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Abstract
Introduction: LPS-induced in�ammation contributes to osteoarthritis (OA). It is known that Circ_0038467
plays a critical role in LPS-mediated in�ammation, suggesting the its involvement in OA. This study
aimed to study the possible involvement of Circ_0038467 in OA.

Materials and Methods: Circ_0038467, mature miR-203 and miR-203 precursor expression in controls and
OA patients was determined by RT-qPCR. Circ_0038467 overexpression in chondrocytes and RT-qPCR was
performed to analyze its effects on the expression of mature miR-203 and miR-203 precursor. The role of
Circ_0038467 and miR-203 in cell apoptosis was analyzed by cell apoptosis assay.

Results: Circ_0038467 was upregulated in OA and positively correlated with mature miR-203, but not miR-
203 precursor. In chondrocytes, increased expression of both Circ_0038467 and miR-203 was observed
after LPS treatment. In chondrocytes, Circ_0038467 overexpression increased the expression levels of
mature miR-203, but not miR-203 precursor. Analysis of cell apoptosis showed that overexpression of
Circ_0038467 and miR-203 increased cell apoptosis. In addition, miR-203 inhibitor reversed the effects of
Circ_0038467 overexpression on cell apoptosis.

Conclusions: Circ_0038467 is highly expressed in OA and may promote the production of mature miR-
203 to increase the apoptosis of chondrocytes induced by LPS.

Introduction
With aging, the loss and degradation of the articular cartilage will occur, leading to the development of
osteoarthritis (OA), which is a type of chronic degenerative disease (1). Among the population older than
60 years, more than 13% of females and 10% of males are suffering from OA (2). Despite the advances in
the diagnosis and treatment of OA, there is still no cure for OA (3). Current available treatment
approaches mainly focus on symptom relief (4). Even worse, these treatments may not work on severe
OA (3, 4). To this end, novel therapeutic approaches are needed to improve the quality of life of OA
patients. However, molecular pathogenesis of OA remains hardly known, which limits the discovery of
novel treatments (5, 6).

Molecular factors play important roles in the development and progression of OA (7, 8). Some pathways,
such as Notch pathway, NF-κB pathway and PCP/JNK-mTORC1-PTHrP cascade, have been proven to be
critical players in OA (7, 8). In effect, some molecular factors are promising targets for targeted OA
patients (9, 10). However, safe and effective targets for OA remain to be developed. CcircRNAs are closed
(covalently) RNA transcripts with critical functions in gene expression regulation rather than coding
protein (11, 12). In OA, CircRNAs not only participates in disease progression, but also serves as
biomarkers for disease diagnosis and prognosis(13), suggesting the potential roles of circRNAs as
promising targets for OA targeted therapy. The development of osteoarthritis (OA) requires the
involvement of LPS-induced in�ammation (14), in which circRNA Circ_0038467 plays a critical role (15),
suggesting the involvement of Circ_0038467 in OA. Our deep sequence analysis revealed the altered
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expression of Circ_0038467 and its inverse correlation with miR-203 (data not shown), which is also a
critical player in LPS-induced cell injury(16). We therefore analyze the potential interaction between
Circ_0038467 and miR-203 in OA.

Materials And Methods

Participants
We in this study enrolled a total of 60 controls (20 males and 40 females) and 60 OA patients (hip OA, 20
males and 40 females) at Shenzhen Baoan Shiyan People’s Hospital between June 2018 and June 2020.
Ethics Committee of this hospital approved this study. Patients with a history of OA or the ones with
initiated therapy were excluded from this study. Patients complicated multiple clinical disorders were also
not included. Healthy controls were enrolled at the physiological health center. The physiological
functions of all organs of the healthy controls were within normal range. Age range of both PA patients
and healthy controls was 56 to 70 years, with a median of 63 years. All patients and healthy controls
signed informed consent.  

Synovial �uid, treatment and chondrocytes derived from an
OA patients
Under local anesthesia, a syringe was used to extract synovial �uid (1.5 to 2.0 ml) from the affected hip
of OA patients. To serve as controls, similar amount of synovial �uid was also extracted from the hip of
healthy controls. All patients were treated with NSAIDs. NSAIDs exert their anti-in�ammatory and
analgesic effects to alleviate OA by inhibiting the prostaglandin-generating enzyme, cyclooxygenase. At 1
month after treatment, symptoms were improved in all cases. At this time point, synovial �uid was also
extract from OA patients. Synovial �uid samples were kept in liquid nitrogen storage prior to the
subsequent assays.

OA-affected chondrocytes (402OA-05A, Sigma-Aldrich) were used. Chondrocyte growth medium
purchased from PromoCell was used to cultivate cells in an incubator at 5% CO2, 95% humidity and 37°C.
To study the effects of LPS treatment on gene expression, chondrocytes were cultivated in medium
containing 0, 2, 4, 8 and 10 μg/ml LPS (Sigma-Aldrich) for 48h prior to the subsequent assays.

Cell transfections
Expression vector of Circ_0038467 was established using pcDNA3.1(+) CircRNA Mini Vector (Addgene)
as backbone. Mimic of miR-203 and miRNA precursor as well as miR-203 inhibitor and NC inhibitor were
designed and synthesized by Invitrogen (Shanghai, China). Lipofectamine 2000 (Invitrogen) was used to
transfect 1µg Circ_0038467 expression vector, 40 nM miR-203 inhibitor, or 40 nM miR-203 into
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chondrocytes. Control (untransfected cells, C) and NC (NC miRNA-, NC inhibitor- or empty vector-
transfected cells) experiments were also included.

RNA isolation and genomic DNA removal
Ribozol (VMR) was used to extract total RNA from both synovial �uid and chondrocytes, followed by
digesting genomic DNA with DNase I (Invitrogen) for 2h at 37°C. Electrophoresis performed using urea-
PAGE gels (5%) was used to analyze RNA integrity. RNA purity was analyzed by measuring the
OD260/280 ratios.

RT-qPCRs
Only RNA samples with an OD260/280 ratio close to 2.0 were used as template to prepare cDNA
samples. To determine the expression of Circ_0038467, qPCRs were performed using SYBR Green Master
Mix (Bio-Rad) with GAPDH as an internal control. To determine the expression of miR-203 precursor, the
same method was used to perform RTs and qPCRs with sequence-speci�c primers. 

To determine the expression of mature miR-203, All-in-One™ miRNA qRT-PCR Detection Kit*
(GeneCopoeia) was used to perform poly(A) addition, followed by using poly (T) as reverse primer to
carry out RTs and qPCRs. U6 was used as the internal control.

Primer sequences were: circ_0038467: 5'‐TCCCAGCTGACCTAAAGTCAAT‐3' (forward) and 5'‐
TGGTGACATTGAGCAGGAAC‐3' (reverse), GAPDH: 5'‐GTCAGCCGCATCTTCTTTTG‐3' (forward) and 5'‐
GCGCCCAATACGACCAAATC‐3' (reverse); miR-203 precursor: 5'‐TGTGTTGGGGACTCGCGCGCGT‐3'
(forward) and 5'‐TCGCTGTCGCCGCGCGCC‐3' (reverse); mature miR-203:5'‐
AGTGGTTCTTAACAGTTCAAC‐3' (forward) and poly (T). U6 primers were from the kit.

Ct values of target genes were normalized to internal controls using 2−ΔΔCt method. The sample with the
biggest ΔCt was set to value “1”, all other samples were normalized to this sample.

Apoptosis assay
Apoptosis of chondrocytes was analyzed at 48h post-transfection. In brief, chondrocytes were washed
with PBS and cultivated in medium supplemented with 10 μg/ml LPS for 48h. After that, chondrocytes
were washed with pre-cold PBS and staining with Annexin-V FITC and propidium iodide (PI) for 12 min in
dark was followed. Finally, FACSCalibur instrument was used to analyze cell apoptosis.

Statistical analysis
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Unpaired t test was used to compare OA and control group. Data of multiple independent groups were
analyzed by ANOVA Tukey’s test. P<0.05 was statistically signi�cant.

Results

Circ_0038467 was upregulated in OA and was
downregulated after treatment
Our RT-qPCR data showed that Circ_0038467 was upregulated in OA compared to control group (Fig.1A,
p<0.01). All patients were treated with NSAIDs. At 1 month after treatment, symptoms were improved in
all cases. Circ_0038467 expression in synovial �uid samples from OA patients was also determined by
RT-qPCR at this time point. It was observed that Circ_0038467 expression was decreased after treatment
(post-treatment) compared to pre-treatment level (Fig.1B, p<0.01, paired t test).

Mature miR-203 and miR-203 precursor were upregulate in
OA but only mature miR-203 was positively correlated with
Circ_0038467
Our RT-qPCR data showed that mature miR-203 (Fig.1A) and miR-203 precursor (Fig.1B) was upregulated
in OA compared to control group (p<0.01). Pearson’s correlation coe�cient analysis showed that
Circ_0038467 expression was positively correlated with mature miR-203 (Fig.2C), but not miR-203
precursor (Fig.2C) across synovial �uid samples from OA patients.

Circ_0038467 overexpression upregulated the expression
of mature miR-203 in chondrocytes
Con�rmation of Circ_0038467 and miR-203 overexpression was performed every 24h until 96h. It was
observed that Circ_0038467 and miR-203 were signi�cantly overexpressed between 48h and 96h (Fig.3A,
p<0.05). It was observed that Circ_0038467 overexpression increased the expression of mature miR-203
between 48h and 96h (Fig.3B, p<0.05), but failed to signi�cantly affect the expression of miR-203
precursor at each time point (Fig.3C). Moreover, overexpression of miR-203 failed to signi�cantly affect
the expression of Circ_0038467 at each time point (Fig.3D).

Circ_0038467 overexpression increased LPS-induced
apoptosis of chondrocytes through miR-203
To study the effects of LPS treatment on the expression Circ_0038467 and miR-203, chondrocytes were
cultivated in medium with LPS for 48h, followed by the determination of the expression of Circ_0038467
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(Fig.4A) and miR-203 (Fig.4B) by RT-qPCR. LPS increased the expression of Circ_0038467 and miR-203 in
a dose-dependent manner (p<0.05). Analysis of the apoptosis of chondrocytes induced by LPS showed
that overexpression of Circ_0038467 and miR-203 increased cell apoptosis. In addition, miR-203 inhibitor
reversed the effects of Circ_0038467 overexpression on cell apoptosis (Fig.4C, p<0.05).

Discussion
In this study, the differential expression of Circ_0038467 and miR-203 in OA, as well as the potential
interactions between them were explored. We showed that both Circ_0038467 and miR-203 were
upregulated in OA. Interestingly, Circ_0038467 could promote the maturation of miR-203 to promote the
apoptosis of chondrocytes induced by LPS.

Liu et al. reported that Circ_0038467 was upregulated in human bronchial epithelial cells by LPS
treatment and the knockdown of Circ_0038467 protected cells from LPS-induced injury (15), suggesting
that Circ_0038467 may promote LPS-induce cell injury. Consistently, our study also showed that LPS
treatment increased the expression of Circ_0038467 in chondrocytes in a dose-dependent manner.
Chondrocytes are the only mature cells found in cartilage (17). The main function of chondrocytes is to
maintain and sustain the cartilage by secreting extracellular matrix (17). During OA, apoptosis of
chondrocytes will be increased, leading to the degradation of cartilage matrix (17). We showed that
Circ_0038467 overexpression increased the apoptosis of chondrocytes under LPS treatment. In addition,
Circ_0038467 was also overexpressed in OA patients compared to healthy controls. Therefore, LPS-
inducible Circ_0038467 may promote OA by increasing the apoptosis of chondrocytes.

MiR-203 knockdown can target MCL-1 to reduce LPS-induced injury in chondrocytes (16), suggesting the
involvement of miR-203 in OA. In this study we showed that miR-203 was overexpressed in OA at both
precursor and mature miRNA levels. Moreover, miR-203 is also LPS-inducible, and overexpression of miR-
203 increased the apoptosis of chondrocytes under LPS treatment. Therefore, miR-203 may also promote
OA progression by increasing LPS-induced apoptosis of chondrocytes.

Interestingly, we found that Circ_0038467 overexpression increased the expression of mature miR-203,
but not miR-203 precursor in chondrocytes. Therefore, Circ_0038467 may suppress the maturation of
miR-203. Considering the fact that the maturation of miRNAs requires the movement of miRNA precursor
from nucleus to cytoplasm, Circ_0038467 may promote the transportation of miR-203 precursor to
increase its maturation. Our future studies will explore this possibility.

Conclusion
In conclusion, Circ_0038467 and miR-203 are overexpressed in OA. In addition, Circ_0038467 may
promote the maturation of miR-203 to increase the apoptosis of chondrocytes induced by LPS, thereby
promoting the progression of OA.
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Figures

Figure 1

Circ_0038467 was upregulated in OA and was downregulated after treatment Circ_0038467 expression
was studied by RT-qPCR. Unpaired t test was used to compare two groups (A).**,p<0.01. All patients were
treated with NSAIDs. Circ_0038467 expression in synovial �uid samples from OA patients was also
determined by RT-qPCR at 1 month after treatment. Heatmaps were plotted using Heml 1.0 software to
re�ect changes in gene expression levels during treatment.
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Figure 2

Mature miR-203 and miR-203 precursor were upregulate in OA but only mature miR-203 was positively
correlated with Circ_0038467 Mature miR-203 and miR-203 precursor expression was studied by RT-
qPCR. Unpaired t test was used to compare the expression levels of mature miR-203 (A) and miR-203
precursor (B) between two groups (A).**,p<0.01. Pearson’s correlation coe�cient analysis was performed
to analyze the correlations between Circ_0038467 and mature miR-203 (C) or miR-203 precursor (D)
across synovial �uid samples from OA patients.
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Figure 3

Circ_0038467 overexpression upregulated the expression of mature miR-203 in chondrocytes
Circ_0038467 expression vector or miR-203 mimic was transfected into chondrocytes, followed by the
con�rmation of Circ_0038467 (A) and miR-203 (B) overexpression every 24h until 96h. The effects of
Circ_0038467 overexpression on the expression of mature miR-203 (B) and miR-203 precursor (C), and
the effects of miR-203 overexpression on Circ_0038467 (D) were analyzed by RT-qPCR at each time
point.*,p<0.05.
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Figure 4

Circ_0038467 overexpression increased LPS-induced apoptosis of chondrocytes through miR-203 To
study the effects of LPS treatment on the expression Circ_0038467 and miR-203, chondrocytes were
cultivated in medium containing 0, 2, 4, 8 and 10 μg/ml LPS for 48h, followed by the determination of the
expression of Circ_0038467 (A) and miR-203 (B) by RT-qPCR. The role of Circ_0038467 and miR-203 in
regulating the apoptosis of chondrocytes was analyzed by cell apoptosis assay (C). *,p<0.05.


