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Article focus
 � To uncover the hub long non-coding RNAs 

(lncRNAs) differentially expressed in osteo-
arthritis (oA) cartilage with an integrated 
analysis of the competing endogenous 
RNA (ceRNA) network and co-expression 
network.

Key messages
 � The integrated analysis of the ceRNA net-

work and co-expression network identi-
fied seven hub lncRNAs associated with 
oA. These lncRNAs may regulate extra-
cellular matrix changes and chondrocyte 
homeostasis in the progress of oA.

An integrated analysis of the competing 
endogenous RnA network and co-
expression network revealed seven hub 
long non-coding RnAs in osteoarthritis

Aims
This study aimed to uncover the hub long non-coding RnAs (lncRnAs) differentially expressed 
in osteoarthritis (oA) cartilage using an integrated analysis of the competing endogenous 
RnA (ceRnA) network and co-expression network.

Methods
expression profiles data of ten oA and ten normal tissues of human knee cartilage were 
obtained from the Gene expression omnibus (Geo) database (Gse114007). The differen-
tially expressed messenger RnAs (DemRnAs) and lncRnAs (DelncRnAs) were identified 
using the edgeR package. We integrated human microRnA (miRnA)-lncRnA/mRnA interac-
tions with DelncRnA/DemRnA expression profiles to construct a ceRnA network. Likewise, 
lncRnA and mRnA expression profiles were used to build a co-expression network with the 
WGcnA package. potential hub lncRnAs were identified based on an integrated analysis 
of the ceRnA network and co-expression network. starBase and Multi experiment Matrix 
databases were used to verify the lncRnAs.

Results
We detected 1,212 DemRnAs and 49 DelncRnAs in oA and normal knee cartilage. A total 
of 75 dysregulated lncRnA-miRnA interactions and 711 dysregulated miRnA-mRnA interac-
tions were obtained in the ceRnA network, including ten DelncRnAs, 69 miRnAs, and 72 
DemRnAs. similarly, 1,330 dysregulated lncRnA-mRnA interactions were used to construct 
the co-expression network, which included ten lncRnAs and 407 mRnAs. We finally iden-
tified seven hub lncRnAs, named MIR210HG, Hcp5, LInc00313, LInc00654, LInc00839, 
TBc1D3p1-DHX40p1, and IsM1-As1. subsequent enrichment analysis elucidated that these 
lncRnAs regulated extracellular matrix organization and enriched in osteoclast differentia-
tion, the Foxo signalling pathway, and the tumour necrosis factor (TnF) signalling pathway 
in the development of oA.

Conclusion
The integrated analysis of the ceRnA network and co-expression network identified seven 
hub lncRnAs associated with oA. These lncRnAs may regulate extracellular matrix changes 
and chondrocyte homeostasis in oA progress.
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strengths and limitations
 � The ceRNA network, a recently proposed hypothesis 

of regulatory analysis, was used to detect the patho-
genesis of oA.

 � integrated analysis of the ceRNA network and co-
expression network was used to identify the hub 
lncRNA based on total RNA-sequencing data.

 � This study used a bioinformatics approach without 
experimental verification.

introduction
osteoarthritis (oA) is an age-related, destructive joint dis-
ease marked by disordered cartilage homeostasis with 
subsequent inflammation and degradation.1 oA can cause 
notable implications and a substantial and increasing eco-
nomic burden for the individuals affected. it is estimated 
worldwide that 250 million people are curr ently subjected 
to this burdensome syndrome.2 Considering its increasing 
global prevalence and absence of effective treatments, 
gaining novel insights into biological mechanisms under-
lying oA is essential.

Advances in RNA sequencing and array technologies 
have now identified multiple non-coding RNAs, among 
which microRNAs (miRNAs) and long non-coding RNAs 
(lncRNAs) are relatively well studied.3,4 MicroRNAs were 
noted to act as fine-tuning regulatory molecules regulat-
ing the expression of some oA-related genes.3 for 
instance, miR33a was discovered to function in oA chon-
drocytes and target cholesterol efflux-related genes.4 
furthermore, miR-140 was shown to regulate the expres-
sion of Adamts-5 directly in cartilage development.4,5 
long non-coding RNAs are a type of RNA molecule 
greater than 200 nucleotides in length and involved in a 
wide variety of biological processes, including embryonic 
development, cell cycle progression, and chromatin 
remodelling.6 Recently, Thomson and dinger7 reported 
that lncRNAs might function as competing endogenous 
RNAs (ceRNAs) and interact with mRNAs by competitively 
binding their common miRNAs. A growing list of lncR-
NAs, acting as ceRNAs, were demonstrated to be involved 
in oA.8–10 for example, lncRNA klf3-As1 served as a 
ceRNA by sponging miR-206 to facilitate GIT1 expression 
and mediate chondrocyte injury.9 dANCR, acting as a 
ceRNA to sponge miR-577, targeted SphK2 to regulate 
the survival of oA chondrocytes.8 in addition, MEG3 
could alleviate lipopolysaccharide-induced inflammatory 
injury by up-regulation of miR-203 in ATdC5 cells.10

A recent study constructed a lncRNA-associated ceRNA 
network to identify eight lncRNA biomarkers associated 
with the progression of oA.11 Another study detected 
four differentially expressed lncRNAs (delncRNAs) in oA 
cartilage through analysis of a protein-protein interaction 
network and a ceRNA regulatory network.12 Both of the 
above studies compared the expression data between oA 
patients, whether with mild pain and severe pain or with 

mild samples and severe samples. These papers may 
focus more on differential expression at different stages 
of oA. Moreover, identification of the hub lncRNAs in 
both studies was based on the ceRNA network.

in the current paper, we compared total RNA-
sequencing (RNA-seq) data between oA and normal 
knee cartilage samples and aimed to detect the hub lncR-
NAs that are differentially expressed in oA onset and 
course. we identified the hub lncRNAs using integrated 
analysis of the ceRNA network and co-expression net-
work. Meanwhile, we conducted function and pathway 
analysis to explore their potential mechanisms in the 
occurrence of oA.

Methods
Data collection and preprocessing. Total RNA-seq data-
sets of human knee cartilage were obtained from the 
gene expression omnibus (geo) database (gse114007). 
expression profiles data of ten oA and ten normal knee 
samples were based on platform gpl18573 (Nextseq 
500 system; illumina, san diego, California, usA). we 
downloaded and merged the normalized data with the 
base package using R software (v3.5.3; R foundation for 
statistical Computing, vienna, Austria). The data have 
undergone quality control and normalization using the 
software fastQC (v0.10.1) and the edgeR TMM method. 
The data were annotated by the ensemble database. we 
chose ensembl gene 97 database and Human genes 
(gRCh38.p12) for annotation and lncRNA classification. 
Before performing differential expression analysis, we 
conducted principal component analysis (pCA). The pCA 
plot of gene expression in normal and oA articular carti-
lage samples reveals strong clustering of samples by phe-
notype (figure 1).
Differential analysis of lncRNAs and mRNAs. As there 
was a significant age difference between oA and nor-
mal patients (p < 0.001, independent-samples t-test), age  
(l: age < 40 years, M: 40 years ≤ age ≤ 60 years, H: age 
> 60 years) was included as a co-factor in the model. 
After analysis, we found no differentially expressed genes 
when age was regarded as the dependent variable. There 
was no significant difference in other factors, such as sex, 
the health condition of the patients, tissue sampling loca-
tion, and body mass index.13 long non-coding RNA and 
mRNA expression profiles were screened from the total 
RNA expression profiles using a perl script. differential 
expression analysis was performed with edgeR package. 
we used estimateCommondisp() and estimateTagwise-
disp() function for estimating the dispersion, and exact-
Test() function for tagwise tests using the exact negative 
binomial test. By default, Benjamini and Hochberg's 
algorithm was used to control the false discovery rate 
(fdR). delncRNAs and differentially expressed messen-
ger RNAs (demRNAs) were discovered according to the 
following criteria: fdR < 0.05 and |log fold change (fC)| 
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> 1.5. pheatmap package14 and gplots package15 were 
used to make the heatmaps and volcano maps.
Construction of a ceRNA network. Human miRNA-lncRNA 
and miRNA-mRNA target data were collected from starBase 
(v2.0; sun yat-sen university, guangzhou, China).16 in 
total, 18,482 miRNA-lncRNA interactions and 4,239,757 
miRNA-mRNA interactions were identified, respectively. 
The interactions that matched with delncRNAs and dem-
RNAs were screened. Also, miRNA-lncRNA and miRNA-
mRNA interactions that did not contain the same miRNA 
were eliminated. The remaining interactions were impor-
ted to Cytoscape (v3.7.1; National Resource for Network 
Biology)17 to construct a ceRNA network. long non-coding 
RNAs that had more than ten interactions were regarded 
as potential hub lncRNAs. MicroRNAs that had two or 
more interactions were identified as crucial miRNAs.
Construction of a co-expression network. The R package 
wgCNA (v1.68; R foundation for statistical Computing) 
was used to construct the co-expression network by 
integrating expression profiles of lncRNA and mRNA. 
scale-free topology model and mean connectivity were 
constructed for screening the optimal soft threshold 
power to make the soft threshold > 0.7. Then the adja-
cency matrix was created using the selected soft thresh-
old power. we chose 0.6 as a threshold for the weight 

score of co-expression to get stronger interaction pairs 
between lncRNA and mRNA. long non-coding RNAs in 
the network were regarded as potential hub lncRNAs.
Verification of the hub lncRNAs. After screening the 
potential hub lncRNAs from the ceRNA network and the 
co-expression network, we verified these lncRNAs based 
on the starBase and Multi experiment Matrix (MeM) data-
bases.18 long non-coding RNAs that have no target gene 
were excluded from the potential hub lncRNAs.
Function and pathway analysis. The database for Anno-
tation, visualization, and integrated discovery (DAVID) 
(v6.8) was used to conduct gene ontology (go) analysis. 
Clusterprofiler package and pathview package using R 
software (v3.5.3; R foundation for statistical Computing) 
was used to perform kyoto encyclopedia of genes and 
genomes (kegg) analysis. gene ontology terms, includ-
ing biological process, cellular component, and molecular 
function were identified as significantly enriched by target 
genes of lncRNAs when fdR < 0.05 and Bonferroni cor-
rection < 0.01. kegg terms were identified as significantly 
enriched when fdR < 0.05 and geneRatio > 0.05.

Results
DElncRNAs in osteoarthritis and normal knee samples.  
A total of 49 delncRNAs (21 up-regulated and 28 down-
regulated) were recognized in oA and normal knee car-
tilage (supplementary Table i). The first ten up-regulated 
and down-regulated lncRNAs are shown in Table i. The 
distribution of all delncRNAs according to the two dimen-
sions of -log10(fdR) and logfC is represented by a vol-
cano map in figure 2a. The delncRNAs were evaluated 
by a heatmap, as shown in figure 2b. we divided all 49 
lncRNAs into five groups: long intergenic non-coding RNA 

table i. The top ten up-regulated and down-regulated long non-coding RNAs

type lncRNA logFC p-value* FDR

up-regulated liNC00654 1.72 < 0.001 1.47e-11
 isM1-As1 2.61 < 0.001 3.52e-10
 fAM225A 2.72 < 0.001 2.13e-07
 lNx1-As1 2.48 < 0.001 3.85e-07
 slC8A1-As1 3.14 < 0.001 4.81e-06
 MiR31Hg 2.15 < 0.001 2.65e-05
 MAgi2-As2 2.88 < 0.001 1.14e-04
 Celf2-As2 1.94 < 0.001 1.14e-04
 liNC00839 2.57 < 0.001 1.94e-04
 ABCC5-As1 3.15 < 0.001 4.61e-04
down-regulated Al360012.1 -2.74 < 0.001 1.81e-13
 Z93241.1 -2.73 < 0.001 3.40e-12
 ilf3-dT -1.56 < 0.001 3.52e-10
 MATN1-As1 -2.52 < 0.001 1.41e-09
 MiR210Hg -1.66 < 0.001 4.72e-08
 sMg7-As1 -2.09 < 0.001 1.36e-07
 AfdN-dT -2.20 < 0.001 2.13e-07
 pRoseR2-

As1
-1.62 < 0.001 2.49e-07

 liNC00167 -1.82 < 0.001 3.19e-07
 ToB1-As1 -2.27 < 0.001 1.41e-06

fC, fold change; fdR, false discovery rate; lncRNA, long non-coding RNA.
*independent-samples t-test
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Fig. 1

The principal component analysis (pCA) plot of gene expression in normal 
and osteoarthritis (oA) articular cartilage samples.
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(lincRNA), antisense, processed_transcript, sense_intronic, 
and sense_overlapping (figure 2c). The antisense and lin-
cRNA group made up 43% and 37% of all lncRNA, respec-
tively. No 3prime_overlapping_ncrna were identified.
DEmRNAs in osteoarthritis and normal samples. A total 
of 1,212 demRNAs (642 up-regulated and 570 down-
regulated) were recognized. The first ten up-regulated 
and down-regulated mRNAs are outlined in Table ii, and 
a volcano map of related demRNAs is depicted in figure 
3a. A heatmap showing the first 50 demRNAs is shown 
in figure 3b.
Construction of a ceRNA network. A total of 75 dysreg-
ulated lncRNA-miRNA interactions and 711 dysregulated 
miRNA-mRNA interactions were obtained in the ceRNA 
network (figure 4a), including ten delncRNAs, 69 miRNAs, 
and 72 demRNAs. A total of four lncRNAs, named HCp5, 

liNC00839, liNC00313, and TBC1d3p1-dHx40p1 were 
regarded as potential hub lncRNAs. Meanwhile, six 
miR NAs, including hsa-miR-19a-3p, hsa-miR-19b-3p, hsa- 
miR-17-5p, hsa-miR-20a-5p, hsa-miR-328-3p, and hsa-miR- 
519d-5p were identified as key miRNAs. The interactions 
of these lncRNAs, miRNAs, and their target genes are pre-
sented in the sub-network (figure 4b).
Construction of a co-expression network. we chose 8 as 
the optimal soft threshold power based on the scale-free 
topology model and mean connectivity (figure 5). A total 
of 1,330 lncRNA-mRNA interactions were identified to 
construct the co-expression network, which included ten 
lncRNAs and 407 mRNAs. in all, ten potential lncRNAs, 
including Col4A2-As1, fAM225A, ilf3-dT, isM1-As1, 
liNC00654, liNC01554, MiR210Hg, pART1, slC8A1-As1, 
and AC092143.1 were identified as potential lncRNAs.
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Fig. 2c

Fig. 2a
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Fig. 2b

differentially expressed long non-coding RNA (delncRNA) in osteoarthritis (oA) tissues and normal tissues of knee articular cartilage. a) volcano map of deln-
cRNA; b) heatmap of delncRNA; c) long non-coding RNA (lncRNA) classification. lincRNA, long intergenic non-coding RNA.
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Verification of hub lncRNAs. A total of 14 potential hub 
lncRNAs were identified based on co-expression net-
work analysis and ceRNA network. After the verification 
of the starBase and MeM (university of Tartu, Tartu, 
estonia) databases, seven lncRNAs named MiR210Hg, 
HCp5, liNC00313, liNC00654, liNC00839, TBC1d3p1-
dHx40p1, and isM1-As1 were finally identified as the 
hub lncRNAs related to the oA process.

Functional enrichment analysis. in total, 11 biological pro-
cess terms, six molecular function terms, and three cell-
ular component terms were identified as significantly 
enriched (figure 6a and supplementary Table ii). likewise, 
18 significantly enriched kegg terms were detected 
(supplementary Table iii). The top five pathway terms are 
shown in figure 6b and Table iii. The visualization of these 
pathways is presented in supplementary figure a.

Discussion
The ceRNA network analysis is a recently proposed 
hypothesis of regulatory analysis, mostly used to explore 
the mechanism of tumourigenesis.19 for this study we 
chose to use this mechanism to detect the pathogenesis 
of oA. we discovered 1,212 demRNAs and 49 delncRNAs 
in oA and normal knee cartilage using total RNA-seq.  
A total of seven hub lncRNAs were identified based on 
the integrated analysis of the ceRNA network and co-
expression network and the verification of the starBase 
and MeM databases. subsequent function and pathway 
enrichment analysis revealed that these lncRNAs regu-
lated extracellular matrix changes and chondrocyte 
homeo stasis in the development of oA.

A previous study13 using the data of gse114007 iden-
tified 1,310 demRNAs in 18 normal and 20 oA knee sam-
ples from two platforms according to the criteria of the 
adjusted p-value of < 0.05 and |log2fC| > 1. To minimize 
the batch effects, we analyzed ten normal and ten oA 
knee samples that were based on the same platform 

table ii. The top ten up-regulated and down-regulated messenger RNAs

type mRNA logFC p-value* FDR

up-regulated TYMP 2.52 < 0.001 6.78e-26
 ASPM 5.15 < 0.001 1.07e-16
 PREX2 2.89 < 0.001 1.99e-16
 SKP2 1.69 < 0.001 1.59e-15
 CFI 3.40 < 0.001 1.74e-15
 HMGA2 4.17 < 0.001 2.07e-15
 KCNN4 2.87 < 0.001 1.03e-14
 TTC9 2.59 < 0.001 1.90e-14
 THBS2 2.83 < 0.001 1.59e-13
 ST6GALNAC5 4.24 < 0.001 2.54e-13
down-regulated DDIT3 -3.00 < 0.001 8.00e-42
 IER2 -3.04 < 0.001 8.06e-41
 MAFF -3.45 < 0.001 1.34e-39
 PIGA -2.46 < 0.001 6.58e-38
 JUN -3.53 < 0.001 1.87e-29
 RARA -2.42 < 0.001 2.05e-26
 CISH -3.35 < 0.001 2.05e-26
 PIM2 -2.80 < 0.001 2.05e-26
 OTUD1 -2.37 < 0.001 2.61e-26
 KLF10 -2.37 < 0.001 6.80e-25

fC, fold change; fdR, false discovery rate; mRNA, messenger RNA.
*independent-samples t-test

Fig. 3a
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visualizations of differentially expressed long non-coding RNAs (delncRNAs) and differentially expressed messenger RNAs (demRNAs). a) Competing endo-
genous RNA (ceRNA) network based on delncRNAs and demRNAs; b) sub-network based on hub long non-coding RNAs (lncRNAs) and vital messenger RNAs 
(mRNAs). green indicates down-regulated RNAs, blue indicates microRNAs (miRNAs), and red indicates up-regulated RNAs. The diamonds represent miRNAs, 
the rectangles represent lncRNAs, and the circles represent mRNAs.
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gpl18573. A total of 1,212 demRNAs were discovered 
with the criteria of fdR < 0.05 and a |logfC| > 1.5. 
Comparing the data from fisch et al13 with our data, we 
found 601 overlapping demRNAs (supplementary figure 
b), including 312 up-regulated mRNAs and 389 down-
regulated mRNAs.

Many studies have exemplified the role of miRNAs in 
oA pathogenesis.4,5,20 The miRNAs may also play pivotal 

roles in the ceRNA network and generally negatively regu-
late downstream mRNAs. other types of RNA, such as circ-
RNA21 or lncRNA,8,22 can regulate mRNAs by competing 
for the binding sites of miRNAs in the oA course. overall, 
six miRNAs, including hsa-miR-19a-3p, hsa-miR-19b-3p, 
hsa-miR-20a-5p, hsa-miR-17-5p, hsa-miR-328-3p, and 
hsa-miR-519d-5p were identified to form the core of the 
ceRNA network. A previous study indicated that miR-19a 

table iii. Top five terms of kyoto encyclopedia of genes and genomes analysis

iD Description GeneRatio Count FDR Genes

hsa04380 osteoclast 
differentiation

0.074 14 0.0003 BTK, FCGR3A, FOS, FOSB, FOSL2, JUN, JUNB, JUND, NFKB2, NFKBIA, 
SOCS1, SOCS3, SPI1, TYROBP

hsa04068 foxo signalling 
pathway

0.074 14 0.0003 BCL6, BNIP3, CCND1, CCNG2, CDKN1A, CDKN1B, GADD45A, GADD45B, 
IRS2, KLF2, PLK2, PLK3, SKP2, SOD2

hsa04668 TNf signalling 
pathway

0.063 12 0.0006 BCL3, CEBPB, FOS, ICAM1, IRF1, JUN, JUNB, NFKBIA, NOD2, PTGS2, 
SOCS3, TNFRSF1B

hsa05222 small cell lung 
cancer

0.058 11 0.0006 CCND1, CDK6, CDKN1A, CDKN1B, CYCS, FN1, GADD45A, GADD45B, NFKBIA, 
PTGS2, SKP2

hsa04115 p53 signalling 
pathway

0.053 10 0.0006 CCND1, CCNG2, CDK1, CDK6, CDKN1A, CYCS, GADD45A, GADD45B, RRM2, 
SESN2

fdR, false discovery rate; TNf, tumour necrosis factor.
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function and pathway enrichment analysis for differentially expressed target messenger RNAs (mRNAs) of hub long non-coding RNAs (lncRNAs). a) Bar chart 
showing the significantly enriched functions; b) scatter plot showing the top five of the significantly enriched pathways. Bp, biological process; CC, cellular 
component; go, gene ontology; Mf, molecular function; TNf, tumour necrosis factor. All p-values were calculated using the t-test.
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might act as an oncogenic miRNA in bladder cancer.23 The 
hsa-miR-19a-3p and hsa-miR-19b-3p in another study 
were identified as biomarkers of colorectal cancer.24 
Additionally, hsa-miR-20a-5p was reported to be down-
regulated in multiple sclerosis.25 However, the role of 
these selected miRNAs in the development of oA needs 
further research.

long non-coding RNAs are emerging as critical species-
specific regulators of cellular and disease processes.26 
They can also play a role by competing for the gene loci of 
miRNAs to regulate the expression of mRNA indirectly. 
Ajekigbe et al27 identified 92 delncRNAs in knee oA carti-
lage, including 73 up-regulated and 19 down-regulated 
lncRNAs (fdR < 0.05). we obtained 133 delncRNAs, 
including 52 up-regulated and 81 down-regulated lnc-
RNAs when our cutoff criteria were fdR < 0.05. There are 
seven overlapping lncRNAs (supplementary figure c), 
including Meg3, MiR210Hg, NeAT1, liNC00092, CRNde, 
CyToR, and C1orf220 between our studies. Meg3 was 
shown to be significantly down-regulated in oA cartilage 
in the research by Ajekigbe et al,27 which was consistent 
with our result.

in our study, we detected 49 delncRNAs in oA and nor-
mal knee cartilage. seven hub lncRNAs named MiR210Hg, 
HCp5, liNC00313, liNC00654, liNC00839, TBC1d3p1-
dHx40p1, and isM1-As1 were finally discovered. several 
studies had shown that MiR210Hg could be an essential 
biomarker for the diagnosis of glioma28 and could facilitate 
osteosarcoma cell invasion and metastasis.29 it may also 
play critical roles in the development of oA. HCp5 has 
been identified as a ceRNA in the process of breast cancer30 
and pancreatic cancer,31 but its role as a ceRNA in the oA 
process remains to be studied.

functional enrichment analysis revealed that these 
genes regulated extracellular matrix changes, including 
extracellular matrix organization, the collagen catabolic 
process, and collagen fibril organization. it has been shown 
that increased catabolism in the extracellular matrix of 
cartilage plays a crucial role in the development and pro-
gression of oA.32 similarly, extracellular matrix organiza-
tion33 and collagen fibril organization34 were significantly 
enriched in oA cartilage in previous studies. pathway anal-
ysis revealed that these genes enriched in osteoclast differ-
entiation, the foxo signalling pathway, and the tumour 
necrosis factor (TNf) signalling pathway. osteoclasts have 
been demonstrated to be involved in oA-related cartilage 
destruction.35 A recent study indicated that the osteoclas-
togenesis associated with enhanced inflammation could 
explain the high degree of bone destruction.36 likewise, the 
research by li et al37 demonstrated that the activity of oste-
oclast differentiation from bone marrow-derived cells was 
significantly increased in oA mice. foxo transcription fac-
tors have proved to be protective factors in chondrocytes 
through regulation of autophagy38 and oxidative stress 

resistance,39 and their reduced expression was found in 
aged and oA cartilage. TNf-α and TNf-β are major pro-
inflammatory cytokines40 and can critically mediate the dis-
turbed processes implicated in oA pathophysiology.41 yan 
et al42 restored anabolism-catabolism balance to prevent 
cartilage degradation in oA rats by suppression of TNf-α-
induced activation of the Nf-ĸB pathway in chondrocytes. 
in summary, these lncRNAs may influence the progress of 
oA by regulating extracellular matrix changes and chon-
drocyte homeostasis.

The current article had several advantages. firstly, 
ceRNA was applied to explain the pathogenesis of oA, 
which provides a new therapeutic idea for oA. secondly, 
the integrated analysis of the ceRNA network and co-
expression network was used to identify the hub lncRNA 
based on total RNA-seq data. Additionally, the enriched 
functions and involved pathways of the hub lncRNAs 
were unveiled, which has laid the foundation for future 
mechanism research.

This study had several limitations. firstly, the sample 
size was relatively small. secondly, the hub lncRNAs were 
predictably discovered from total RNA-seq. further stud-
ies are warranted to learn whether these detected lnc-
RNAs are genuinely causal and can be finally used in 
clinical applications.

in conclusion, the integrated analysis of the ceRNA 
network and co-expression network identified seven hub 
lncRNAs associated with oA. These lncRNAs may regulate 
extracellular matrix changes and chondrocyte homeosta-
sis in the progress of oA.

supplementary Material
Tables illustrating data related to: differentially exp-
res sed long non-coding RNAs; significantly enriched 

gene ontology (go) terms; and significantly enriched 
kyoto encyclopedia of genes and genomes (kegg) terms. 
figures illustrating data related to: pathview analysis of 
the top three differentially enriched pathways; the over-
lapping messenger RNA (mRNA) between the data from 
fisch et al13 and our data; and the overlapping long non-
coding RNA (lncRNA) between the data from Ajekigbe 
et al27 and our data.
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