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Knockdown of Circ_SLC39A8 protects
against the progression of osteoarthritis by
regulating miR-591/IRAK3 axis
Jizhe Yu1, Yushuang Qin2 and Naxin Zhou1*

Abstract

Background: The dysregulation of circular RNAs (circRNAs) has been identified in various human diseases,
including osteoarthritis (OA). The purpose of this study was to identify the role and mechanism of circ_SLC39A8 in
regulating the progression of OA.

Methods: The expression levels of circ_SLC39A8, miR-591, and its potential target gene, interleukin-1-receptor-
associated kinase 3 (IRAK3), were identified by quantitative real-time polymerase chain reaction (qRT-PCR). Cell
viability and apoptosis were determined by Cell Counting Kit-8 (CCK-8) assay and flow cytometry, respectively. The
relationship between miR-591 and circ_SLC39A8 or IRAK3 was predicted by bioinformatics tools and verified by
dual-luciferase reporter.

Results: Circ_SLC39A8 and IRAK3 were upregulated and miR-591 was downregulated in OA cartilage tissues.
Knockdown of circ_SLC39A8 inhibited apoptosis and inflammation in OA chondrocytes, while these effects were
reversed by downregulating miR-591. Promotion cell viability effects of miR-591 were partially reversed by IRAK3
overexpression.

Conclusion: Our findings indicated that knockdown of circ_SLC39A8 delayed the progression of OA via
modulating the miR-591-IRAK3 axis, providing new insight into the molecular mechanisms of OA pathogenesis.
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Introduction
Osteoarthritis (OA) is the most common joint disease
and is recognized as one of the leading causes of pain
and disability among the elderly [1, 2]. OA is primarily
characterized by degradation of the articular cartilage, as
well as subchondral bone sclerosis, and osteophyte for-
mation. OA is a global health problem and the most
common joint disorder disease [3, 4]. The Osteoarthritis
Research Society International (OARSI) pointed out that
OA affects 240 million people worldwide [5]. Among

people over 60, about 10% of men and 18% of women
have OA. Studies have pointed out that 19% of people
over 45 years of age have X-rays showing OA [6]. The
risk factors of OA are still increasing, including age,
obesity, gender, genetics, low-grade systemic inflamma-
tion, and increased joint biomechanical load [7].
The manifestations of OA cartilage are mainly accu-

mulation of senescent cells, cell loss, and extracellular
matrix destruction. Inflammation response is involved in
many pathophysiological conditions related to aging, in-
cluding OA [8]. Elderly patients with OA have higher
levels of inflammatory biomarkers. Inflammatory cyto-
kines interfere with the catabolism of bones and joints,
causing severe pain and even disability [9].
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Circular RNAs (circRNAs) are a special type of non-
coding RNA that was first identified 20 years ago and
have attracted significant attention in recent years due
to their diverse activities [10]. circRNA is characterized
by the covalently closed loop structure without 5′-end
cup and 3′-end ploy-A tail [11]. circRNA can modulate
gene expression, and they are closely involved in mul-
tiple diseases, including OA [12]. For example, Circ_
DHRS3 [13], CircADAMTS6 [14], and circANKRD36
[15] played pivotal roles in regulating OA chondrocyte
growth, differentiation, and apoptosis. hsa_circ_0002782
(chr4:103225473-103236987) is derived from back-
splicing of SLC39A8 transcript and was suggested to be
upregulated in OA. However, the exact roles and regula-
tory mechanism of circ_SLC39A8 in OA have not been
reported.
Generally, circRNAs act as competitive endogenous

RNAs (ceRNAs) or microRNA (miRNA) sponges, com-
peting for miRNA binding and affecting miRNA func-
tion [16]. The miRNAs usually negatively regulate gene
expressions by binding specific mRNAs in their 3′-un-
translated regions (UTRs) based on sequence comple-
mentation to promote the degradation of target mRNAs
or to inhibit their translation. Dysregulation of miRNAs
is involved in multiple pathological processes of various
cardiovascular diseases, including OA [17–19]. miR-591
has been shown to be involved in the regulation of mul-
tiple diseases, including breast cancer progression [20],
hepatocellular carcinoma [21], and human heart failure
[22]. For example, it has been reported that miR-591
inhibited cell malignancy and glycolysis by targeting
HK2 in breast cancer [23]. However, the role of miR-591
in the progression of OA was not fully understood.
IRAK3 belongs to the IL receptor-associated kinase
(IRAK) family involved in inhibiting Toll-like receptor
signaling [24]. The role of IRAK3 in the progression of
OA was not reported in previous studies and thus needs
further research.
In this research, circ_SLC39A8, miR-591, and IRAK3

abundance were measured in OA cartilage tissues.
Moreover, we explored the effects of circ_SLC39A8,
miR-591, and IRAK3 on cell viability, apoptosis, inflam-
mation, and ECM degradation and determined their re-
lationships in OA chondrocytes. Collectively, our
research focused on uncovering the role of the circ_
SLC39A8/miR-591/IRAK3 axis in OA chondrocytes.

Materials and methods
Specimens collection
Human cartilage tissues were collected from OA pa-
tients (n=30, age 61.04 ±4.809 years; 18 females, 7 males)
who underwent total knee replacement surgery and from
traumatic amputees (n=20, age 61.04 ±4.809 years; 18 fe-
males, 7 males) without rheumatoid arthritis or OA. All

subjects understood and signed the informed consent
form before participation. All the tissue samples were in-
stantly frozen in liquid nitrogen after surgical resection
and were preserved at – 80 °C until further use.

OA chondrocyte isolation and culture
Chondrocytes were isolated from OA cartilage tissues, as
previously described [25]. Briefly, cartilage tissues were
cut into approximate 1-mm3 segments and digested en-
zymatically using 0.25% trypsin (Gibco, Life Technolo-
gies, Paisley, UK) for 0.5 h followed by 0.2% type II
collagenase (Invitrogen, Carlsbad, CA, USA) for 3 h at
37 °C. Cells were maintained in Dulbecco’s modified
Eagle medium (DMEM; Gibco, Carlsbad, CA, USA) con-
taining 10% fetal bovine serum (FBS; Gibco), 100 U/ml
penicillin, and 100 mug/ml streptomycin in a 5% CO2

incubator at 37 °C. Chondrocytes were treated with IL-
1β (10 ng/ml) for 24 h to establish the OA model
in vitro [26].

Transfection
The small interfering RNAs (siRNAs) against circ_
SLC39A8 (si-circ_SLC39A8#1, si- circ_SLC39A8#2, and
circ_SLC39A8#3) and corresponding control (si-NC),
miR-591 mimic (miR-591) and corresponding control
(NC), miR-591 inhibitor (anti-miR-591) and correspond-
ing control (anti-NC), and IRAK overexpression vector
(IRAK) and corresponding control (vector) were pur-
chased from Genepharma (Shanghai, China), and then,
these oligonucleotides or vectors were transfected into
chondrocytes using Lipofectamine 3000 (Invitrogen) for
48 h before propofol treatment.

RNase R treatment
To determine the stabilization of circ_SLC39A8, 10 mug
RNA extracted from chondrocytes was incubated with
RNase R (4 U/mug; Epicentre Biotechnologies, Madison,
WI, USA) or not at 37 °C for 1 h. Later, the relative ex-
pression of circ_SLC39A8 and LC39A8 mRNA was ex-
amined by qRT-PCR.

Quantitative real-time polymerase chain reaction (qRT-
PCR)
Total RNA was isolated from using the TRIzol Reagent
(Invitrogen). RNA (1 mug) was reversely transcribed into
cDNA using the PrimeScript RT reagent kit (TakaraBio,
Tokyo, Japan) and a TaqMan miRNA reverse transcrip-
tion kit (Applied Biosystems, Foster City, CA, USA).
qRT-PCR was conducted with SYBR-Green Real-Time
PCR Kit (Takara, Otsu, Japan). The amplification condi-
tions were 1 cycle of 94 °C for 5 min followed by 35 cy-
cles of 94 °C for 30 s, 59 °C for 35 s, and 72 °C for 45 s.
The primers used for PCR amplification and nucleotide
sequencing are listed as follows: circ_SLC39A8, 5′-
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GAACCAGTCACACCTGCATC-3′ (F) and 5′-TGGC
TGCACATCACTCTGTA-3′ (R); miR-591, 5′-GAGG
TAGACCATGGGTTCTCA-3′ (F) and 5′-AGCCAG
GGAGTCCACAGTTA-3′ (R); IRAK3, 5′-TTGGTC
CTGGGCACAGAAA-3′ (F) and 5′-AATAGCTCGA
CGATGTCCCAT-3′ (R); GAPDH, 5′-AGAAAAACCT
GCCAAATATGATGAC-3′ (F) and 5′-TGGGTGTCGC
TGTTGAAGTC-3′ (R); and U6, 5′-CTCGCTTCGG
CAGCACATATACT-3′ (F) and 5′-ACGCTTCACG
AATTTGCGTGTC-3′ (R). Relative gene expression was
calculated by the 2−ΔΔCt method. Internal references of
mRNA and miRNA were GAPDH and U6, respectively.

Cell viability assay
Cell counting Kit-8 (CCK-8; Beyotime, Jiangsu, China)
was employed for measuring cell viability. In short, OA
chondrocytes (4×104 cells/well) were placed in 96-well
plates. CCK-8 (10 μL) was added to each well at pointed
times. After incubation for 2–3 h, the absorbance at
450-nm wavelength was utilized to assess cell viability.

Flow cytometry
Cell apoptosis was detected with an Annexin V-
fluorescein isothiocyanate (FITC)/propidium iodide (PI)
Apoptosis Detection kit (KeyGEN Biotech, Jiangsu,
China) according to the manufacturer’s protocol. Chon-
drocytes in different groups were washed in cold PBS,
re-suspended in 1x annexin-binding buffer, and stained
with Annexin V-FITC and PI. Chondrocytes were
counted by flow cytometer (Partec AG, Arlesheim,
Switzerland) after incubation in dark for 15 min and
subjected to calculate the percentage of apoptotic cells.

Western blot assay
Proteins in chondrocytes were extracted using radioim-
munoprecipitation assay (RIPA) lysis buffer (Beyotime,
Haimen, China) containing phenylmethylsulfonyl fluor-
ide (PMSF). And the protein concentration was quanti-
fied by BCA Protein Quantification Kit (Solarbio,
Beijing, China). After separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), proteins were transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, USA). Next, the
membranes were blocked with 5% non-fat milk at room
temperature for 2 h and incubated overnight at 4 °C
with primary antibodies: Bcl-2 (Abcam, 1:500), Bax
(Abcam, 1:500), caspase-3 (Abcam, 1:500), cleaved
caspase-3 (Abcam, 1:500), caspase-9 (Abcam, 1:500),
cleaved caspase-9 (Abcam, 1:500), GAPDH (Abcam, 1:
500), TNF-α (Abcam, 1:500), IL-1β (Abcam, 1:500), IL-6
(Abcam, 1:500), MMP-3 (Abcam, 1:500), COL2A1
(Abcam, 1:500), and IRAK3 (Abcam, 1:500). GAPDH
was the internal control. After Tris-buffered saline
Tween-20 (TBST) washing three times, the membranes

were further cultivated with secondary antibodies for 2 h
at room temperature. Finally, the immunoreactive bands
were visualized using an enhanced chemiluminescence
(ECL) detection system (Thermo Fisher Scientific, NY).

Dual-luciferase reporter assay
The potential complementary sequence of miR-591 and
circ_SLC39A8 or IRAK3 was predicted by the starBase
database (http://starbase.sysu.edu.cn/index.php). Partial
sequences of circ_SLC39A8 or IRAK3 3′UTR containing
wild-type (wt) or mutant (mut) miR-591 binding sites
were synthesized and then cloned into the pmirGLO
Dual-luciferase vectors (GenePharma, Shanghai, China),
namely circ_SLC39A8-wt, circ_SLC39A8-mut, IRAK3-
wt, and IRAK3-mut. OA chondrocytes were co-
transfected with the constructed luciferase vector (wt or
mut) and NC or miR-591 for 48 h. Luciferase activity
was measured via the Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA) and normalized
to the activity of Renilla luciferase.

Bioinformatic analysis
The prognostic roles of GART in GC were analyzed
using the GEPIA database. GART gene was submitted to
the GEPIA database and the expression value of GART
between GC and normal tissue was further analyzed.
Then, the relations of overall survival (OS) rates with
the expression of GART in GC were computed by using
the GEPIA database.

Statistical analysis
Each experiment was repeated three times. All statistical
analyses were performed using SPSS version 22 (SPSS,
Chicago, IL, USA). Student’s t test and one-way analysis
of variance (ANOVA) and Bonferroni-Dunn post hoc
tests were applied to analyze the statistical differences.
Statistical significance was considered when P<0.05.

Results
Circ_SLC39A8 was upregulated in OA cartilage tissues
As illustrated in Fig. 1a, compared with normal cartilage,
the circ_SLC39A8 expression was significantly increased
in OA cartilage tissues with statistically significant (Fig.
1a). As displayed in Fig. 1b, RNase R treatment did not
affect circ_SLC39A8 levels but affect SLC39A8 level, be-
cause RNase R is an exoribonuclease that can degrade
RNA from its 3–5′ end but does not act on circRNAs.

Knockdown of circ_SLC39A8 increased cell viability and
inhibited apoptosis, inflammation, and ECM degradation
in OA chondrocytes
To explore the effect of circ_SLC39A8 on OA progres-
sion, knockdown of circ_SLC39A8 was constructed and
the knockdown efficiency was determined by qRT-PCR.
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Fig. 1 Circ_SLC39A8 expression was increased in OA cartilage tissues. a The expression of circ_SLC39A8 was determined by qRT-PCR analysis in
OA cartilage tissues and normal cartilage tissues. b The levels of circ_SLC39A8 and linear mRNA were determined after treatment of RNase R by
qRT-PCR in OA chondrocytes. *P<0.05

Fig. 2 Circ_SLC39A8 silence increased cell viability and suppressed apoptosis, inflammation, and ECM degradation in OA chondrocytes. a
Knockdown efficiency of circ_SLC39A8 was determined by qRT-PCR in OA chondrocytes transfected with si-NC, si- circ_SLC39A8#1, si-
circ_SLC39A8#2, and si- circ_SLC39A8#3. b–e OA chondrocytes were transfected with si-NC or circ_SLC39A8#1. b Cell viability was assessed by
CCK-8 assay. c Cell apoptosis was examined using flow cytometry analysis. d Western blot assay was conducted to measure the protein levels of
Bcl-2, Bax, caspase 3, C-caspase 3, caspase 9, and C-caspase 9. e The protein levels of TNF-α, IL-1β, IL-6, MMP3, and collagen type II were detected
by western blot analysis. *P<0.05
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Si-circ_SLC39A8#1 displayed the highest silencing effi-
ciency and was therefore used to transfect chondrocytes
for further analysis (Fig. 2a).
CCK-8 assay revealed that si-circ_SLC39A8 enhanced

cell viability in OA chondrocytes at 48 h and 72 h (Fig.
2b).
Moreover, si-circ_SLC39A8 significantly increase the

apoptosis rate than si-NC (Fig. 2c).
Besides, the relative expression levels of apoptosis-

related proteins, including Bcl-2, Bax, cleaved-caspase 3,
and cleaved-caspase 9, were analyzed by western blot
assay.
As presented in Fig. 2d, si-circ_SLC39A8 increased the

protein level of Bcl-2 and decreased the protein expres-
sion of Bax, cleaved caspase 3/caspase 3 ratio, and
cleaved caspase-9/caspase-9 ratio. Besides, pro-
inflammatory cytokines (TNF-α, IL-1β, and IL-6),
COL2A1, and MMP3 were detected by western blot
assay.
The results showed that si-circ_SLC39A8 decreased

the protein levels of TNF-α, IL-1β, IL-6, and MMP3
while increasing the protein expression of collagen type
II (Fig. 2e). These results indicated that circ_SLC39A8
played a significant role in regulating cell viability, apop-
tosis, inflammatory response, and ECM degradation of
OA chondrocytes.

circ_SLC39A8 acted as a sponge of miR-591
To determine whether circ_SLC39A8 could serve as a
sponge for miRNA, the potential targets of circ_
SLC39A8 were predicted by starBase. First, the results of
bioinformatics analysis starBase (http://starbase.sysu.edu.
cn/index.php) suggested that miR-330-5p, which con-
tained the putative binding sites, was the target of circ_
SLC39A8 (Fig. 3a). Dual-luciferase reporter was con-
ducted to confirm this prediction. The results show that
overexpression of miR-591 significantly reduced the rela-
tive luciferase activity of the circ_SLC39A8 3′UTR wt
plasmid, but did not change the luciferase activity of the
circ_SLC39A8 3′UTR mut plasmid (Fig. 3a, P < 0.05).
qRT-PCR results indicated that si-circ-SLC39A8 re-

duced the expression of circ-SLC39A8, and transfection
of circ-SLC39A8 increased the expression of circ-
SLC39A8, suggesting that si-circ-SLC39A8 and circ-
SLC39A8 were successfully transfected into chondro-
cytes (Fig. 3b).
Compared with circ-NC, circ-SLC39A8 significantly

decreased the miR-591 expression, while the contrary
trend was found for si-circ-SLC39A8 (Fig. 3c).
Then, we compared the expression level of miR-591 in

OA cartilage and normal cartilage. The result found that
miR-591 was significantly decreased in OA cartilage than
normal cartilage (P<0.05, Fig. 3d).

Fig. 3 Circ_SLC39A8 directly interacted with miR-591. a The putative binding sites between circ_SLC39A8 and miR-591 and dual-luciferase
luciferase reporter assay were used to detect the luciferase activity in OA chondrocytes co-transfected with circ_SLC39A8-wt or circ_SLC39A8-mut
and NC or miR-591. b The expression levels of circ_SLC39A8 in OA chondrocytes transfected with circ-NC, circ_SLC39A8, si-NC, or si-
circ_SLC39A8#1. c The expression levels of miR-591 in OA chondrocytes transfected with circ-NC, circ_SLC39A8, si-NC, or si-circ_SLC39A8#1. d The
expression of miR-591 was analyzed in OA cartilage tissues and normal cartilage tissues by qRT-PCR. *P<0.05
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miR-591 knockdown reversed the effects of si-
circ_SLC39A8#1 on cell viability, apoptosis, inflammation,
and ECM degradation in OA chondrocytes
Compared with si-NC, si-circ_SLC39A8#1 significantly
increase miR-591 expression, while co-cultured si-circ_
SLC39A8#1 and anti-miR-591 partially downregulated
miR-591 expression (Fig. 4a).
CCK-8 assay indicated that the promoting effect of

circ_SLC39A8 downregulation on cell viability was par-
tially abolished by anti-miR-591 (Fig. 4b).
Anti-miR-591 abated the effect of circ_SLC39A8

knockdown on promoting Bcl-2 expression and reducing
Bax expression, C-caspase 3/caspase 3 ratio, and C-
caspase 9/caspase 9 ratio (Fig. 4c). In addition, the re-
duction of TNF-α, IL-1β, IL-6, and MMP3 expression
and promotion of COL2A1 expression caused by

transfection with si- circ_SLC39A8#1 were reversed by
co-transfection with anti-miR-591 (Fig. 4d).

IRAK3 was a direct target gene of miR-591
The putative binding sites for miR-591 within the 3′
UTR of IRAK3 were identified using the Targetscan al-
gorithm (targetscan.org). Moreover, dual-luciferase re-
porter assay was performed to validate target prediction.
The results indicated that the luciferase activity of

IRAK3-wt was markedly reduced post-transfection with
miR-591; however, no change was observed in the activ-
ity of cells transfected with IRAK3-mut in the presence
of miR-591 (Fig. 5a).
The results of qRT-PCR showed that the expression of

miR-591 was increased and decreased in OA chondro-
cytes transfected with miR-591 and anti-miR-591,

Fig. 4 Circ_SLC39A8 exerted its functions by sponging miR-591 in OA chondrocytes. OA chondrocytes were transfected with si-NC, si-
circ_SLC39A8#1, si-circ_SLC39A8#1 + anti-NC, or si-circ_SLC39A8#1 + anti-miR-591. a The level of miR-591 was examined by qRT-PCR. b CCK-8
assay was conducted to evaluate cell viability. c Protein levels of Bcl-2, Bax, caspase 3, cleaved caspase 3, caspase 9, and cleaved caspase 9 were
examined by western blot assay. d The protein levels of TNF-α, IL-1β, IL-6, MMP3, and collagen type II were determined using western blot
analysis. *P<0.05
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respectively (Fig. 5b), indicating that transfection of
miR-591 and anti-miR-591 was successful.
Next, western blot was performed to assess the IRAK

expression after knockdown of circ_SLC39A8 and
knockdown of miR-591 (Fig. 5c). We found that the
IRAK3 expression was significantly downregulated after
silencing circ_SLC39A8 and significantly increased after
silencing miR-591. IRAK3 mRNA (Fig. 5d) and protein
expression (Fig. 5e) were assessed by RT-PCR and west-
ern blot, respectively. We found that IRAK3 expression
was significantly upregulated in OA cartilage than nor-
mal cartilage.

Overexpression IRAK3 partially reversed the miR-591 on
chondrocyte apoptosis, matrix degradation, and
inflammation response
Western blot assay was used to detect the transfection
efficiency of IRAK3. The data showed that IRAK3 was
successfully overexpressed after transfection with IRAK3

(Fig. 6a). To explore whether miR-591 exerted its bio-
logical functions by targeting IRAK3, OA chondrocytes
were transfected with NC, miR-591, miR-591 + vector,
or miR-591 + IRAK3. Overexpression of miR-591 inhib-
ited the protein expression of IRAK3, which was re-
stored by the addition of IRAK3 (Fig. 6b). miR-591
restoration increased the protein level of Bcl-2 and de-
creased the protein expression of Bax expression, C-
caspase 3/caspase 3 ratio, and c-caspase 9/caspase 9 ra-
tio, whereas these effects were abated by upregulating
IRAK3 (Fig. 6c). Furthermore, the protein levels of TNF-
α, IL-1β, IL-6, and MMP3 were reduced, and collagen
type II expression was increased after transfection with
miR-591, while co-transfection with IRAK3 abolished
these effects (Fig. 6d).

Discussion
In the present study, we first identified circ_SLC39A8 as
a key upregulated circRNA involved in OA. In addition,

Fig. 5 IRAK3 was a downstream target of miR-591. a The predicted binding sites of miR-591 in the 3′UTR of IRAK3 mRNA were identified by
using the starBase database and the relative luciferase activity in chondrocytes co-transfected with wt-IRAK3 or mut-IRAK3 and miR-591 mimic or
miRNA NC was determined by dual-luciferase reporter assay. b The level of miR-591 was determined in OA chondrocytes transfected with NC,
miR-591, anti-NC, or anti-miR-591. c The level of IRAK3 protein expression level was determined in OA chondrocytes transfected with NC, miR-591,
anti-NC, or anti-miR-591. d The IRAK3 mRNA expression in OA cartilage and normal cartilage. e The IRAK3 protein expression in OA cartilage and
normal cartilage. *P<0.05
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we used gain-of-function and loss-of-function approaches
in vitro to demonstrate the participation of circ_SLC39A8
in the proapoptotic response and protection of ECM com-
ponents from degradation. We revealed a new function of

circ_SLC39A8 in OA progression and identified it as a
promising therapeutic target for OA treatment.
Recent evidence indicates that circular RNA is a spe-

cial type of non-coding RNAs that is widely expressed in

Fig. 6 Overexpression of IRAK3 partially reversed miR-591 on chondrocyte apoptosis. a Overexpression efficiency of IRAK3 was determined by
western blot assay in OA chondrocytes transfected with IRAK3 or vector. b IRAK expression in OA chondrocytes transfected with NC, miR-591,
miR-591 + vector, or miR-591 + IRAK3. c Cell apoptosis was determined using flow cytometry analysis. d The protein levels of Bcl-2, Bax, caspase
3, cleaved-caspase 3, caspase 9, and cleaved-caspase 9 were analyzed by western blot assay. e Western blot assay was carried out to examine the
protein expression of TNF-α, IL-1β, IL-6, MMP3, and COL2A1. *P<0.05
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human cells and participates in the regulation of tran-
scription and post-transcriptional genes [27]. In recent
years, more and more evidences have shown that cir-
cRNAs have different biological functions and new RNA
molecules of pathological significance [11]. The most re-
ported function is that circRNAs act as miRNA sponges
to regulate miRNA and the expression of its downstream
target genes. For example, Zhou et al. [28] found that
circRNA.33186 contributes to the pathogenesis of OA
by sponging miR-127-5p. Huang et al. [29] revealed that
circRNA_0092516 regulates chondrocyte proliferation
and apoptosis in OA through the miR-337-3p/PTEN
axis. Chen et al. [30] revealed that circRNA-UBE2G1
regulates LPS-induced OA through the miR-373/HIF-1a
axis. However, these studies were insufficiently reliable
to add significantly to the existing literature. In this
study, we found that circ_SLC39A8 was significantly up-
regulated in OA cartilage tissue, which was validated by
qRT-PCR. Circ_SLC39A8 is generated by the back spli-
cing of the exons 4 of the SLC39A8 gene. We used sev-
eral gain/loss of function experiments to confirm the
mechanism of circ_SLC39A8 for regulating chondro-
cytes apoptosis in vitro. Since IL-1β is an important fac-
tor in the regulation of inflammatory response in the
pathogenesis of OA, we used IL-1β to construct in vitro
research model of OA. We found that circ_SLC39A8
was significantly upregulated in OA patients and treat-
ment with RNaseR enriches for circular RNAs in con-
trast to linear RNAs. Because circular RNAs are RNaseR
resistant, treatment with RNaseR enriches for circular
RNAs in contrast to linear RNAs. According to reports,
circular RNA can act as a microRNA sponge.
miRNAs, a series of endogenous small non-coding

RNAs with approximately 18–22 nucleotides in length,
have been reported to be involved in diverse diseases, in-
cluding OA [31–34]. We found that circ_SLC39A8
mainly through targeting with miR-591, which validated
through bioinformatic analysis and luciferase reporter
assay. What is more, knockdown of miR-591 could par-
tially block the effects of si-circ_SLC39A8 on chondro-
cyte apoptosis. All these findings suggested that circ_
SLC39A8 targeting miR-591 to regulate the chondro-
cytes apoptosis. Previous study found that miR-591
could regulate hepatocellular carcinoma apoptosis
through regulating FOSL2 expression [21]. And the
miR-591/HK2 axis could also regulate breast cancer
apoptosis [23]. Previous studies suggest that circRNAs
target the miRNA as a miRNA sponge and bind to its
target and modulate the cellular function [35].
In this study, we further explored the target of miR-

591. Through bioinformatic analysis, we found that miR-
591 has putative binding sites with IRAK3, which was
validated by luciferase reporter assay. A small number of
studies showed that tumor cell-intrinsic IRAK3 could

also support the progression of tumor cells in colorectal
and lung cancers [24]. In this study, we found that over-
expression of IRAK3 could partially reverse the effects of
miR-591 overexpression on chondrocyte apoptosis.
However, the limitations of the present study are that

the findings were not confirmed in vivo in animal
models. One miRNA may regulate many genes as its tar-
gets, while one gene may be targeted by many miRNAs.
Thus, the target gene of miR-591 needs for more studies
to verify. Since the molecular mechanisms involved in
the pathogenesis of OA have not yet been fully clarified,
current treatment methods can only relieve symptoms
without preventing further cartilage destruction. There-
fore, an in-depth study of its pathogenesis is essential to
clarify the occurrence and development of OA.

Conclusion
In conclusion, our study revealed that knockdown of
circ_SLC39A8 could inhibit the chondrocyte apoptosis,
matrix degradation, and inflammation response. The po-
tential mechanism of knockdown of circ_SLC39A8 for
chondrocyte apoptosis was that through mediating the
miR-591/IRAK3 axis. Our study is the first study to
comprehensively understand the role of circ_SLC39A8/
miR-591/IRAK3 in OA chondrocytes.
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