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INTRODUCTION

Osteoarthritis (OA) is a chronic degenerative joint disease, pri-
marily characterized by the degradation of articular cartilage.1 
OA is more frequent among older adults, commonly affecting 
peripheral joints, including the knees, hips, and small joints of 
the hands, and is a leading cause of pain, joint dysfunction, phys-
ical disability, substantial morbidity, and reduced quality of life 
worldwide.2 Multiple factors have been found to be involved in 
the pathogenesis of OA, including genetic predisposition, altered 
mechanical loading, and abnormal expression of genes in the 
articular chondrocytes.3 However, the detailed molecular mech-
anisms of OA occurrence and progression remain poorly under-
stood, and currently, there are no interventions available to re-
store degraded cartilage or decelerate disease progression.4 
Therefore, it is urgently needed to elucidate the pathological me-
chanisms of OA and to develop potential alternative therapeutics.

Circular RNAs (circRNAs) are a large class of non-coding 
RNAs (ncRNAs) that exist ubiquitously in eukaryotic cells;5,6 
however, they have typically been regarded as a byproduct of 
errant splicing or mRNA process due to low transcript abun-
dance. Only recently, with the rapid development of high th-
roughout RNA sequencing (RNA-Seq) technology and bioin-
formatics methods, numerous circRNAs have been discovered 
and identified in human cells, resulting in a resurgence of great 
interest in the field of genomic research. New evidence suggests 
that some circRNAs can function as miRNA sponges,7-9 inter-
act with RNA-binding proteins (RBPs),10-12 and regulate gene 
transcription7,13 and protein translation.14,15 Although studies on 
circRNAs are still in their infancy, they have emerged as critical 
players in the occurrence and progression of OA, thereby pro-
viding new insights into the underlying molecular mechanisms 
and treatment of OA.16-18 Here, we briefly summarize the clas-
sification, biogenesis, characteristics, and biofunctions of cir-
cRNAs, and then, review current knowledge on their emerg-
ing pathological implications and therapeutic potential in OA.

CLASSIFICATION AND BIOGENESIS OF 
circRNAs

CircRNAs are mainly divided into three categories: exonic, ex-
on-intron, and intronic circRNA,7,19 which are produced form 
different circularizing mechanisms.
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Splicing of canonical eukaryotic pre-messenger RNAs (pre-
mRNA) is catalyzed by the spliceosomal machinery to remove 
introns and join exons, leading to formation of a linear RNA 
transcript with 5’ or 3’ polarity.20 Different from canonical splic-
ing of linear RNA, most circRNAs are generated by a process 
called backsplicing, which does not follow the canonical 5’-3’ 
order (Fig. 1).20,21 The backsplicing process consists of exon cir-
cularization between a downstream 5’ splice site (splice donor) 
and an upstream 3’ splice site (splice acceptor) in the same 
pre-mRNA, thereby generating a circular product (circRNAs) 
without the usual terminal structure {e.g., 5’ cap or a polyade-
nylated [poly (A)] tail}.7,22,23 As for the mechanism of exon cir-
cularization, Jeck and his colleagues7 put forward two models 
in 2013. One model is termed lariat-driven circularization or 
exon skipping. A partially folded pre-mRNA transcript brings 
the original non-adjacent exons close to the others, and then 
exon skipping occurs, resulting in a crossed region that forms a 
lariat intermediate containing several exons and introns. Next, 
the introns in the lariat are removed, generating exonic circRNAs. 
Generally, introns between the circularized exons are spliced 
out, although in some cases, they are retained to form exon-in-
tron circRNAs.11 The other model is termed intron-pairing driv-
en circularization or direct backsplicing. Circular structures 
are formed via base-pairing of ALU complementarity or other 
RNA secondary structures across flanking introns, resulting in 
the downstream splice donor being connected to an upstream 
splice acceptor. Intronic circRNAs are produced from intron 
lariats that are resistant to degradation by de-branching en-
zymes.7,11 Intronic circRNAs contain a single unique 2’-5’ link-
age that distinguishes them from exonic circRNAs, and their 
formation depends on 7 nt GU-rich sequences near the 5’ splice 
site and 11 nt C-rich sequences close to the branchpoint site.10 
Additionally, recent studies have demonstrated another model 
of circRNAs biogenesis through RBPs. In this case, the alterna-
tive splicing factors Quaking protein (QKI)5 and Muscleblind 
protein (MBL)24 can bind certain circRNAs flanking introns and 
form a bridge that brings two flanking intronic sequences close 
together, hence promoting the circularization to form circRNAs. 
This mechanism is similar to the intron-pairing-driven circu-

Fig. 1. Possible biogenesis models of circRNAs. pre-mRNA, pre-mes-
senger RNAs; RBP, RNA-binding protein; circRNAs, circular RNAs.
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larization pathway, except that RBPs regulate adjacent splice 
sites instead of the direct base pairing between complementary 
motifs seen in the intron-pairing-driven model. 

CHARACTERISTICS OF circRNA

Along with deep sequencing and bioinformatics, researchers 
have recognized that circRNAs have several common features. 
First, circRNAs are abundant. Recent studies have indicated 
that circRNAs are widely expressed and their expression levels 
exceed ten times that of the corresponding linear mRNAs in 
human cells.7,25 Second, circRNAs are stable. CircRNAs show 
more stable properties than linear mRNAs in human bodies due 
to their covalently closed loop structures with neither 5’ cap nor 
3’ Poly (A) tails, which confer resistance to RNA exonuclease or 
ribonuclease R (RNase R) activity.26 This is further substantiat-
ed by the average half-life of circRNAs over 48 h, compared to 
an average half-life of 10 h for mRNAs.27 Third, circRNAs are 
conserved. Large numbers of circRNAs have highly conserved 
sequences in different species.7,25 For example, the circRNA 
Foxo3 circular RNA (circ-Foxo3) was found to be highly ex-
pressed in heart samples from aged patients and mice.28 Fourth, 
circRNAs are location- and expression-specific. Exonic circRNAs 
are predominantly in cytoplasm,26 whereas intronic circRNAs 
are primarily located in the nucleus in eukaryotes, which har-
bors miRNA binding miRNA response elements (MREs) and 
forming circRNAs-miRNAs axes are involved in regulation of 
gene expression at the transcription or post transcription level.7,10 

BIOFUNCTIONS OF circRNA

CircRNAs can function as miRNA sponges, interact with RBPs, 
and regulate gene transcription, and a few circRNAs can be 
translated into protein or peptides.

MiRNA sponges 
MiRNAs, an abundant class of small ncRNAs (~22 nt), post-
transcriptionally regulate the translation of target mRNAs via 
corresponding MREs.29 Current studies have provided evidence 
that some circRNAs contain MREs, allowing them to serve as 
competitive endogenous RNAs to compete for miRNA-bind-
ing sites, which leads to the generation of the term “miRNA 
sponges,” since circRNAs sequester the function of miRNAs so 
that they can no longer act on their target mRNA.8,9,30 The first 
miRNA sponge identified was the human circRNA cerebellar 
degeneration-related protein 1 transcript, which contains 74 
binding sites for miR-7, and is, therefore, capable of decreas-
ing miR-7 activity.8 Other circRNAs may function in a similar 
manner to regulate the activity of particular miRNAs. Murine 
sex-determining region Y, a testis-specific circRNA, has 16 
binding sites for miR-138 and acts as a miR-138 sponge, there-
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by regulating the expression of miR-138-target genes.9 Cir-
cRNA circ-ABCB10 (has-circ-008717) promotes breast cancer 
proliferation and progression through sponging miR-1271.31 
CircHIPK3 serves as a sponge to nine miRNAs with 18 poten-
tial binding sites, and directly binds to miR-124, leading to in-
hibition of miR-124 activity in malignant tumors.32 CirlTCH 
acts as a miRNA sponge for several miRNAs (miR-7, miR-17, 
and miR-124) to increase ITCH levels, thereby inhibiting the 
Wnt/β-catenin pathway.33 In summary, these findings suggest 
that miRNA sponge effects achieved by circRNA formation may 
be a general phenomenon,9 and so far, tens of thousands of cir-
cRNAs have been found by bioinformatics analysis to exhibit 
miRNA absorption, which has been found to potentially pos-
sess pathological and clinical relevance in human disease.34-37 

Interaction with RBPs 
RBPs may participate in many bioactivities, such as cell prolif-
eration, differentiation, motility, apoptosis, senescence, cellu-
lar responses to oxidative stress, and so on. It has been reported 
that circRNAs can binds multiple RBPs, such as RNA poly-
merase II (Pol II),10 Argonaute (AGO) proteins,8,9 MBL,24 QKI,5 
eukaryotic initiation factor 4A-III (EIF4A3),38 etc., forming 
large RNA-protein complexes via stable interaction.39 This in-
teraction with RBPs might lead to a similar effect as miRNA 
sponging, resulting in depletion of RBPs and a reduction in their 
interactions with RNA targets.40 For example, MBL can bind 
exon 2 of its parental gene and promote its circulation to form 
circMBL, which can then bind MBL to reduce the effective 
concentrations of MBL and the production of circMBL.24 Re-
cently, a new web tool, CircInteractome (circRNA interactome), 
has been developed and has helped in the discovery of some 
circRNAs that are ‘super-sponges’, with an exceptionally high 
density of binding sites for a given RBP. Among these cir-
cRNAs, hsa_circ_0024707 could function as a super sponge for 
AGO2 with 85 predicted positions, and the mature circRNA 
hsa_circ_0000020 contains multiple binding sites for several 
RBPs, such as HuR (6 sites) and FMRP (10 sites).38 

Transcription regulation 
Recent studies have shown that some circRNAs can regulate 
the expression of parental genes.10,41 For example, CircEIF3J 
and circPAIP2, the two most abundant nuclear species of ex-
on-intron circRNAs in HEK-293, contain one potential U1 
small nuclear ribonucleoprotein particle (U1snRNP)-binding 
site in their retained introns, and connect with U1 snRNP to 
form circRNAs-U1 snRNP complexes that promote interac-
tions with RNA Pol II and the promoter region of the parental 
gene, resulting in cis transcription initiation of the parental 
gene.11 Ci-ankrd52, one abundant circRNA derived from the 
second intron of ANKRD52 gene, accumulates to its sites of 
transcription, associates with elongation Pol II machinery, 
and positively regulates Pol II transcription. Knockdown of ci-
ankrd52 leads to the reduced expression of its parental gene.10 

From the above, we speculate that circRNAs containing intron-
ic sequences, such as exon-intron circRNAs and intronic cir-
cRNA, may regulate transcription in the nucleus, while exon 
circRNAs may function as miRNA sponges in the cytoplasm.

Protein translation 
Because some circRNAs have open reading frames (ORF), it is 
speculated that they can be translated into proteins. Recently, 
researchers have uncovered strong evidence for translation of 
circRNAs, only when circRNAs contain internal ribosome entry 
site elements (IRES).15,42 An IRES is an alternative means of 
translation initiation in eukaryotes that is independent of the 
5’ cap structure and 3’ poly (A) tail recognition. Wang and Wang22 
constructed a minigene in vitro, containing the cytomegalovi-
rus promoter, IRES, and an exon encoding green fluorescent 
protein, which allowed the circularization of corresponding 
transcription. Legnini, et al.43 identified Circ-ZNF609 with the 
UTR sequence as an IRES, which is translated into a protein in 
a splicing-dependent and cap-independent manner. A cir-
cRNAs database, named circRNADb, containing 32914 hu-
man exonic circRNAs was established to provide detailed in-
formation of the circRNAs, including genome sequence, ORF, 
and IRES, to users for prediction of the translatability of certain 
circRNAs.14 Yang, et al.44 reported that N6-methyladenosine 
(m6A) as an IRES promotes efficient initiation of protein trans-
lation from circRNAs in human cells. They discovered that m6A 
motifs are enriched in circRNAs and that a single m6A site is 
sufficient to drive translation initiation. This m6A-driven trans-
lation requires initiation factor eIF4G2 and m6A reader YTHDF3, 
is enhanced by methyltransferase METTL3/14, inhibited by 
demethylase FTO, and upregulated upon heat shock. They also 
found that m6A-driven translation of circRNAs is widespread, 
with hundreds of endogenous circRNAs having translation 
potential, suggesting that such translation could be common to 
many circRNAs. These results challenge the stereotypic view of 
circRNAs as ncRNAs, and open new paradigms for potential 
function of circRNAs.

ROLE OF circRNAs IN OA

Profile of circRNAs expression in human OA cartilage 
Aberrant expression of circRNAs have been reported to be in-
volved in several types of human diseases, such as cancer, dia-
betes, cardiovascular disease, and Alzheimer’s disease.6,45 How-
ever, the involvement of circRNAs remains largely unknown 
in the pathogenesis of OA. Recent studies indicated that some 
circRNAs are aberrantly expressed in human OA cartilage. In 
a study, Liu, et al.16 discovered that a total of 71 circRNAs were 
differentially expressed in OA cartilage, compared with nor-
mal cartilage. Sixteen of these circRNAs were upregulated and 
55 were downregulated in OA tissues. Among these differen-
tially expressed circRNAs, upregulation of circRNA-100876 [chon-



352

Circular RNAs and Osteoarthritis

https://doi.org/10.3349/ymj.2018.59.3.349

drocyte extracellular matrix related circRNAs (circRNA-CER)], 
circRNA_100086, circRNA_101178 and circRNA_ 101914 was fur-
ther confirmed by quantitative reverse transcription polymerase 
chain reaction (qPCR).16 CircRNA-CER was up-regulated in OA 
with a 2.5-fold change on qPCR. Moreover, the expression of 
circRNA-CER was upregulated in chondrocyte stimulated with 
catabolic stimulators, such as interleukin-1 (IL-1) and tumor ne-
crosis factor-α (TNFα).16 Wu, et al.17 found that has-circ-0005105 
expression in chondrocytes was significantly upregulated by 
interleukin-1 beta (IL-1β) in a time dependent manner. Liu, et 
al.18 identified that a total of 104 circRNAs were differentially ex-
pressed in damaged versus intact cartilage. Of these circRNAs, 
44 and 60 were upregulated and downregulated, respectively, 
in the damaged cartilage.18  qRT-PCR results also indicated that 
circRNA_000598, circRNA_103387, circRNA_101975, and cir-
cRNA_100226 [mechanical stress-related circRNAs (circRNAs-
MSR)] were overexpressed in the damaged region, compared 
with the intact region, of cartilage in OA, which is consistent 
with microarray data.18 Moreover, circRNA-MSR expression in-
creased under mechanical stress in chondrocytes.18 Collectively, 
there are a number of aberrantly expressed circRNAs in hu-
man OA cartilage, and these circRNAs may be involved in the 
pathogenesis of OA. Further functional investigation of single 
circRNA is essential to confirm the association with OA and to 
explore novel potential targets for therapy.

CircRNAs regulate extracellular matrix degradation
While the underlying molecular mechanisms of OA have not 
been fully clarified, increased catabolism in the extracellular 
matrix (ECM) of articular cartilage is acknowledged as a key 
factor in the occurrence and progression of OA.1,3,4 ECM is pre-
dominantly composed of type II collagen (ColII) and aggre-
can, and the progressive loss of these components is thought 
to be a primary pathological feature of OA. Matrix-degrading 
enzymes, such as matrix metalloproteinases (MMPs), and a 
disintegrin and metalloproteinase with thrombospondin mo-
tifs (ADAMTS) are primary enzymes responsible for ECM deg-
radation.3 Moreover, a number of MMPs are highly upregulated 
in OA cartilage, and knockout of ADAMTS5 leads to significant 
reduction in the severity of cartilage destruction.3 With the 
broad biofunctions of circRNAs, it is very possible for some 
circRNAs to be involved in the regulation of MMPs and AD-
AMTS expression within articular cartilage. 

CircRNA-CER, identified previously as hsa_circ_0023404 in 
a large effort of RNA-Seq bioinformatics analysis,46 is a special 
chondrocyte ECM-related circRNA. Its gene is located at 
chr11:71668272-71671937, and its associated-gene symbol is 
RNF121. The length of the circRNA-CER is 180 bp. Network 
analysis of circRNAs-miRNAs-mRNAs interactions was per-
formed, identifying five potential binding sites for miRNA 
(miR-636, miR-665, miR-217, miR-646, and miR-136) in cir-
cRNA-CER.16 Then, the existence of co-regulation of circRNA-
CER and MMP13 gene expression upon binding of miR-136 

in its 3’UTR region was demonstrated.16 Knockdown of cir-
cRNA-CER in OA chondrocytes using small interfering RNA 
(siRNA) was shown to decrease the expression of mRNA for 
MMP13 and increase the expression of mRNA for ColII and ag-
grecan, which were reversed through co-transfection with the 
miR-136 inhibitor and si-circRNA-CER.16 This occurs mainly 
because circRNA-CER serves as a miR-136 sponge, sequester-
ing miRNAs and controlling the expression level of MMP13, 
and participating in the process of chondrocyte ECM degra-
dation.16 Therefore, inhibition of circRNA-CER may provide a 
novel and promising therapeutic strategy for stimulating ECM 
regeneration and slowing joint degeneration. 

Human has_circ_0005105 contains miR-26a binding site 
identified by bioinformatics analysis.17 The expression of has_
circ_0005105 was significantly upregulated in chondrocytes 
simulated with IL-1β, whereas the expression of miR-26a in 
chondrocytes was obviously downregulated, which is nega-
tively correlated with that of has_circ_0005105, indicating that 
has_circ_0005105 may play a role through miR-26a.17 Quanti-
tative PCR further indicated that has_circ_0005105 could not 
change the expression of miR-26a, although it could inhibit the 
transcriptional activity of miR-26a.17 Moreover, Western blot 
detection showed that has_circ_0005105 could inhibit the ex-
pression of ColII and aggrecan, and promote the expression 
of MMP13 and ADAMTS4, whereas miR-26a has the opposite 
role, suggesting that has_circ_0005105 can accelerate ECM 
degradation by regulating the expression of miR-26a.17 In ad-
dition, Etich, et al.47 found that dysregulation of miR-26a ex-
pression could contribute to ECM changes in cartilage disease 
and that this miRNA may therefore act as a therapeutic target. 
Rasheed, et al.48 demonstrated that has-miR-26a-5p may be an 
important regulator of human cartilage homeostasis and a new 
target for OA therapy. In a word, these findings suggest that 
has_circ_0005105 may be an important factor promoting the 
occurrence and progression of OA.

CircRNA-MSR is a special cartilage circRNA (has_circ_100226, 
ID circ_0005567 in circBase; http://circbase.org), with its gene 
located at chr1:51868106-51874004, the symbol of the associ-
ated gene being EPS15, and the length of 607 bp. The expres-
sion of circRNA-MSR was found to be overexpressed in dam-
aged regions, compared with intact regions, of the cartilage in 
OA. Moreover, its expression was also significantly increased 
under mechanical stress in chondrocytes.18 Meanwhile, knock-
down of circRNA-MSR could suppress TNF-α expression and 
increase the expression of ColII and aggrecan,18 indicating that 
circRNA-MSR can promote ECM degradation. According to the 
informatics analysis, there are five miRNA-binding sites for 
circRNA-MSR, and they are miR-138, miR-145, miR-24, miR-
620, and miR-875. The circRNA-MSR 3’UTR sequence matches 
these miRNAs, and the TNF-α 3’UTR matches miR-875, sug-
gesting that miR-875 is a common miRNA that can target both 
circRNA-MSR and TNFα.18 Taken together, circRNA-MSR may 
promote the degradation of chondrocyte ECM, and knock-



353

Chen-Xi Yu and Shui Sun

https://doi.org/10.3349/ymj.2018.59.3.349

down of circRNA-MSR could be a potential therapeutic target 
for OA.

Has_circ_0045714 was shown to increase the expression of 
ColII and aggrecan in chondrocytes, while its linear sequenc-
es could not.49 Insulin-like growth factor-1 receptor (IGF1R) 
had similar function; miR-193b could inhibit the expression of 
ColII and aggrecan.49 IGF1R overexpression could reverse the 
effect of miR-193b, while miR-193b mimics or IGF1R siRNA 
could inhibit the function of has_circ_0045714.49 Therefore, 
has_circ_0045714 may regulate EMC synthesis by promoting 
the expression of miR-193b target IGF1R.

CircRNAs regulate the inflammation
More and more evidence has shown that inflammation is an 
important driver of OA cartilage pathology.50,51 In addition to 
traditional proinflammatory mediators, such as IL-1β, TNF-α, 
and other chemokines, recent studies have implicated nicotin-
amide phosphoribosyltransferase (NAMPT) in activating OA in-
flammation pathophysiology.52 NAMPT functions as both an in-
tracellular form (iNAMPT) and an extracellular form (eNAMPT). 
eNAMPT, also known as visfatin, in human OA chondrocytes 
inhibits proteoglycan synthesis and increases the expression 
of matrix-degrading enzymes.53 Recent findings offer a puta-
tive role of some circRNAs, in the progression and management 
of OA inflammation.17 For example, has-circ-0005105 can pro-
mote not only the expression NAMPT but also the generation 
of prostaglandin E2, IL-6, and IL-8, which was due to its regu-
lating the expression of miR-26a.17 Additionally, has-circ-0005105 
expression in chondrocytes could be promoted significantly by 
IL-1β, further suggesting that has-circ-0005105 have some re-
lation to inflammatory factor, IL-1β.17 Liu, et al.18 reported that 
the silencing of circRNA-MSR by siRNA could suppress TNF-α 
expression, indicating that circRNA-MSR can promote the ex-
pression of TNF-α. In a word, these reports have provided in-
depth information on a number of inflammation-regulated cir-
cRNAs that may be worth pursuing in greater detail with respect 
to determining their biological functions in regulating chon-
drocyte inflammation.

CircRNAs regulate chondrocyte apoptosis
It is well established that decreases in chondrocyte number 
induced by apoptosis play an important role in the degenera-
tion of cartilage tissues in OA.54 Interestingly, Li, et al.49 reported 
that has_circ_0045714 could promote chondrocyte prolifera-
tion and inhibit chondrocyte apoptosis through the miR-193b 
target gene IGF1R. Collectively, the above-mentioned results 
indicated that stimulation of has_circ_0045714 might have a 
potential therapeutic benefit for OA patients through the 
blockage of chondrocyte apoptosis. Further investigation, how-
ever, is needed to more fully understand the specific mecha-
nisms by which has_circ_0045714 acts to reduce apoptosis. 
Fig. 2 outlines the roles of circRNAs in the occurrence and de-
velopment of OA.

SILENCING OF circRNAs BY siRNAs IN OA

RNA interference (RNAi) is a post-transcriptional gene regula-
tion mechanism by which siRNAs induce the sequence-spe-
cific degradation of mRNA. RNAi has been achieved in the 
treatment of cancer,31,34,55 leukemia,56 hepatitis B virus, and 
human immunodeficiency virus infections.57 Similarly, circRNAs 
are also able to be silenced by using specific siRNAs. It was re-
ported that the silencing of circRNA-CER or circRNA-MSR by 
related siRNA can increase chondrocyte ECM formation.16,18 
Accordingly, circRNA-CER or circRNA-MSR can be used as a 
potential target, and specific siRNAs can be used as therapeu-
tic agents in OA therapy. The most attractive aspect of siRNAs 
therapeutics is their high specificity with only one mRNA target, 
which may make it possible to develop siRNAs-based drugs.58 
Thus, circRNAs targeting therapy will surely open up a new ther-
apeutic approach for the treatment of OA. Although this ap-
proach is promising, several challenges have been identified 
in other experiments, including the lack of stability against ex-
tracellular and intracellular degradation by nucleases, poor 
uptake and low potency at target sites of siRNAs, non-specific 
effects of transfection agents, and off-target effects.59,60 

CONCLUSION AND FUTURE DIRECTIONS

With advancements in high throughput sequencing technolo-
gies and bioinformatics, investigations of circRNAs are draw-

Fig. 2. Roles of circRNAs in the occurrence and development of OA. 
CircRNAs are regulated in OA cartilage, and associated with ECM deg-
radation, apoptosis, and inflammation of chondrocytes.↑indicates up-
regulation, and↓represents downregulation. circRNAs, circular RNAs; 
OS, osteoarthritis; ECM, extracellular matrix; circRNA-CER, chondro-
cyte extracellular matrix related circRNAs; circRNAs-MSR, mechanical 
stress-related circRNAs.
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ing more and more attention. Recent studies suggest that cir-
cRNAs serve as new contributors to OA, and also provide novel 
insights into the pathogenesis of OA. Due to the abundance 
and stability of circRNAs in vivo, some dysregulated circRNAs 
may be useful clinical diagnosis biomarkers and therapeutic 
targets in the future. Recently, a number of circRNAs have been 
shown to be aberrantly expressed in OA cartilage; however, 
only four circRNAs have been reported to be involved in OA. 
Therefore, elucidating the roles of more circRNAs in OA devel-
opment is urgently needed. Excitedly, circRNA-CER and has_
circ_0005105 can function as miRNAs sponges in the patho-
logical state of OA, indicating that some circRNAs may act as 
upstream regulators of miRNAs. As roles of many miRNAs in 
the pathogenesis of OA have been verified61,62 and several cir-
cRNAs have been detected in OA cartilage,16-18,49 more studies 
should be done in the future to elucidate the functional con-
nections of circRNAs and miRNAs during OA. With respect to 
current studies on the effects of circRNAs on OA development, 
they have all been performed in vitro, and the results thereof 
need to be validated in vivo. In addition, OA is a chronic degen-
erative disorder of multifactorial etiology, including chondro-
cyte ECM degradation,3,4 chondrocyte apoptosis,63 inflamma-
tion,50,51 autophagy,61,64 oxidative stress,50 and so on. However, 
recent studies on circRNAs have only been limited to three as-
pects: ECM degradation, apoptosis, and inflammation in vitro. 
Therefore, more extensive research has to be done in order to 
fully understand the biological and molecular mechanisms of 
circRNAs in the development of OA. Addressing these issues 
may contribute to disease prevention and the development of 
therapeutic targets for OA. 
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