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The dysregulated circular RNAs (circRNAs) are relevant to the development of osteoarthritis
(OA). The circRNA serpin family E member 2 (circSERPINE2) is dysregulated in OA, while
the role and mechanism of circSERPINE2 in OA are largely unknown. The aim of our re-
search is to explore how and whether circSERPINE2 regulates interleukin-1β (IL-1β)-caused
chondrocyte damage in OA. In the present study, the chondrocytes (CHON-001 cells) were
exposed to IL-1β to mimic the injury in OA. CircSERPINE2, microRNA-495 (miR-495) and
transforming growth factor-β receptor 2 (TGFBR2) abundances were detected via quantita-
tive reverse-transcription polymerase chain reaction (qRT-PCR) or Western blot. Cell apop-
tosis was assessed via viability, apoptotic rate and caspase-3 activity. Extracellular matrix
was investigated by levels of Sry-type high-mobility-group box 9 (SOX9), collagen type II α 1
(COL2A1) and Aggrecan using Western blot. The interaction among circSERPINE2, miR-495
and TGFBR2 was assessed via dual-luciferase reporter analysis and RNA immunoprecipi-
tation (RIP). The results showed that circSERPINE2 expression was reduced in OA patients
and IL-1β-treated chondrocytes. CircSERPINE2 overexpression mitigated IL-1β-caused
apoptosis and extracellular matrix degradation. miR-495 was targeted by circSERPINE2
and up-regulated in OA patients and IL-1β-treated chondrocytes. miR-495 up-regulation
reversed overexpression of circSERPINE2-mediated inhibition of apoptosis and extracellu-
lar matrix degradation. TGFBR2 was targeted by miR-495 and lowly expressed in OA pa-
tients and IL-1β-treated chondrocytes. CircSERPINE2 could mediate TGFBR2 expression
by binding with miR-495. As a conclusion, circSERPINE2 attenuated IL-1β-caused apop-
tosis and extracellular matrix degradation of chondrocytes by regulating miR-495/TGFBR2
axis, indicating a new target for OA treatment.

Introduction
Human osteoarthritis (OA) is characterized via chronic synovial inflammation, destruction of articular
cartilage, and bone remodeling [1]. The chondrocytes apoptosis and extracellular matrix degradation are
relevant to the destruction of articular cartilage, contributing to the progression of OA [2–4]. However,
there is a poor understanding of how chondrocytes apoptosis and extracellular matrix degradation are
triggered. Interleukin-1β (IL-1β) is required and involved in the injury of various cell types including
chondrocytes in OA [5]. Thus, exploring the mechanism underlying IL-1β-induced chondrocytes injury
might help provide new insight into the pathology of OA.

The noncoding RNAs have important roles in cartilage development and chondrocyte function [6,7].
Circular RNAs (circRNAs) are a type of RNAs characterized via covalently closed loop structure without
5′ caps and 3′ poly(A) tails, which take part in the development of OA [8]. For instance, hsa circ 0005105
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could facilitate extracellular matrix degradation of chondrocytes by up-regulating nicotinamide phosphoribosyl
transferase (NAMPT) via sponging miR-26a [9]. Moreover, hsa circ 0045714 could promote proliferation and ex-
tracellular matrix synthesis of chondrocytes by increasing miR-193b-targeted insulin-like growth factor 1 receptor
[10]. In an emerging report, the investigators measured 25 most differentially expressed circRNAs, and confirmed
that the circRNA serpin family E member 2 (circSERPINE2) derived from SERPINE2 gene is a protective circRNA in
OA by decreasing chondrocytes apoptosis and extracellular matrix degradation through miR-1271/ETS-related gene
axis [11]. Although circSERPINE2 could participate in the regulation of OA progression, the mechanisms are com-
plex. Thus, more regulatory networks addressed via circSERPINE2 in chondrocyte injury are needed to be explored.

microRNAs (miRNAs) are ∼22-nucleotide noncoding RNAs interacting with mRNAs by binding with their 3′UTR,
which are involved in the development of OA [12]. MicroRNA-495 (miR-495) is a noncoding RNA located on chro-
mosome 14, which is implicated in various processes in human diseases [13]. A previous study suggests that miR-495
contributes to chondrocytes apoptosis and OA progression via decreasing protein kinase Bα (AKT1) [14]. Never-
theless, whether circSERPINE2 can interact with miR-495 is still uncertain. Transforming growth factor-β receptor
2 (TGFBR2) is associated with the alteration of chondrocyte phenotype in OA [15]. Furthermore, increasing ev-
idences report that TGFBR2 can inhibit OA-like phenotype in mice and IL-1β-challenged chondrocytes [16–18].
Bioinformatics analysis predicts both circSERPINE2 and TGFBR2 can bind with miR-495. Therefore, we hypothe-
size circSERPINE2 may regulate miR-495/TGFBR2 axis in chondrocytes.

In this research, we established IL-1β-challenged chondrocytes model, and investigated the function of circSER-
PINE2 on IL-1β-caused chondrocytes injury by detecting cell apoptosis and extracellular matrix degradation. Fur-
thermore, we explored the interaction between circSERPINE2 and miR-495/TGFBR2 axis.

Materials and methods
Patients and tissue collection
Thirty-five OA patients and ten normal control patients without symptoms of OA who underwent the accidental
injury were recruited from Huiji District People’s Hospital. The OA was diagnosed following the criteria of Amer-
ican College of Rheumatology [19]. The cartilage tissues were collected by the same team of orthopedists with a
large amount of experience during knee replacement surgery, and stored at −80◦C. All patients provided the written
informed consent. This experiment was approved by the Ethics Committee of Huiji District People’s Hospital.

Cell culture and treatment
Human chondrocytes (CHON-001 cells) were provided via American Type Culture Collection (Manassas, VA, U.S.A.)
and grown in DMEM (Thermo Fisher, Waltham, MA, U.S.A.) plus 10% fetal bovine serum (HyClone, Logan, UT,
U.S.A.) and 0.1 mg/ml G-418 (Thermo Fisher) in 5% CO2 at 37◦C.

To mimic OA-like chondrocytes injury, CHON-001 cells were challenged via 10 ng/ml of IL-1β (Sangon Biotech,
Shanghai, China) for 24 h as previously reported [20]. The cells in control group were treated with equal volumes of
PBS.

Cell transfection
CircSERPINE2 overexpression vector was synthesized via cloning circSERPINE2 (hsa circ 0008365) sequence into
pcDNA3.1 circRNA mini vector, with the pcDNA3.1 circRNA mini vector (Addgene, Cambridge, MA, U.S.A.) as
negative control (pcDNA). siRNA for circSERPINE2 (si-circSERPINE2, 5′-UCCGGUGUGGUCGUCCUUGGU-
3′), negative control of siRNA (si-con, 5′-AAGACAUUGUGUGUCCGCCTT-3′), miR-495 mimic (5′-AAACAA
ACAUGGUGCACUUCUU-3′), negative control of mimic (miR-con, 5′-ACGUGACACGUUCGGAGAATT-3′),
miR-495 inhibitor (anti-miR-495, 5′-AAGAAGUGCACCAUGUUUGUUU-3′), and negative control of inhibitors
(anti-miR-con, 5′-CAGUACUUUUGUGUAGUACAA-3′) were synthesized via Ribobio (Guangzhou, China). For
cell transfection, CHON-001 cells with 60% confluence were transfected with the vectors or oligonucleotides (30
nM) using Lipofectamine 2000 (Thermo Fisher) for 24 h.

Quantitative reverse-transcription polymerase chain reaction
The cartilage samples or CHON-001 cells were lysed in TRIzol solution (Solarbio, Beijing, China), and then RNA
was extracted according to the acidguanidinium thiocyanate–phenol–chloroform extraction method [21]. The RNA
in nuclear or cytoplasm was isolated using a Cytoplasmic & Nuclear RNA Purification kit (Norgen Biotek, Thorold,
Canada). The RNA was reverse-transcribed to cDNA using specific reverse transcription kit (Fulengen, Guangzhou,
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China). The generated cDNA was diluted and applied to quantitative reverse-transcription polymerase chain reac-
tion (qRT-PCR) via mixing with SYBR (Solarbio) and specific primers (Genscript, Nanjing, China). The primers were
shown as: circSERPINE2 (hsa circ 0008365) (sense, 5′-CGGGAAATCCTATCAAGTGC-3′; antisense, 5′-ATTGAA
GTGGGAGCAGATGG-3′), SERPINE2 (sense, 5′-CCTCTTTCCGGCTGTGACC-3′; antisense, 5′-CCGTGGTAGG
GCAGTTCAAT-3′), TGFBR2 (sense, 5′-GTTGGCGAGGAGTTTCCTGTT-3′; antisense, 5′-GTCCTATTACAGCT
GGGGCA-3′), miR-495 (sense, 5′-TCCGATTCTTCACGTGGTAC-3′; antisense, 5′-GTGCAGGGTCCGAGGT-3′),
U6 (sense, 5′-CTCGCTTCGGCAGCACA-3′; antisense, AACGCTTCACGAATTTGCGT), and GAPDH (sense,
5′-GAAAGCCTGCCGGTGACTAA-3′; antisense, 5′-TTCCCGTTCTCAGCCTTGAC-3′). U6 (for miR-495 or nu-
clear) or GAPDH (for circSERPINE2, SERPINE2, TGFBR2 or cytoplasm) served as a reference control. Relative RNA
level was calculated using 2−��Ct method [22].

The validation of circRNA circularization
RNase R could digest linear RNAs, but shows little effect on circRNAs. The isolated RNA was incubated with RNase
R (4 U/μg; Geneseed, Guangzhou, China) for 30 min at 37◦C. Next, the levels of circSERPINE2 and linear SERPINE2
were examined via qRT-PCR.

The random primers are suitable for the reverse transcription of almost all RNA, but Oligo(dT)18 primers are
applied to the reverse transcription of RNA with poly(A) tail. CircRNAs have no poly(A) tails. During the reverse
transcription, the random or Oligo(dT)18 primers were used, respectively.

Cell viability, caspase-3 activity and flow cytometry
Cell viability was detected via 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2–H -tetrazolium bromide (MTT) analysis.
A total of 1 × 104 CHON-001 cells were placed into 96-well plates in quadruplicate overnight and then stimulated via
10 ng/ml of IL-1β for 24 h. Next, the medium was discarded and changed to fresh one plus 0.5 mg/ml MTT (Beyotime,
Shanghai, China). After culture for 4 h, the medium was replaced with 100 μl of DMSO (Beyotime). The absorbance
at 570 nm was examined using a microplate reader (Molecular Devices, Sunnyvale, CA, U.S.A.). Cell viability was
normalized to the control group, and the control group was regarded as 100%.

For detection of caspase-3 activity, 4 × 105 CHON-001 cells were placed into six-well plates in quadruplicate and
then exposed to 10 ng/ml of IL-1β for 24 h. Next, cells were collected and lysed, and the cell lysates were used for
caspase-3 activity assay via a caspase-3 assay kit (Abcam, Cambridge, MA, U.S.A.) according to the instructions of
manufacturer. The optical density value at 400 nm was measured using a microplate reader. The relative caspase-3
activity was normalized to the control group.

Cell apoptotic rate was tested using an Annexin V-FITC apoptosis detection kit (Thermo Fisher) via flow cytom-
etry. A total of 2 × 105 CHON-001 cells were added into six-well plates and then incubated with 10 ng/ml of IL-1β
for 24 h. Each sample was prepared in quadruplicate. Next, cells were collected, interacted with binding buffer and
then dyed with Annexin V-FITC and propidium iodide (PI), followed via the detection of cell apoptosis using a flow
cytometer (Agilent, Hangzhou, China). The apoptotic rate of CHON-001 cells was expressed as the percentage of
cells with Annexin V-FITC+ and PI+/−.

Western blot
After lysing in RIPA buffer (Solarbio), cell lysates were centrifuged for protein collection. The concentration of
protein sample was tested using a BCA kit (Abcam). Twenty microgram samples were loaded on sodium dode-
cyl sulfate/polyacrylamide gel electrophoresis and then transferred to nitrocellulose membranes (Solarbio). Next,
the membranes were blocked in 5% non-fat milk, and then interacted with primary antibodies anti-Sry-type
high-mobility-group box 9 (SOX9) (ab3697, 1:1000 dilution, Abcam), anti-collagen type II α 1 (COL2A1) (AB761,
1:100 dilution, Sigma–Aldrich), anti-Aggrecan (AB1031, 1:1000 dilution, Sigma–Aldrich), anti-TGFBR2 (ab186838,
1:500 dilution, Abcam) or anti-β-actin (ab227387, 1:5000 dilution, Abcam) and the secondary antibody conjugated
by horseradish peroxidase (ab205718, 1:20000 dilution, Abcam). β-actin functioned as a loading control. Subse-
quently, the protein blots were developed via exposing to ECL reagent (Solarbio) and tested by ImageJ software (NIH,
Bethesda, MD, U.S.A.). Relative protein level was normalized to the control group.

Dual-luciferase reporter analysis and RNA immunoprecipitation
The complementary sequence of circSERPINE2 and miR-495 was explored via CircInteractome (https://
circinteractome.nia.nih.gov/), and that of miR-495 and TGFBR2 was searched via DIANA tools (http:
//diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT CDS/index). The luciferase reporter vectors
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circSERPINE2-WT or TGFBR2-WT were constructed via inserting the wildtype sequence of circSERPINE2 or
TGFBR2 3′UTR into psiCHECK-2 vectors (YouBio, Changsha, China), respectively. The mutant-type luciferase re-
porter vectors circSERPINE2-MUT or TGFBR2-MUT were generated via using the corresponding mutant sequence.
For dual-luciferase reporter analysis, CHON-001 cells were co-transfected with the constructed vectors or miR-495
mimic or miR-con for 24 h. Next, the luciferase activity was tested using a dual-luciferase analysis kit (Promega,
Madison, WI, U.S.A.), and detected via a GloMax 20/20 Luminometer (Promega).

RNA immunoprecipitation (RIP) analysis was performed using a Magna RIP kit (Sigma, St. Louis, MO, U.S.A.). A
total of 1 × 107 CHON-001 cells were lysed, and the cell lysates were interacted with the magnetic beads conjugated
via anti-protein argonaute-2 (Ago2) for 6 h. IgG was regarded as a negative control. The immunoprecipitated RNA
on the beads was extracted, and the enrichment levels of circSERPINE2, miR-495 and TGFBR2 in the complex were
examined via qRT-PCR.

Statistical analysis
The data with normal distribution were shown as mean +− SD. The linear correlation among circSERPINE2, miR-495
and TGFBR2 expression in OA patients was tested via Pearson correlation analysis. The difference was compared via
Student’s t test or ANOVA with Tukey’s test using GraphPad Prism 6 (GraphPad Inc., La Jolla, CA, U.S.A.). And it
was statistically significant at P<0.05.

Results
CircSERPINE2 level is reduced in OA
To measure the expression of circSERPINE2 in OA patients, the cartilage tissues from OA patients (n=35) or nor-
mal patients (without OA, n=10) were collected. CircSERPINE2 expression was evidently reduced in OA patients
compared with normal subjects (Figure 1A). Moreover, IL-1β-challenged CHON-001 cellular model was established.
CircSERPINE2 level was markedly declined in CHON-001 cells after exposure to IL-1β (Figure 1B). Additionally, the
RNA from CHON-001 cells was treated with or without RNase R which could digest linear RNAs. Results showed
that circSERPINE2 was more resistant to RNase R than linear SERPINE2 (Figure 1C). Furthermore, using random or
Oligo(dT)18 primers followed via qRT-PCR, the circular SERPINE2 level was decreased using Oligo(dT)18 primers
compared with random primers, suggesting that circSERPINE2 lacked the structure of poly(A) tail (Figure 1D). These
confirmed the circularization of circSERPINE2. Besides, by separating the nuclear and cytoplasm, qRT-PCR assay
showed that circSERPINE2 was mainly located in cytoplasm of CHON-001 cells (Figure 1E). These results indicated
that circSERPINE2 might be involved in IL-1β-induced chondrocyte injury.

Overexpression of circSERPINE2 alleviates IL-1β-induced apoptosis and
extracellular matrix degradation
To explore the role of circSERPINE2 in IL-1β-induced chondrocyte injury, CHON-001 cells were transfected with
pcDNA or circSERPINE2 overexpression vector and then exposed to IL-1β. As displayed in Figure 2A, circSER-
PINE2 level was evidently decreased in IL-1β-challenged CHON-001 cells, but it was up-regulated by transfec-
tion of circSERPINE2 overexpression vector. Moreover, MTT assay showed that the viability of CHON-001 cells
was markedly reduced via exposure to IL-1β, which was restored via circSERPINE2 overexpression (Figure 2B).
In addition, the caspase-3 activity and apoptotic rate in CHON-001 cells were evidently enhanced by treatment of
IL-1β, and these events were weakened by circSERPINE2 overexpression (Figure 2C,D). Besides, the extracellular
matrix-related markers were detected in IL-1β-challenged CHON-001 cells. Results displayed that the protein levels
of SOX9, COL2A1 and Aggrecan were significantly reduced by IL-1β treatment, which was reversed via up-regulation
of circSERPINE2 (Figure 2E). These data suggested that circSERPINE2 overexpression could mitigate IL-1β-induced
chondrocyte injury.

miR-495 is targeted via circSERPINE2
To explore the potential regulatory network mediated by circSERPINE2, the targeted miRNAs were searched by
CircInteractome. miR-495, an OA-associated miRNA, was a predicted target of circSERPINE2, and their binding
sequence was displayed in Figure 3A. To identify their correlation, the luciferase reporter vectors circSERPINE2-WT
and circSERPINE2-MUT were conducted, and dual-luciferase reporter analysis was performed. The results showed
that miR-495 overexpression caused more than 60% reduction in luciferase activity of circSERPINE2-WT, but it did
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Figure 1. The expression of circSERPINE2 in OA

(A) CircSERPINE2 expression was detected in cartilage tissues from OA patients (n=35) or normal patients (without OA, n=10). (B)

CircSERPINE2 level was measured in IL-1β-challenged CHON-001 cells. (C) The circular and linear SERPINE2 were detected after

treatment of RNase R. (D) The circular and linear SERPINE2 were measured with the reverse transcription using Random primers

or Oligo(dT)18 primers. (E) CircSERPINE2 abundance was detected in nuclear and cytoplasm fractions. *P<0.05.

not change the luciferase activity of circSERPINE2-MUT (Figure 3B). Furthermore, RIP assay was also used to val-
idate the interaction between circSERPINE2 and miR-495. As shown in Figure 3C, there were amount of circSER-
PINE2 and miR-495 enriched in the same complex by Ago2 RIP. Additionally, miR-495 expression was detected in
OA patients and IL-1β-treated cells. Results showed that miR-495 level was evidently increased in OA patients com-
pared with normal group (Figure 3D). Similarly, miR-495 abundance in CHON-001 cells was elevated by 4.5-fold
after exposure to IL-1β (Figure 3E). Besides, miR-495 level was markedly declined by circSERPINE2 overexpression
and enhanced via circSERPINE2 knockdown (Figure 3F). These results indicated that circSERPINE2 could target
miR-495 in chondrocytes.

Up-regulation of miR-495 reverses the effect of circSERPINE2 on
IL-1β-induced apoptosis and extracellular matrix degradation
To explore whether circSERPINE2-mediated regulation of chondrocyte injury required miR-495, CHON-001 cells
were transfected with pcDNA, circSERPINE2 overexpression vector, circSERPINE2 overexpression vector + miR-con
or miR-495 mimic and then exposed to IL-1β. As exhibited in Figure 4A, miR-495 abundance was evidently re-
duced via circSERPINE2 overexpression in IL-1β-challenged CHON-001 cells, but it was restored via transfection of
miR-495 mimic. Furthermore, up-regulation of miR-495 mitigated circSERPINE2-meditaed elevation of cell viability,
and reduction in caspase-3 activity and apoptotic rate in IL-1β-challenged CHON-001 cells (Figure 4B–D). Addition-
ally, restoration of miR-495 relieved the effect of circSERPINE2 on protein expression of SOX9, COL2A1 and Aggre-
can in IL-1β-challenged cells (Figure 4E). These results indicated that circSERPINE2 could weaken IL-1β-induced
chondrocyte injury by regulating miR-495.
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Figure 2. The effect of circSERPINE2 on IL-1β-induced chondrocyte injury

CircSERPINE2 level (A), cell viability (B), caspase-3 activity (C), apoptotic rate (D), and protein levels of SOX9, COL2A1 and Aggrecan

(E) were detected in CHON-001 cells transfected with pcDNA or circSERPINE2 overexpression vector after treatment of IL-1β.

*P<0.05.

TGFBR2 is targeted via miR-495
To further explore the circRNA/miRNA/mRNA network mediated via circSERPINE2/miR-495, the target of miR-495
was searched via DIANA tools. TGFBR2 was predicted as a candidate target of miR-495, and the binding sites
of miR-495 and TGFBR2 were shown in Figure 5A. To validate this relationship, the luciferase reporter vectors
TGFBR2-WT and TGFBR2-MUT were conducted, and transfected into CHON-001 cells. The data of dual-luciferase
reporter assay displayed that miR-495 addition reduced ∼70% of luciferase activity of TGFBR2-WT, while it caused
little effect on the luciferase activity of TGFBR2-MUT (Figure 5B). In addition, miR-495 and TGFBR2 were enriched
in the same complex by Ago2 RIP (Figure 5C). Moreover, TGFBR2 expression was examined in OA patients and
IL-1β-treated cells. As displayed in Figure 5D,E, TGFBR2 expression was evidently declined in OA patients compared
with normal group and CHON-1 cells challenged via IL-1β. Besides, TGFBR2 protein abundance in CHON-001 cells
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Figure 3. The relationship of circSERPINE2 and miR-495

(A) The binding sequence between circSERPINE2 and miR-495. (B) Luciferase activity was detected in CHON-001 cells co-trans-

fected with circSERPINE2-WT or circSERPINE2-MUT and miR-495 mimic or miR-con. (C) CircSERPINE2 and miR-495 levels were

detected after Ago2 or IgG RIP. (D) miR-495 expression was measured in OA patients and normal patients. (E) miR-495 level

was detected in IL-1β-challenged CHON-001 cells. (F) miR-495 level was examined in CHON-001 cells transfected with pcDNA,

circSERPINE2 overexpression vector, si-con or si-circSERPINE2. *P<0.05.

was significantly decreased via miR-495 overexpression and elevated via miR-495 knockdown (Figure 5F). These
findings suggested that miR-495 could target TGFBR2 in chondrocytes.

CircSERPINE2 regulates TGFBR2 expression via miR-495
To test whether circSERPINE2 could modulate TGFBR2 by miR-495, their correlations were analyzed. As displayed
in Figure 6A,B, miR-495 level in OA patients were inversely correlated with circSERPINE2 and TGFBR2. Moreover,
TGFBR2 expression in OA patients was positively associated with circSERPINE2 level (Figure 6C). In addition, the
effect of circSERPINE2 and miR-495 on TGFBR2 expression was tested. The results showed that TGFBR2 protein
expression was markedly enhanced by circSERPINE2 overexpression, which was weakened via miR-495 overexpres-
sion (Figure 6D). Besides, TGFBR2 protein abundance in CHON-001 cells was evidently declined via circSERPINE2
silence, which was restored via miR-495 knockdown (Figure 6E). These results indicated that circSERPINE2 could
promote TGFBR2 abundance by regulating miR-495.

Discussion
OA is one common type of arthritis in elderly populations, but the effective option for treatment of OA remains lim-
ited partly due to the incomplete understanding of OA pathogenesis [23]. The loss of extracellular matrix of articular
cartilage is a key factor for OA progression [2]. Moreover, the chondrocytes apoptosis also occurs in OA development
[3,4]. The dysregulated circRNAs are implicated in OA development and treatment [24]. In this research, we aimed
to explore the function and mechanism of circSERPINE2 in chondrocytes apoptosis and extracellular matrix degra-
dation. Our study confirmed that circSERPINE2 attenuated IL-1β-induced chondrocytes apoptosis and extracellular
matrix degradation. Importantly, our study was the first to provide this was associated with the regulatory network
of circSERPINE2/miR-495/TGFBR2.

We first measured circSERPINE2 expression in OA cartilage tissues and IL-1β-challenged chondrocytes, and found
that circSERPINE2 abundance was reduced, which was also in agreement with a previous study [11]. This indi-
cated the decreased circSERPINE2 might be associated with IL-1β-induced chondrocyte injury. Here we constructed
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Figure 4. The effect of miR-495 on circSERPINE2-mediated regulation of IL-1β-induced chondrocyte injury

miR-495 expression (A), cell viability (B), caspase-3 activity (C), apoptotic rate (D), and protein levels of SOX9, COL2A1 and Ag-

grecan (E) were examined in CHON-001 cells transfected with pcDNA, circSERPINE2 overexpression vector, circSERPINE2 over-

expression vector + miR-con or miR-495 mimic after treatment of IL-1β. *P<0.05.

IL-1β-induced OA cellular model. In IL-1β-challenged chondrocytes, the apoptosis and extracellular matrix degra-
dation were induced, which was also similar as previously reported [25–27]. To explore the function of circSER-
PINE2, we performed the gain-of-function experiments by overexpressing circSERPINE2 in IL-1β-challenged chon-
drocytes. We found that circSERPINE2 overexpression mitigated IL-1β-induced chondrocytes apoptosis by decreas-
ing caspase-3 activity and apoptotic rate, and alleviated IL-1β-induced extracellular matrix degradation by restoring
the expression of COL2A1 and Aggrecan. This was also consistent with the report of Shen et al. [11]. Our results
indicated that circSERPINE2 played a protective role in chondrocytes under IL-1β exposure, and suggested that circ-
SERPINE2 might be used as a target for OA treatment.
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Figure 5. The relationship of miR-495 and TGFBR2

(A) The binding sequence between miR-495 and TGFBR2. (B) Luciferase activity was tested in CHON-001 cells co-transfected

with TGFBR2-WT or TGFBR2-MUT and miR-495 mimic or miR-con. (C) miR-495 and TGFBR2 levels were measured after Ago2 or

IgG RIP. (D) TGFBR2 mRNA expression was detected in OA patients and normal patients. (E) TGFBR2 protein level was measured

in IL-1β-challenged CHON-001 cells. (F) TGFBR2 protein expression was examined in CHON-001 cells transfected with miR-con,

miR-495 mimic, anti-miR-con or anti-miR-495. *P<0.05.

The key mechanism addressed via circRNAs is to target mRNA by sponging miRNAs, and this network is in-
volved in OA development [28]. Previous studies reported circSERPINE2 could exhibit its function via regulating
miR-1271/ETS-related gene axis or miR-375/YWHAZ axis [11,29]. This study aimed to explore an additional regula-
tory network of circSERPINE2. Here we validated miR-495 was targeted via circSERPINE2. Yang et al. suggested that
miR-495 knockdown could inhibit chondrocytes apoptosis by activating the NF-kB pathway in OA [30]. Moreover,
Zhao et al. reported that miR-495 overexpression could promote chondrocytes apoptosis and extracellular matrix
degradation via decreasing AKT1 [14]. These implied the promoting role of miR-495 in chondrocytes injury in OA.
Similarly, our study also found that miR-495 played a malignant role in IL-1β-challenged chondrocytes by abating
the protective role of circSERPINE2, which also indicated that circSERPINE2 could regulate chondrocytes injury in
OA by modulating miR-495.

Next, we further explored the target of miR-495 in chondrocytes. Here we identified miR-495 could target TGFBR2,
a gene with important role in chondrocyte phenotype [15]. In this research, we found that TGFBR2 expression was
lower in OA patients and IL-1β-challenged chondrocytes, which was also like that in previous study [18]. Shen et
al. suggested that TGFBR2 deletion could promote OA-like injury in mice [16]. Chen et al. reported that TGFBR2
was targeted via lncRNA MEG3 to suppress extracellular matrix degradation of chondrocytes [17]. Furthermore,
Lu et al. TGFBR2 could suppress chondrocytes apoptosis in OA [18]. These previous reports have confirmed that
TGFBR2 could attenuate chondrocytes apoptosis and extracellular matrix degradation induced via IL-1β. Hence,
our study wanted to explore whether circSERPINE2 could target TGFBR2 to participate in regulating chondrocytes
injury. Based on the crosstalk of miR-495 to circSERPINE2 and TGFBR2, we further identified that circSERPINE2
could promote TGFBR2 expression in chondrocytes via competitively binding with miR-495. Thus, we concluded
that circSERPINE2 might target TGFBR2 by miR-495 to regulate chondrocyte injury.

In conclusion, circSERPINE2 alleviated IL-1β-induced chondrocytes apoptosis and extracellular matrix degra-
dation, possibly via miR-495/TGFBR2 axis. This indicated a new mechanism for understanding the pathology of
chondrocyte injury in OA, and provided circSERPINE2 as a target for OA treatment.

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).
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Figure 6. The relationship among circSERPINE2, miR-495 and TGFBR2

(A–C) The linear association among circSERPINE2, miR-495 and TGFBR2 levels in OA patients was analyzed. (D,E) TGFBR2

protein expression was measured in CHON-001 cells transfected with pcDNA, circSERPINE2 overexpression vector, circSERPINE2

overexpression vector + miR-con or miR-495 mimic, si-con, si-circSERPINE2, si-circSERPINE2 + anti-miR-con or anti-miR-495.

*P<0.05.

Data Availability
The data and material presented in this manuscript are available from the corresponding author on reasonable request.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The authors declare that there are no sources of funding to be acknowledged.

Author Contribution
Qingpu Zhang designed and performed the experiments, and wrote the manuscript. Xiamiao Qiao contributed to experimental
work and data analysis. Wenwei Xia revised the manuscript. All authors have read and approved the final manuscript.

Abbreviations
Ago2, anti-protein argonaute-2; AKT1, protein kinase Bα; circRNA, circular RNA; circSERPINE2, circRNA serpin fam-
ily E member 2; COL2A1, collagen type II α 1; IL-1β, interleukin-1β; miRNA, microRNA; miR-495, microRNA-495; MTT,

10 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/11/BSR
20201601/896819/bsr-2020-1601.pdf by guest on 18 April 2024



Bioscience Reports (2020) 40 BSR20201601
https://doi.org/10.1042/BSR20201601

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2–H -tetrazolium bromide; OA, osteoarthritis; PI, propidium iodide; qRT-PCR, quan-
titative reverse-transcription polymerase chain reaction; RIP, RNA immunoprecipitation; SOX9, Sry-type high-mobility-group box
9; TGFBR2, transforming growth factor-β receptor 2.

References
1 Reynard, L.N. and Barter, M.J. (2020) Osteoarthritis year in review 2019: genetics, genomics and epigenetics. Osteoarthritis Cartilage 28, 275–284,

https://doi.org/10.1016/j.joca.2019.11.010
2 Rahmati, M., Nalesso, G., Mobasheri, A. et al. (2017) Aging and osteoarthritis: central role of the extracellular matrix. Ageing Res. Rev. 40, 20–30,

https://doi.org/10.1016/j.arr.2017.07.004
3 Evans, C.H. (2018) Catering to chondrocytes. Sci. Transl. Med. 10, eaav7043, https://doi.org/10.1126/scitranslmed.aav7043
4 Charlier, E., Relic, B., Deroyer, C. et al. (2016) Insights on molecular mechanisms of chondrocytes death in osteoarthritis. Int. J. Mol. Sci. 17, 2146,

https://doi.org/10.3390/ijms17122146
5 Jenei-Lanzl, Z., Meurer, A. and Zaucke, F. (2019) Interleukin-1beta signaling in osteoarthritis - chondrocytes in focus. Cell. Signal. 53, 212–223,

https://doi.org/10.1016/j.cellsig.2018.10.005
6 Razmara, E., Bitaraf, A., Yousefi, H. et al. (2019) Non-coding RNAs in cartilage development: an updated review. Int. J. Mol. Sci. 20, 4475,

https://doi.org/10.3390/ijms20184475
7 Jiang, S., Liu, Y., Xu, B. et al. (2020) Noncoding RNAs: new regulatory code in chondrocyte apoptosis and autophagy. Wiley Interdiscip. Rev. RNA 11,

e1584, https://doi.org/10.1002/wrna.1584
8 Li, H.Z., Lin, Z., Xu, X.H. et al. (2018) The potential roles of circRNAs in osteoarthritis: a coming journey to find a treasure. Biosci. Rep. 38,

BSR20180542, https://doi.org/10.1042/BSR20180542
9 Wu, Y., Zhang, Y., Zhang, Y. et al. (2017) CircRNA hsa circ 0005105 upregulates NAMPT expression and promotes chondrocyte extracellular matrix

degradation by sponging miR-26a. Cell Biol. Int. 41, 1283–1289, https://doi.org/10.1002/cbin.10761
10 Li, B.F., Zhang, Y., Xiao, J. et al. (2017) Hsa circ 0045714 regulates chondrocyte proliferation, apoptosis and extracellular matrix synthesis by

promoting the expression of miR-193b target gene IGF1R. Hum. Cell 30, 311–318, https://doi.org/10.1007/s13577-017-0177-7
11 Shen, S., Wu, Y., Chen, J. et al. (2019) CircSERPINE2 protects against osteoarthritis by targeting miR-1271 and ETS-related gene. Ann. Rheum. Dis. 78,

826–836, https://doi.org/10.1136/annrheumdis-2018-214786
12 Malemud, C.J. (2018) MicroRNAs and osteoarthritis. Cells 7, 92, https://doi.org/10.3390/cells7080092
13 Chen, H., Wang, X., Bai, J. et al. (2017) Expression, regulation and function of miR-495 in healthy and tumor tissues. Oncol. Lett. 13, 2021–2026,

https://doi.org/10.3892/ol.2017.5727
14 Zhao, X., Wang, T., Cai, B. et al. (2019) MicroRNA-495 enhances chondrocyte apoptosis, senescence and promotes the progression of osteoarthritis by

targeting AKT1. Am. J. Transl. Res. 11, 2232–2244
15 Bauge, C., Duval, E., Ollitrault, D. et al. (2013) Type II TGFbeta receptor modulates chondrocyte phenotype. Age (Dordr.) 35, 1105–1116,

https://doi.org/10.1007/s11357-012-9433-7
16 Shen, J., Li, J., Wang, B. et al. (2013) Deletion of the transforming growth factor beta receptor type II gene in articular chondrocytes leads to a

progressive osteoarthritis-like phenotype in mice. Arthritis Rheum. 65, 3107–3119, https://doi.org/10.1002/art.38122
17 Chen, K., Zhu, H., Zheng, M.Q. et al. (2019) LncRNA MEG3 inhibits the degradation of the extracellular matrix of chondrocytes in osteoarthritis via

targeting miR-93/TGFBR2 axis. Cartilage, https://doi.org/10.1177/1947603519855759
18 Lu, C., Li, Z., Hu, S. et al. (2019) LncRNA PART-1 targets TGFBR2/Smad3 to regulate cell viability and apoptosis of chondrocytes via acting as

miR-590-3p sponge in osteoarthritis. J. Cell. Mol. Med. 23, 8196–8205, https://doi.org/10.1111/jcmm.14690
19 Altman, R., Asch, E., Bloch, D. et al. (1986) Development of criteria for the classification and reporting of osteoarthritis. Classification of osteoarthritis of

the knee. Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association. Arthritis Rheum. 29, 1039–1049,
https://doi.org/10.1002/art.1780290816

20 Ren, T., Wei, P., Song, Q. et al. (2020) MiR-140-3p ameliorates the progression of osteoarthritis via targeting CXCR4. Biol. Pharm. Bull. 43, 810–816,
https://doi.org/10.1248/bpb.b19-00959

21 Chomczynski, P. and Sacchi, N. (2006) The single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-chloroform extraction:
twenty-something years on. Nat. Protoc. 1, 581–585, https://doi.org/10.1038/nprot.2006.83

22 Livak, K.J. and Schmittgen, T.D. (2001) Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method.
Methods 25, 402–408, https://doi.org/10.1006/meth.2001.1262

23 Sun, M.M., Beier, F. and Pest, M.A. (2017) Recent developments in emerging therapeutic targets of osteoarthritis. Curr. Opin. Rheumatol. 29, 96–102,
https://doi.org/10.1097/BOR.0000000000000351

24 Yu, C.X. and Sun, S. (2018) An emerging role for circular RNAs in osteoarthritis. Yonsei Med. J. 59, 349–355,
https://doi.org/10.3349/ymj.2018.59.3.349

25 Ma, F., Li, G., Yu, Y. et al. (2019) MiR-33b-3p promotes chondrocyte proliferation and inhibits chondrocyte apoptosis and cartilage ECM degradation by
targeting DNMT3A in osteoarthritis. Biochem. Biophys. Res. Commun. 519, 430–437, https://doi.org/10.1016/j.bbrc.2019.09.022

26 Zhu, Y.J. and Jiang, D.M. (2019) LncRNA PART1 modulates chondrocyte proliferation, apoptosis, and extracellular matrix degradation in osteoarthritis
via regulating miR-373-3p/SOX4 axis. Eur. Rev. Med. Pharmacol. Sci. 23, 8175–8185

27 Lu, G., Li, L., Wang, B. et al. (2020) LINC00623/miR-101/HRAS axis modulates IL-1beta-mediated ECM degradation, apoptosis and senescence of
osteoarthritis chondrocytes. Aging (Albany NY) 12, 3218–3237, https://doi.org/10.18632/aging.102801

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

11

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/11/BSR
20201601/896819/bsr-2020-1601.pdf by guest on 18 April 2024

https://doi.org/10.1016/j.joca.2019.11.010
https://doi.org/10.1016/j.arr.2017.07.004
https://doi.org/10.1126/scitranslmed.aav7043
https://doi.org/10.3390/ijms17122146
https://doi.org/10.1016/j.cellsig.2018.10.005
https://doi.org/10.3390/ijms20184475
https://doi.org/10.1002/wrna.1584
https://doi.org/10.1042/BSR20180542
https://doi.org/10.1002/cbin.10761
https://doi.org/10.1007/s13577-017-0177-7
https://doi.org/10.1136/annrheumdis-2018-214786
https://doi.org/10.3390/cells7080092
https://doi.org/10.3892/ol.2017.5727
https://doi.org/10.1007/s11357-012-9433-7
https://doi.org/10.1002/art.38122
https://doi.org/10.1177/1947603519855759
https://doi.org/10.1111/jcmm.14690
https://doi.org/10.1002/art.1780290816
https://doi.org/10.1248/bpb.b19-00959
https://doi.org/10.1038/nprot.2006.83
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1097/BOR.0000000000000351
https://doi.org/10.3349/ymj.2018.59.3.349
https://doi.org/10.1016/j.bbrc.2019.09.022
https://doi.org/10.18632/aging.102801


Bioscience Reports (2020) 40 BSR20201601
https://doi.org/10.1042/BSR20201601

28 Wu, Y., Lu, X., Shen, B. et al. (2019) The therapeutic potential and role of miRNA, lncRNA, and circRNA in osteoarthritis. Curr. Gene Ther. 19, 255–263,
https://doi.org/10.2174/1566523219666190716092203

29 Liu, J., Song, S., Lin, S. et al. (2019) Circ-SERPINE2 promotes the development of gastric carcinoma by sponging miR-375 and modulating YWHAZ. Cell
Prolif. 52, e12648, https://doi.org/10.1111/cpr.12648

30 Yang, D.W., Qian, G.B., Jiang, M.J. et al. (2019) Inhibition of microRNA-495 suppresses chondrocyte apoptosis through activation of the NF-kappaB
signaling pathway by regulating CCL4 in osteoarthritis. Gene Ther. 26, 217–229, https://doi.org/10.1038/s41434-019-0068-5

12 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/11/BSR
20201601/896819/bsr-2020-1601.pdf by guest on 18 April 2024

https://doi.org/10.2174/1566523219666190716092203
https://doi.org/10.1111/cpr.12648
https://doi.org/10.1038/s41434-019-0068-5

