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Circular RNA circ_0008365 regulates 
SOX9 by targeting miR-338-3p to inhibit 
IL-1β-induced chondrocyte apoptosis 
and extracellular matrix degradation
Shengbin Shuai1†, Qianqian Cai1† and Yunxia Ou2* 

Abstract 

Background: Osteoarthritis (OA) is a chronic disease that involves chondrocyte injury and dysfunction. CircRNAs 
participate in OA progression, but the roles of circRNAs in the occurrence of OA are unclear. In this study, we explore 
the role of circ_0008365 in OA.

Methods: CHON-001 cells were treated with interleukin-1β (IL-1β) to construct an in vitro OA cell model. The levels 
of circ_0008365, SRY-related high mobility group-box gene9 (SOX9) mRNA, and microRNA-338-3p (miR-338-3p) were 
detected by quantitative real-time polymerase chain reaction (qRT-PCR) assay. Western blot (WB) assay was used to 
measure protein levels. Cell Counting Kit-8 (CCK-8) assay, 5-ethynyl-2′-deoxyuridine (EDU) assay, and flow cytometry 
analysis were used to detect cell viability, proliferation, and apoptosis, respectively. Dual-luciferase reporter assay, RNA 
pull-down assay, and RNA immunoprecipitation (RIP) assays were used to confirm the interaction between miR-
338-3p with circ_0008365 or SOX9.

Results: Circ_0008365 expression was reduced in OA tissues and IL-1β-induced CHON-001 cells. Functionally, 
circ_0008365 inhibited viability, proliferation, and ECM degradation and promoted apoptosis of IL-1β-induced CHON-
001 cells. Mechanistically, circ_0008365 acted as a sponge of miR-338-3p to regulate SOX9 expression, thus exerting 
its functions in IL-1β-induced CHON-001 cells. Moreover, exosomal circ_0008365 had great value in diagnosing OA.

Conclusion: Circ_0008365 alleviates IL-1β-induced CHON-001 cell damage through the miR-338-3p/SOX9 axis, 
which suggested that circ_0008365 might be a new therapeutic target for OA.
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Introduction
Osteoarthritis (OA) is a common osteoarticular disease 
with the main characteristics including synovial inflam-
mation, cartilage degeneration and destruction, and car-
tilage bone remodeling. About 15 million new cases were 
diagnosed with OA in 2017 around the world [1]. Com-
plicated clinical symptoms and difficult treatment bring a 
heavy burden to patients and society [2]. However, there 
is currently no effective treatment for OA. Thus, it is 
urgent to develop a new therapeutic strategy for OA.
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Circular RNAs (circRNAs) are a kind of non-coding 
RNAs with stable closed-loop structures [3], which are 
abnormally expressed in a variety of diseases [4–6]. 
Increasing research reports showed that circRNAs 
were involved in OA progression [7–9]. For instance, 
circRNA FADS2 was lowly expressed in OA and inhib-
ited apoptosis of LPS-treated chondrocytes [10]. Cir-
cRUNX2 was found in the serum of OA patients and 
identified with diagnostic value in OA [11]. Circ-
CDH13 was up-regulated in OA cartilage tissues and 
could promote OA progression by regulating the 
miRNA-296-3p/PTEN pathway [12]. Circ_0136474 
contributed to OA progression by modulating miR-
127-5p and MMP13 [13]. CircRNA circ_0005105 
accelerated the ECM degradation of IL-1β-treated 
chondrocytes by sponging miR-26a and up-regu-
lating NAMPT [14]. Moreover, a previous report 
showed that circ_0008365 (Position: chr2: 224856519-
224866639, Length: 707 nucleotides, Host gene Sym-
bol: SERPINE2) was down-regulated in an OA model 
[15]. However, the function of circ_0008365 in OA 
occurrence remains unclear.

In addition to circRNA, other non-coding RNAs, 
such as microRNA (miRNA) and small interfering 
RNA (siRNA) are also involved in the occurrence of 
osteoarticular diseases [16–19]. MiRNA is a small 
non-coding RNA that mediates mRNA transcrip-
tion and degradation by competitively binding to the 
3′-UTR of mRNAs [20, 21]. CircRNAs could partici-
pate in OA progression by sponging miRNAs, thus 
mitigating the inhibitory effect of miRNA on its target 
genes [22, 23]. For example, circ_0032131 promoted 
OA progression by sponging miR-502-5p and regu-
lating the protein level of PRDX3 [24]. Circ_DHRS3 
sponged miR-138-5p to elevate GREM1 expression 
in chondrocytes [25]. MiR-186-5p was increased in 
IL-1β-induced chondrocytes, and its overexpression 
suppressed OA progression by regulating the expres-
sion of MAPK1 [26]. CircHIPK3 knockdown inhibited 
osteoarthritis chondrocyte apoptosis by up-regulating 
miR-124 and down-regulating SOX8 [23]. Moreover, 
miR-338-3p was up-regulated in an OA model [27]. 
SRY-related high mobility group-box gene 9 (SOX9) 
has been reported to inhibit the progression of OA 
[28]. However, the relationships among circ_0008365, 
miR-338-3p, and SOX9 have not been reported. In this 
study, we explored the roles of circ_0008365 in OA 
progression. Moreover, we analyzed the circ_0008365/
miR-338-3p/SOX9 regulatory pathway in the occur-
rence of OA in vitro with the hope of providing a pos-
sible therapeutic target for OA patients.

Materials and methods
Tissue sample
OA cartilage tissues (n = 25) were isolated from OA 
patients, and normal cartilage tissues were collected from 
knee joints of other patients without OA. All patients 
were recruited from Tianjin Hospital. This study was 
approved by the Ethics Committee of Tianjin Hospital. 
All patients provided the written informed consents.

Cell culture and transient transfection
Human chondrocyte cell line (CHON-001) and 293  T 
cells were obtained from ATCC (Manassas, VA, USA). 
All cells were incubated in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640; Gibco, Carlsbad, CA, USA) 
medium supplemented with 10% fetal bovine serum 
(FBS; Gibco). To mimic an in  vitro cell model for OA, 
CHON-001 cells were induced by IL-1β (10  ng/mL, 
Sigma Aldrich, St. Louis, MO, USA) for 24 h as instructed 
[29]. pcDNA-circ_0008365 (the overexpression vec-
tor of circ_0008365), miR-338-3p mimic or inhibitor 
(miR-338-3p or anti-miR-338-3p), siRNA against SOX9 
(si-SOX9) or corresponding controls (pcDNA, miR-
NC, anti-NC, and si-NC) were purchased from RiboBio 
(Guangzhou, China) and transfected into cells by using 
Lipofectamine™ 3000 kit (Invitrogen), followed by trans-
fection for 24 h for further studies.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)
TRIzol reagent (Invitrogen) was used to isolate total 
RNA. RNA was subjected to reverse transcription using a 
PrimeScript RT reagent kit (Takara, Tokyo, Japan). Then, 
a SYBR Premix Ex Taq II kit (Takara) was used to per-
form qPCR-PCR. The  2−∆∆Ct method was used for quan-
tification analysis. Sequences are listed in Table 1.

Table 1 Primers sequences used for PCR

Name Primers for PCR (5′–3′)

circ_0008365 Forward AAG AAA CGC ACT TTC GTG GC

Reverse AAG GAC GAC CAC ACC GGA A

SOX9 Forward AGG AAG TCG GTG AAG AAC GG

Reverse CGC CTT GAA GAT GGC GTT G

miR-338-3p Forward GTA TGA TCC AGC ATC AGT GATT 

Reverse CTC AAC TGG TGT CGT GGA G

GAPDH Forward GAC AGT CAG CCG CAT CTT CT

Reverse GCG CCC AAT ACG ACC AAA TC

U6 Forward CTC GCT TCG GCA GCACA 

Reverse AAC GCT TCA CGA ATT TGC GT

SERPINE2 Forward ATG AGT GAC TGC AGG TCG T

Reverse CCC GTG TTG GAG CCT AGT TC
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Cell Counting Kit‑8 (CCK‑8) assay
Transfected cells were plated into 96-well plates and 
incubated for 24  h. Then, CCK-8 reagent (Beyotime, 
Jiangsu, China) was added into the cells and cultured 
for 4 h. The optical density (OD) value at 450 nm was 
analyzed.

5‑Ethynyl‑2′‑deoxyuridine (EDU) assay
Transfected cells were plated into 96-well plates and 
cultured for 48  h. An BeyoClick™ EdU-647 kit (Beyo-
time) was used for EDU assay. Cells were incubated 
with EDU buffer for 4  h. After that, 4% formaldehyde 
was used to fix the cells and cell nuclei were stained 
using DAPI. Lastly, the images were photographed.

Western blot (WB) analysis
The proteins were isolated by RIPA buffer (Beyotime). 
The proteins were separated by sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis (SDS–PAGE) 
and transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). These 
membranes were then blocked with 5% non-fat milk 
(Beyotime) and incubated with primary antibod-
ies overnight at 4℃.The primary antibodies, includ-
ing anti-SOX9 (1:1000, ab185966, Abcam), anti-PCNA 
(1:1000, 13110S, CST), anti-cleaved caspase-3 (1:1000, 
9661S, CST), anti-MMP13 (1:1000, 69926S, CST), anti-
ADAMTS5 (1:1000, ab41037, Abcam), anti-COL2A1 
(1:1000, ab188570, Abcam), anti-Aggrecan (1:1000, 
ab3778, Abcam), or anti-β-actin (1:2,000, ab8227, 
Abcam). After secondary antibodies were incubated 
with the membranes, protein bands were developed 
with an ECL kit (Solarbio, Beijing, China).

Dual‑luciferase reporter assay
The fragments of circ_0008365 and 3′UTR of SOX9 
containing miR-338-3p-binding sites and the corre-
sponding mutated sequences were synthesized and 
individually cloned into the psiCHECK2 vector (Pro-
mega, Madison, WI, USA), generating wild-type plas-
mids (circ_0008365-WT and SOX9-3′UTR-WT) and 
mutant-type plasmids (circ_0008365-MUT and SOX9-
3′UTR-MUT). Cells were co-transfected with reporter 
plasmids and miR-338-3p mimic or miR-NC using 
Lipofectamine™ 3000 reagent. After that, luciferase 
activities were detected using Dual Luciferase Reporter 
Gene Assay Kit (Yeasen, Shanghai, China).

RNA pull‑down assay
Biotinylated-miR-con (bio-miR-con) and bio-miR-
338-3p wild-type (bio-miR-338-3p) were obtained from 
RiboBio and transfected into cells for 48 h. After that, 

the cells were lysed by RIPA buffer (Beyotime), followed 
by incubation with magnetic beads After washing the 
beads, circ_0008365 enrichment in the RNA complexes 
was analyzed by qRT-PCR.

RNA Immunoprecipitation (RIP) assay
Magna RIP Kit (Abcam, Cambridge, UK) was used for 
RIP assay. After cells were lysed, cell lysates were co-cul-
tured with Ago2 antibody-bound beads or IgG antibody-
bound beads overnight at 4  °C. RNA level was assessed 
by qRT-PCR.

Flow cytometry analysis
Annexin V-FITC Apoptosis Detection Kit (Beyotime) 
was used to analyze cell apoptosis. Briefly, cells were 
collected and resuspended in 1 × binding buffer. Next, 
Annexin V-FITC and PI were used to incubate these 
cells. After that, flow cytometry (Becton, USA) was used 
to analyze cell apoptosis.

Exosome isolation and identification
Collected plasma was centrifuged at 3000 g for 15 min to 
discard cell fragmentation. Exoquick exosome precipi-
tation solution (System Biosciences) was used to isolate 
exosomes. Exosomes were observed by transmission 
electron microscopy (TEM). Exosome marker proteins 
(CD63 and TSG101) were identified by western blot.

Statistical analysis
All experiments were repeated at least three times. 
Graphpad Prism 7.0 software was used to analyze data, 
and all data were presented as mean ± standard devia-
tions. Differences between two groups were analyzed 
by Student’s t test, and differences among three or more 
groups were analyzed by one-way analysis of variance. 
P < 0.05 was considered statistically significant.

Results
Circ_0008365 expression was decreased in OA cartilage 
tissues and IL‑1β‑induced CHON‑001 cells
To explore the potential role of circ_0008365 in OA, we 
first detected the expression of circ_0008365 in OA car-
tilage tissues (n = 25) and normal tissues (n = 20). The 
results showed that circ_0008365 was decreased in OA 
cartilage tissues compared with normal tissues (Fig. 1A). 
Next, IL-1β-induced CHON-001 cells were used to 
mimic the OA in  vitro cell model, and the results of 
qRT-PCR showed that circ_0008365 expression was also 
decreased in IL-1β-induced CHON-001 cells compared 
to untreated cells (Fig. 1B). The stability of circ_0008365 
was assessed using RNase R, convergent primers, and 
divergent primers. RNase R had no effect on the expres-
sion of circ_0008365 but significantly impaired the 
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expression of SERPINE2 mRNA (Fig. 1C). Circ_0008365 
could only be amplified in cDNA by divergent primers 
(Additional file 1: Fig. S1). Then, cytoplasmic and nuclear 
RNA analysis showed that circ_0008365 was mainly 
located in the cytoplasm of CHON-001 cells (Fig. 1D).

Circ_0008365 inhibited IL‑1β‑induced CHON‑001 cell 
damage
To determine the function of circ_0008365 in IL-1β-
induced CHON-001 cell damage, we overexpressed 
circ_0008365 in CHON-001 cells (Fig.  2A). CHON-
001 cells were transfected with pcDNA or pcDNA-
circ_0008365 (circ_000835) and then treated with IL-1β 
for 24  h. As shown in Fig.  2B, C, the results of CCK-8 
assay and EDU assay demonstrated that overexpres-
sion of circ_0008365 rescued the inhibitory effect of 
IL-1β on CHON-001 cell viability and proliferation. 
Flow cytometry analysis showed that overexpression of 
circ_0008365 partially rescued cell apoptosis induced 
by IL-1β (Fig. 2D). In addition, the expression of PCNA 
was decreased and cleaved caspase-3 expression was 
increased in IL-1β-treated CHON-001 cells, while 

overexpression of circ_0008365 partially increased the 
protein level of PCNA and inhibited the activation of 
caspase-3 in IL-1β-treated CHON-001 cells (Fig.  2E). 
Furthermore, western blot assay showed that IL-1β 
treatment increased MMP13 and ADAMTS5 levels and 
decreased COL2A1 and Aggrecan levels in CHON-
001 cells, while circ_0008365 overexpression reversed 
these impacts (Fig.  2F). Taken together, overexpres-
sion of circ_0008365 promoted proliferation and sup-
pressed apoptosis and ECM degradation of IL-1β-treated 
CHON-001 cells.

Circ_0008365 functioned as a sponge of miR‑338‑3p
Since circ_0008365 is distributed in the cytoplasm, we 
used the starbase online database to predict the potential 
targets of circ_0008365. As shown in Fig. 3A, miR-338-3p 
was a target of circ_0008365. Next, dual-luciferase 
reporter assay, pull-down assay, and RIP assay were 
used to verify the association between miR-338-3p and 
circ_0008365. The transfection efficiency of miR-338-3p 
mimic was proved by qRT-PCR (Fig.  3B). The relative 
luciferase activity of WT-circ_0008365 was suppressed 

Fig. 1 Circ_0008365 expression was decreased in OA cartilage tissues and IL-1β-induced CHON-001 cells. A Relative expression of circ_0008365 
was detected in OA cartilage tissues (n = 25) and normal tissues (n = 20); B Relative expression of circ_0008365 was detected in IL-1β-induced 
CHON-001 cells; C The stability of circ_0008365 and SERPINE2 was analyzed by qRT-PCR in CHON-001 cells treated with or without RNase R; D The 
location of circ_0008365 was determined by cytoplasmic and nuclear RNA separation assay. **P < 0.01, ***P < 0.001



Page 5 of 12Shuai et al. Journal of Orthopaedic Surgery and Research          (2022) 17:452  

by miR-338-3p mimic, while the relative luciferase activ-
ity of the MUT-circ_0008365 group was not changed 
by miR-338-3p introduction in 293  T and CHON-001 
cells (Fig.  3C, D). Moreover, the results of RNA pull-
down assay indicated that circ_0008365 could be pulled 
down by miR-338-3p probe (Fig.  3E). Meanwhile, Ago2 
RIP experiments confirmed that both circ_0008365 
and miR-338-3p could bind to Ago2 protein (Fig.  3F). 
These data demonstrated that miR-338-3p was a tar-
get of circ_0008365. In addition, miR-338-3p expres-
sion was up-regulated in OA cartilage tissues compared 
with normal tissues (Fig. 3G), and we also found a nega-
tive relationship between circ_0008365 and miR-338-3p 
expression in OA tissues (Fig.  3H). The expression of 
miR-338-3p was increased by IL-1β treatment, but over-
expression of circ_0008365 inhibited the miR-338-3p 
expression (Fig. 3I). Taken together, our results indicated 
that circ_0008365 was associated with miR-338-3p.

Circ_0008365 alleviated IL‑1β‑induced CHON‑001 cell 
damage by binding to miR‑338‑3p
To study whether circ_0008365 regulated IL-1β-induced 
CHON-001 cell damage by binding to miR-338-3p, 
IL-1β-induced CHON-001 cells were transfected 
with pcDNA, pcDNA-circ_0008365 (circ_0008365), 
circ_0008365 + miR-NC or circ_0008365 + miR-
338-3p. Cell viability and proliferation were promoted 
by circ_0008365 overexpression, but these effects were 
largely overturned by miR-338-3p overexpression in 
IL-1β-induced CHON-001 cells (Fig. 4A, B). Flow cytom-
etry analysis showed that overexpression of circ_0008365 
significantly decreased cell apoptotic rate in IL-1β-
induced CHON-001 cells, which was reversed by up-reg-
ulating miR-338-3p (Fig. 4C). Meanwhile, the expression 
level of PCNA was elevated and cleaved caspase-3 was 
inhibited by circ_0008365 overexpression, but these 
effects were rescued by increasing miR-338-3p expression 

Fig. 2 Circ_0008365 overexpression inhibited IL-1β-induced CHON-001 cell damage. A The expression of circ_0008365 was detected by qRT-PCR in 
CHON-001 cells transfected with pcDNA or circ_0008356; B–F CHON-001 cells were divided into 4 groups, including con, IL-1β, IL-1β + pcDNA, and 
IL-1β + circ_0008356 groups; (B) CCK-8 assay was used to detect cell viability; C EDU assay was used to measure cell proliferation; D Flow cytometry 
analysis was performed to evaluate the apoptosis of cells; E, F Western blot assay was employed to detect the protein levels of proliferation-related 
PCNA, apoptosis-related pro-caspase-3 and cleaved caspase-3 and ECM-related protein (MMP13, ADAMTS5, COL2A1, and Aggrecan). **P < 0.01, 
***P < 0.001
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in IL-1β-induced CHON-001 cells (Fig. 4D). In addition, 
the data showed that overexpression of circ_0008365 
restrained MMP13 and ADAMTS5 levels and enhanced 
COL2A1 and Aggrecan levels, while miR-338-3p rein-
troduction recovered MMP13 and ADAMTS5 levels 
and decreased COL2A1 and Aggrecan levels (Fig.  4E). 
The above findings implied that circ_0008365 regulated 
IL-1β-induced CHON-001 cell damage by binding to 
miR-338-3p.

SOX9 was a direct target of miR‑338‑3p
SOX9 was predicted to be a potential downstream tar-
get gene of miR-338-3p by Starbase (Fig.  5A). Lucif-
erase reporter assays showed that the luciferase activity 
was significantly reduced after the co-transfection of 
WT-3′UTR SOX9 with miR-338-3p mimics in 293 T and 
CHON-001 cells (Fig.  5B). Western blot analysis sug-
gested that SOX9 expression was negatively regulated by 
miR-338-3p (Fig. 5D–F). Furthermore, the expression of 

SOX9 in OA tissues was down-regulated compared with 
normal tissues (Fig.  5G). Pearson correlation analysis 
showed that SOX9 expression was negatively correlated 
with miR-338-3p expression and positively correlated 
with circ_0008365 expression in OA tissues (Fig. 5H, I). 
Additionally, western blot results showed that the protein 
level of SOX9 was decreased in IL-1β-induced CHON-
001 cells (Fig. 5J). Besides, the protein level of SOX9 was 
increased by the overexpression of circ_0008365 but 
could be restored by miR-338-3p (Fig. 5K). The above evi-
dence suggested that miR-338-3p interacted with SOX9 
and that circ_0008365 could regulate SOX9 expression 
by sponging miR-338-3p in CHON-001 cells.

Knockdown of miR‑338‑3p inhibited IL‑1β‑induced 
CHON‑001 cell damage by regulating SOX9 expression
To explore the association between miR-338-3p and 
SOX9 in IL-1β-induced CHON-001 cells, rescue assays 
were performed. The knockdown efficiency of SOX9 was 

Fig. 3 MiR-338-3p was a target of circ_0008365. A The binding sequence between circ_0008365 and miR-338-3p was predicted by starbase 
online database; B The expression level of miR-338-3p was detected by qRT-PCR in CHON-001 cells transfected with miR-NC or miR-338-3p; C, 
D The luciferase activity in 293 T and CHON-001 cells co-transfected with miR-NC/miR-338-3p and WT-circ_0008365/MUT-circ_0008365 was 
detected by dual-luciferase reporter assay; E The enrichment of circ_0008365 in CHON-001 cells incubated with Bio-NC or Bio-miR-338-3p was 
detected by RNA pull-down assay; F The enrichments of circ_0008365 and miR-338-3p were measured by RIP assay; G The miR-338-3p expression 
in OA cartilage tissues (n = 25) and normal tissues (n = 20) was measured by qRT-PCR; H Pearson correlation analysis was carried out to reveal the 
relationship between miR-338-3p and circ_0008365 expression in OA tissues; I The expression of circ_0008365 in CHON-001 cells treated with IL-1β, 
IL-1β + pcDNA or IL-1β + circ_0008365 and control cells was detected by qRT-PCR assay. ***P < 0.001
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proved by qRT-PCR and the result is shown in Fig. 6A. 
IL-1β-induced CHON-001 cells were transfected with 
anti-NC, anti-miR-338-3p, anti-miR-338-3p + si-NC 
or anti-miR-338-3p + si-SOX9. CCK-8 and EUD assays 
revealed that the knockdown of miR-338-3p significantly 
promoted cell viability and proliferation, but these effects 
were rescued by SOX9 knockdown in IL-1β-induced 
CHON-001 cells (Fig. 6B, C). SOX9 knockdown reversed 
miR-338-3p silencing-induced cell apoptosis inhibition 
in IL-1β-induced CHON-001 cells (Fig. 6D). In addition, 
SOX9 silencing significantly reversed the PCNA pro-
motion and the caspase-3 activity suppression induced 
by miR-338-3p silencing in IL-1β-induced CHON-001 
cells (Fig.  6E). Furthermore, miR-338-3p inhibition 

decreased the protein levels of MMP13 and ADAMTS5 
and increased the protein levels of COL2A1 and Aggre-
can, while these effects were reversed by silencing SOX9 
in IL-1β-induced CHON-001 cells (Fig. 6F). These results 
suggested that miR-338-3p inhibition attenuated IL-1β-
induced CHON-001 cell damage by regulating SOX9.

Circ_0008365 is secreted by exosomes in the serum of OA 
patients
Finally, we collected serums from 25 OA patients and 20 
normal subjects. After isolation of serum exosomes by 
sequential centrifugation, TEM analysis exhibited that 
normal-exo and OA-exo were round-shaped (Fig.  7A). 
The existence of exosome markers CD63 and TSG101 

Fig. 4 Circ_0008365 alleviated IL-1β-induced CHON-001 cell damage by binding to miR-338-3p. A–E IL-1β-induced CHON-001 cells were 
transfected with pcDNA, circ_0008365, circ_0008365 + miR-NC or circ_0008365 + miR-338-3p; A The viability of cells was examined by CCK-8; B 
EDU assay was conducted to detect cell proliferation; C The apoptosis of cells was measured by Flow cytometry analysis; D, E Western blot analysis 
was used to determine protein levels. **P < 0.01, ***P < 0.001
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was confirmed by western blot (Fig. 7B). Then, we found 
that circ_0008365 expression is significantly higher in 
exosomes derived from the serum of OA patients com-
pared with controls (Fig. 7C). Furthermore, ROC analy-
sis results suggested that exosomal circ_0008365 had a 
diagnostic performance in OA with an AUC of 92.95% 
(Fig. 7D).

Discussion
Recent research reports showed that circRNAs were 
involved in OA progression [30, 31]. For example, 
circ_0136474 expression was increased in OA patients 
and functioned as a sponge of miR-766-3p to elevate 
DNMT3A in OA chondrocytes [32]. CircRNA circSPG11 
contributed to OA pathogenesis by negatively regulat-
ing miR-337-3p [33]. In our study, we found a new cir-
cRNA (circ_0008365) that played as an inhibitor in OA 
progression. We found that circ_0008365 and SOX9 were 

down-regulated and miR-338-5p was up-regulated in OA 
tissues and IL-1β-treated CHON-001 cells. Overexpres-
sion of circ_0008365 promoted proliferation and inhib-
ited apoptosis and ECM degradation of IL-1β-induced 
CHON-001 cells. Exosomes are a class of extracellular 
vesicles with a size range of ~ 40 to 160 nm in diameter 
and contain diverse biomolecules, such as lipids, pro-
teins, and nucleic acids [34]. Previous work has indicated 
the possibility of circRNAs as diagnostic markers [35]. 
Our data showed that exosomal circ_0008365 was down-
regulated in the serum of OA patients in comparison 
with controls. Further, exosomal circ_0008365 had great 
value in diagnosing OA with an AUC of 0.9295.

MiRNAs play key roles in OA progression [36, 37]. 
For instance, MiR-145 was decreased in OA and could 
inhibit chondrocytes apoptosis by targeting BNIP3 and 
Notch signaling pathway [38]. MiR-410-3p expression 
was reduced in OA and LPS-induced chondrocytes and 

Fig. 5 SOX9 was a direct target of miR-338-3p. A Starbase online database was used to predict the binding sites between miR-338-3p and SOX9; 
B, C Relative luciferase activities were detected in 293 T and CHON-001 cells co-transfected with miR-NC or miR-338-3p and SOX9-3′UTR-WT or 
SOX9-3′UTR-MUT; D Western blot assays were used to examine the protein level of SOX9 in CHON-001 cells after miR-338-3p overexpression; E 
The knockdown efficiency of miR-338-3p inhibitor was detected by qRT-PCR; F The protein level of SOX9 was detected in CHON-001 cells after 
miR-338-3p knockdown; G The relative level of SOX9 was detected in OA cartilage tissues (n = 25) and normal tissues (n = 20) by qRT-PCR; H, I The 
correlation between SOX9 and miR-338-3p or circ_0008365 expression level in OA tissues was analyzed by Pearson correlation analysis; (J) The 
protein level of SOX9 was assessed in IL-1β-induced CHON-001 cells; (K) The protein level of SOX9 was measured by western blot in IL-1β-treated 
CHON-001 cells transfected with pcDNA, circ_0008365, circ_0008365 + miR-NC or circ_0008365 + miR-338-3p. **P < 0.01, ***P < 0.001
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suppressed OA apoptosis and inflammation by spong-
ing HMGB1, as revealed by an OA mouse model [39]. 
Li et  al. found that miR-19b-3p and miR-17-5p were 
lowly expressed in OA and inhibited OA progression 
by negatively regulating EZH2 [40]. Overexpression of 
miR-675-3p constrained IL-1β-caused OA chondrocyte 
damage [41]. In this study, we found that circ_0008365 
targeted miR-338-5p and that miR-338-5p could revert 
the effects of circ_0008365 on IL-1β-induced CHON-001 
cell damage.

ECM degradation is a pivotal problem in OA, accom-
panied by aggrecan and collagen II down-regulation and 
ADAMTS5 and MMP13 up-regulation [42, 43]. SOX9 

was involved in OA progression [44, 45]. SOX9 could 
regulate ADAMTSs-induced cartilage degeneration in 
human osteoarthritis [45]. In our study, we predicted that 
SOX9 was a downstream target gene of miR-338-5p and 
circ_0008365. Silencing of SOX9 overturned the effects 
of miR-338-5p inhibitor on IL-1β-induced damage.

Our studies also had some limitations. For example, 
inflammation is an important part of osteoarthritis. 
However, there is no detection of inflammation-related 
factors in our study. On the other hand, we only stud-
ied the role of circ_0008365 in OA using an in vitro cell 
model but not using in vivo mouse model. In future stud-
ies, we will focus on the above limitations.

Fig. 6 Knockdown of miR-338-3p inhibited IL-1β-induced CHON-001 cell damage by regulating SOX9 expression. A The transfection efficiency 
of SOX9 overexpression vector was assessed by western blot analysis; B–F IL-1β-treated CHON-001 cells were transfected with anti-NC, 
anti-miR-338-3p, anti-miR-338-3p + si-NC or anti-miR-338-3p + si-SOX9; CCK-8 assay (B), EDU assay (C), and flow cytometry analysis assay (D) 
were used to examine cell viability, proliferation, and apoptosis of cells; E, F The protein levels of proliferation-related PCNA, apoptosis-related 
pro-caspase-3 and cleaved caspase-3 and ECM-related protein (MMP13, ADAMTS5, COL2A1, and Aggrecan) were detected by western blot analysis. 
**P < 0.01, ***P < 0.001
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In summary, overexpression of circ_0008365 inhib-
ited IL-1β-induced CHON-001 cell damage by medi-
ating the microR-338-5p/SOX9 pathway. Thus, the 
present work suggested that circ_0008365 might be 
used as a potential therapeutic target or diagnostic bio-
marker for OA.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13018- 022- 03240-z.

Additional file 1: Fig. S1. The circular structure of circ_0008365 was 
analyzed with divergent primers and convergent primers.

Acknowledgements
None

Author contributions
SS and QC designed and performed the research; SS, QC, and YO analyzed the 
data; SS and QC wrote the manuscript. All authors read and approved the final 
manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Fig. 7 Circ_0008365 was secreted by exosomes in the serum of OA patients. A Exosomes (indicated by red arrows) derived from serum of OA 
patients and normal people were detected by electron microscope; B The protein levels of CD63 and TSG101 were measured by western blot assay; 
C The relative expression of circ_0008365 was measured by qRT-PCR in exosome derived from serum of OA patients (n = 25) and healthy controls 
(n = 20); D The receiver operating characteristic (ROC) curve analysis for exosomal circ_0008365 in diagnosing OA. ***P < 0.001

https://doi.org/10.1186/s13018-022-03240-z
https://doi.org/10.1186/s13018-022-03240-z


Page 11 of 12Shuai et al. Journal of Orthopaedic Surgery and Research          (2022) 17:452  

Declarations

Ethics approval and consent to participate
Written informed consents were obtained from all participants and this study 
was permitted by the Ethics Committee of Tianjin Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Department of Rehabilitation, Tianjin Hospital, Tianjin 300211, China. 2 Pain 
Department, Chongqing Qijiang District People’s Hospital, No. 54, Tuowan 
Branch Road, Gunan Street, Qijiang District, Chongqing 401420, China. 

Received: 1 April 2022   Accepted: 5 July 2022

References
 1. Jacob L, Kostev K. Osteoarthritis and the incidence of fracture in the 

United Kingdom: a retrospective cohort study of 258,696 patients. Osteo-
arthritis Cartil. 2021;29(2):215–21.

 2. Liu Q, Wang S, Lin J, Zhang Y. The burden for knee osteoarthritis among 
Chinese elderly: estimates from a nationally representative study. Osteo-
arthritis Cartil. 2018;26(12):1636–42.

 3. Hsiao K, Sun H, Tsai S. Circular RNA - New member of noncoding RNA 
with novel functions. Exp Biol Med (Maywood). 2017;242(11):1136–41.

 4. Chen B, Huang S. Circular RNA: An emerging non-coding RNA as a regu-
lator and biomarker in cancer. Cancer Lett. 2018;418:41–50.

 5. Zhang X, Wang P, Yuan K, Li M, Shen Y, Que H, Wang Y, Liang W. in vit-
roHsa_circ_0024093 accelerates VSMC proliferation via miR-4677–3p/
miR-889–3p/USP9X/YAP1 axis in model of lower extremity ASO. Mol Ther 
Nucleic Acids. 2021;26:511–22.

 6. Ren K, Li B, Jiang L, Liu Z, Wu F, Zhang Y, Liu J, Duan W. circ_0023461 
silencing protects cardiomyocytes from hypoxia-induced dysfunction 
through targeting miR-370–3p/PDE4D signaling. Oxidative Med Cell 
Longevity. 2021;2021:8379962.

 7. Liu Q, Zhang X, Hu X, Yuan L, Cheng J, Jiang Y, Ao Y. Emerging roles of 
circRNA related to the mechanical stress in human cartilage degradation 
of osteoarthritis. Mol Ther Nucleic Acids. 2017;7:223–30.

 8. Chen G, Liu T, Yu B, Wang B, Peng Q. CircRNA-UBE2G1 regulates LPS-
induced osteoarthritis through miR-373/HIF-1a axis. Cell cycle (George-
town, Tex). 2020;19(13):1696–705.

 9. Wu W, Zou J. Studies on the role of circRNAs in osteoarthritis. BioMed Res 
Int. 2021;2021:8231414.

 10. Zhang H, Ge J, Lu X. CircFADS2 is downregulated in osteoarthritis and 
suppresses LPS-induced apoptosis of chondrocytes by regulating miR-
195–5p methylation. Arch Gerontol Geriatrics. 2021;96:104477.

 11. Wang C, Li N, Liu Q, Su L, Wang S, Chen Y, Liu M, Lin H. The role of circRNA 
derived from RUNX2 in the serum of osteoarthritis and its clinical value. J 
Clin Lab Anal. 2021;35(7):e23858.

 12. Zhou Z, Ma J, Lu J, Chen A, Zhu L. Circular RNA CircCDH13 contributes to 
the pathogenesis of osteoarthritis via CircCDH13/miR-296-3p/PTEN axis. J 
Cell Physiol. 2021;236(5):3521–35.

 13. Li Z, Yuan B, Pei Z, Zhang K, Ding Z, Zhu S, Wang Y, Guan Z, Cao Y. 
Circ_0136474 and MMP-13 suppressed cell proliferation by com-
petitive binding to miR-127-5p in osteoarthritis. J Cell Mol Med. 
2019;23(10):6554–64.

 14. Wu Y, Zhang Y, Zhang Y, Wang J. CircRNA hsa_circ_0005105 upregulates 
NAMPT expression and promotes chondrocyte extracellular matrix 
degradation by sponging miR-26a. Cell Biol Int. 2017;41(12):1283–9.

 15. Ni W, Jiang C, Wu Y, Zhang H, Wang L, Yik J, Haudenschild D, Fan S, Shen S, 
Hu Z. CircSLC7A2 protects against osteoarthritis through inhibition of the 
miR-4498/TIMP3 axis. Cell Prolif. 2021;54(6):e13047.

 16. Giordano L, Porta GD, Peretti GM, Maffulli N. Therapeutic potential of 
microRNA in tendon injuries. Br Med Bull. 2020;133(1):79–94.

 17. Oliviero A, Della Porta G, Peretti GM, Maffulli N. MicroRNA in osteoarthri-
tis: physiopathology, diagnosis and therapeutic challenge. Br Med Bull. 
2019;130(1):137–47.

 18. Gargano G, Oliviero A, Oliva F, Maffulli N. Small interfering RNAs in tendon 
homeostasis. Br Med Bull. 2021;138(1):58–67.

 19. Gargano G, Oliva F, Oliviero A, Maffulli N. Small interfering RNAs in the 
management of human rheumatoid arthritis. Br Med Bull. 2022

 20. Li F, Yao J, Hao Q, Duan Z. miRNA-103 promotes chondrocyte apoptosis 
by down-regulation of Sphingosine kinase-1 and ameliorates PI3K/AKT 
pathway in osteoarthritis. Biosci Rep. 2019;39(10):BSR20191255.

 21. Zhang W, Hu C, Zhang C, Luo C, Zhong B, Yu X. MiRNA-132 regulates 
the development of osteoarthritis in correlation with the modulation of 
PTEN/PI3K/AKT signaling. BMC Geriatr. 2021;21(1):1–10.

 22. Chen G, Liu T, Yu B, Wang B, Peng Q. CircRNA-UBE2G1 regulates 
LPS-induced osteoarthritis through miR-373/HIF-1a axis. Cell Cycle. 
2020;19(13):1696–705.

 23. Wu Q, Yuan Z, Ma X, Tang X. Low expression of CircRNA HIPK3 promotes 
osteoarthritis chondrocyte apoptosis by serving as a sponge of miR-124 
to regulate SOX8. Eur Rev Med Pharmacol Sci. 2020;24(15):7937–45.

 24. Xu J, Ma X. Hsa_circ_0032131 knockdown inhibits osteoarthritis 
progression via the miR-502-5p/PRDX3 axis. Aging (Albany NY). 
2021;13(11):15100.

 25. Jiang R, Gao H, Cong F, Zhang W, Song T, Yu Z. Circ_DHRS3 positively 
regulates GREM1 expression by competitively targeting miR-183–5p to 
modulate IL-1β-administered chondrocyte proliferation, apoptosis and 
ECM degradation. Int Immunopharmacol. 2021;91:107293.

 26. Li Q, Wu M, Fang G, Li K, Cui W, Li L, Li X, Wang J, Cang Y. MicroRNA-186-5p 
downregulation inhibits osteoarthritis development by targeting MAPK1. 
Mol Med Rep 2021;23(4)

 27. Dou X, Zhang Z, Wang S, Zhou X. Combined use of Serum miR-338–3p, 
cartilage oligomeric matrix protein and chondroitin sulfate-846 in the 
early diagnosis of knee osteoarthritis. Clin Lab. 2019;65(3)

 28. Ouyang Y, Wang W, Tu B, Zhu Y, Fan C, Li Y. Overexpression of SOX9 allevi-
ates the progression of human osteoarthritis in vitro and in vivo. Drug 
Des Devel Ther. 2019;13:2833–42.

 29. Xiao P, Zhu X, Sun J, Zhang Y, Qiu W, Li J, Wu X. MicroRNA-613 allevi-
ates IL-1β-induced injury in chondrogenic CHON-001 cells by targeting 
fibronectin 1. Am J Transl Res. 2020;12(9):5308–19.

 30. Li H, Liu Z, Guo X, Zhang M. Circ_0128846/miR-140–3p/JAK2 network in 
osteoarthritis development. Immunol Investig. 2021;1–19.

 31. Zhu C, Shen K, Zhou W, Wu H, Lu Y. Exosome-mediated circ_0001846 
participates in IL-1β-induced chondrocyte cell damage by miR-
149–5p-dependent regulation of WNT5B. Clin Immunol (Orlando, Fla). 
2021;108856.

 32. Zhu H, Zhu S, Shang X, Meng X, Jing S, Yu L, Deng Y. Exhausting 
circ_0136474 and restoring miR-766–3p attenuate chondrocyte oxidative 
injury in IL-1β-induced osteoarthritis progression through regulating 
DNMT3A. Front Genet. 2021;12:648709.

 33. Liu Y, Li Q, Gao Z, Lei F, Gao X. Circ-SPG11 knockdown hampers IL-1β-
induced osteoarthritis progression via targeting miR-337-3p/ADAMTS5. J 
Orthop Surg Res. 2021;16(1):392.

 34. He C, Zheng S, Luo Y, Wang B. Exosome theranostics: biology and transla-
tional medicine. Theranostics. 2018;8(1):237–55.

 35. Wang Y, Liu J, Ma J, Sun T, Zhou Q, Wang W, Wang G, Wu P, Wang H, Jiang 
L, Yuan W, Sun Z, Ming L. Exosomal circRNAs: biogenesis, effect and 
application in human diseases. Mol Cancer. 2019;18(1):116.

 36. Chen R, Ye B, Xie H, Huang Y, Wu Z, Wu H, Wang X, Miao H, Liang W. miR-
129-3p alleviates chondrocyte apoptosis in knee joint fracture-induced 
osteoarthritis through CPEB1. J Orthop Surg Res. 2020;15(1):552.

 37. He J, Su X, Xie W. MiR-582–3p alleviates osteoarthritis progression by 
targeting YAP1. Mol Immunol. 2020;128:258–67.

 38. Wang W, Liu S, Qi Z, Lv Z, Ding H, Zhou W. MiR-145 targeting BNIP3 
reduces apoptosis of chondrocytes in osteoarthritis through Notch 
signaling pathway. Eur Rev Med Pharmacol Sci. 2020;24(16):8263–72.

 39. Pan H, Dai H, Wang L, Lin S, Tao Y, Zheng Y, Jiang R, Fang F, Wu Y. Micro-
RNA-410-3p modulates chondrocyte apoptosis and inflammation by 
targeting high mobility group box 1 (HMGB1) in an osteoarthritis mouse 
model. BMC Musculoskelet Disord. 2020;21(1):486.



Page 12 of 12Shuai et al. Journal of Orthopaedic Surgery and Research          (2022) 17:452 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 40. Li Y, Yuan F, Song Y, Guan X. miR-17-5p and miR-19b-3p prevent osteoar-
thritis progression by targeting EZH2. Exp Ther Med. 2020;20(2):1653–63.

 41. Shen X, Cheng Y, Dong Q, Zheng M. MicroRNA-675-3p regulates IL-1β-
stimulated human chondrocyte apoptosis and cartilage degradation by 
targeting GNG5. Biochem Biophys Res Commun. 2020;527(2):458–65.

 42. Pan D, Lyu Y, Zhang N, Wang X, Lei T, Liang Z. RIP2 knockdown inhibits 
cartilage degradation and oxidative stress in IL-1β-treated chondrocytes 
via regulating TRAF3 and inhibiting p38 MAPK pathway. Clinical immu-
nology (Orlando, Fla). 2021;108868.

 43. Park S, Arai Y, Bello A, Park H, Kim D, Park K, Lee S. SPRY4 acts as an indica-
tor of osteoarthritis severity and regulates chondrocyte hypertrophy and 
ECM protease expression. NPJ Regener Med. 2021;6(1):56.

 44. Ouyang Y, Wang W, Tu B, Zhu Y, Fan C, Li Y. Overexpression of SOX9 allevi-
ates the progression of human osteoarthritis in vitro and in vivo. Drug 
Design Dev Ther. 2019;13:2833–42.

 45. Zhang Q, Ji Q, Wang X, Kang L, Fu Y, Yin Y, Li Z, Liu Y, Xu X, Wang Y. SOX9 
is a regulator of ADAMTSs-induced cartilage degeneration at the early 
stage of human osteoarthritis. Osteoarthritis Cartil. 2015;23(12):2259–68.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Circular RNA circ_0008365 regulates SOX9 by targeting miR-338-3p to inhibit IL-1β-induced chondrocyte apoptosis and extracellular matrix degradation
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Tissue sample
	Cell culture and transient transfection
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	Cell Counting Kit-8 (CCK-8) assay
	5-Ethynyl-2′-deoxyuridine (EDU) assay
	Western blot (WB) analysis
	Dual-luciferase reporter assay
	RNA pull-down assay
	RNA Immunoprecipitation (RIP) assay
	Flow cytometry analysis
	Exosome isolation and identification
	Statistical analysis

	Results
	Circ_0008365 expression was decreased in OA cartilage tissues and IL-1β-induced CHON-001 cells
	Circ_0008365 inhibited IL-1β-induced CHON-001 cell damage
	Circ_0008365 functioned as a sponge of miR-338-3p
	Circ_0008365 alleviated IL-1β-induced CHON-001 cell damage by binding to miR-338-3p
	SOX9 was a direct target of miR-338-3p
	Knockdown of miR-338-3p inhibited IL-1β-induced CHON-001 cell damage by regulating SOX9 expression
	Circ_0008365 is secreted by exosomes in the serum of OA patients

	Discussion
	Acknowledgements
	References


