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Abstract

Background
Circular RNA circZNF652 promotes LPS-induced inflammation, which contributes to the development of
osteoarthritis (OA), indicating the potential involvement of CRNDE in OA. This study was carried to
explore the involvement of circZNF652 in OA.

Methods
RT-qPCR was performed to analyze the expression of circZNF652 and PTEN mRNA in synovial fluid
samples from 60 OA patients and 60 healthy controls. Correlations between circZNF652 and PTEN mRNA
were analyzed by Pearson’s correlation coefficient. Overexpression and siRNA silencing of circZNF652
were achieved in chondrocytes, followed by performing RT-qPCR and Western blot to analyze the
expression of PTEN. The role of circZNF652 and PTEN in regulating the apoptosis of chondrocytes
induced by LPS was analyzed by cell apoptosis assay.

Results
We found that circZNF652 was overexpressed in OA and positively correlated with PTEN mRNA. In
chondrocytes, circZNF652 overexpression increased the expression of PTEN, and circZNF652 siRNA
silencing decreased the expression of PTEN. Moreover, circZNF652 and PTEN positively regulated the
apoptosis of chondrocytes induced by LPS. PTEN overexpression reversed the inhibitory effects of
circZNF652 siRNA silencing on cell apoptosis.

Conclusion
CircZNF652E is overexpressed in OA and positively regulates LPS-induced apoptosis of chondrocytes by
upregulating PTEN.

Introduction
Osteoarthritis (OA) as the major cause of disability and chronic pain is the main subtype of arthritis that
affects about 13% of females and 10% of males worldwide [1]. OA occurs when the protective cartilage
wears down during aging or after injuries [2]. Theoretically OA can cause irreversible damages to all
joints, while the most commonly affected sites are knees, hips, hands and spine [2, 3]. At present, the
treatment of OA mainly focus on the relief of symptoms, such as the use of Acetaminophen to reduce
moderate or mild pain, while current available medications may not work in severe cases [4, 5]. In
addition, full recovery is still rare in clinical practices [6]. Therefore, novel treatment approaches are
needed.
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Aging is the major risk factor for OA, while aging is not sufficient for the occurrence and development of
OA. In effect, the development and progression require the involvement of multiple molecular signaling
pathways, such as Notch, NF-κB and PTEN [7, 8]. In effect, some key molecular players have been proven
as potential targets for targeted OA therapy, which can be used in clinical practices to treat OA by
regulating the network of gene expression [9, 10]. Despite the lacking of protein-coding capacity, circular
RNAs (circRNAs) regulate gene expression to participate in human diseases including OA by regulating
the expression of key genes [11–13]. Therefore, circRNAs are promising targets for targeted OA therapy.
However, the function of cirRNAs in OA remains hardly known. It has been reported that circZNF652
promote LPS-induced inflammatory responses [14], which contributes to OA [15]. Our preliminary
microarray analysis revealed the altered expression of circZNF652 in OA and its close correlation with
PTEN, a key player in OA [8]. This study was performed to explore the potential crosstalk between
circZNF652 and PTEN in OA.

Materials And Methods
OA patients and controls
Research subjects of this study included 60 OA patients (40 males and 20 females) and 60 healthy
controls (40 males and 20 females). All patients and controls provided informed consent. All patients
were admitted to Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology from May 2018 to May 2020. Age range of OA patients was 41 to 60 years, with a median of
51 years. Age range of healthy controls was 41 to 60 years, with a median of 52 years. All patients were
excluded from initiated therapy with 3 months before admission and other severe clinical disorders. No
recurrent cases were enrolled, and all patients were newly diagnosed cases. Among the 60 OA patients,
hip was affected in 31 cases and knee was affected in 29 cases. Healthy controls showed normal
physiological functions after systemic physiological exams at the aforementioned hospital. Ethics
Committee of aforementioned hospital approved this study.
Synovial fluid and chondrocytes
Prior to therapy, a syringe was used to extract synovial fluid (2ml) from the affected sites of patients. To
perform control experiment, synovial fluid was also collected from the corresponding sites of healthy
controls (31 cases of hip and 29 cases of knee). Liquid nitrogen storage was performed prior to the
subsequent assays.
Primary chondrocytes from Sigma-Aldrich (Cat# 402OA-05A, USA) were included in this study to serve as
the cell model of OA. These chondrocytes were from an adult with OA. Cell culture was performed
following manufacturer’s instructions. In cases of LPS treatment, cells were cultivated in medium
supplemented with 0, 2, 4, 6, 8 and 10 µg/ml LPS for further 48h prior to the subsequent experiments.
Vectors, siRNAs and transfections
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With pcDNA3.1 vector (Invitrogen) and pcDNA3.1(+) CircRNA Mini Vector (Addgene) as backbone,
expression vectors of circZNF652 and PTEN were constructed, respectively. SiRNA negative control (NC)
and circZNF652 siRNA were purchased from Invitrogen. Chondrocytes (108) at around 80% confluence
were subjected to expression vector (1μg) or NC miRNA (40 nM) transfection using lipofectamine 2000
(Invitrogen). NC experiments were performed by transfecting the same amount of empty vector or NC
siRNA into the same number of cells. In all transfections, control (C) cells were untransfected cells. In
fresh medium cells were cultivated in fresh
medium for 48h prior to the subsequent assays.
RNA exrtraction
Isolation of RNA from synovial fluid and chondrocytes was performed using RNAzol (Sigma-Aldrich),
followed by genomic DNA removal performed by DNase I digestion at 37°C for 2h. RNA integrity was
analyzed by 5% urea-PAGE gel electrophoresis.
RT-qPCR
RNA purifty was analyzed by measuring OD 260/280 rations. RNA samples with an OD 260/280 ratio
close to 2.0 (pure RNA) were subjected to reverse transcriptions using SS-IV-RT system (Invitrogen).
SYBR® Green Quantitative RT-qPCR Kit (Sigma-Aldrich) was used to perform all qPCRs with GAPDH as
an internal control to determine the expression of circZNF652 and PTEN mRNA. Three technical
replicates were included in each reaction. Ct value normalizations were performed using 2-ΔΔCT method.
Western-blot
PIPA solution (Invitrogen) and BCA assay (Invitrogen) were used to extract and quantify protein from
chondrocytes. In boiling water RNA samples were incubated for 12 min to achieve protein denaturation.
Electrophoresis was performed using 10 % SDS-PAGE gel, followed by using PVDF membranes to
transfer proteins. Following blocking in 5% fat-free milk for 2h, GAPDH (1: 1600, ab37168, Abcam) and
PTEN (1: 1600, ab31392, Abcam) primary rabbit antibodies were used to incubate membranes overnight
at 4 °C. After that, anti-rabbit IgG-HRP (1:1600, MBS435036, MyBioSource) secondary antibody was used
to incubate membranes for 2h. ECL (Sigma-Aldrich) was used to develop signals and Image J v1.46
software was used for data normalizations.
Cell apoptosis analysis
Chondrocytes with transfections were subjected to cell apoptosis analysis through cell apoptosis assay.
A 6-well cell culture plate was used to cultivate chondrocytes (20,000 cells per well) in medium containing
10 µg/ml LPS for further 48h at 37°C. Following 0.25% trypsin digestion, propidium iodide (PI, Dojindo,
Japan) and Annexin V-FITC (Dojindo, Japan) staining was performed, followed by flow cytometry to
analyze cell apoptosis.
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Statistical analysis
Expression levels of circZNF652 and PTEN mRNA in synovial fluid samples from both OA patients (n=60)
and healthy controls (n=60) were expressed as average values of three technical replicates and unpaired t
test was used for data comparison. Data of multiple cell transfection groups and LPS treatment groups
was expressed as mean +/- SD values of three biological replicates, and ANOVA Tukey’s test was used for
data comparisons. Correlations were analyzed by Pearson’s correlation coefficient. P<0.05 was deemed
statistically significant.

Results
CircZNF652 and PTEN mRNA were both overexpressed in OA and they were closely correlated
CircZNF652 and PTEN mRNA expression in synovial fluid samples from both OA patients (n=60) and
healthy controls (n=60) was analyzed by RT-qPCR. Unpaired t test analysis revealed that CircZNF652
(Fig.1A) and PTEN mRNA (Fig.1B) were significantly overexpressed in OA samples compared to control
samples (p<0.01). Pearson’s correlation coefficient was performed to analyze the correlations between
CircZNF652 and PTEN mRNA across both OA and control samples. It was observed that CircZNF652 and
PTEN mRNA were positively and significantly correlated with each other across OA samples (Fig.1C), but
not control samples (Fig.1D), suggesting the existence of the specific crosstalk between them in OA.
LPS treatment increased the expression of both circZNF652 and PTEN mRNA in chondrocytes in dosedependent manner
Chondrocytes were cultivated in medium supplemented with 0, 2, 4, 6, 8 and 10 µg/ml LPS for further 48h
prior to the determination of the expression of circZNF652 and PTEN mRNA by RT-qPCR. It was observed
that expression levels of circZNF652 (Fig.2A) and PTEN mRNA (Fig.2B) were increased by LPS treatment
in a dose-dependent manner. Therefore, circZNF652 and PTEN mRNA may participate in OA through a
LPS-dependent pathway.
CircZNF652 positively regulated the expression of PTEN in chondrocytes
To explore the crosstalk between circZNF652 and PTEN, chondrocytes were transfected with either
circZNF652 or PTEN expression vector, or circZNF652 siRNA, followed by the confirmation of
transfections by RT-qPCR (Fig.3A, p<0.05). CircZNF652 overexpression increased the expression of PTEN
(Fig.3B, p<0.05), and circZNF652 siRNA silencing decreased the expression of PTEN (Fig.3C, p<0.05). In
contrast, PTEN overexpression failed to significantly alter the expression of circZNF652 (Fig.3D).
Therefore, circZNF652 is likely an upstream activator or PTEN in chondrocytes.
CircZNF652 positively regulated the apoptosis of chondrocytes induced by LPS through PTEN
Chondrocytes were cultivated in medium containing 10 µg/ml LPS for further 48h at 37°C, followed by
the analysis of cell apoptosis by cell apoptosis assay. It was observed that circZNF652 and PTEN
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overexpression increased cell apoptosis, while circZNF652 siRNA silencing decreased cell apoptosis.
Moreover, PTEN overexpression reversed the inhibitory effects of circZNF652 siRNA silencing on cell
apoptosis (Fig.4, p<0.05).

Discussion
The differential expression of circZNF652 in OA and its role in regulating cell apoptosis were explored in
this study. We found that circZNF652 was overexpressed in OA and it could positively regulate PTEN to
promote the apoptosis of chondrocytes induced by LPS.
OA is essentially a type of inflammatory disease, in which LPS-induced inflammation plays an important
role [16]. In a recent study, Liu et al. reported that LPS treatment increased the expression of circZNF652
in WI-38 cells, which are fibroblasts derived from lung tissue, and the knockdown of circZNF652
suppresses inflammatory damages caused by LPS treatment [14]. Consistently, our study showed that
LPS treatment also increased the expression of circZNF652 in chondrocytes derived from an adult with
OA. Therefore, LPS may induce circZNF652 expression in different types of cells.
In this study we showed that circZNF652 was significantly overexpressed in OA. Chondrocytes, which are
the only mature cells observed in healthy cartilage, produce collagen and proteoglycans to maintain the
cartilaginous matrix [17]. In OA, increased apoptosis of chondrocytes contributes to the development of
disease [17]. In addition, cell apoptosis analysis showed that circZNF652 positively regulated the
apoptosis of chondrocytes induced by LPS treatment. Therefore, circZNF652 may promote OA by
increasing the apoptosis of chondrocytes, and siRNA silencing of circZNF652 may serve as a potential
therapeutic target for OA.
The main role of PTEN is to suppress PI3K/Akt pathway, which is the main cell survival pathway, to
induce cell apoptosis [18]. In OA, PTEN was overexpressed to promote disease development by increasing
cell apoptosis [8]. Consistently, our study revealed the upregulation of PTEN in OA and its enhancing
effects on the apoptosis of chondrocytes induced by LPS. It has been well established that the main role
of circRNAs is to regulate gene expression at transcriptional and/or translational levels [11]. In this study
we showed that circZNF652 overexpression increased PTEN expression at both mRNA and protein levels.
Therefore, circZNF652 overexpression may at least promote the transcription of PTEN. However,
circZNF652 and PTEN were only positively correlated only across OA samples, not control samples.
Therefore, certain pathological factors may mediate the interaction between them.

Conclusion
circZNF652 is overexpressed in OA. In addition, circZNF652 may promote the apoptosis of chondrocytes
induced by LPS by positively regulating the expression of PTEN.
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Figure 1
CircZNF652 and PTEN mRNA were both overexpressed in OA and they were closely correlated
CircZNF652 and PTEN mRNA expression in synovial fluid samples from both OA patients (n=60) and
healthy controls (n=60) was analyzed by RT-qPCR. Unpaired t test was performed to compare CircZNF652
(A) and PTEN mRNA (B) expression between OA samples and control samples. Expression levels of
circZNF652 and PTEN mRNA in synovial fluid samples from both OA patients (n=60) and healthy
controls (n=60) were expressed as average values of three technical replicates.**,p<0.01. Pearson’s
correlation coefficient was performed to analyze the correlations between CircZNF652 and PTEN mRNA
across both OA (C) and control (D) samples.
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Figure 2
LPS treatment increased the expression of both circZNF652 and PTEN mRNA in chondrocytes in dosedependent manner Chondrocytes were cultivated in medium supplemented with 0, 2, 4, 6, 8 and 10 µg/ml
LPS for further 48h prior to the determination of the expression of circZNF652 (A) and PTEN mRNA (B) by
RT-qPCR. Data of multiple cell transfection groups and LPS treatment groups was expressed as mean +/SD values of three biological replicates.*,p<0.05.
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Figure 3
CircZNF652 positively regulated the expression of PTEN in chondrocytes To explore the crosstalk
between circZNF652 and PTEN, chondrocytes were transfected with either circZNF652 or PTEN
expression vector, or circZNF652 siRNA, followed by the confirmation of transfections by RT-qPCR (A).
The effects of circZNF652 overexpression (B) and siRNA silencing (C) on the expression of PTEN were
explored by RT-qPCR and Western blot (D). The effects of PTEN overexpression on circZNF652 were
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explored by RT-qPCR. Data of multiple cell transfection groups and LPS treatment groups was expressed
as mean +/- SD values of three biological replicates.*,p<0.05.

Figure 4
CircZNF652 positively regulated the apoptosis of chondrocytes induced by LPS through PTEN
Chondrocytes were cultivated in medium containing 10 µg/ml LPS for further 48h at 37°C, followed by
the analysis of cell apoptosis by cell apoptosis assay. Data of multiple cell transfection groups and LPS
treatment groups was expressed as mean +/- SD values of three biological replicates.*,p<0.05.
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