamber, and a relative 500 lL medium with 10% FBS was
seeded into the lower chamber. After 24 h of incubation, migratory
or invasive cells were analyzed under a microscope (Olympus,
Tokyo, Japan).
2.7. Western blot assay

Total proteins from OS tissues or cells were extracted with lysis
buffer (Beyotime Biotechnology). Next, the proteins were sub-
jected to 10% sodium dodecyl sulfonate (SDS)-polyacrylamide gel
electrophoresis (PAGE), and then electro-transferred onto a
polyvinylidene difluoride (PVDF) membrane (Millipore). Subse-
quently, the membranes were blocked by 5% non-fat milk, incu-
bated with the primary antibodies against SOX5 (1:1000: Abcam,
Cambridge, MA, USA), Vimentin (1:1000: Abcam), N-cadherin (N-
cad) (1:1000: Abcam), E-cadherin (E-cad) (1:1000: Abcam), or
GAPDH (1:1000: Abcam), and then incubated with corresponding
secondary antibodies (1:2000; Abcam). Finally, the protein signals
were determined by the ECL detection system (Thermo Fisher Sci-
entific, Waltham, MA, USA).
3

2.8. Dual-luciferase reporter assay

According to the prediction of bioinformatics tool starbaseV3.0,
miR-219a-5p interacted with circ_0007534 or SOX5 30UTR.
Circ_0007534 or SOX5 30UTR sequences contained wide-type or
mutant-type miR-219a-5p binding sites (WT/MUT-circ_0007534
or WT/MUT-SOX5 30UTR) were cloned into pGL3 luciferase repor-
ter vector (Promega). Then, luciferase reporter plasmids and miR-
219a-5p or miR-NC were co-transfected into U2OS and MG63 cells.
The luciferase activities were examined using the dual-luciferase
reporter kit (Beyotime Biotechnology).
2.9. RNA immunoprecipitation (RIP) assay

The Magna RIP Kit (Millipore) was chosen to carry out RIP assay
based on the user’s manual. Briefly, U2OS and MG63 cells at 80%
confluency were harvested, lysed by RIP lysis buffer, and incubated
with RIP buffer containing magnetic beads conjugated with anti-
argonaute RISC catalytic component 2 (Ago2) or anti-IgG for 2 h
at 4 �C. Subsequently, samples were digested with proteinase K,
and coprecipitated RNA was isolated. Then, qRT-PCR assay was
employed to analyze RNA enrichment.
2.10. Mouse xenografts

4-week-old male BALB/c-nudemice were used to conduct xeno-
graft assay. Briefly, the mice were injected subcutaneously with
MG63 cells stably transfected with sh-circ_0007534 or sh-NC.
Tumor volume (length � width2 � 0.5) was calculated every 5 d.
Mice were sacrificed after 32 days of injection, and the tumors
were collected for weight analysis and further experiments. The
animal experiment was conducted in line with the National Animal
Care and Ethics Institution’s guidance and was authorized by the
Animal Research Committee of Xiangyang Central Hospital.
2.11. Statistical analysis

Each assay was repeated independently at least three times. All
data were expressed as the mean ± standard deviation (SD), and
were analyzed using paired or unpaired Student’s t-test. The rela-
tionship between the levels of two genes was investigated through
the analysis of spearman’s correlation coefficient. P values <0.05
were considered statistically significant.



Fig. 1. The level of circ_0007534 in OS tissues. (A–C) The expression level of circ_0007534 was detected by qRT-PCR assay in OS tissues and paratumor tissues (A), OS tissues
from patients at different clinical stage (B), and OS tissues from lymph node metastasis patients (C). ***P < 0.001, n = 3.
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3. Results

3.1. Circ_0007534 expression was upregulated in OS tissues

To investigate the role of circ_0007534 in OS, the expression of
circ_0007534 was detected by qRT-PCR assay in OS tissues and
Fig. 2. The effect of circ_0007534 on OS cell progression. (A) Circ_0007534 expression wa
(B) Circ_0007534 expression was examined in U2OS and MG63 cells transfected with sh-
in U2OS (48 h, P = 0.004; 72 h, P < 0.001) and MG63 cells (48 h, P = 0.004; 72 h, P < 0.001).
and G) Cell migration and invasive abilities were determined using transwell assay. (H an
*P < 0.05, n = 3.

4

paratumor tissues. The results suggested that circ_0007534
expression was significantly upregulated in OS tissues (Fig. 1A).
We then investigated the relationship between circ_0007534 level
and clinical-pathological parameters. As demonstrated in Fig. 1B,
the OS patients at tumor stage III–IV exhibited higher
circ_0007534 level compared with that in OS patients at tumor
s determined in normal cells (hFOB1.19) and OS cells (143B, MG63, HOS, and U2OS).
NC or sh-circ_0007534. (C and D) CCK-8 was used to assess cell proliferation ability
(E) Colony formation assay was performed to measure cell clone formation ability. (F
d I) Western blot assay was employed to investigate the levels of three EMTmarkers.
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stage I–II. Moreover, we found that circ_0007534 expression was
remarkably increased in patients with lymph node metastasis rel-
ative to negative lymph node metastasis (Fig. 1C). These data indi-
cated that circ_0007534 was related to OS development.
3.2. Circ_0007534 knockdown repressed the proliferation, migration,
and invasion in OS cells

Next, we determined the expression of circ_0007534 in OS cells.
As shown in Fig. 2A, circ_0007534 expression was higher in OS
cells (143B, MG63, HOS, and U2OS) than in normal cells
(hFOB1.19). To further explore the function of circ_0007534 in
OS cells, U2OS and MG63 cells were transfected with sh-
circ_0007534 to downregulate its level. Then, knockdown effi-
ciency was confirmed by qRT-PCR assay (Fig. 2B). Subsequently,
CCK-8 was employed to detect cell proliferation ability. As shown
in Fig. 2C and D, cell viability was significantly reduced in U2OS
cells by 45%, and up to 53% in MG63 cells due to the circ_0007534
knockdown. Furthermore, colony formation assay indicated that
clone formation ability was remarkably inhibited by the knock-
down of circ_0007534 (Fig. 2E). On the other hand, we carried
out transwell assay to investigate cell mobility, and found that cell
migration and invasion abilities were dramatically repressed by
circ_0007534 depletion in U2OS and MG63 cells (Fig. 2F and G).
Besides, the levels of three EMT markers, Vimentin, N-cad, and E-
cad, were detected by western blot assay. The results showed that
the levels of Vimentin and N-cad were downregulated, and E-cad
level was increased in circ_0007534-depleted U2OS and MG63
cells (Fig. 2H and I), which suggested that circ_0007534 downreg-
ulation might be related to the EMT. Therefore, circ_0007534
depletion inhibited the growth of OS cells.
Fig. 3. The relationship between circ_0007534 and miR-219a-5p. (A) The interaction
starbaseV3.0. (B and C) The luciferase activity of U2OS and MG63 cells transfected
determined. (D and E) RIP assay was employed to confirm the interaction between circ_0
MG63 cells transfected with Vector or circ_0007534. (G) MiR-219a-5p level was meas
circ_0007534, respectively. (H and I) MiR-219a-5p level was examined in OS tissues and
carried out to explore the association between circ_0007534 and miR-219a-5p. *P < 0.0
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3.3. Circ_0007534 targeted miR-219a-5p and inhibited miR-219a-5p
expression

Using the bioinformatics tool starbaseV3.0, we recognized that
miR-219a-5p was a target miRNA of circ_0007534 (Fig. 3A). Then,
dual-luciferase reporter and RIP assay were employed to confirm
this interaction in U2OS and MG63 cells. As shown in Fig. 3B and
C, cells transfected with WT-circ_0007534 and miR-219a-5p dis-
played lower luciferase activity than the cells transfected with
MUT-circ_0007534 and miR-219a-5p, revealing the interaction
between circ_0007534 and miR-219a-5p. And it was confirmed
by the enrichment of circ_0007534 or miR-219a-5p in Anti-Ago2
group (Fig. 3D and E). Next, we investigated the effect of
circ_0007534 on miR-219a-5p expression via transfecting sh-
circ_0007534 or circ_0007534 into OS cells. QRT-PCR assay
showed that the transfection with circ_0007534 indeed increased
the level of circ_0007534, and miR-219a-5p expression was signif-
icantly upregulated by circ_0007534 knockdown and downregu-
lated by circ_0007534 overexpression (Fig. 3F and G).
Furthermore, decreased miR-219a-5p was observed in OS tissues
and cells (Fig. 3H and I). Besides, the miR-219a-5p level was nega-
tively correlated with circ_0007534 level in OS tissues (Fig. 3J).
These data indicated that circ_0007534 interacted with miR-
219a-5p and negatively regulated the expression of miR-219a-5p.
3.4. Circ_0007534 regulated the growth of OS cells by suppressing
miR-219a-5p expression

To explore whether miR-219a-5p was functionally related to
circ_0007534-regulated OS cell progression, U2OS and MG63 cells
were transfected with sh-NC, sh-circ_0007534, sh-circ_0007534 +
between circ_0007534 and miR-219a-5p was predicted by bioinformatics tool
with WT-circ_0007534 or MUT-circ_0007534 and miR-219a-5p or miR-NC was
007534 and miR-219a-5p. (F) The level of circ_0007534 was analyzed in U2OS and
ured in U2OS and MG63 cells transfected with sh-NC, sh-circ_0007534, Vector, or
paratumor tissues (H) as well as OS cells and normal cells (I). (J) QRT-PCR assay was
5, n = 3.



Fig. 4. The function of miR-219a-5p in circ_0007534-regulated OS cell progression. (A) MiR-219a-5p expression was detected in U2OS and MG63 cells transfected with sh-
NC, sh-circ_0007534, sh-circ_0007534 + anti-NC, or sh-circ_0007534 + anti-miR-219a-5p, respectively. (B and C) Cell proliferation ability was measured using CKK-8. (D)
Clone formation ability was examined by colony formation assay. (E and F) Transwell assay was employed to determine cell migration and invasive abilities. (G and H) The
levels of EMT markers were investigated by western blot assay. *P < 0.05, n = 3.
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anti-NC, or sh-circ_0007534 + anti-miR-219a-5p, respectively.
QRT-PCR assay indicated that the level of miR-219a-5p was upreg-
ulated by circ_0007534 knockdown, and was downregulated by
the transfection with anti-miR-219a-5p (Fig. 4A). Besides, cell pro-
liferation was reduced by 49% and 51% in U2OS and MG63 cells
with si-circ_0007534 transfection, and this suppression effect
was reversed by miR-219a-5p inhibitor in U2OS (increased to
155%) and MG63 cells (increased to 147%) (Fig. 4B and C). More-
over, colony formation assay was performed, and results indicated
that colony numbers reduced by circ_0007534 knockdown were
increased by miR-219a-5p depletion in U2OS and MG63 cells
(Fig. 4D). Next, transwell assay was conducted to examine cell
migration and invasion abilities. As demonstrated in Fig. 4E and
F, cell migration was inhibited by circ_0007534 knockdown, and
it was partly rescued by miR-219a-5p depletion. Besides, this phe-
nomenon that miR-219a-5p depletion reversed the effect of
circ_0007534 knockdown on the levels of EMT markers was dis-
covered in U2OS and MG63 cells (Fig. 4G and H). Taken together,
circ_0007534 could modulate OS cell progression by targeting
miR-219a-5p expression.
3.5. SOX5 was a target gene of miR-219a-5p

Through the bioinformatics tool starbase, we found that SOX5
was a potential target gene of miR-219a-5p (Fig. 5A). To verify this
prediction, WT-SOX5 30UTR or MUT-SOX5 30UTR and miR-219a-5p
or miR-NC were co-transfected into U2OS and MG63 cells to per-
form the dual-luciferase reporter assay. As shown in Fig. 5B and
C, miR-219a-5p reduced the luciferase activity of WT-SOX5 30UTR
group, whereas it had little effect on the luciferase activity of MUT-
6

SOX5 30UTR group, indicating that miR-219a-5p interacted with
SOX5. Then, miR-NC, miR-219a-5p, miR-219a-5p + Vector, or
miR-219a-5p + circ_0007534 were transfected into U2OS and
MG63 cells to investigate the effects of miR-219a-5p and
circ_0007534 on SOX5 expression. QRT-PCR assay suggested that
miR-219a-5p expression was increased in cells transfected with
miR-219a-5p, while it was decreased by circ_0007534 overexpres-
sion (Fig. 5D). Besides, SOX5 expression was reduced by miR-219a-
5p overexpression, and then rescued by circ_0007534 upregulation
(Fig. 5E and F). These data indicated that circ_0007534 increased
the level of SOX5 via inhibiting miR-219a-5p expression.

Next, the expression of SOX5 in OS was determined. As demon-
strated in Fig. 5G–J, SOX5 expression was significantly increased in
OS tissues and cells. Finally, we explored the relationship between
SOX5 and circ_0007534 or miR-219a-5p. As expected, the SOX5
level was negatively correlated with miR-219a-5p level and posi-
tively correlated with circ_0007534 level in OS tissues (Fig. 5K
and L). Therefore, SOX5 might act as an oncogene in OS.
3.6. Circ_0007534 depletion inhibited the growth of OS cells via
downregulating SOX5 expression

To analyze the function of SOX5 in circ_0007534-regulated OS
cell progression, U2OS and MG63 cells were transfected with sh-
NC, sh-circ_0007534, sh-circ_0007534 + Vector, or sh-circ_00075
34 + SOX5, respectively. Firstly, qRT-PCR assay and western blot
assay were performed to determine the level of SOX5. The results
showed that SOX5 level was significantly downregulated by
circ_0007534 depletion, and rescued by the upregulation of SOX5
(Fig. 6A and B). Then, Cell proliferation ability was assessed by



Fig. 5. The relationship between miR-219a-5p and SOX5. (A) The interaction between miR-219a-5p and SOX5 was predicted by bioinformatics tool starbaseV3.0. (B and C)
The luciferase activity was determined in U2OS and MG63 cells transfected with WT-SOX5 or MUT-SOX5 and miR-219a-5p or miR-NC. (D–F) The levels of miR-219a-5p (D)
and SOX5 (E and F) were detected in U2OS and MG63 cells transfected with miR-NC, miR-219a-5p, miR-219a-5p + Vector, or miR-219a-5p + circ_0007534, respectively. (G–J)
The mRNA level and protein level of SOX5 were examined in OS tissues and paratumor tissues (G and H) as well as OS cells and normal cells (I and J). (K) The relationship
between SOX5 and miR-219a-5p was analyzed. (L) The relationship between SOX5 and circ_0007534 was investigated. *P < 0.05, n = 3.
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CCK-8. As shown in Fig. 6C and D, cell viability was decreased in
U2OS cells by 42%, and 50% in MG63 cells due to the silencing of
circ_0007534, whereas it was reversed by SOX5 upregulation in
U2OS (increased to 135%) and MG63 cells (increased to 191%). In
addition, circ_0007534 depletion induced suppression on clone
formation ability was promoted by SOX5 upregulation (Fig. 6E).
Next, transwell assay was conducted to investigate cell migration
and invasion, and we found that SOX5 upregulation weakened
the effect of circ_0007534 knockdown on cell migration and inva-
sion (Fig. 6F and G). Besides, the effect of circ_0007534 knockdown
on the levels of EMT markers was attenuated by SOX5 overexpres-
sion (Fig. 6H and I). These results suggested that circ_0007534 reg-
ulated the growth of OS cells by modulating SOX5 expression.

3.7. Circ_0007534 depletion impeded tumor growth in vivo

To investigate whether circ_0007534 affecting tumor growth
in vivo, MG63 cells stably transfected with sh-circ_0007534 was
injected into male BALB/c-nude mice. Then, tumor volume was cal-
culated every 5 days. The data showed that tumor volume was
decreased by 46% in the sh-circ_0007534 group (Fig. 7A). Similarly,
circ_0007534 knockdown significantly reduced tumor weight
(Fig. 7B). Besides, circ_0007534 depletion significantly reduced
the growth of tumors, as assessed by Ki67 expression (Fig. 7C). Fur-
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thermore, the levels of circ_0007534, miR-219a-5p, SOX5, and EMT
markers were detected in sh-circ_0007534 group and sh-NC group.
As expected, the levels of circ_0007534, SOX5, Vimentin, and N-cad
were decreased, and the levels of miR-219a-5p and E-cad were
increased in sh-circ_0007534 group (Fig. 7C–F). Therefore,
circ_0007534 depletion repressed tumor growth in vivo.
4. Discussion

Circ_0007534, identified as an oncogene, was highly expressed
in a lot of cancers, including pancreatic ductal adenocarcinoma
[31], glioma [32], colorectal cancer [33], and breast cancer [34].
Moreover, circ_0007534 promoted cell proliferation and migration,
and induced apoptosis in these cancers by regulating the down-
stream genes’ levels. Here, we found that circ_0007534 level was
remarkably increased in OS tissues and cells. Furthermore, we sug-
gested that circ_0007534 knockdown counteracted OS cell prolif-
eration, mobility, and EMT. Besides, the depletion of
circ_0007534 dramatically repressed the growth of OS tumors
in vivo. These results were consistent with the previous results
[20]. Our results further indicated that circ_0007534 acted as a
tumor activator in OS, which might be a potential detection marker
and novel therapeutic target for OS.



Fig. 6. The function of SOX5 in circ_0007534-regulated OS cell progression. (A and B) The mRNA level and protein level of SOX5 were detected in U2OS and MG63 cells
transfected with sh-NC, sh-circ_0007534, sh-circ_0007534 + Vector, or sh-circ_0007534 + SOX5, respectively. (C and D) CCK-8 was employed to determine cell proliferation
ability (P < 0.001). (E) Colony formation assay was used to assess the clone formation ability. (F and G) Transwell assay was performed to measure cell migratory and invasive
abilities. (H and I) The levels of EMT markers were examined by western blot assay. *P < 0.05, n = 3.
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It is widely accepted that circRNAs serve as a type of sponges for
miRNAs in the tumorigenesis of cancers [35]. For example,
circ_0035483 targeted miR-335 and suppressed miR-335 expres-
sion in renal cancer [36]. Bioinformatics tool starbaseV3.0 pre-
dicted the potential target genes of circ_0007534 and found that
miR-219a-5p could bound to circ_0007534. And it was further con-
firmed by the dual-luciferase reporter assay and RIP assay. More-
over, we discovered that circ_0007534 downregulated the level
of miR-219a-5p. MiR-219a-5p, identified as a tumor suppressor,
inhibited tumorigenesis in many cancers. For instance, miR-219a-
5p repressed cell growth and EMT through targeting the estimated
glomerular filtration rate (ERFR) in ovarian cancer [37]. Zhuang
et al. confirmed that miR-219a-5p attenuated the mobility and
EMT of breast cancer cells by modulating the expression of
myocardin-related transcription factor A (MRTF-A) [38]. In OS,
miR-219a-5p was reported to inhibit proliferation and invasion,
and the miR-219a-5p level was significantly reduced in OS tissues
and cells [26,39]. These data were in agreement with our results,
which suggested that miR-219a-5p was upregulated and sup-
pressed cell growth in OS. Taken together, we hypothesized that
circ_0007534 regulated the growth of OS cells through modulating
miR-219a-5p expression.
8

MiRNAs have been reported as a family of sponges for mRNAs to
affect cancer development by regulating the expression of down-
stream genes [40]. MiR-219a-5p has been reported participates
in the process of OS progression. In OS cells, miR-219a-5p
represses cell migration and invasion via targeting EYA [26].
Besides, miR-219a-5p was negatively regulated by TUG1 and tar-
get to PI3K3A to mediate osteosarcoma cell tumorigenesis and
metastasis [39]. Then, the bioinformatics tool starbase was
employed to forecast the potential target genes of miR-219a-5p.
The result showed that SOX5 possessed a complementary
sequence with miR-219a-5p. Subsequently, the interaction
between miR-219a-5p and SOX5 was verified by the dual-
luciferase reporter assay. Furthermore, our findings demonstrated
that miR-219a-5p negatively affected SOX5 expression. In this
study, we also showed that the SOX5 level was increased in OS tis-
sues and cells. These data were accordant with the previous results
[29,41]. CircRNAs/miRNAs/SOX5 pathways played important roles
in the OS cell progression, including proliferation, metastasis, and
EMT [29,42]. Our results suggested that circ_0007534 impeded
miR-219a-5p expression to promote the expression of SOX5. Taken
together, circ_0007534 could modulate miR-219a-5p/SOX5 axis to
regulate OS cell progression.



Fig. 7. The effect of circ_0007534 depletion on tumor growth in vivo. (A) Tumor volume was calculated in circ_0007534-depleted mice every 5 d. (B) 32 days upon injection,
the mice were euthanized, and tumor tissues were photographed and weighted. (C) The proliferation ability of transplanted tumor tissues in nude mice was determined by
immunohistochemical analysis of Ki-67. (D–F) The mRNA levels of circ_0007534, miR-219a-5p, and SOX5 were detected by qRT-PCR assay. (G) The protein levels of SOX5 and
EMT markers were determined using western blot assay. *P < 0.05, n = 3.
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Clinical trials supported the validity of miRNA inhibition in clin-
ical applications, such as antagomiRs or miRNA mimics [43]. Arti-
ficial circRNAs that contained an array of microRNA response
elements could sponge sequesters miRNAs in a manner similar to
antagomiR, which provide novel future miRNA-based therapy in
OS [44]. In our research, we confirmed that circ_0007534 regulated
OS cell progression by miR-219a-5p/SOX5 axis, which indicating
that circ_0007534/miR-219a-5p could be used as therapeutics for
OS. However, there are still a few concerns that need to be
addressed before clinical application. Circ_0007534 expression
and function should be confirmed using larger sample sizes, and
the mechanism by which circ_0007534 is dysregulated in OS still
needs further explored.

In summary, our research indicated that circ_0007534 serves as
a novel oncogenic circRNA by sponging miR-219a-5p to upregulate
SOX5 expression, thereby promote OS cell proliferation, migration
and invasion (Fig. 8). Our findings suggested that targeting
circ_0007534/miR-219a-5p axis was a potential treatment strategy
for OS treatment and diagnose.
Fig. 8. Circ_0007534 promoted proliferation, migration, invasion by regulating the
miR-219a-5p/ SOX5 in OS cells.
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