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Background: Osteoarthritis (OA) is a degenerative joint disease that seriously

affects the quality of people. Unfortunately, the pathogenesis of OA has not

been fully known. Therefore, this study aimed to construct a ceRNA regulatory

network related to OA to explore the pathogenesis of OA.

Methods: Differentially expressed circRNAs (DEcircRNAs), microRNAs

(DEmiRNAs), and mRNAs (DEmRNAs) were obtained from the Gene

Expression Omnibus microarray data (GSE175959, GSE105027, and

GSE169077). The miRNA response elements and target mRNAs were

identified using bioinformatics approaches. Additionally, a

circRNA–miRNA–mRNA network was established using Cytoscape version

3.8.0. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) analyses of mRNAs in the network were conducted to explore the

possible mechanisms underlying OA development. Protein–protein interaction

(PPI) analysis was performed to determine the hub genes. Based on the hub

genes, a sub network was constructed using Cytoscape 3.8.0 version. Finally,

connectivity map (CMap) and drug–gene interaction database (DGIdb) analyses

were performed to identify the potential therapeutic targets for OA.

Results: Altogether, five DEcircRNAs, 89 DEmiRNAs, and 345 DEmRNAs were

identified. Moreover, a circRNA–miRNA–mRNA network was established using

three circRNAs, seven miRNAs, and 37 mRNAs. GO and KEGG analyses

demonstrated that the mRNAs in the network could be related to the

occurrence and development of OA. PPI analysis was performed and six key

genes, namely serpin family H member 1 [SERPINH1], collagen type VIII alpha

2 chain [COL8A2], collagen type XV alpha 1 chain [COL15A1], collagen type VI

alpha 3 chain [COL6A3], collagen type V alpha 1 chain [COL5A1], and collagen

type XI alpha 1 chain [COL11A1], were identified. Furthermore, a
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circRNA–miRNA–hub gene subnetwork was established in accordance with

two circRNAs (hsa_circ_0075320 and hsa_circ_0051428), two miRNAs (hsa-

miR-6124 and hsa-miR-1207-5p), and six hub genes (COL11A1, SERPINH1,

COL6A3, COL5A1, COL8A2, and COL15A1). Finally, three chemicals

(noscapine, diazepam, and TG100-115) based on CMap analysis and two

drugs (collagenase Clostridium histolyticum and ocriplasmin) based on

DGIdb were discovered as potential treatment options for OA.

Conclusion: This study presents novel perspectives on the pathogenesis and

treatment of OA based on circRNA-related competitive endogenous RNA

regulatory networks.
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Introduction

Osteoarthritis (OA) is a common arthrosis illness that may

result in joint dysfunction, severely affecting the patient’s quality of

life and increasing the social and economic burden (Cross et al.,

2014; Kiadaliri et al., 2018). The prevalence of OA is high in middle-

aged and elderly populations, and more than 50% of patients with

knee pain are diagnosed with OA (Tang et al., 2016; Lespasio et al.,

2017). However, the pathogenesis of OA is not yet fully understood.

Therefore, understanding the pathogenesis of OA is essential to

identify effective diagnostic and therapeutic targets.

Circular RNA (circRNAs) are neoteric noncoding RNAs

(ncRNAs) with a circular form (Petkovic and Müller, 2015;

Qu et al., 2015). In the absence of 5′ caps and 3′ tails,

circRNAs are not influenced by exonucleases and become

relatively stable (Li et al., 2015). CircRNAs, characterized by

their specificity (Salzman et al., 2013) and high conservation

(Vidal et al., 2016) are considered to play significant roles in

various diseases (Kristensen et al., 2018).

Competing endogenous RNAs (ceRNAs) serve as transcripts

for microRNA (miRNA) sponges and mutually regulate each

other by binding to miRNAs (Qi et al., 2015). Currently,

circRNAs are abundant in conserved miRNA response

elements (MREs), which have emerged as novel targets in the

ceRNA family (Zhong et al., 2018). Some circRNAs are involved

in the occurrence and progression of various tumors via the

ceRNA regulatory process (Wei et al., 2018; Xiong et al., 2018).

However, whether circRNAs can also regulate the occurrence of

OA via the ceRNA mechanism remains to be investigated.

In this study, some unknown circRNAs and their potential

regulatory mechanisms in OA were analyzed using bioinformatic

analysis. Figure 1 shows the flowchart of the entire procedure.

First, differentially expressed circRNAs (DEcircRNAs), miRNAs

(DEmiRNAs), and mRNAs (DEmRNAs) were obtained from the

Gene Expression Omnibus (GEO) datasets. To characterize the

role of DEcircRNAs as ceRNAs in OA, MREs and target mRNAs

were predicted and a circRNA–miRNA–mRNA network was

constructed. Gene Ontology (GO) and Kyoto Encyclopedia of

Genes and Genomes (KEGG) analyses were performed according

to the mRNAs identified in the network to explore the possible

mechanisms associated with OA. Subsequently, protein–protein

interactions (PPIs) were used to identify related key mRNAs.

Finally, connectivity map (CMap) and drug–gene interactions

database (DGIdb) analyses were performed to identify potential

compounds or drugs to treat OA.

Materials and methods

Microarray data

Microarray data were extracted from the GEO database

(Barrett et al., 2013). The circRNA expression profile was

acquired from GSE175959 (three OA and three healthy knee

tissues), the miRNA expression profile was obtained from

GSE105027 (12 pairs of OA knee serum and healthy knee

serum), and the mRNA expression profile was obtained from

GSE169077 (five OA and six healthy knee tissues). Ethical

approval was not required for our research because the data

from GEO database are publicly available.

Differential expression analysis

The specific process was as follows: 1) The platform files and

series of matrix files of GSE175959, GSE105027, and

GSE169077 were downloaded, and the corresponding probe

names were transformed into international standard names

(circRNA name, miRNA name, and gene symbol) by utilizing

the practical extraction and report language (Perl); 2) The

normalizeBetweenArrays package was used to normalize the data;

3) DEcircRNAs, DEmiRNAs, and DEmRNAs were selected using

the Bioconductor Limma package, with the criteria as adjusted

p-value < 0.05 and |log2(fold-change)| > 1.00(Ritchie et al., 2015);

and 4) Heatmaps of DEcircRNAs, DEmiRNAs, and DEmRNAs

were generated using the R package pheatmap.
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Prediction of miRNA response elements

The circBase (Glažar et al., 2014) and cancer-specific circRNAs

database (CSCD) (Xia et al., 2018) were used to predict the target

miRNAbinding sites of DEcircRNAs. Furthermore, we analyzed the

interactions of the target miRNAs of DEcircRNAs and DEmiRNAs,

which were called as IDEmiRNAs.

Forecasting of target mRNAs

IDEmiRNA–mRNA interactions were predicted according to

the TargetScan (Agarwal et al., 2015) and miRDB databases (Wong

and Wang, 2015). Only mRNAs that appeared in both databases

were chosen and intersected with the DEmRNAs to obtain

candidate target mRNAs, which were designated as IDEmRNAs.

Construction of the
circRNA–miRNA–mRNA network

circRNAs, IDEmiRNAs, and IDEmRNAs were selected to

establish a circRNA–miRNA–mRNA regulatory network. We

used Cytoscape 3.8.0 version to view this network (Su et al., 2014).

Functional enrichment analysis

Before analysis, the gene symbols of mRNAs in the network

were transformed into entrezIDs using R. Then, GO and KEGG

analyses were implemented using the clusterProfiler package

(Kanehisa and Goto, 2000; Yu et al., 2012). Both the p-value

and q-values of GO analysis were <0.05, and the p-value of the

KEGG analysis was <0.05.

Connectivity map analysis

CMap is a gene expression profiling database that uses the

L1000 analysis platform to explore the network of interactions

among drug/small-molecule compounds, genes, and disease

states (Lamb et al., 2006). CMap analysis according to

upregulated mRNAs in the ceRNA network was performed to

identify candidate compounds for OA treatment. The

connectivity scores ranged from –100 to 100, which was

adapted to indicate closeness between the genes and

compounds, with a positive score indicating a positive

correlation with the uploaded genes and a negative score

indicating a negative correlation with the uploaded genes.

Construction of the protein–protein
interaction network

According to the mRNAs discovered in the network, PPI

analysis was performed using the Search Tool for the Retrieval

of Interacting Genes/Proteins (STRING) (Szklarczyk et al.,

2017). We then performed a visual analysis of the PPI network

using Cytoscape 3.8.0 (Su et al., 2014). In addition, we also

used the molecular complex detection (MCODE) (Bader and

Hogue, 2003) plugin in Cytoscape software to defect essential

modules and hub genes with the criterion of default

parameters.

Correlation network analysis

Correlation network analysis for hub genes was conducted

using R software (igraph package). The correlation coefficient

greater than 0.2 was considered to be relevant.

FIGURE 1
Flowchart of this study.
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Drug–gene interaction analysis

Drug–gene interaction analysis of hub genes was

performed using DGIdb (https://dgidb.org/) (Griffith et al.,

2013). DGIdb is an open-source project that provides

information about genes associated with known or

potential drugs. We uploaded the significant genes to

DGIdb for matching with known drugs to identify the

potential targets for OA treatment.

Results

Identification of DEcircRNAs, DEmiRNAs,
and DEmRNAs

Three microarray datasets, GSE175959, GSE105027, and

GSE169077, for circRNAs, miRNAs, and mRNAs, respectively,

were used in our study. Based on the criteria set in advance

[adjusted p-value < 0.05 and |log2(fold-change) | > 1.00], five

DEcircRNAs (all upregulated) were identified in the

GSE175959 dataset (Supplementary Figure S1A),

89 DEmiRNAs (all downregulated) were identified from the

GSE105027 dataset (Supplementary Figure S1B), and

345 DEmRNAs (194 downregulated and 151 upregulated)

were identified in the GSE169077 dataset (Supplementary

Figure S1C). Supplementary Table S1 shows the basic

information of these five DEcircRNAs, hsa_circ_0004662,

hsa_circ_0051428, hsa_circ_0003312, hsa_circ_0008590, and

hsa_circ_0075320. The circular structural styles are shown in

Figure 2.

Identification of IDEmiRNAs

Some circRNAs act as sponges and play an important role in

trapping miRNAs in non-tumorous tissues. To determine

whether the five circRNAs showed similar functions in OA,

MREs were predicted according to CSCD. A total of

239 MREs were identified after excluding duplicate target

miRNAs. Ten significant IDEmiRNAs were obtained by

intersecting 239 MREs with 89 DEmiRNAs (Supplementary

Figure S2A).

Identification of IDEmRNAs

Ten significant MREs associated with five circRNAs were

identified. To better understand the mechanisms of miRNAs, the

target mRNAs were predicted. In total, 3,902 target mRNAs were

identified using the TargetScan and miRDB databases. Then,

83 overlapping IDEmRNAs were selected by the intersection of

345 DEmRNAs and 3,902 target mRNAs (Supplementary

Figure S2B).

FIGURE 2
The structural patterns of the five circRNAs. (A) hsa_circ_0004662. (B) hsa_circ_0051428. (C) hsa_circ_0003312. (D) hsa_circ_0008590. (E)
hsa_circ_0075320.
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Construction of the
circRNA–miRNA–mRNA network

Five DEcircRNAs, 10 IDEmiRNAs, and 83 IDEmRNAs were

identified by previous analysis. Based on the above results, a

circRNA–miRNA–mRNA network was established, including

three circRNAs (hsa_circ_0075320, hsa_circ_0003312, and

hsa_circ_0051428), seven miRNAs (hsa-miR-6124, hsa-miR-

6832-5p, hsa-miR-1207-5p, hsa-miR-4793-5p, hsa-miR-624-

3p, hsa-miR-1225-5p, and hsa-miR-1229-5p), and 37 mRNAs

(Figure 3). Heatmaps of circRNAs (Supplementary Figure S3A),

miRNAs (Supplementary Figure S3B) and mRNAs

(Supplementary Figure S3C) in the network are shown.

Functional and pathway enrichment
analyses

To better explore the potential mechanisms of mRNAs in

the ceRNA regulatory network, GO enrichment analysis for

the terms molecular function (MF), cellular component

(CC), and biological process (BP), and KEGG pathway

analysis were performed. The top 30 highly enriched GO

and KEGG terms are shown in Figures 4, 5. In terms of MF,

these genes were primarily clustered in the extracellular

matrix structural constituent (n = 10), extracellular

matrix structural constituent conferring tensile strength

(n = 5), and glycosaminoglycan binding (n = 5)

(Figure 4A). In terms of CC, these genes were primarily

clustered in the collagen-containing extracellular matrix

(n = 14) and endoplasmic reticulum lumen (n = 8)

(Figure 4B). In terms of BP, these genes were primarily

clustered in the extracellular matrix (n = 9) and extracellular

structure (n = 9) organization (Figure 4C). According to the

results of the KEGG analysis only five pathways, including

protein digestion and absorption (n = 5), cell adhesion

molecules (n = 3), transforming growth factor (TGF)-β
signaling pathway (n = 2), Staphylococcus aureus infection

(n = 2), lysosome, and other glycan degradation (n = 1), were

enriched (Figure 5).

FIGURE 3
The circRNA–miRNA–mRNA network. The yellow nodes represent the circRNAs, the blue nodes represent the IDEmiRNAs, and the pink nodes
represent the IDEmRNAs.

Frontiers in Genetics frontiersin.org05

Xu et al. 10.3389/fgene.2022.994163

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.994163


Candidate compounds from connectivity
map analysis

The mRNAs in the ceRNA network, including the

37 upregulated genes, were uploaded to the CMap website.

After searching online, three chemicals (noscapine,

diazepam, and TG100-115) with the highest negative

enrichment scores were considered potential compounds

for the treatment of OA (Supplementary Table S2). The

chemical structures of these compounds are shown in

Supplementary Figure S4.

Construction of the protein–protein
interaction network and module analysis

To further explore the associations among mRNAs from the

ceRNA network, we performed PPI analysis consisting of 18 nodes

and 31 edges using the STRING database (Figure 6). Then, the

MCODE app in Cytoscape 3.8.0 was used to screen the hub genes.

Under the conditions mentioned in above methods, an important

module (MCODE score: 5.0) including six nodes and 15 edges was

found (Figure 7A), which demonstrates six significant hub genes

(serpin family H member 1 [SERPINH1], collagen type VIII alpha

2 chain [COL8A2], collagen type XV alpha 1 chain [COL15A1],

collagen type VI alpha 3 chain [COL6A3], collagen type V alpha

1 chain [COL5A1], and collagen type XI alpha one chain [COL11A1])

in OA. The network topological characteristics of six hub genes were

showed in Supplementary Table S3. A circRNA-miRNA-hubgene

subnetwork was established to identify the associations among the

DEcircRNAs, IDEmiRNAs, and hub genes (Figure 7B), and the

network included six regulatory axes (hsa_circ_0075320/hsa-miR-

6124/COL11A1, hsa_circ_0075320/hsa-miR-6124/SERPINH1,

hsa_circ_0075320/hsa-miR-6124/COL5A1, hsa_circ_0075320/hsa-

miR-6124/COL8A2, hsa_circ_0075320/hsa-miR-6124/COL15A1,

and hsa_circ_0051428/hsa-miR-1207-5p/COL6A3).

Correlation network analysis for hub
genes

To further explore the sub network identified by MCODE, the

correlation network analysis for the six hub genes was performed.

The results demonstrated that all six hub genes showed positive

correlation, especially among theCOL5A1,COL8A2, and COL11A1,

whose co-expression was the significant (Figure 8).

Drug–gene interaction analysis for hub
genes

We utilized DGIdb to perform drug–gene interaction

analysis for the six key genes identified in the PPI network.

Finally, we found that two potential drugs, collagenase

Clostridium histolyticum and ocriplasmin, may be effective in

treating OA because they were found to be closely associated with

the four hub genes (COL15A1, COL6A3, COL5A1, COL11A1).

Discussion

OA is a common joints illness that leads to cartilage

degeneration, synovial inflammation, and osteophyte formation

(Xie and Chen, 2019). However, the pathogenesis of OA is not

yet fully understood. Patients with OA usually miss the optimal

treatment opportunity due to lack of early diagnostic indicators,

FIGURE 4
Dot plot of GO function enrichment analysis. (A) Molecular
function analysis. (B) Cellular component analysis. (C) Biological
process analysis.
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leading to a poor prognosis. Therefore, it is important to identify

early diagnostic indicators and potential therapeutic targets in

patients with OA. In recent years, a bioinformatics-related

method has been developed that can be used to predict the

potential target genes of various diseases.

CircRNAs are stable ncRNAs that lack a 5′-cap or 3′-tail (Chen
et al., 2019). Due to their circular structure, circRNAs identified as

biomarkers for diagnosis and prognosis are not affected by RNA

exonucleases and become relatively stable(Li et al., 2015; Zhang et al.,

2018). Many complex diseases, including non-tumors, are

influenced by circRNAs (Xiong et al., 2018; Huo et al., 2021). At

present, an increasing number of researchers are focusing on the

association between circRNAs and disease occurrence. Some

evidence has suggested that circRNAs containing the MRE, RNA

binding protein (RBP), and open reading frame (ORF) can combine

withmiRNAs, thus generally called asmiRNA sponges, reducing the

cytoplasmic levels of miRNAs and releasing their downstream target

mRNAs (He et al., 2017; Bai et al., 2018; Wang et al., 2018).

Although one study predicted that hsa_circ_0025119,

hsa_circ_0025113, hsa_circ_0009897, and hsa_circ_0002447 exert

significant effects on OA, the specific functions of circRNAs remain

unknown (Wang et al., 2021). Therefore, to determine whether

circRNAs function as ceRNAs in OA, we constructed a

circRNA–miRNA–mRNA regulatory network based on biological

forecasts, a PPI network based on STRING, and a sub network based

on circRNAs, miRNAs, and hub genes.

In this study, five DEcircRNAs, 89 DEmiRNAs, and

345 DEmRNAs were first obtained from the GSE175959,

GSE105027, and GSE169077 datasets, respectively. To date, these

five DE circRNAs (hsa_circ_0004662, hsa_circ_0051428,

hsa_circ_0003312, hsa_circ_0008590, and hsa_circ_0075320) have

not been reported in previously published articles. circRNAs are

ceRNAs that alter the gene expression by binding tomiRNAs (Zhang

et al., 2017; Zhong et al., 2018; Kim et al., 2021). To investigate

whether the five circRNAs have a ceRNA role in OA, the circBase

and CSCD databases were used to predict their MREs. To further

explore the mechanisms of miRNAs and mRNAs of circRNAs

downstream in OA, the miRDB and TargetScan databases were

utilized to forecast target genes. Finally, a circRNAs-miRNA-mRNAs

regulatory network was established based on three circRNAs

FIGURE 5
Cohort plot of KEGG pathways analysis shows that twelve genes are associated with six KEGG terms.
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(hsa_circ_0075320, hsa_circ_0003312, and hsa_circ_0051428), seven

miRNAs (hsa-miR-6124, hsa-miR-6832-5p, hsa-miR-1207-5p, hsa-

miR-4793-5p, hsa-miR-624-3p, hsa-miR-1225-5p, and hsa-miR-

1229-5p), and 37 mRNAs.

We then conducted enrichment analysis based on themRNAs in

this network. The analysis demonstrated that the structural

constituents of the extracellular matrix (ECM), such as collagen

and glycosaminoglycan, are closely associated with the occurrence

and progression of OA. Furthermore, type II collagen in cartilage

ECM is disintegrated via increased expression of cartilage-degrading

enzymes, ultimately resulting in the degeneration of articular cartilage

(Glasson et al., 2005; Stanton et al., 2005). Aberrant crosslinking of

collagen fibrils within the joint may result in OA (Hu et al., 2006;

Wang et al., 2008). In this study, pathways detected by KEGG

FIGURE 6
PPI network of 37 mRNAs. The color of a node in the PPI network reflects the log (FC) value of gene expression, and the size of node indicates
the number of interacting proteins with the designated protein.

FIGURE 7
(A) PPI network consisting of the six hub genes. (B) A subnetwork of circRNAs–miRNAs–hub genes.
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analysis were mainly related to protein digestion and absorption, cell

adhesion molecules, TGF-β signaling pathway, S. aureus infection,

lysosomes, and other glycan degradation. Cartilage damage is amajor

issue in OA. In recent years, there is moderate evidence showing that

growth factors such as TGF-β have great potential in cartilage repair

(Blaney Davidson et al., 2007; Wang et al., 2020). TGF-β can prevent
the occurrence of osteoarthritis by maintaining the homeostasis of

articular cartilage, and TGF-β supplementation can also enhance

cartilage repair, which is a potential treatment method (Wang et al.,

2020). According to the relevant research, some cell adhesion

molecules can be used as predictors of OA (Schett et al., 2009).

Therefore, the cell adhesion molecules are also closely relevant to the

disease process for OA.

To further determine the key circRNAs involved in the ceRNA

network, a PPI network was constructed, and six hub genes

(SERPINH1, COL5A1, COL15A1, COL6A3, COL8A2, and

COL11A1) were identified using the MCODE app. Bioinformatics

analysis revealed that these hub genes are likely to play significant

roles in the pathogenesis of OA. In previous studies, SERPINH1, a

collagen-specific molecular chaperone critical for type I and type III

collagen maturation,(Taguchi and Razzaque, 2007) was shown to be

associated with OA via proteomic analysis (Tsolis et al., 2015).

Consistent with our results, aberrant expression of COL5A1 was

previously shown to be a target gene in synovial fibrosis therapy

(Remst et al., 2014).COL15A1, whose expressionwas confirmed to be

increased in OA, can encode a protein with significant expression in

newly formed blood vessels, revealing a probable function in

angiogenesis (Karlsson et al., 2010). COL6A3 is associated with

cartilage degeneration, as verified by quantitative PCR analysis

(Chou et al., 2013). COL8A2, a collagen-related gene, is more

abundantly expressed in OA, but the exact mechanism is not fully

understood (Karlsson et al., 2010). Ameta-analysis demonstrated that

common missense variants in COL11A1 are associated with OA

(Styrkarsdottir et al., 2018).COL11A1 contributes to the development

of OA due to the increased degradation of articular cartilage type II

collagen caused by the type XI collagen mutation (Rodriguez et al.,

2004). However, themechanisms of action of the identified hub genes

in OA need to be further explored.

Although the main functions of the six key genes have been

described, their connections with circRNAs are yet to be explored.

In this study, six circRNA–miRNA–hubgene subnetwork regulatory

axes (hsa_circ_0075320/hsa-miR-6124/COL11A1, hsa_circ_0075320/

hsa-miR-6124/SERPINH1, hsa_circ_0075320/hsa-miR-6124/COL5A1,

hsa_circ_0075320/hsa-miR-6124/COL8A2, hsa_circ_0075320/hsa-

miR-6124/COL15A1, hsa_circ_0051428/hsa-miR-1207-5p/COL6A3)

were identified, suggesting competitive regulatory relationships

between hsa_circ_0075320/hsa_circ_0051428 and the six hub genes.

Nevertheless, considering that these outcomes were derived from

bioinformatics analysis, additional experiments must be performed

to validate the possible effects of these six axes.

Currently, pharmacotherapy is vital in treating OA, with most

patients requiring short-term or long-term drug therapy. CMap

analysis was performed to identify potential therapeutic agents.

CMap analysis identified three compounds (noscapine, diazepam,

and TG100-115) as candidate drugs, facilitating the exploration of

their corresponding targets. Although noscapine is an alkaloid

derived from opioids, it has been clinically used as an antitussive

agent without any addictive or euphoric effects. The association

between noscapine and OA has not yet been reported, but noscapine

is suggested to act as an anti-inflammatory agent that remarkably

decreases the levels of proinflammatory factors and shows

antioxidant effects by inhibiting nitric oxide and reducing reactive

oxygen species levels (Rahmanian-Devin et al., 2021). These

therapeutic effects, combined with its low systemic toxicity, make

noscapine a potential candidate for the treatment of various

inflammatory diseases, including OA. Thomas et al. (1991) have

demonstrated the effectiveness of diazepam in OA treatment.

However, the long-term efficacy of diazepam in OA treatment

requires further investigation and verification. Doukas et al.

confirmed that TG100-115, a selective phosphatidylinositol 3-

kinase inhibitor, can reduce infarct development and preserve

myocardial function by effectively inhibiting edema and

inflammation (Doukas et al., 2006). Although the link between

TG100-115 and OA remains unclear, we believe that the

occurrence and progression of OA can be controlled by effectively

inhibiting edema and inflammation.

In addition to the CMap analysis described above, hub geneswere

found to be significant in OA. Hence, we conducted a drug–gene

FIGURE 8
The correlation network of six hub genes. The red line
represents a positive correlation between two genes, and the blue
represents a negative correlation.

Frontiers in Genetics frontiersin.org09

Xu et al. 10.3389/fgene.2022.994163

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.994163


interaction analysis using the DGIdb online database and identified

two related drugs, collagenase Clostridium histolyticum and

ocriplasmin, for OA treatment. At present, ocriplasmin is mainly

used to treat some ophthalmic diseases (Pirani et al., 2019), while

collagenase Clostridium histolyticum is primarily used to treat

Dupuytren’s contracture or Peyronie’s disease (Abdel Raheem

et al., 2018; Fletcher et al., 2019). Nevertheless, whether such

medications have satisfactory effects on OA needs to be further

investigated.

In our study, six circRNA–miRNA–hubgene axeswere ultimately

identified, revealing competitive interactions between two circRNAs

and six hub genes in OA. In the future, more experiments are needed

to validate this probable ceRNA mechanism in OA.

However, there are several limitations to this research.

Firstly, this study was done primarily using bioinformatics

analysis; therefore, further experimental validation is needed.

Secondly, the sample size was not large. Finally, further clinical

studies should be performed to explore the correlation between

these findings in this study and clinical practice.

Conclusion

In summary, a circRNA–miRNA–mRNA regulatory

network was established, including three important circRNAs

(hsa_circ_0075320, hsa_circ_0003312, and hsa_circ_0051428)

via comprehensive bioinformatics analyses. We then

constructed a circRNA–miRNA–hubgene regulatory

subnetwork involving two vitally important circRNAs,

hsa_circ_0075320, hsa_circ_0051428. Furthermore, three

bioactive compounds, noscapine, diazepam, and TG100-115,

according to the CMap analysis, and two related drugs,

collagenase Clostridium histolyticum and ocriplasmin,

according to the DGIdb database, were identified as potential

treatment options for OA. This study reveals a unique

perspective of the regulatory mechanisms and possible drugs

for OA treatment from the ceRNA network view.
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SUPPLEMENTAY FIGURE S1
Heatmaps of the differentially expressed circRNAs (DEcircRNAs),
microRNAs (DEcircRNAs), and mRNAs (DEmRNAs).(A) Heatmap of the
DEcircRNAs in theGSE175959 dataset. (B)Heatmap of the DEmiRNAs in
the GSE105027 dataset. (C) Heatmap of the DEmRNAs in the
GSE105027 dataset.

SUPPLEMENTAY FIGURE S2
(A) Venn diagram of the 89 differentially expressed miRNAs (DEmiRNAs)
obtained from GSE105027 and their overlap with the MREs. (B) Venn
diagram of the 345 differentially expressed mRNAs (DEmRNAs)
obtained from GSE169077 and their overlap with miRNA target genes.

SUPPLEMENTAY FIGURE S3
(A) Heatmap of the three circular RNAs (circRNAs) in the competing
endogenous RNA (ceRNA) network. (B)Heatmapof the sevenmiRNAs in the
ceRNA network. (C) Heatmap of the 37 mRNAs in the ceRNA network.

SUPPLEMENTAY FIGURE S4
Chemical structures of the three compounds found by the CMap analysis.
(A) Noscapine. (B) Diazepam. (C) TG100-115.
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