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Background: Circular RNAs (circRNAs) have been discovered to exert essential roles in human cancers,
including osteosarcoma (OS). The aim of this study was to investigate the exact roles and regulatory
mechanism of circRNA ankyrin repeat and IBR domain containing 1 (circANKIB1) in OS.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was used to measure the expres-
sion levels of circANKIB1, microRNA-217 (miR-217) and paired box 3 (PAX3). Cell proliferation was
assessed by colony formation assay. Cell cycle distribution and apoptosis rate were determined by flow
cytometry analysis. Wound healing assay and transwell assay were employed to evaluate cell migration
and invasion abilities. Western blot assay was used to analyze the protein levels of PAX3, E-cadherin and
Vimentin. Targeting relationship between miR-217 and circANKIB1 or PAX3 was predicted by Circular
RNA Interactome or TargetScan and demonstrated by dual-luciferase reporter assay. The mice xenograft
model was established to confirm the role of circANKIB1 in vivo.
Results: CircANKIB1 and PAX3 were high-expressed, whereas miR-217 was low-expressed in OS tissues
and cells. Knockdown of circANKIB1 inhibited the progression of OS by reducing cell proliferation, migra-
tion, invasion, and tumor growth (in vivo), and inducing apoptosis. MiR-217 was a direct target of
circANKIB1, and its inhibition reversed the inhibitory effect of circANKIB1 knockdown on the progression
of OS cells. Moreover, PAX3 was a direct target of miR-217, and miR-217 exerted the anti-tumor role in
OS cells by targeting PAX3. Furthermore, circANKIB1 positively regulated PAX3 expression by sponging
miR-217.
Conclusion: Knockdown of circANKIB1 suppressed OS progression by upregulating miR-217 and down-
regulating PAX3, which might provide a novel insight into the pathogenesis of OS.
� 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 one of the most common primary bone
tumors in children and adolescents [1]. OS is highly invasive and
easy to metastasis, leading to poor prognosis, high mortality and
disability [2]. Despite some significant improvements have been
made in the treatment of OS, the patients with advanced stage
and metastasis show a lower survival rate [3,4]. Hence, it is impor-
tant to understand the molecular mechanisms of OS initiation,
development and metastasis.

With the rapid development of sequencing technology in recent
years, circular RNAs (circRNAs) are identified as a new type of non-
coding RNAs (ncRNAs), and characterized by covalently closed-
loop structures without 50-cap and 30-end poly A tail [5]. CircRNAs
have higher tolerance to exonuclease digestion and also have
higher stability than linear RNAs [6,7]. Currently, many reports
have revealed that circRNAs can serve as tumor suppressors or
oncogenes in a variety of cancers, including OS [8,9]. For example,
circRNA hsa_circ_0001564, hsa_circ_0002052, circNASP, etc, have
been identified to play pivotal roles in regulating OS progression
[10–12]. CircRNA ankyrin repeat and IBR domain containing 1
(ANKIB1) (circANKIB1; circRNA ID: hsa_circ_0009112, position:
chr7:91972337-91981956) is a product of ANKIB1 mRNA splicing,
which is a downregulated circRNA in OS tissues [13]. Nevertheless,
the exact roles and regulatory mechanism of circANKIB1 in OS
have not been studied deeply in vivo or in vitro.

In comparison to circRNAs, microRNAs (miRNAs), a group of
short ncRNAs, usually bind to 30untranslated regions (30UTR) of tar-
get mRNAs to suppress the expression of target genes [14].
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Mechanically, circRNAs can function as competing endogenous
RNAs (ceRNAs; also known as miRNA sponges) by competitively
binding to miRNA response elements, thus inducing release of
genes that are targeted by specific miRNAs, and forming a func-
tional circRNA-miRNA-mRNA network [15]. A previous report sug-
gested that miR-217 was lowly expressed in OS tissues and cells,
and played a tumor-suppressive role in OS [16]. Besides, paired
box 3 (PAX3) has been reported to promote the progression of
OS [17]. Through biological analysis, we found that circANKIB1
could specifically bind to miR-217, and miR-217 also had binding
sites with PAX3. So, we focused on whether circANKIB1 served as
a sponge for miR-217 to modulate PAX3 level in OS progression.

In this research, we examined the expression of circANKIB1,
miR-217 and PAX3 in OS tissue specimens and cell lines. Moreover,
we investigated their functions by performing a series of experi-
ments and also explored the potential regulatory mechanism
among them in the progression of OS. We aimed to provide a novel
insight into the diagnosis and treatment of OS.
2. Materials and methods

2.1. Specimen collection

OS tissue specimens (n = 35) and adjacent normal bone tissue
specimens (n = 35) were collected during the surgery at General
Hospital of Ningxia Medical University, and preserved at �80 �C
until RNA or protein extraction. Informed consent was obtained
from patients. These subjects did not receive any treatment before
surgery. This research had been approved by the Research Ethics
Committee of General Hospital of Ningxia Medical University.

2.2. Cell culture and transfection

OS cell lines (U2OS and HOS) and fetal osteoblastic cell line
(hFOB) were obtained from BeNa Culture Collection (Beijing,
China). These cells were grown in Dulbecco’s modified eagle med-
ium (DMEM; Invitrogen, Carlsbad, CA, USA) containing 10% fetal
bovine serum (FBS, Invitrogen), and maintained in a 5% CO2 incu-
bator at 37 �C.

The small interfering RNA (siRNA) against circANKIB1 (si-
circANKIB1), circANKIB1-overexpressing plasmid (oe-circANKIB1),
miR-217 mimic, miR-217 inhibitor, pcDNA-PAX3 overexpression
plasmid (pcDNA-PAX3) and their negative controls (si-NC, oe-NC,
miR-NC mimic, miR-NC inhibitor, pcDNA-NC) were obtained from
Genechem (Shanghai, China). Transient transfection was carried
out in our research by using Lipofectamine 3000 Reagent
(Invitrogen).

2.3. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA in tissue specimens and cell lines was extracted with
TRIzol reagent (Invitrogen). Subsequently, extracted RNA was
reverse transcribed into complementary DNA (cDNA) using the
Primescript RT Reagent (TaKaRa, Kusatsu, Japan) for analysis of cir-
cANKIB1, ANKIB1 and PAX3, or using microRNA First-Strand cDNA
Synthesis Kit (Sangon Biotech, Shanghai, China) for detection of
miR-217. After that, qRT-PCR reactions were performed using the
SYBR Green PCR Kit (TaKaRa) on CFX96 Touch Real-Time PCR
Detection System (Bio-Rad, Hercules, CA, USA). In this study, the
following primers were used for qRT-PCR: circANKIB1 (Forward,
50-GGACACCTCTTCTGCTGACT-30; Reverse, 50-GAACACCT
GATCGTTGGCAG-30), ANKIB1 (Forward, 50-GGAAAAGGA
CACCTCTTCTGCTG-30; Reverse, 50-CTCGTAGGCTTCACTAACTCCC-30

), miR-217 (Forward, 50-TTGAGGTTGCTTCAGTGA-30; Reverse, 50-G
GAGTAGATGATGGTTAGC-30), PAX3 (Forward, 50-TGATCGGAA
2

CACTGTGCCCTC-30; Reverse, 50-GCTTTCAACCATCTCATTCCGG-30),
b-Actin (Forward, 50-GACCTCTATGCCAACACAGT-30; Reverse, 50-A
GTACTTGCGCTCAGGAGGAG-30), U6 (Forward, 50-GTGCGTGTCGTG
GAGTCG-30; Reverse, 50-AACGCTTCACGAATTTGCGT-30). The
expression levels of circANKIB1, ANKIB1, PAX3, and miR-217 were
evaluated by 2-DDCt method, followed by normalizing to b-Actin or
U6. All experiments are performed for three times.

2.4. Actinomycin D and RNase R treatment

Actinomycin D (2 mg/mL) or dimethyl sulfoxide solution
(DMSO; as the negative control, Sigma-Aldrich, St. Louis, MO,
USA) was placed into cell culture medium to block transcription.
To validate the circular characteristic of circANKIB1, total RNA
(2 lg) was incubated by RNase R (3 U/lg, Epicentre Technologies,
Madison, WI, USA) for 0.5 h at 37 �C. Following treatment with
Actinomycin D and RNase R, the abundance of circANKIB1 and
ANKIB1 was tested using qRT-PCR analysis. All experiments are
performed for three times.

2.5. Colony formation assay

Following transfection for 48 h, U2OS and HOS cells were inoc-
ulated in a 6-well plate and then cultured for 14 days. After that,
these colonies were fixed with paraformaldehyde (4%, Beyotime,
Jiangsu, China) for 0.5 h, and stained with crystal violet (0.1%,
Sigma-Aldrich) for 2 h. The colonies (one colony more than 50
cells) were photographed and analyzed. All experiments are per-
formed for three times.

2.6. Flow cytometry

For cell cycle determination, U2OS and HOS cells were collected
by centrifugation and fixed with ice-cold 75% ethanol (Beyotime)
for 12 h at �20 �C. Next, these cells were collected and stained with
propidium iodide (PI; 25 lg/mL, Sangon Biotech) and 50 mg/mL
RNase A (Sangon Biotech) in phosphate-buffered saline (PBS; Bey-
otime) for 15 min. Subsequently, flow cytometer (Partec AG, Arle-
sheim, Switzerland) was applied for detecting cell cycle
distribution. Cell apoptosis assay was conducted using the Annexin
V-fluorescein isothiocyanate (FITC)/PI apoptosis detection kit (Key-
Gen Biotech, Nanjing, China). U2OS and HOS cells were harvested
following transfection for 48 h, and then stained with Annexin V-
FITC and PI in the darkness for 15 min, followed by the detection
of apoptotic cells using flow cytometry. All experiments are per-
formed for three times.

2.7. Wound healing assay

Wound healing assay was utilized for detecting migration abil-
ity of U2OS and HOS cells. In short, U2OS and HOS cells were inoc-
ulated in 12-well plates. At ~ 80% confluence, we used a pipette tip
(200 mL) to scrape the center of the well and washed with PBS.
Images were captured using a microscope (Leica, Wetzlar, Ger-
many) at indicated time with � 40 magnification. The distance of
cell migration was examined using ImageJ software. All experi-
ments are performed for three times.

2.8. Transwell assay

Transwell chamber (8 lm pore size, Costar, Corning, NY, USA)
without (for migration assay) or with (for invasion assay) pre-
coated Matrigel (BD Biosciences, Franklin, NJ, USA) was employed
to detect cell migration or invasion abilities. In short, transfected
cells suspended in serum-free medium (DMEM, 200 mL) were
seeded into the top chamber. Meanwhile, DMEM with 10% FBS
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was placed into the bottom chamber as a chemoattractant. After
48 h of incubation, cells remaining on the top membrane were
erased by cotton swabs. At the same time, the cells on the bottom
surface were fixed with paraformaldehyde (4%, Beyotime) for
20 min and stained by crystal violet solution (0.1%, Beyotime) for
30 min, and photographed under a microscope (Leica) with a mag-
nification of � 100. All experiments are performed for three times.

2.9. Western blot assay

Clinical tissues and cultured cells were lysed using RIPA lysis
buffer (Solarbio, Beijing, China) for extracting total protein. Next,
the protein samples were denatured by heating at 100 �C for 3–
5 min, and then quantified using a BCA protein assay kit (Bey-
otime). After that, protein samples (about 30 lg/lane) were
resolved and separated by sodium dodecyl sulfate–polyacrylamide
gel electrophoresis (SDS-PAGE; Beyotime), and then blotted onto
nitrocellulose membranes (Invitrogen). After being incubated with
5% non-fat milk (Sangon Biotech), these membranes were subse-
quently incubated for 12 h at 4 �C with primary antibody against
E-cadherin (ab15148, 1:500, Abcam, Cambridge, MA, USA), Vimen-
tin (ab137321, 1:1000, Abcam), PAX3 (ab180754, 1:1000, Abcam)
or b-Actin (1:5000, ab227387, Abcam). Subsequently, these mem-
branes were continuously probed with goat anti-rabbit IgG H&L
(HRP) (ab205718, 1:4000, Abcam). At last, the blots were visual-
ized by enhanced chemiluminescence reagent (Tanon, Shanghai,
China). All experiments are performed for three times.

2.10. Bioinformatics prediction and dual-luciferase reporter assay

The potential binding sites for miR-217 in circANKIB1 or PAX3
were predicted by Circular RNA Interatome or TargetScan. Wild-
type (WT) or mutant (mut; the binding site of miR-217 was
mutated) circANKIB1 or PAX3 30UTR was cloned into pmirGlO luci-
ferase reporter vector (Promega, Madison, WI, USA), named as WT-
circANKIB1, MUT-circANKIB1, WT-PAX3, and MUT-PAX3. Each of
the above-mentioned plasmids was respectively transfected into
U2OS and HOS cells along with miR-NC mimic or miR-217 mimic.
After 48 h of transfection, dual-luciferase reporter assay system
(Promega) was employed for examining the luciferase activity in
the cells lysates. All experiments are performed for three times.

2.11. Tumor formation assay in vivo

The animal experiments obtained the approval from the Animal
Care and Use Committee of General Hospital of Ningxia Medical
University. BALB/c nude mice (female 5–6 weeks old, weighing
20–25 g, Huafukang, Beijing, China) were used for the in vivo tumor
formation assay. Lentivirus-mediated shRNA targeting circANKIB1
(sh-circANKIB1) and its negative control (sh-NC) were provided by
RiboBio (Guangzhou, China). HOS cells transiently transfected with
sh-NC (as control) or sh-circANKIB1 were subcutaneously injected
into nude mice (5 mice/group). Every week, we detected tumor
volume by calipers and calculated by the formula: volume = leng
th �width2/2. After 4 weeks, the mice were sacrificed, tumor spec-
imens were weighed and collected to detect the abundance of cir-
cANKIB1, miR-217 and PAX3.

2.12. Statistical analysis

GraphPad Prism software (GraphPad Software, La Jolla, CA, USA)
was used for the general statistical analysis. All data from at least 3
independent experiments were shown as the mean ± standard
deviation (SD). The Student’s t-test was utilized to analyze 2-
group differences, multiple comparisons were analyzed by one-
way analysis of variance (ANOVA). The correlations among circAN-
3

KIB1, miR-217 and PAX3 were analyzed with Pearson’s correlation
coefficient. P < 0.05 was considered statistically significant.
3. Results

3.1. The level of circANKIB1 was increased in OS tissues and cells

Firstly, the expression of circANKIB1 was detected in OS tissues
and cells by qRT-PCR. As presented in Fig. 1A, circANKIB1 level was
increased in OS tissues compared with adjacent normal tissues.
Likewise, circANKIB1 expression was upregulated in U2OS and
HOS cells compared to hFOB cells (Fig. 1B). Next, we explored
the characteristics of circANKIB1 in OS cells. The results from Acti-
nomycin D assay showed that the half-life of circANKIB1 transcript
exceeded 24 h, while that of the ANKIB1 mRNA displayed about 4 h
(Fig. 1C), suggesting that circANKIB1 transcript was more stable
than the linear ANKIB1 mRNA transcript in U2OS and HOS cells.
Moreover, circANKIB1 was resistant to RNase R digestion
(Fig. 1D), implying that circANKIB1 had a loop structure. Our
results revealed that circANKIB1 expression was enhanced in OS
and had a stable closed-loop structure.

3.2. Knockdown of circANKIB1 inhibited cell growth, migration and
invasion, and induced apoptosis in OS cells

To investigate the functional role of circANKIB1 in OS, U2OS and
HOS cells were transfected with si-NC or si-circANKIB1. We per-
formed qRT-PCR assay to confirm the transfection efficacy of si-
circANKIB1. Results showed that circANKIB1 expression was signif-
icantly reduced after transfection with si-circANKIB1 (Fig. 2A). Col-
ony formation assay indicated that knockdown of circANKIB1
decreased the number of cloned cells (Fig. 2B). To further assess
whether circANKIB1 could influence the cell cycle distribution
and apoptosis, the flow cytometry analysis was applied. We found
that more cells were distributed in the G0/G1 phase after knock-
down of circANKIB1, and fewer cells were distributed in S phase
(Fig. 2C), indicating that the cell cycle was arrested at the G0/G1
phase to inhibit cell growth. Moreover, circANKIB1 knockdown
induced U2OS and HOS cell apoptosis (Fig. 2D). Wound healing
and transwell assays indicated that circANKIB1 downregulation
inhibited U2OS and HOS cell migration and invasion (Fig. 2E-2G).
Epithelial-mesenchymal transition (EMT) is a key step in cancer
metastasis [18]. Thus, EMT-related proteins were analyzed in OS
cells. Western blot assay showed that the protein level of E-
cadherin (an epithelial marker) was increased and the protein
expression of Vimentin (a mesenchymal marker) was decreased
after knocking down the circANKIB1 (Fig. 2H and 2I). These data
suggested that circANKIB1 knockdown could inhibit the progres-
sion of OS in vitro.

3.3. CircANKIB1 served as a molecular sponge for miR-217 in OS cells

Presently, circRNAs are widely considered as miRNA sponges
and may be involved in cancer occurrence and development.
Therefore, Circular RNA Interactome was used to predict the poten-
tial target miRNAs of circANKIB1. We found that there were bind-
ing sites between circANKIB1 and miR-217, suggesting that miR-
217 might be a target of circANKIB1 (Fig. 3A). To confirm whether
circANKIB1 could directly bind to miR-217, dual-luciferase repor-
ter assay was performed. The results displayed that the luciferase
activity of WT-circANKIB1 was obviously decreased after transfec-
tion with miR-217 mimic in U2OS and HOS cells, whereas the luci-
ferase activity of MUT-circANKIB1 was unaffected after
transfection with miR-217 mimic (Fig. 3B and 3C). Next, overex-
pression efficiency of circANKIB1 was determined by qRT-PCR in



Fig. 1. CircANKIB1 was overexpressed in OS tissues and cells. (A) The expression of circANKIB1 was detected by qRT-PCR in OS tissues (n = 35) and adjacent normal tissues
(n = 35). (B) The expression of circANKIB1 was measured by qRT-PCR in OS cells (U2OS and HOS) and hFOB cells. (C and D) The expression levels of circANKIB1 and ANKIB1
mRNA were determined after treatment with Actinomycin D and RNase R by qRT-PCR in U2OS and HOS cells. *P < 0.05.
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U2OS and HOS cells transfected with oe-circANKIB1 or oe-NC.
Results showed that the expression of circANKIB1 was obviously
increased after transfection with oe-circANKIB1 (Fig. 3D). More-
over, miR-217 expression was reduced by overexpression of cir-
cANKIB1 and enhanced by knockdown of circANKIB1 (Fig. 3E).
Next, it was found that miR-217 expression was decreased in OS
tissues and cells compared with their controls (Fig. 3F and 3G). Fur-
thermore, we observed that circANKIB1 expression was negatively
correlated with miR-217 level in OS tissues (P < 0.0001, r = -0.5388)
(Fig. 3H). Overall, circANKIB1 could bind with miR-217.

3.4. CircANKIB1 knockdown inhibited the progression of OS cells by
upregulating miR-217

Inhibition efficiency of miR-217 was examined by qRT-PCR in
OS cells transfected with miR-NC inhibitor or miR-217 inhibitor.
The results indicated that miR-217 was successfully knocked down
in U2OS and HOS cells (Fig. 4A). To explore whether circANKIB1
exerted its biological functions by sponging miR-217 in OS cells,
U2OS and HOS cells were transfected with si-NC, si-circANKIB1,
si-circANKIB1 + miR-NC inhibitor, or si-circANKIB1 + miR-217 inhi-
bitor. We found that the inhibitory effect of si-circANKIB1 on col-
ony formation was reversed by knockdown of miR-217 (Fig. 4B).
Furthermore, downregulation of miR-217 abolished si-
circANKIB1-induced promotion of G0/G1 phase cells and reduction
of S phase cells (Fig. 4C). Moreover, circANKIB1 silence-mediated
pro-apoptosis, anti-migration and anti-invasion effects were aba-
ted by silencing miR-217 (Fig. 4D-4G). Besides, the effects of cir-
cANKIB1 knockdown on increase of E-cadherin expression and
decrease of Vimentin expression were reversed by downregulating
miR-217 (Fig. 4H and 4I). These data illustrated that circANKIB1
influenced OS cell proliferation, cell cycle, apoptosis, and metasta-
sis by sponging miR-217.

3.5. PAX3 was a direct target of miR-217 in OS cells

To further investigate the downstream mRNAs of circANKIB1/
miR-217, TargetScan was used to search for the possible target
4

genes of miR-217. Results showed that PAX3 had binding sequence
with miR-217 (Fig. 5A). Next, we performed the dual-luciferase
reporter assay to verify whether miR-217 could directly target bind
to PAX3 30UTR through the targeting sites. The results showed that
miR-217 overexpression decreased the luciferase activity of WT-
PAX3, but did not alter the luciferase activity of MUT-PAX3 in
U2OS and HOS cells (Fig. 5B). The results of qRT-PCR displayed that
miR-217 expression was overexpressed after transfection with
miR-217 mimic (Fig. 5C). Western blot assay suggested that the
protein expression of PAX3 was increased by inhibiting miR-217
and decreased by overexpressing miR-217 (Fig. 5D). Moreover,
we observed that PAX3 mRNA expression and protein expression
were both increased in OS tissues in contrast to adjacent normal
tissues (Fig. 5E and 5F). Similarly, the protein expression of PAX3
was also upregulated in OS cells (U2OS and HOS) relative to hFOB
cells (Fig. 5G). In addition, we observed a negative correlation
between PAX3 mRNA expression and miR-217 expression in OS
tissues (P < 0.0001, r = -0.7103) (Fig. 5H). To sum up, miR-217
directly targeted PAX3 and negatively regulated PAX3 expression.

3.6. MiR-217 upregulation suppressed the progression of OS cell by
targeting PAX3

To further explore whether miR-217 function was regulated by
PAX3, rescue assays were performed. Western blot assay indicated
that transfection of pcDNA-PAX3 greatly increased the protein
expression of PAX3 in U2OS and HOS cells (Fig. 6A). Colony forma-
tion assay and flow cytometry analysis suggested that overexpres-
sion of miR-217 reduced the number of cloned cells and arrested
cells at G0/G1 phase, which was reversed by upregulating PAX3
(Fig. 6B and 6C). Moreover, enforced expression of miR-217 pro-
moted apoptosis and inhibited cell migration and invasion, while
these effects were abated by overexpression of PAX3 (Fig. 6D-
6G). Furthermore, transfection of miR-217 mimic increased the
protein abundance of E-cadherin and decreased the protein
expression of Vimentin, which was abolished by co-transfection
of pcDNA-PAX3 in U2OS and HOS cells (Fig. 6H). In summary,
miR-217 exerted the anti-cancer role by targeting PAX3 in OS cells.



Fig. 2. CircANKIB1 knockdown inhibited cell proliferation, migration and invasion, and accelerated apoptosis in OS cells. U2OS and HOS cells were transfected with si-NC or
si-circANKIB1. (A) Knockdown efficiency of circANKIB1 was determined by qRT-PCR. (B) Colony formation assay was performed to examine the number of colonies. (C and D)
Flow cytometry analysis was used to detect cell cycle distribution and apoptosis rate. (E) Wound healing assay was utilized to assess cell migration ability (�40). (F and G)
Transwell assay was employed to evaluate cell migration and invasion abilities (�100). (H and I) Western blot assay was carried out to measure the expression levels of E-
cadherin and Vimentin. *P < 0.05.
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Fig. 3. CircANKIB1 acted as a sponge of miR-217 in OS cells. (A) The predicted binding sites for circANKIB1 and miR-217 were presented. (B and C) The luciferase activity in
U2OS and HOS cells co-transfected with WT-circANKIB1 or MUT-circANKIB1 and miR-217 mimic or miR-NC mimic was measured by dual-luciferase reporter assay. (D) The
expression of circANKIB1 was determined by qRT-PCR in U2OS and HOS cells transfected with oe-NC or oe-circANKIB1. (E) The expression of miR-217 was examined by qRT-
PCR in U2OS and HOS cells transfected with oe-NC, oe-circANKIB1, si-NC, or si-circANKIB1. (F and G) The abundance of miR-217 was examined by qRT-PCR in OS tissues,
adjacent normal tissues, OS cells (U2OS and HOS), and hFOB cells. (H) The correlation between miR-217 and circANKIB1 expression was analyzed in OS tissues. *P < 0.05.
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3.7. CircANKIB1 modulated PAX3 expression by sponging miR-217

Next, we further explored the relationships among circANKIB1,
miR-217 and PAX3. We found that PAX3 mRNA level was posi-
tively correlated with circANKIB1 expression in OS tissues
(P < 0.0001, r = 0.6797) (Fig. 7A). Western blot assay indicated that
knockdown of circANKIB1 inhibited the protein level of PAX3,
which was rescued by inhibiting miR-217 in U2OS and HOS cells
(Fig. 7B). All findings indicated that circANKIB1 positively regu-
lated PAX3 expression via targeting miR-217.
3.8. CircANKIB1 interference inhibited tumor growth by increasing
miR-217 and inhibiting PAX3 in vivo

Given that circANKIB1 suppressed cell growth in vitro, we fur-
ther evaluated the effect of circANKIB1 on tumor growth in vivo.
HOS cells transfected with sh-circANKIB1 or sh-NC were subcuta-
neously injected into female nude mice. We found that knockdown
of circANKIB1 reduced tumor volume and weight (Fig. 8A and 8B).
Moreover, circANKIB1 silence inhibited the expression of circAN-
KIB1 and increased the expression of miR-217 in tumor tissues
(Fig. 8C and 8D). Western blot analysis showed that circANKIB1
downregulation reduced the protein expression of PAX3 in tumor
tissues (Fig. 8E). Hence, in vivo experiments proved that circAN-
KIB1 silence inhibited tumor growth by regulating miR-217 and
PAX3 expression.
6

4. Discussion

OS is one of the most common malignant bone tumors.
Recently, emerging evidence has indicated that circRNAs have
important functions in the progression and development of cancers
[19,20]. But, the roles of circRNAs in OS are largely unclear. In our
research, we confirmed that circANKIB1 was overexpressed in OS,
and knockdown of circANKIB1 repressed the progression of OS by
regulating miR-217/PAX3 axis.

CircRNAs are initially considered as the ‘‘junk by-products” of
pre-mRNA splicing [21]. However, multiple studies have demon-
strated that circRNAs have critical regulatory roles in various
pathological environments [22]. Moreover, increasing evidence
has demonstrated that circRNAs are abundant in eukaryotic cells
and recognized as significant prognostic biomarkers for tumors
due to their abundance and stability [23,24]. CircANKIB1 has been
reported to be overexpressed in OS [25]. Moreover, Du et al.
revealed that interference of circANKIB1 restrained cell growth
and invasion, and facilitated apoptosis by regulating miR-19b on
SOCS3/STAT3 pathway in OS cells [13]. In accordance with these
findings, we found that circANKIB1 was overexpressed in OS tissue
samples and cell lines. Silence of circANKIB1 in OS cells could
repress cell growth and metastasis, and induce apoptosis. These
results suggested that circANKIB1 served as an oncogene in OS.

It is widely accepted that circRNAs can serve as miRNA sponges
to interact with miRNAs and affect the expression of target genes



Fig. 4. Silence of circANKIB1 suppressed the progression of OS cells by sponging miR-217. (A) The knockdown efficiency of miR-217 was examined by qRT-PCR in U2OS and
HOS cells transfected with miR-NC inhibitor or miR-217 inhibitor. (B-I) U2OS and HOS cells were transfected with si-NC, si-circANKIB1, si-circANKIB1 + miR-NC inhibitor, or
si-circANKIB1 + miR-217 inhibitor. (B) Colony formation assay was used to examine colony formation ability. (C and D) Cell cycle distribution and cell apoptosis rate were
determined by flow cytometry analysis. (E-G) Cell migration and invasion were measured by wound healing assay and transwell assay. (H and I) Western blot assay was
performed to test the protein levels of E-cadherin and Vimentin. *P < 0.05.

Fig. 5. PAX3 was a target gene of miR-217 in OS cells. (A) PAX3 had binding sites for miR-217. (B) Relative luciferase activity was measured in U2OS and HOS cells co-
transfected with WT-PAX3 or MUT-PAX3 and miR-217 mimic or miR-NC mimic. (C) Overexpression efficiency of miR-217 was determined by qRT-PCR in U2OS and HOS cells
transfected with miR-NC mimic or miR-217 mimic. (D) The protein expression of PAX3 was tested by western blot analysis in U2OS and HOS cells transfected with miR-NC
inhibitor, miR-217 inhibitor, miR-NC mimic, or miR-217 mimic. (E and F) PAX3 mRNA and protein expression were detected in OS tissues and adjacent normal tissues by qRT-
PCR and western blot analyses, respectively. (G) Western blot sassy was conducted to measure the protein expression of PAX3 in OS cells (U2OS and HOS) and hFOB cells. (H)
The correlation between PAX3 mRNA expression and miR-217 expression was analyzed in OS tissues. *P < 0.05.
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Fig. 6. MiR-217 exerted the anti-tumor role in OS cells by targeting PAX3. (A) Overexpression efficiency of PAX3 was determined by western blot assay in U2OS and HOS cells
transfected with pcDNA-NC or pcDNA-PAX3. (B-H) U2OS and HOS cells were transfected with miR-NC mimic, miR-217 mimic, miR-217 mimic + pcDNA-NC, or miR-217
mimic + pcDNA-PAX3. (B) Cell proliferation was evaluated by colony formation assay. (C and D) Cell cycle distribution and apoptosis rate were examined by flow cytometry
analysis. (E-G) Wound healing assay and transwell assay were used to assess cell migration and invasion abilities. (H) The protein levels of E-cadherin and Vimentin were
measured by western blot assay. *P < 0.05.

Fig. 7. CircANKIB1 regulated PAX3 expression by acting as a sponge of miR-217 in OS cells. (A) The correlation between PAX3 mRNA expression and circANKIB1 expression
was analyzed in OS tissues. (B) Western blot assay was performed to analyze the protein expression of PAX3 in U2OS and HOS cells transfected with si-NC, si-circANKIB1, si-
circANKIB1 + miR-NC inhibitor, or si-circANKIB1 + miR-217 inhibitor. *P < 0.05.

X. Zhu, C. Liu, J. Shi et al. Journal of Bone Oncology 27 (2021) 100347
[26]. Bioinformatics analysis showed that circANKIB1 might bind
to miR-217, which was demonstrated by performing dual-
luciferase reporter assay. Some studies revealed that miR-217
acted as an anti-oncogene in some tumors, such as hepatocellular
carcinoma [27], ovarian cancer [28] and lung cancer [29]. MiR-217
also served as a tumor-suppressive miRNA in OS. For instance, He
et al. proved that miR-217 was lowly expressed in OS tissue spec-
imens and cell lines, and upregulation of miR-217 could suppress
OS cell growth, migration, and invasion via targeting SIRT1 [16].
Moreover, Shen et al. stated that inhibition of miR-217 markedly
facilitated cell proliferation and metastasis of OS cells through tar-
geting WASF3 [30]. Consistent with these results, we uncovered
that miR-217 level was declined in OS tissue samples and cell lines.
Furthermore, rescue experiments proved that downregulation of
miR-217 reversed the si-circANKIB1-mediated inhibition of cell
growth and metastasis, and promotion of apoptosis in OS cell.
8

Our findings strongly revealed that circANKIB1 exerted its func-
tions in OS cells via sponging miR-217.

Increasing evidence has shown that miRNAs can exert biological
functions through inhibiting their target genes in many diseases
[31]. Next, we searched for the miR-217 downstream target genes
by TargetScan. PAX3 was identified as a downstream target gene of
miR-217. PAX3 has been suggested to play pivotal roles in diverse
tumors, including OS [32,33]. For example, Fujii et al. showed that
PAX3 downregulation repressed OS cell growth and induced cell
cycle arrest at the G0/G1 phase via modulating p21 expression
[17]. Moreover, Zhan et al. demonstrated that PAX3 abundance
was enhanced in OS tissue specimens, and PAX3 upregulation aba-
ted the anti-tumor roles of miR-206 overexpression in OS cells
[34]. In line with these findings, we observed that the abundance
of PAX3 was increased in OS tissue specimens and cell lines. Fur-
thermore, rescue assays demonstrated that enforced expression
of PAX3 could partly abolish the effects of miR-217 overexpression



Fig. 8. CircANKIB1 downregulation suppressed tumor growth via regulating miR-217 and PAX3 in vivo. Sh-NC or sh-circANKIB1-transfected HOS cells were subcutaneously
injected into BALB/c nude mice to establish mice xenograft model. (A) Tumor volume was analyzed every week in mice. (B) Tumor weight was calculated after injection for
4 weeks. (C and D) The expression levels of circANKIB1 and miR-217 in tumor tissues were detected by qRT-PCR. (E) The protein expression of PAX3 in tumor tissues was
measured by western blot assay. *P < 0.05.
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on reduction of cell growth and metastasis, and enhancement of
apoptosis in OS cells. Besides, circANKIB1 positively regulated
PAX3 expression by sponging miR-217 in OS cells. Constant with
in vitro results, knockdown of circANKIB1 also repressed tumor
growth in vivo by upregulating miR-217 and downregulating
PAX3. Taken together, our research demonstrated that circANKIB1
sponged miR-217 to promote the progression of OS via regulating
PAX3 expression.

In conclusion, circANKIB1 and PAX3 were upregulated and miR-
217 was downregulated in OS tissues and cells. Moreover, circAN-
KIB1 silence repressed the progression of OS by upregulating miR-
217 and downregulating PAX3. The circANKIB1/miR-217/PAX3
axis might provide a new sight for OS treatment.
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