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Abstract 

Background Osteoarthritis (OA) is a chronic and degenerative bone and joint disease, and paeoniflorin shows anti-
arthritis role in OA. This study planned to investigate the mechanism related to chondroprotective role of paeoniflorin 
in OA.

Methods Real-time quantitative PCR and western blotting were performed to measure expression levels of circ-
PREX1, microRNA (miR)-140-3p, Wingless-type MMTV integration site family, member 5B (WNT5B), B cell lymphoma 
(Bcl)-2, and Bcl-2 Associated X Protein (Bax). MTT assay, EdU assay, flow cytometry and enzyme-linked immunosorbent 
assay evaluated cell viability, proliferation, apoptosis and inflammatory response, respectively. Dual-luciferase reporter 
assay and RNA immunoprecipitation assay identified the relationship among circ-PREX1, miR-140-3p, and WNT5B.

Results IL-1β highly induced apoptosis rate, Bax expression and TNF-α product, accompanied with decreased cell 
viability, cell proliferation and IL-10 secretion, whereas these effects were partially reversed after paeoniflorin pretreat-
ment. Expression of circ-PREX1 was upregulated and miR-140-3p was downregulated in cartilage tissues of patients 
with knee OA (KOA) and IL-1β-induced human chondrocytes (C28/I2). Circ-PREX1 overexpression and miR-140-3p 
silencing attenuated the suppressive effect of paeoniflorin in IL-1β-induced C28/I2 cells. Furthermore, miR-140-3p 
was negatively regulated by circ-PREX1. WNT5B was a downstream target of miR-140-3p and could be modulated 
by the circ-PREX1/miR-140-3p pathway in IL-1β-induced C28/I2 cells.

Conclusion Paeoniflorin might protect human chondrocytes from IL-1β-induced inflammatory injury via circ-PREX1-
miR-140-3p-WNT5B pathway, suggesting a potential preventative agent and a novel target for the treatment of KOA.
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Introduction
Knee osteoarthritis (KOA) is a chronic, progressive, 
and degenerative bone and joint disease in middle-aged 
and elderly populations [1], and ranks 11th among 291 
diseases for disability globally [2]. Traditional Chinese 
medicines (TCM) have been accepted as a complemen-
tary therapy for KOA [3]. Paeoniflorin, a monoterpene 
glycoside [4], is one of pharmacologically active ingre-
dients of several TCM used to treat OA lesions, such as 
Shu-Jing-Hwo-Shiee-Tang, Tougu Xiaotong capsule, and 
Shenjin Huoxue Mixture [5–7]. The anti-arthritis role of 
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paeoniflorin has been reported [8], as well as in OA [9]. 
However, the underlying molecular mechanism of pae-
oniflorin in articular cartilage cells remains undisclosed 
till now.

The genetics and epigenetics continue to be a topic 
of substantial research in OA [10], and dozens of circu-
lar RNAs (circRNAs) studies have been published since 
2016. The altered circRNA expression profiles have been 
analyzed in human OA cartilage, synovium and chondro-
cytes [11–13]. In terms of biological role, circRNAs are 
emerging essential regulators of apoptosis, autophagy 
inflammatory response, and extracellular matrix of 
chondrocytes [14, 15]. Moreover, circRNAs-microRNAs 
(miRNAs) regulation network is incorporated in the 
initiation and development of OA [12, 13, 16]. The cir-
cRNAs and miRNAs are also differently expressed in 
peripheral blood or serum of OA patients [17, 18], thus 
serving as potential diagnostic biomarkers. CircRNA 
hsa_circ_0060652, derived from PREX1 gene (referred 
as circ-PREX1) is highly expressed in knee joint chon-
drocytes of OA than that from Kashin-Beck disease [17]. 
However, the role of circ-PREX1 in OA chondrocytes has 
been unclear, as well as the related mechanism.

The objective of this study is to assess (1) circ-PREX1 
and miR-140-3p contents in KOA patients and interleu-
kin (IL)-1β-stimulated chondrocytes treated with paeoni-
florin or not, and (2) effect and association of both genes 
in the protective role of paeoniflorin in IL-1β-induced 
human chondrocyte injury.

Materials and methods
Cartilage tissues
The KOA cartilage tissues were obtained from 30 
patients with KOA (age 63.04 ± 3.56 years; 18 female, 12 
male) during total knee joint replacement surgery. The 
control cartilage tissues were recruited from 30 traumatic 
patients (age 40.2 ± 6.2 years; 10 female, 20 male) under-
going amputation surgery. The control patients were 
free from OA or rheumatoid arthritis. These participa-
tors were from Jiangxi Province Hospital of Integrated 
Chinese and Western Medicine, and this study was pre-
approved by the Institutional Review Board and Ethics 
Committee of Jiangxi Province Hospital of Integrated 
Chinese and Western Medicine. Human tissue collection 
was after received written informed consent from every 
patients.

Cell culture
Human normal chondrocyte cells C28/I2 (BNCC339995; 
BNCC, Beijing, China) was cultured in DMEM/F-12 
(GIBCO-BRL, Grand Island, NY, USA) containing 1% pen-
icillin–streptomycin (GIBCO-BRL) at 37 °C with 5%  CO2.

Treatment of IL‑1β and paeoniflorin
To mimic cell model of OA, C28/I2 cells were exposed 
to various concentrations (5, 10 or 20  ng/mL) of IL-1β 
(SRP3083; Sigma, St. Louis, MO, USA) for 24 h-incuba-
tion. For paeoniflorin treatment alone, C28/I2 cells were 
exposed to 25, 50 or 100  μM of paeoniflorin (P0038; 
Sigma-Aldrich) for 24  h. For co-treatment of IL-1β and 
paeoniflorin, C28/I2 cells were allowed to grow in com-
plete medium added with paeoniflorin (50  μM) for 4  h, 
followed by IL-1β (10 ng/mL) treatment for another 24 h.

RT‑qPCR
RNA preparation was achieved through TRIpure (BioTeke, 
Beijing, China). The cDNA was synthesized by cDNA 
Synthesis Kit (Yeasen Biotech, Shanghai, China) for circ-
PREX1 and WNT5B, and miScript Reverse Transcription 
kit (Yeasen Biotech) for miR-140-3p. The RNA expression 
was measured employing 5× All-In-One RT MasterMix 
(abm, Richmond, Vancouver, Canada) and special primer 
pairs on ABI7500 Real-time system. Primers of circ-
PREX1 were 5′-ACG AAG GCC AAA GAC GGA TT-3′ and 
5′-TCT TGG CCA TGC AGA CAA AC-3′, miR-140-3p were 
5′-GCG CGT ACC ACA GGG TAG AA-3′ and 5′-AGT GCA 
GGG TCC GAG GTA TT-3′, WNT5B were 5′-CAA GGA 
ATG CCA GCA CCA GTTC-3′ and 5′-CGG CTG ATG GCG 
TTG ACC ACG-3′, GAPDH were 5′-GAC AGT CAG CCG 
CAT CTT CT-3′ and 5′-GCG CCC AAT ACG ACC AAA 
TC-3′, and U6 snoRNA (U6) were 5′-CGC GCT TCG GCA 
GCA CAT ATACT-3′ and 5′-ACG CTT CAC GAA TTT GCG 
TGTC-3′. Target genes were quantified using the formula 
 2−ΔΔCt. GAPDH (for circ-PREX1 and WNT5B) and U6 
(for miRNA) served as internal controls.

Cell immunohistochemical staining
Type II collagen cell immunohistochemical staining 
was performed for cartilage cell activity identification. 
The cells were seeded on cover slides and grown into a 
monolayer. After removal, they were washed three times 
with PBS. Then, they were fixed with 4% paraformalde-
hyde and incubated with 3% hydrogen peroxide at room 
temperature. The cells were then blocked with 10% FBS 
medium, serum was discarded, and anti-type II collagen 
primary antibody (#ZRB1201, Sigma-Aldrich) was added 
and incubated overnight at 4 °C. Biotin-labeled goat anti-
rabbit secondary antibody was added and incubated at 
room temperature, followed by three washes with PBS. 
DAB was used for visualization, followed by counter-
staining with hematoxylin, and mounting with neutral 
quick-dry adhesive. Observation was conducted under a 
microscope.
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MTT assay
After treatment of IL-1β and/or paeoniflorin, MTT rea-
gent (Sigma-Aldrich) was added in fresh medium with-
out serum, and C28/I2 cells were incubated with MTT for 
another 4 h. Then, 150 μL of dimethyl sulfoxide was supple-
mented in each well followed by oscillation. Optical density 
(OD) value of soluble formazan in each well was detected 
using a microplate reader at the wavelength of 570 nm. Cell 
viability (%) =  ODexperimental group/ODcontrol group × 100%.

EdU assay
C28/I2 cells grown in 48-well culture plates were used 
for proliferation analysis with EdU test reagents (Beyo-
time, Shanghai, China). DMEM/F-12 (GIBCO-BRL) 
was used to dilute EdU solution. After 2-h culture using 
the prepared EdU solution, paraformaldehyde and click 
reaction solution were used to incubate the samples. 
The stained cells by 4′,6-Diamidino-2-Phenylindole 
were photographed for proliferation analysis.

Flow cytometry (FCM)
Apoptotic cells of chondrocyte cells pre-treated with 
paeoniflorin or not were subjected to flow cytom-
eter analysis. The C28/I2 cells were added with FITC-
labeled Annexin-V (Vazyme, Nanjing, China) and 
propidium iodide (Vazyme). Next, the stained cells 
were analyzed on accuri C6 flow cytometer (BD Bio-
sciences, San Jose, CA, USA). Apoptosis rate (%) = the 
ratios of AnnexinV-FITC+/PI+  + AnnexinV-FITC+/PI−.

Western blotting
The total protein was isolated using Radioimmuno-
precipitation Assay (Pierce, Rockford, IL, USA) buffer. 
The protein samples were split, and 20 μg proteins were 
subjected to polyacrylamide gel electrophoresis and 
antibody incubation. The primary antibodies targeting 
Bcl-2 (sc-7382), Bax (sc-7480), WNT5B (sc-376249), 
and GAPDH (sc-32233) were purchased from Santa 
Cruz (Shanghai, China), as well as the secondary anti-
body targeting mouse IgG (sc-516102).

ELISA
After IL-1β treatment, the cell culture supernate of C28/
I2 cells was harvested, and the concentrations of TNF-α 
and IL-10 were measured using Human TNF-α Quan-
tikine ELISA kit and Human IL-10 Quantikine ELISA kit, 
respectively. These kits were from R&D System (Minne-
apolis, MN, USA) and performed according to the prod-
uct datasheets.

Cell transfection
The pcDNA3.1/Hygro ( +) vector (pcDNA; Invitrogen, 
Carlsbad, CA, USA) was utilized to construct circ-PREX1-
overexpression vector (pcDNA-circ-PREX1, circ-PREX1) 
and WNT5B-overexpression vector (pcDNA-WNT5B, 
WNT5B). The mimic of miR-140-3p (miR-140-3p mimic; 
5′-UAC CAC AGG GUA GAA CCA CGG-3′), inhibitor of 
miR-140-3p (anti-miR-140-3p; 5′-CCG UGG UUC UAC 
CCU GUG GUA-3′), and siRNA against circ-PREX1 (si-
circ-PREX1; 5′-AAG GCC AAA GAC GGA TTA CCA-3′) 
were chemically synthesized by Sangon Biotech (Shang-
hai, China), as well as the negative controls includ-
ing miR-NC mimic (5′-UUU GUA CUA CAC AAA AGU 
ACUG-3′), anti-miR-NC (5′-UCU ACU CUU UCU AGG 
AGG UUGGA-3′), and si-NC (5′-CCU AAG GUU AAG 
UCG CCC UCG-3′). For transfection, C28/I2 cells were 
transferred in 6-well plate and incubated with 40 nM of 
mimic, 20 nM of inhibitor or siRNA, and 2 μg of pcDNA 
vector using Lipofectamine RNAi MAX (Invitrogen). 
After 24  h-transfection, C28/I2 cells were collected for 
further treatment of IL-1β alone or co-treatment of pae-
oniflorin and IL-1β.

Dual‑luciferase reporter assay
Mutant types of circ-PREX1 (MUT-circ-PREX1) and 
MUT-WNT5B 3′UTR were acquired from Yeasen Bio-
tech, thus the mutants showed no miR-140-3p binding 
sites. The wild types of circ-PREX1 (WT-circ-PREX1) 
and WT-WNT5B 3′UTR were separately inserted in 
pmiR-REPORT™ vectors (Promega, Madison, WI, USA), 
as well as the mutants. C28/I2 cells were transferred 
in 24-well plate and co-transfected with pmiR vectors 
(400  ng) and mimics (40  pmol) of miR-140-3p or miR-
NC. After co-transfection for 48  h, luciferase activities 
were detected using Dual-Glo Luciferase Assay System 
(Promega).

RNA immunoprecipitation (RIP)
The cell lysate of C28/I2 cells was collected, and sub-
jected to RIP assay using Magna RIP RNA-Binding Pro-
tein Immunoprecipitation Kit (Millipore, Billerica, MA, 
USA). Antibodies targeting Ago2 (ab32381; Abcam, 
Cambridge, UK) and IgG (ab2410; Abcam) were pre-
coupled with magnetic beads, respectively. The cell lysate 
was incubated with antibody-coated magnetic beads, and 
then digested by proteinase K. The extracted immuno-
precipitated RNA was analyzed by RT-qPCR.

Statistical analysis
The results were displayed as mean ± standard deviation. 
The data analysis was performed on GraphPad Prism 7.0. 
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Comparisons were performed with Student’s t-test or 
one-way analysis of variance followed with Turkey’s post 
hoc test. The data were deemed to be statistically signifi-
cant at P < 0.05.

Results
Circ‑PREX1 and miR‑140‑3p were abnormally expressed 
in KOA cartilage tissues and IL‑1β‑induced human 
chondrocytes
The KOA cartilages were isolated from knee joints of 
patients with KOA, and expression of circ-PREX1 and miR-
140-3p was further measured. As RT-qPCR analysis showed, 
circ-PREX1 level was 4.2-fold and miR-140-3p was 0.3-fold 
of that in control cartilages (Fig.  1A and C). The synthesis 
and secretion of type II collagen are important characteris-
tics for maintaining the differentiated phenotype of chondro-
cytes. Identification of C28/I2 cells was performed through 
type II collagen staining, with most of the cellular staining 
located in the cytoplasm and appearing as a deep brown 
color (Additional file 1: Figure S1). Besides, circ-PREX1 was 
gradually upregulated in C28/I2 cells treated with 5–20 ng/
mL of IL-1β, accompanied with downregulated miR-140-3p 
(Fig. 1B and D). Furthermore, there was an inverse correla-
tion between circ-PREX1 and miR-140-3p in KOA cartilages 
(Fig. 1E). These data might suggest a reciprocal action of circ-
PREX1 and miR-140-3p in the development of KOA.

Paeoniflorin mitigated IL‑1β‑induced apoptosis 
and inflammatory response in human chondrocytes 
in vitro
Recently, paeoniflorin had been identified to exert 
anti-arthritic effects. Expression of circ-PREX1 was 
decreased, and miR-140-3p was increased with pre-
treatment of paeoniflorin in IL-1β-induced C28/I2 cells 
(Fig.  1F and G). MTT assay showed that IL-1β stimu-
lated cell viability inhibition in C28/I2 cells (Fig.  2A), 
while paeoniflorin displayed little effect on that (Fig. 2B). 
Besides, 50  μM of paeoniflorin attenuated circ-PREX1 
expression level in IL-1β-induced C28/I2 cells (Fig. 2C). 
With paeoniflorin pre-treatment, IL-1β-induced inhi-
bition in cell viability and proliferation was rescued in 
C28/I2 cells (Fig.  2D and E). The high apoptosis rate 
of IL-1β-induced C28/I2 cells was reduced due to pae-
oniflorin pretreatment (Fig.  2F and G), accompanied 
with elevated Bcl-2 and promoted Bax (Fig.  2H). Pae-
oniflorin also suppressed TNF-α (pro-inflammatory 
cytokine [19]) secretion and improved IL-10 (anti-
inflammatory cytokine [19]) secretion in C28/I2 cells 
under IL-1β stress (Fig. 2I). These results demonstrated 
that paeoniflorin mitigated IL-1β-induced apoptosis and 
inflammatory response in human chondrocytes in vitro 
accompanying with circ-PREX1 downregulation.

Fig. 1 Expression of hsa_circ_0060652 (circ-PREX1) and miRNA (miR)-140-3p in knee osteoarthritis (KOA) patients and interleukin (IL)-1β-induced 
human chondrocytes. A‑D RT-qPCR measured circ-PREX1 and miR-140-3p levels in (A, C) KOA cartilage tissues (KOA; n = 30) and control cartilage 
tissues (Control; n = 30), and B, D human normal chondrocyte cell line (C28/I2) treated with IL-1β (0, 5, 10 and 20 ng/mL) for 24 h. E Pearson’s 
correlation (r) analysis analyzed the correlation between circ-PREX1 and miR-140-3p in KOA cartilages (n = 30). F, G RT-qPCR measured circ-PREX1 
and miR-140-3p levels in IL-1β-induced C28/I2 cells pre-treated with paeoniflorin (0, 25, 50 and 100 μM) for 4 h. *P < 0.05



Page 5 of 12Wu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:766  

Overexpression of circ‑PREX1 and downregulation 
of miR‑140‑3p attenuated the protective role 
of paeoniflorin in IL‑1β‑induced human chondrocytes 
in vitro
The contribution of circ-PREX1 to the protective role 
of paeoniflorin was further identified in IL-1β-induced 
inflammatory injury in human chondrocytes. C28/
I2 cells were transfected with circ-PREX1 vector or 
pcDNA empty vector, and followed with co-treatment 
of paeoniflorin and IL-1β. The high efficiency of circ-
PREX1 overexpression was shown in Additional file  2: 
Figure S2A. In IL-1β-induced C28/I2 cells pre-treated 
with paeoniflorin, expression of circ-PREX1 was inhib-
ited, and circ-PREX1 vector then recovered circ-PREX1 
expression (Fig.  3A). Circ-PREX1 recovery inhibited 
cell viability and proliferation and induced cell apopto-
sis, as evidenced by lowered cell viability, the number 
of EdU-positive cells and Bcl-2 expression (Fig.  3B, C 
and E), and elevated apoptosis rate and Bax expression 

(Fig. 3D and E). The high level of IL-10 and low level of 
TNF-α in IL-1β-induced C28/I2 cells pre-treated with 
paeoniflorin were reversed by circ-PREX1 upregulation 
(Fig. 3F). These outcomes suggested a suppressive effect 
of circ-PREX1 overexpression in the protective role of 
paeoniflorin in IL-1β-induced inflammatory injury in 
human chondrocytes in  vitro. As shown in Additional 
file  2: Figure S2B, miR-140-3p inhibitor was effec-
tive in decreasing miR-140-3p expression. Anti-miR-
140-3p transfection mediated miR-140-3p knockdown 
in IL-1β-induced C28/I2 cells pre-treated with paeoni-
florin (Fig. 4A), and this action led to a decrease of cell 
viability, cell proliferation, Bcl-2 expression and IL-10 
secretion (Fig.  4B, C, E and F), as well as an increase 
of apoptosis rate, Bax expression and TNF-α secretion 
(Fig.  4D–F). Collectively, upregulating circ-PREX1 or 
downregulating miR-140-3p could diminish the protec-
tive role of paeoniflorin in IL-1β-induced inflammatory 
injury in human chondrocytes in vitro.

Fig. 2 The role of paeoniflorin in IL-1β-induced human chondrocytes in vitro. A, B MTT assay assessed cell viability of C28/I2 cells treated with IL-1β 
(0, 5, 10 and 20 ng/mL) for 24 h or paeoniflorin (0, 25, 50 and 100 μM) for 24 h. C‑I IL-1β-induced C28/I2 cells were pre-treated with paeoniflorin 
(50 μM) for 4 h or not, and C RT-qPCR detected circ-PREX1 level, D MTT assay assessed cell viability, E EdU assay was performed to analyze cell 
proliferation, F and G flow cytometry (FCM) examined apoptosis rate, H western blotting measured protein levels of Bcl-2 and Bax, and I ELISA 
determined products of TNF-α and IL-10. *P < 0.05
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There was a target relationship between circ‑PREX1 
and miR‑140‑3p
Moreover, circinteractome software (https:// circi ntera 
ctome. nia. nih. gov/) predicted a complementary relation-
ship between circ-PREX1 and miR-140-3p, and the puta-
tive binding sites were presented in Fig.  5A. The high 
efficiency of miR-140-3p mimic in upregulating miR-
140-3p expression was confirmed by RT-qPCR (Addi-
tional file  2: Figure S2B). Using dual-luciferase reporter 
assay, luciferase activity of pmiR vectors carrying WT-
circ-PREX1 was attenuated by miR-140-3p mimic trans-
fection in C28/I2 cells (Fig.  5B); additionally, RIP assay 
depicted a simultaneously remarkable enrichment of 
circ-PREX1 and miR-140-3p by Ago2 in C28/I2 cells 
(Fig.  5C). Subsequently, the data of RT-qPCR revealed 
that siRNA of circ-PREX1 was effective in downregulat-
ing circ-PREX1 expression in IL-1β-treated C28/I2 cells 
(Additional file  2: Figure S2A). The expression level of 

miR-140-3p was downregulated by circ-PREX1 overex-
pression via pcDNA vector transfection, and upregu-
lated by circ-PREX1 knockdown via siRNA transfection 
in IL-1β-induced C28/I2 cells (Fig. 5D and E). These data 
could indicate a direct regulatory effect of circ-PREX1 on 
miR-140-3p in human chondrocytes.

WNT5B was a downstream target of miR‑140‑3p
The starBase v2.0 software (http://starbase/
miRNA&mRNAs/==hsa-miR-140-3p&clipNum/=wnt5b) 
also provided a potent interaction between miR-140-3p 
and WNT5B (Fig.  6A). With the mutation of the core 
sites, miR-140-3p mimic transfection failed to alter the 
luciferase activity of pmiR vector carrying MUT-WNT5B 
3′UTR (Fig. 6B). MiR-140-3p and WNT5B were simulta-
neously enriched by Ago2 in C28/I2 cells (Fig. 6C). These 
results indicated WNT5B was a target gene of miR-140-3p. 
Then, expression of WNT5B in KOA was investigated. The 

Fig. 3 Effect of circ-PREX1 on the protective role of paeoniflorin in IL-1β-induced human chondrocytes in vitro. IL-1β-induced C28/I2 cells were 
pre-transfected with pcDNA-circ-PREX1 (circ-PREX1) or the empty vector (pcDNA) and then treated with paeoniflorin (50 μM) for 4 h. A RT-qPCR 
detected circ-PREX1 level, B MTT assay assessed cell viability, C EdU assay was performed to analyze cell proliferation, D FCM examined apoptosis 
rate, E western blotting measured protein levels of Bcl-2 and Bax, and F ELISA determined products of TNF-α and IL-10. *P < 0.05

https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/


Page 7 of 12Wu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:766  

mRNA expression of WNT5B was significantly upregu-
lated in human KOA cartilage tissues (Fig.  6D), as well 
as its protein level (Fig.  6E). Similarly, WNT5B protein 
level was gradually increased in C28/I2 cells stimulated 
by different concentrations of IL-1β (Fig.  6F). There was 
a negative correlation between miR-140-3p and WNT5B 
expression in this group of KOA patients (Fig.  6G). 
Besides, expression levels of WNT5B were downregulated 
by miR-140-3p overexpression via mimic transfection, 
and upregulated by miR-140-3p knockdown via inhibitor 
transfection in IL-1β-induced C28/I2 cells (Fig. 6H and I). 
These outcomes showed a direct inhibitory regulation of 
miR-140-3p on WNT5B in human chondrocytes.

Paeoniflorin modulated circ‑PREX1/miR‑140‑3p/WNT5B 
axis in IL‑1β‑induced human chondrocytes in vitro
As shown in Additional file  2: Figure S2C, WNT5B 
overexpression plasmid was effective in upregulat-
ing WNT5B expression in IL-1β-induced C28/I2 cells. 
Re-expression of WNT5B could also counteract the 
effects of paeoniflorin on WNT5B protein expres-
sion, cell viability, cell proliferation, apoptosis rate, 
and expression levels of Bcl-2, Bax, IL-10, and TNF-α 
in IL-1β-induced C28/I2 cells (Fig.  7A–F). Moreover, 
expression of WNT5B protein was also suppressed 
by circ-PREX1 deficiency via siRNA transfection, and 
this suppression could be relieved by presence of anti-
miR-140-3p in IL-1β-induced C28/I2 cells (Fig.  8A). 

Fig. 4 Effect of miR-140-3p on the protective role of paeoniflorin in IL-1β-induced human chondrocytes in vitro. IL-1β-induced C28/I2 cells were 
pre-transfected with miR-140-3p inhibitor (anti-miR-140-3p) or the negative control (anti-miR-NC) and then treated with paeoniflorin (50 μM) 
for 4 h. A RT-qPCR detected miR-140-3p level, B MTT assay assessed cell viability, C EdU assay was performed to analyze cell proliferation, D FCM 
examined apoptosis rate, E western blotting measured protein levels of Bcl-2 and Bax, and F ELISA determined products of TNF-α and IL-10. 
*P < 0.05
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Besides, the high expression of WNT5B protein in 
IL-1β-induced C28/I2 cells was declined with pae-
oniflorin pretreatment, which was rescued by both 
circ-PREX1 overexpression and miR-140-3p silenc-
ing (Fig. 8B and C). These results suggested that pae-
oniflorin could modulate the circ-PREX1/miR-140-3p/
WNT5B axis to participate in IL-1β-induced human 
chondrocytes in vitro.

Discussion
IL-1β, an early-stage inflammatory cytokine, had been 
commonly used to induce an in vitro OA model [20], and 
IL-1β was highly potent to induce proliferation, differen-
tiation, apoptosis, inflammation, and ECM synthesis of 

OA chondrocytes [21]. Paeoniflorin was considered to 
exert anti-inflammation, anti-apoptosis and anti-fibrosis 
roles in model of OA in chondrocytes induced by IL-1β 
[9, 22, 23]. Here, we attempted to explore the informa-
tive RNAs underlying the protective role of paeoniflorin 
in IL-1β-induced chondrocytes.

With paeoniflorin pretreatment, apoptosis rate, Bax 
expression and TNF-α secretion were decreased, mean-
while cell viability, cell proliferation, Bcl-2 expression 
and IL-10 secretion were improved in the OA cell model. 
These data suggested that paeoniflorin displayed inhibi-
tory effects on IL-1β-induced chondrocyte apoptosis as 
well as inflammation and promoting effect on chondro-
cyte proliferation under IL-1β treatment in vitro, which 

Fig. 5 The relationship between circ-PREX1 and miR-140-3p. A The diagram showed the putative binding sites among miR-140-3p, the wild type 
of circ-PREX1 (WT-circ-PREX1) and its mutant (MUT-circ-PREX1). B Dual-luciferase reporter assay measured luciferase activity of report vectors 
carrying WT-circ-PREX1 or MUT-circ-PREX1 in C28/I2 cells transfected with miR-140-3p mimic (miR-140-3p) or its negative control (miR-NC). C 
RNA immunoprecipitation (RIP) determined the enrichment levels of circ-PREX1 and miR-140-3p in C28/I2 cells. D, E RT-qPCR detected circ-PREX1 
and miR-140-3p levels in IL-1β-induced C28/I2 cells pre-transfected with pcDNA, circ-PREX1, or siRNA against circ-PREX1 or scrambled RNA 
(si-circ-PREX1 or si-NC). *P < 0.05
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was similar to previous studies [9, 22, 23]. More impor-
tantly, circ-PREX1 was highly induced in the OA cell 
model, which was downregulated by paeoniflorin dur-
ing its protective role in apoptosis and inflammatory 
response. This might be the first evidence of the relation-
ship between paeoniflorin and circ-PREX1. By the way, 
paeoniflorin functioned in diverse cancers and inflamma-
tory disorders [4, 24], it would be great helpful to deter-
mine the reciprocal interaction between paeoniflorin and 
circ-PREX1 in these diseases. Besides, circ-PREX1, one of 
the top 10 most upregulated circRNAs, was upregulated 
to 5.73-fold in human KOA chondrocytes versus patients 
with Kashin-Beck disease [17]. Therefore, circ-PREX1 
might be an OA-related circRNA; and target miRNAs 
of circ-PREX1 should also be further identified. Thus, in 
this study, we searched and identified miR-140-3p as a 

target of circ-PREX1 according to circinteractome soft-
ware, luciferase assay and RIP assay.

A previous study revealed that miR-140-3p was the 
most highly expressed miRNA in healthy cartilage, 
and increased during in  vitro chondrogenesis [25]. We 
observed a downregulation of miR-140-3p in human KOA 
cartilage tissues and IL-1β-induced chondrocytes, which 
was consistent with preceding data [26, 27]. Moreover, it 
was discovered to be downregulated in synovial fluid of 
OA patients, as well [18, 28, 29]. Furthermore, miR-140-3p 
together with several other miRNAs were documented to 
be biomarkers to evaluate OA severity and progression 
[18, 28, 29]. We noticed that miR-140-3p was elevated due 
to paeoniflorin pretreatment, and silencing miR-140-3p 
could diminish the effect of paeoniflorin on cell viability, 
cell proliferation, apoptosis rate, expression of Bcl-2 and 

Fig. 6 The identification of target of miR-140-3p. A The diagram showed the putative binding sites among miR-140, the wild type of WNT5B 
3′UTR (WT-WNT5B 3′UTR) and its mutant (MUT-WNT5B 3′UTR). B Dual-luciferase reporter assay measured luciferase activity of report vector 
carrying WT-WNT5B 3′UTR or MUT-WNT5B 3′UTR in C28/I2 cells transfected with miR-140-3p or miR-NC. C RIP determined the enrichment levels 
of WNT5B and miR-140-3p in C28/I2 cells. D–F RT-qPCR and western blotting measured WNT5B mRNA level and protein level in (D, E) tissues in KOA 
group (n = 30) and Control group (n = 30), and F C28/I2 cells treated with IL-1β (0, 5, 10 and 20 ng/mL) for 24 h. G Pearson’s correlation (r) analysis 
analyzed the correlation betweenWNT5B mRNA and miR-140-3p in KOA cartilages (n = 30). H, I RT-qPCR and western blotting detected miR-140-3p 
and WNT5B levels in IL-1β-induced C28/I2 cells pre-transfected with anti-miR-NC, anti-miR-140-3p, miR-NC, or miR-140-3p. *P < 0.05
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Bax, as well as secretions of TNF-α and IL-10 in IL-1β-
induced chondrocytes in  vitro. Among these outcomes, 
the anti-apoptosis role of miR-140-3p overexpression in 
IL-1β-induced chondrocytes had also been preliminary 
annotated by Ren et al. [26]. In addition, miR-140-3p dele-
tion was previously uncovered to exert suppressive activ-
ity on inflammatory response of chondrocytes associated 
with OA [27]. However, this study indicated a novel rela-
tionship between paeoniflorin and miR-140-3p. By the 
way, ECM-related proteins such as collagen II, aggrecan 
and matrix metalloproteinases were modulated by miR-
140-3p dysregulation [26]; whereas, this performance was 
not further explored in the protective activities of paeoni-
florin in this study, as well as autophagy, oxidative stress 
and cell metabolism [25].

WNT5B was one of WNT ligands that highly 
expressed in OA joint [30]. It was reported that 
WNT5B was important for chondrocyte differentia-
tion and organization [30, 31]. WNT5B via exosome 
enhanced chondrocyte proliferation and migration to 
prevent the development of KOA [32]. Here, we noticed 
that WNT5B was a novel target gene of miR-140-3p in 
OA chondrocytes, except for ADAMTS5 and CXCR4 
[26, 27]. Functionally, WNT5B lower expression was 
correlated with the protective trait of paeoniflorin in 
IL-1β-induced chondrocytes with regulation by circ-
PREX1-miR-140-3p axis. By the way, silencing of 
WNT5B could prevent human chondrocytes CHON-
001 from LPS-induced apoptosis by being targeted by 
miR-374a-3p [33].

Fig. 7 Effect of WNT5B on the protective role of paeoniflorin in IL-1β-induced human chondrocytes in vitro. IL-1β-induced C28/I2 cells were 
pre-transfected with pcDNA-WNT5B (WNT5B) or pcDNA prior to paeoniflorin (50 μM) treatment for 4 h. A Western blotting detected WNT5B protein 
expression level. B MTT assay assessed cell viability. C EdU assay was performed to analyze cell proliferation. D FCM examined apoptosis rate. E 
Western blotting measured protein levels of Bcl-2 and Bax. F ELISA determined products of TNF-α and IL-10. *P < 0.05
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Even though underlying signaling pathways were 
undefined, we demonstrated that overexpression of circ-
PREX1 and/or silencing of miR-140-3p suppressed the 
protective effect of paeoniflorin on IL-1β-induced apop-
tosis and inflammatory response in chondrocytes in vitro 
by regulating WNT5B. Thus, this study suggested that 
circ-PREX1-miR-140-3p-WNT5B axis might be a novel 
molecular regulation mechanism of paeoniflorin exerting 
anti-arthritis role in KOA chondrocytes.
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