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Abstract. Long non‑coding RNAs (lncRNAs) are emerging as 
key regulators in gene expression; however, little is currently 
known regarding their role in cartilaginous endplate  (CE) 
degeneration (CED) of cervical vertebra. The present study 
aimed to investigate the expression levels of lncRNAs and 
analyze their potential functions in CED of cervical vertebra 
in patients with cervical fracture and cervical spondylosis. 
Human competitive endogenous RNA (ceRNA) array was 
used to analyze lncRNA and mRNA expression levels in CE 
samples from patients with cervical fracture and cervical 
spondylosis, who received anterior cervical discectomy and 
fusion. Differentially expressed lncRNAs (DELs) or differen‑
tially expressed genes (DEGs) were identified and functionally 
analyzed, using Gene Ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes  (KEGG) pathway analyses. An 
lncRNA‑microRNA(miRNA)‑mRNA ceRNA regulatory 
network was constructed based on the DELs and DEGs, and 
the ceRNA network was visualized using Cytoscape 3.7.2 
software. In total, one downregulated mRNA, one upregu‑
lated miRNA and five downstream regulated lncRNAs were 
identified using reverse transcription‑quantitative PCR in 
CED and healthy CE samples. A total of 369 lncRNAs and 
246 mRNAs were identified as differentially expressed in CE. 
The GO and KEGG analyses demonstrated that the majority 
of GO and KEGG enrichments were associated with CED. 
Furthermore, a ceRNA network was established, including 
168  putative miRNA response elements, 189  upregulated 

and 37  downregulated lncRNAs and 47  upregulated and 
10dow regulated DEGs. The present study analyzed the func‑
tion of DEGs in the ceRNA network and filtered out the same 
items as in DEG‑function enrichment analysis. These results 
provide a new perspective for an improved understanding of 
ceRNA‑mediated gene regulation in cervical spondylosis, 
and provide a novel theoretical basis for further studies on 
the function of lncRNA in cervical spondylosis. However, 
further experiments are required to validate the results of the 
present study.

Introduction

Lower back pain and neck pain are two common symptoms 
caused by intervertebral disc degeneration (IDD)  (1). The 
global lower back and neck pain disability rates increased 
by 59.5% from 1990 to 2015, and will likely increase further 
with an aging population (2). Currently, therapies for cervical 
IDD (CIDD) are intended to relieve a multitude of symptoms, 
offering only temporary benefits rather than a permanent 
recovery (3). This is mainly a result of poor understanding of 
the exact etiology and pathogenesis. Xia et al (4) previously 
reported that transplantation of gelatin microspheres loaded 
with nucleus pulposus‑like cells (NP‑1Cs) and growth and 
differentiation factor‑5 (GDF‑5) into the intervertebral discs 
of the acupuncture rat tail vertebrae partially regenerated 
damaged intervertebral discs in a rat model. However, cartilage 
endplate (CE) degeneration (CED) is an obstacle for effective 
stem cell therapy (5). Therefore, it is necessary to determine 
the mechanisms underlying CIDD and CED to develop novel 
effective treatment methods for these diseases.

The outer layer of intervertebral discs is annulus fibrosus 
tissue, which surrounds the nucleus pulposus tissue and 
connects the superior and inferior vertebral bodies with 
CE. The supply of nutrition to intervertebral discs depends 
on the pores of the superior and inferior CE of the vertebral 
body (6,7). Previous studies have reported that CE serves 
a significant role in maintaining the basic function of the 
intervertebral disc (8). Therefore, CED is the primary factor 
leading to IDD, and maintaining the physiological function 
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of CE is essential to prevent and treat IDD. Previous studies 
have identified factors associated with cartilage  (9). For 
example, one study reported that cartilage degeneration is 
associated with the downregulation of Cbp/p300 interacting 
transactivator with Glu/Asp rich carboxy‑terminal domain 2 
(CITED2) expression (9).

A recent study revealed that long non‑coding RNAs 
(lncRNAs), a subset of non‑coding transcripts with a length 
of >200 nucleotides that have a low protein‑coding poten‑
tial, are involved in a series of biological processes such as 
glucose and lipid metabolism (10). Some lncRNAs can serve 
as competitive endogenous RNAs (ceRNAs) of microRNA 
(miRNA/miR) to modulate the downregulation of miRNA 
targets (11). The functions of lncRNAs in cancer and several 
other diseases have been investigated (12‑15). For instance, 
Chen et al (12) reported that LINC00173.v1 upregulated the 
expression of VEGFA via sponging miR‑511‑5p to promote 
the proliferation and migration of vascular endothelial cells. 
Wang et al (13) also revealed that CARL lncRNA inhibited 
mitochondrial fission and apoptosis by upregulating prohib‑
itin 2 expression via decreasing the expression of miR‑539. 
However, to the best of our knowledge, the expression profiles 
and potential functions of lncRNAs in CED of cervical 
vertebra remain unknown.

In the present study, lncRNA and mRNA microarrays were 
used to identify differentially expressed lncRNAs (DELs) and 
differentially expressed genes (DEGs) between degenerate 
and healthy CE. Furthermore, a ceRNA regulatory network 
was constructed based on DELs and DEGs. The expression 
levels of selected DELs and DEGs were further assessed 
using reverse transcription‑quantitative PCR (RT‑qPCR). The 
present study aimed to identify novel lncRNAs and genes 
that are relevant to CED, which may further guide investiga‑
tions and contribute to the development of novel therapeutic 
strategies for the treatment of CIDD.

Materials and methods

Tissue samples. A total of 38 CE specimens from 19 patients 
with CIDD and 19 healthy subjects from February 2017 to 
February 2020 were enrolled in the study. The CIDD and 
healthy samples were collected from The Second Affiliated 
Hospital of Nanchang University (Nanchang, China). Details 
of the samples are presented in Table SI. Degenerated cervical 
vertebral CE specimens were collected from patients with 
CIDD that suffered from cervical spondylosis myelopathy, 
who had received anterior cervical discectomy and fusion 
(ACDF). CE specimens of healthy subjects were obtained 
from patients with a cervical fracture who received ACDF. 
None of the enrolled subjects had undergone radiotherapy 
or chemotherapy, and none had a history of surgery. Sample 
weight was evaluated before the study was conducted. Of the 
lesions collected, six legions weighing >50 mg were used 
for microarray detection. The remaining 32 lesions, which 
weighed <50 mg, were used for RT‑qPCR and western blot 
analyses. The present study was approved by the Ethics 
Committee of The Second Affiliated Hospital of Nanchang 
University. Written informed consent was obtained from 
all participants. All tissue samples were preserved in liquid 
nitrogen until RNA and protein extraction.

lncRNA and mRNA microarray analysis. Total RNAs from 
three degenerative CE and three healthy CE (HCE) tissues 
were extracted and purified using the RNeasy micro kit (Qiagen 
GmBH) and the RNase‑Free DNase set (Qiagen GmBH). 
The RNA integrity coefficient number, as a measure of RNA 
integrity, was measured using an Agilent Bioanalyzer 2100 
(Agilent Technologies, Inc.). The purity and quantity of initial 
total RNA chip samples were determined using a NanoDrop 
ND‑2000 spectrophotometer (NanoDrop Technologies; 
Thermo Fisher Scientific, Inc.) and an Agilent Bioanalyzer 
2100 to exclude genomic DNA contamination. RNA integ‑
rity was also determined on an ethidium bromide‑stained 
2% agarose gel. Qualified RNAs, of which the absorbance 
ratio at 260 and 280 nm is 2.0 was used for the following chip 
experiments.

RNA amplification and labeling. Total RNA was amplified 
and labeled using the Low Input Quick Amp Labeling kit, 
One‑Color (Agilent Technologies, Inc.) according to the 
manufacturer's instructions. Cy3‑labeled cRNA was purified 
using the RNeasy mini kit according to the manufacturer's 
instructions (Qiagen GmBH).

Microarray hybridization. The SBC Human (4x180  K) 
ceRNA array (Shanghai Shibei Biotechnology Co., Ltd.) was 
used to detect lncRNA and mRNA expression profiles. Each 
slide was hybridized with 1.65 µg Cy3‑labeled cRNA using 
a Gene Expression Hybridization kit (Agilent Technologies, 
Inc.) in a Hybridization Oven (Agilent Technologies, Inc.) 
at 65˚C, according to the manufacturer's protocols. After 17 h 
of hybridization, the slides were washed in staining dishes 
(Thermo Fisher Scientific, Inc.) using a Gene Expression 
Wash Buffer kit (Agilent Technologies, Inc.), according to the 
manufacturer's protocol. All raw data have been uploaded to 
Gene Expression Omnibus (GSE153761).

Data acquisition. Slides were scanned using an Agilent 
Microarray scanner (Agilent Technologies, Inc.) with 
the default settings: Dye channel=Green, Scan resolu‑
tion=3 µm, photomultiplier tube 100% and 20 bit. Data 
were extracted using Feature Extraction 12.0 software 
(Agilent Technologies, Inc.). Raw data were normal‑
ized using the Quantile algorithm and 3.11  version 
of l imma packages (ht tps://www.bioconductor.org/
packages/release/bioc/html/limma.html) in R 3.6.0 soft‑
ware (https://www.R‑project.org/). Statistically significant 
DELs and DEGs between the two groups were defined as 
fold‑change ≥2 and P<0.05. Furthermore, heat maps were 
constructed to present expression profiles of DELs and DEGs 
using hierarchical clustering, which was performed using the 
1.0.12 version of pheatmap package (https://cran.r‑project.
org/web/packages/pheatmap/index.html) in R. In addition 
to these, the repeatability and accuracy of ceRNA array in 
the current study was also assessed using the Coefficient of 
Variation (CV). The value of CV was calculated according 
to the 10 repeated probe signals. If the CV is <15%, the 
outcomes of ceRNA array can be considered to be of excel‑
lent stability. Statistical analyses were performed using R. 
A two‑tailed P<0.05 was considered indicate a statistically 
significant difference for all tests.
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Function and pathway analysis of DEGs. Gene Ontology (GO; 
www.geneontology.org) is a widely used ontology resource in 
the bioinformatics field. The present study analyzed the asso‑
ciation of DEGs in the Biological Processes (BP), Molecular 
Function (MF) and Cellular Component (CC) sets in the GO 
database. The P‑value denotes the significance of the enriched 
GO terms among DEGs.

Kyoto Encyclopedia of Genes and Genomes (KEGG; 
https://www.genome.jp/kegg/) pathway analysis is a system‑
atic analysis tool and database of gene function and genome 
information, which helps researchers to study and express 
information in the context of entire gene networks (16). KEGG 
enrichment analysis of DEGs can identify differentially 
enriched pathways, which is useful for identifying biological 
regulation pathways that are significantly altered under 
experimental conditions (16). The enrichment analysis was 
performed using Fisher's exact test in the PANTHER classifi‑
cation system (http://www.pantherdb.org) and the 3.11 version 
of Cluster Profiler package from R/Bioconductor (https://www.
bioconductor.org/) (17,18). The standard of selection was the 
number of genes attaining a P<0.05 threshold.

Construction of ceRNA regulatory network. To determine the 
interaction between lncRNAs and mRNAs, data regarding 
lncRNAs and mRNAs were combined with miRNA data 
to construct a lncRNA‑miRNA‑mRNA ceRNA regulatory 
network. Using the miRanda tool (version 3.3a; http://www.
microrna.org/), the present study predicted the lncRNA‑miRNA 
regulatory combinations. miRNAs that had regulatory 
associations with mRNAs in the ceRNA network were 
queried in three databases, miRDB (version 6.0; http://www.
mirdb.org), TargetScan (version 7.2; http://www.ta‑rgetscan.
org/vert_72/) and miRTarBase (version 8.0; http://mirtarbase.
mbc.nctu.edu.t‑w), which included experimentally validated 
miRNA‑target interactions  (19‑21). The overlapping genes 
between targets of the identified miRNAs and the total of 
DEGs were retained for the ceRNA network construction, 
with associated DELs and miRNAs. Based on the identified 
miRNAs and miRNA targets in DELs and DEGs, a ceRNA 
regulatory network was constructed and visualized using 
Cytoscape software version 3.7.2 (22).

Functional analysis of genes in the ceRNA regulatory network. 
In the ceRNA regulatory network, a GO enrichment analysis 
was performed using Fisher's exact test in the PANTHER clas‑
sification system to assess the potential functions of DEGs in 
the categories of BP, MF and CC. Over‑represented enriched 
KEGG pathways were searched for using the 3.11 version of 
ClusterProfiler package of R/Bioconductor to identify path‑
ways that were strongly associated with DEGs in the ceRNA 
network. P<0.05 was set as the threshold for significance.

RT‑qPCR. Total RNA was extracted from 32  samples 
(16 patients and 16 healthy control) of CE using TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). Expression levels of one DEG 
[integrin subunit β8 (ITGB8)], miR‑20a‑5p and five DELs 
(ENST00000548900, lnc‑MYBPC1‑1:1, lnc‑ARL13A‑1:1, 
lnc‑C2orf67‑1:1 and lnc‑DNAJB6‑3:1) were detected using a 
PrimeScript™ RT reagent kit (Perfect Real-Time) and SYBR® 
Fast qPCR Mix (both from Takara Bio, Inc.). The temperature 

protocol for reverse transcription was: 16˚C for 30 min, 42˚C 
for 30 min and 85˚C for 5 min. cDNA was subjected to initial 
denaturation at 94˚C for 3 min, followed by 40 cycles at 94˚C 
for 10 sec and 60˚C for 40 sec, followed by extension at 72˚C 
for 10 min, using the specific primers. All experiments were 
repeated three times. β‑actin was used as an internal refer‑
ence for these lncRNAs and ITGB8 whereas U6 was used 
as an internal reference for miR‑20a‑5p. In the present study, 
2‑ΔΔCq method was used for relative quantification (23). Primer 
sequences are presented in Table SII.

Western blotting. Western blot analyses were performed on 
the proteins extracted from 22 samples (11 patients and 11 
healthy control) of CE tissue samples by using the RIPA lysis 
buffer (cat. no. P0013B; Beyotime Institute of Biotechnology). 
Protein concentrations were measured using a BCA protein 
assay reagent (Beyotime Institute of Biotechnology). Each lane 
was loaded with 15 µg protein. Samples were then separated 
via 10% SDS‑PAGE and separated proteins were transferred to 
PVDF membranes. After blocking in 5% non-fat dry milk in 
TBS‑T (0.1% Tween 20) for 2 h at 37˚C, the membranes were 
incubated with anti‑ITGB8 (4˚C; 8 h; 1:500; cat. no. ab80673) 
and anti‑GAPDH (4˚C; 8  h; 1:5,000; cat.  no.  ab9485) 
primary antibodies (both from Abcam), and then with the 
secondary goat anti‑rabbit IgG antibodies (37˚C; 2 h; 1:5,000; 
cat. no. ab205718; Abcam), detection was performed using 
chemiluminescence (Beyotime Institute of Biotechnology). 
ImageJ software (1.52v; National Institutes of Health) was 
used to quantify protein band intensity.

Statistical analysis. Correlation was assessed by using 
Pearson's correlation coefficient. Except for the Microarray, 
each experiment was repeated ≥ three times. Relative expres‑
sion levels of ITGB8, miR‑20a‑5p and the five DELs were 
calculated using the 1.1.2 version of pcr package (https://www. 
rdocumentation.org/packages/pcr/versions/1.1.2). Statistical 
significance was determined using an unpaired Student's 
t‑test between two groups. P<0.05 was considered to indicate 
a statistically significant difference. All statistical analyses 
were performed using SPSS (version 20.0; IBM, Corp.) and 
GraphPad Prism (version  8.0; GraphPad Software, Inc.) 
software.

Results

Identifying DELs and DEGs via microarray. In order to 
investigate the expression pattern of lncRNAs in degenerative 
CE and HCE tissues, the present study used ceRNA micro‑
array to identify DELs and DEGs. A box plot was used to 
demonstrate the distribution of the hybridization data and the 
degree of dispersion. After log2 normalization, no abnormal 
distributions of data were observed in the six healthy and 
CED samples (Fig. 1A). Analysis of correlations between 
expression and CE disease status showed that the expression 
level of genes was highly similar among Dg (>0.98) and less 
so for Hg (0.93‑0.96; Fig. 1B). The variation between CED 
and HCE was demonstrated in a scatter plot of the lncRNA 
expression profile (Fig. 1C). A volcano plot identified the 
DELs at different P‑values and fold‑changes between the two 
groups (Fig. 1D). CED samples were compared with healthy 
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samples, where a total of 369 DELs, including 316 upregu‑
lated and 53 downregulated lncRNAs (Fig. 1C), and a total 
of 246 DEGs, including 171 upregulated and 75 downregu‑
lated mRNAs (Fig. 1D), were identified from the microarray 
results.

Hierarchical clustering identified that lncRNA and gene 
expression levels were distinguishable between CED and 
healthy samples, as presented by the associated heat map 
(Fig. 2). The top 20 fold‑change upregulated or downregu‑
lated DELs are presented in Fig. 3A and Table I. The top 20 
fold‑change upregulated and downregulated DEGs are 
presented in Fig. 3B and Table II.

GO and KEGG pathway enrichment analysis on basis of 
total DEGs. In order to identify the potential etiological 
factors and key genes associated with the pathogenesis of 
CIDD, BP, MF and CC analyses in GO and KEGG enrich‑
ment pathways were performed for DEGs. The top 20 results 
are presented in Fig. 4 and Tables SIII‑VI. BP, MF, CC and 
KEGG terms that were significantly associated with DEGs 
included ‘integrin binding (GO: 0005178)’ in Fig. 4B, ‘ossi‑
fication (GO: 0001503)’ in Fig. 4A, ‘extracellular matrix 

(ECM)‑receptor interaction (hsa04512)’ in the Fig. 4D and 
‘skeletal system development (GO: 0001501)’ in the Fig. 4A.

Construction of a ceRNA network. To evaluate the poten‑
tial functions of DELs in CIDD, the same putative miRNA 
response element (MREs) in DELs and DEGs were identi‑
fied. Using the miRanda tool, the present study determined 
the regulatory associations between miRNAs and lncRNAs. 
Data from the miRDB, TargetScan and miRTarBase databases 
were integrated to determine the regulatory associations 
between miRNAs and mRNAs (Table III). A ceRNA regu‑
latory network was then constructed by combining the 
identified miRNA‑mRNA and lncRNA‑miRNA associations 
(Fig. S1). The ceRNA network was composed of 451 nodes 
[168 miRNAs, 226 DELs (including 189 upregulated and 37 
downregulated DELs) and 57 DEGs (including 47 upregulated 
and 10 downregulated DEGs)] and 1,087 lines (including 
852 lncRNA‑miRNA connections and 235 mRNA‑miRNA 
connections).

GO and KEGG pathway enrichment analysis on basis 
of DEGs in the ceRNA network. To determine the 

Figure 1. Expression profile of lncRNAs detected using a microarray in degeneration CE compared with healthy CE. (A) Box plots were used to visualize the 
distributions of lncRNAs for the two groups. After normalization, the distributions of the log2 ratios among six samples were nearly the same. (B) A block 
diagram for the correlation coefficient r. The blue or red of the color represents the degree of correlation between samples, and the deeper the red, the higher 
the correlation between the two samples. (C) Volcano plot visualizing differential lncRNA expression between the two groups. The vertical lines correspond 
to a 2.0‑FC (log2 scaled), showing upregulation and downregulation. The horizontal line represents a P<0.05 (log10 scaled). The red and blue points in the 
plot present the statistically significantly upregulated and downregulated lncRNAs, respectively. Red points mark upregulated expression of lncRNAs in 
CED vs. healthy CE (P<0.05, FC ≥2). Blue points mark downregulated expression of lncRNAs in CED vs. healthy CE (P<0.05, FC ≤0.5). (D) Scatter plot 
demonstrating the variation of lncRNAs expression in Dg (y‑axis) vs. Hg (x‑axis). The values of the x‑ and y‑axes are the averaged normalized signal values 
of each group (log2 scaled). The middle line represents no difference between the two groups. In the figure, representing the probe point in the two groups, 
the signal difference was FC ≥2; red represents upregulation and blue represents downregulation. FC, fold‑change; Dg, degeneration group; Hg, healthy group; 
lnc, long non‑coding RNA.
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potential functions of identified DEGs and DELs in the 
ceRNA network, GO and KEGG pathway enrichment 
analyses were performed, and the results are presented in 
Fig. 5 and Tables SVII‑X, which included ‘Ossification’, 
‘Blood vessel development’, ‘Integrin binding’ and ‘SMAD 
binding’. The overlapping items in both of the functional 

analysis results of the ceRNA network and functional 
analysis results of all DEGs were considered to represent 
significant enrichments from BP and MF analyses in GO 
and KEGG. The results are presented in Fig. 6 and Table IV, 
which included ‘Ossification’, ‘Integrin binding’, ‘Skeletal 
system development’ and ECM.

Figure 2. Heat map of DEGs and DELs. Heat map presenting a distinguishable expression profile of (A) long non‑coding RNAs and (B) mRNAs between the 
Dg and Hg. The values correspond to the different colors representing the fold change (log2 transformed) of each sample. Black stands for 0, indicating no 
change in gene expression; red represents upregulation; and green represents downregulation. The brightness of the color represents the degree of increased or 
decreased gene expression. Dg, degeneration group; Hg, healthy group.

Figure 3. The top 20 upregulated and downregulated DEGs and DELs. Heat map of the top 20 upregulated and downregulated (A) lncRNAs and (B) genes. 
Fold‑change ≥2 and P<0.05. Dg, degeneration group; Hg, healthy group; lnc, long non‑coding RNA.
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Table I. Top 20 upregulated and downregulated lncRNAs in degenerative CE vs. healthy CE were sorted according to FC.

lncRNA‑ID	 Log2FC	 P‑value	 Regulation

ENST00000460164	 ‑4.0654447321111	 0.010925989	 Down
ENST00000444114	 3.15320239767769	 0.005654941	 Up
lnc‑ARHGAP26‑1:3	 ‑2.97917502630228	 0.035859204	 Down
ENST00000518605	 ‑2.80565656425262	 0.02692457	 Down
lnc‑AC068473.1‑1:1	 2.78060506466701	 0.026317694	 Up
NR_033909	 ‑2.77339818775925	 0.01209491	 Down
NONHSAT013575	 2.72406891252417	 0.006270757	 Up
ENST00000606068	 2.71093666603456	 0.007273469	 Up
lnc‑OTOP1‑1:1	 2.6826499083849	 0.004281053	 Up
lnc‑AC073416.2‑3:1	 ‑2.55407843103034	 0.022005983	 Down
lnc‑AC233263.1‑12:1	 ‑2.54967640076035	 0.03761393	 Down
NR_024469	 2.52303431159003	 0.000477517	 Up
lnc‑AC073416.2‑5:2	 ‑2.51306945648041	 0.017447387	 Down
lnc‑FZD6‑1:2	 2.50613392195141	 0.014306711	 Up
lnc‑BNIP1‑3:3	 ‑2.47300950984058	 0.041505299	 Down
lnc‑BNIP1‑4:3	 ‑2.4537777630073	 0.017295824	 Down
lnc‑LONRF2‑1:3	 2.30742206138951	 1.99172E‑06	 Up
ENST00000517816	 ‑2.30653135357461	 0.048332914	 Down
NR_120454	 2.30548698577468	 0.030404793	 Up
NR_030732	 2.29451834582489	 0.019540145	 Up

In the current analysis, FC referred to the absolute ratio (not log scale) of normalized intensities between two groups. FC ≥2 and P<0.05. 
lncRNA, long non‑coding RNA; CE, cartilage endplate; FC, fold‑change.

Table II. Top 20 upregulated and downregulated genes in degenerative CE vs. healthy CE were sorted according to FC.

Gene symbol	 log2FC	 P‑value	 Regulation

SCGB2A2	 ‑6.38069654020843	 0.016239341	 Down
HLA‑DRB5	 ‑5.60888034944606	 0.000344626	 Down
SYT7	 ‑4.12512677137271	 0.010160235	 Down
DEFA4	 ‑3.84312421870298	 0.03700143	 Down
KLK11	 ‑3.73246320843984	 0.003181221	 Down
HBD	 ‑3.56787972602964	 0.030431781	 Down
PLA2G2A	 3.30813047877424	 0.015774342	 Up
MMP8	 ‑3.288405759072	 0.004677465	 Down
RNASE2	 ‑3.22555107120361	 0.00318142	 Down
HLA‑DQB1	 ‑3.18445779878179	 0.019791381	 Down
CEACAM8	 ‑3.16284892181939	 0.015625014	 Down
CCNA1	 ‑3.05409089387395	 0.040614958	 Down
GINS3	 3.03459748011711	 0.034104828	 Up
BIRC7	 2.99886168508531	 0.026568151	 Up
CLC	 ‑2.8225612164875	 0.030603049	 Down
GPR20	 2.8001431232719	 0.039633617	 Up
LCN2	 ‑2.7633057628854	 0.015383988	 Down
CEBPE	 ‑2.76040800943709	 0.008924767	 Down
HP	 ‑2.73937831942498	 0.029404319	 Down
LTF	 ‑2.7084261374062	 0.031266564	 Down

In the present analysis, FC referred to the absolute ratio (not log scale) of normalized intensities between two groups. FC ≥2 and P<0.05. CE, 
cartilage endplate; FC, fold‑change.
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Validation of lncRNAs, miRNA and gene expression in 
tissue samples using RT‑qPCR and western blot analyses. 
To assess the results from the ceRNA microarray, the present 
study selected one DEG, ITGB8  (24), miR‑20a‑5p  (25) 
and it s  related f ive DELs (ENST0 0 0 0 054890 0, 
lnc‑MYBPC1‑1:1, lnc‑ARL13A‑1:1, lnc‑C2orf67‑1:1 and 
lnc‑DNAJB6‑3:1), based on a literature review of the 
miRNAs and genes identified in the functional analysis 
in the ceRNA network by searching ‘geneID’ and ‘carti‑
lage’ on PubMed (https://pubmed.ncbi.nlm.nih.gov/) and 
the selected five DELs were associated with miR‑20a‑5p 
in the ceRNA network. The expression patterns of seven 
RNAs from the RT‑qPCR results demonstrated that ITGB8 
(0.45‑fold change) and lnc‑DNAJB6‑3:1 (0.34‑fold change) 
expression levels were significantly downregulated in CED 

samples compared with HCE samples. The expression levels 
of miR‑20a‑5p (2.10‑fold change) was upregulated in CED 
samples compared with those in HCE samples (Fig. 7A). 
The RT‑qPCR results of ITGB8 and lnc‑DNAJB6‑3:1 
expression levels are consistent with the microarray data 
(Fig. 7B). Moreover, the western blotting results shown that 
ITGB8 is downregulated in CED samples compared with 
that in HCE samples (Fig. 7C and D).

Discussion

CED is the main cause of IDD (26). Although the etiology 
of CED remains unknown, it is a complex, multifactorial 
disorder that is influenced by cartilage degeneration due to 
angiogenesis, inflammation, ECM degeneration, oxidative 

Figure 4. Top 20 of GO (BP, MF and CC) and KEGG pathway enrichment analysis based on total DEGs. (A) GO BP. (B) GO MF. (C) GO CC. (D) KEGG 
pathway. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, Biological Processes; MF, Molecular Function; CC, Cellular Component.



YUAN et al:  lncRNAs AND GENES IMPLICATED IN CED OF CERVICAL VERTEBRA8

Table III. Relationship between mRNAs and miRNA predicted by all three databases (miRTarBase, TargetScan and miRDB) in 
competitive endogenous RNA network.

Gene	 miR

ABHD13	 miR‑6507‑5p
ADAMTS14	 miR‑4667‑5p, miR‑423‑5p, miR‑6762‑5p, miR‑8089, miR‑6845‑5p, miR‑4700‑5p
ANKRD50	 miR‑93‑5p, miR‑20b‑5p, miR‑20a‑5p, miR‑3934‑3p, miR‑548t‑5p, miR‑153‑5p, miR‑6736‑3p,
	 miR‑106b‑5p, miR‑17‑5p, miR‑6884‑3p, miR‑106a‑5p
BNC2	 miR‑567, miR‑513c‑5p, miR‑514b‑5p, miR‑8485, miR‑6867‑5p
CCDC80	 miR‑3916
CDCP1	 miR‑1233‑5p, miR‑6778‑5p, miR‑665, miR‑6878‑5p, miR‑1827
CHL1	 miR‑182‑5p
CITED2	 miR‑3121‑3p, miR‑548t‑3p, miR‑548t‑5p, miR‑548aa, miR‑182‑5p
COL3A1	 let‑7b‑5p, miR‑29b‑3p, miR‑767‑5p
COL5A1	 miR‑6785‑5p, miR‑4728‑5p, miR‑6878‑5p, miR‑4516, miR‑6883‑5p, miR‑149‑3p
COL5A2	 miR‑29b‑3p, miR‑143‑3p, miR‑767‑5p
COLEC12	 miR‑6770‑5p, miR‑7‑5p
COMMD3‑BMI1	 miR‑195‑3p, miR‑3120‑3p
DYRK2	 miR‑6767‑3p, miR‑193a‑3p, miR‑484, miR‑193b‑3p, miR‑8077, miR‑24‑3p, miR‑3613‑3p,
	 miR‑8485, miR‑4447, miR‑1275
EBF1	 miR‑4776‑3p
FGF9	 miR‑942‑5p, miR‑182‑5p, miR‑622, miR‑140‑5p, miR‑8485
FOXN2	 miR‑6124, miR‑6809‑3p, miR‑367‑3p, miR‑25‑3p, miR‑363‑3p, miR‑3613‑3p, miR‑92b‑3p,
	 miR‑5692a, miR‑92a‑3p, miR‑7109‑3p, miR‑188‑5p, miR‑4724‑5p
FZD1	 miR‑7109‑3p
FZD7	 miR‑145‑5p
GPR173	 miR‑8485, miR‑6785‑5p, miR‑4524a‑3p, miR‑4516, miR‑6883‑5p, miR‑92a‑2‑5p, miR‑1249‑5p,
	 miR‑4728‑5p, miR‑6825‑5p, miR‑6797‑5p, miR‑149‑3p, miR‑3202, miR‑6867‑5p
HES6	 miR‑4739, miR‑6129, miR‑6127, miR‑4510, miR‑6133, miR‑6130
IGFBP5	 miR‑548aa, miR‑185‑5p, miR‑3613‑3p, miR‑3925‑5p, miR‑143‑3p, miR‑548t‑3p, miR‑4755‑5p,
	 miR‑4446‑5p
ITGA11	 miR‑1827, miR‑6867‑5p, miR‑650, miR‑3612
ITGB8	 miR‑3613‑3p, miR‑93‑5p, miR‑20a‑5p, miR‑145‑5p, miR‑6507‑5p, miR‑17‑5p
ITGBL1	 miR‑8485
KCNJ12	 miR‑1915‑3p, miR‑6764‑5p, miR‑8485
KCNQ5	 miR‑543, miR‑6507‑5p, miR‑6867‑5p
LTBP2	 miR‑6880‑5p, miR‑4708‑3p, miR‑3165
LTF	 miR‑214‑3p
MSX2	 miR‑5196‑5p, miR‑4747‑5p
NBL1	 miR‑4270, miR‑6754‑5p, miR‑4441
NKX2‑5	 miR‑1538, miR‑4745‑3p
NOVA1	 miR‑338‑3p
NUAK2	 miR‑589‑5p, miR‑3925‑5p
OLFM4	 miR‑486‑5p
PDZRN4	 miR‑7844‑5p, miR‑3613‑3p
PHYHIP	 miR‑6785‑5p, miR‑1296‑3p, miR‑6883‑5p, miR‑4728‑5p, miR‑6825‑5p, miR‑3616‑3p,
	 miR‑149‑3p, miR‑6081, miR‑6731‑5p, miR‑8085
PLSCR4	 miR‑15b‑5p
PLXDC1	 miR‑4732‑3p, miR‑670‑5p, miR‑150‑5p
PTPRF	 miR‑24‑3p, miR‑298
RAB23	 miR‑545‑3p, miR‑1468‑3p, miR‑518a‑5p, miR‑424‑5p, miR‑527, miR‑195‑5p, miR‑497‑5p,
	 miR‑548p
S1PR1	 miR‑363‑3p 
SLC4A1	 miR‑504‑3p, miR‑4430, miR‑5698, miR‑3652
SNTB2	 miR‑20a‑5p, miR‑17‑5p, miR‑20b‑5p, miR‑5582‑5p, miR‑106b‑5p, miR‑93‑5p
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stress, cell hyperproliferation, chondrocyte apoptosis and 
autophagy (27,28). The study into the pathogenesis of CED is 
ongoing.

lncRNAs have been reported to serve essential roles in 
angiogenesis, inflammation and ECM degeneration  (29). 
However, to the best of our knowledge, the expression profile 

Table III. Continued.

Gene	 miR

SPATS2L	 miR‑103a‑3p
SPOCK2	 miR‑8485
SPTLC3	 miR‑4534
SVOP	 miR‑532‑3p, miR‑3612, miR‑4667‑3p, miR‑4727‑5p, miR‑3972, miR‑6852‑5p, miR‑1202, miR‑
	 6749‑3p, miR‑7162‑5p, miR‑650, miR‑1827, hsa‑miR‑4768‑3p
SYT7	 miR‑4632‑5p, miR‑3202, miR‑4436b‑3p, miR‑6735‑5p, miR‑6760‑5p, miR‑4270, miR‑6879‑5p, 
	 miR‑1207‑5p, miR‑7843‑5p, miR‑4516, miR‑4441, hsa‑miR‑6887‑3p, hsa‑miR‑4763‑3p
SYTL4	 miR‑8485, miR‑4789‑3p
TBXA2R	 miR‑31‑5p, miR‑1275, miR‑6779‑5p, miR‑149‑3p, miR‑6785‑5p, miR‑508‑5p, miR‑1273h‑5p, 
	 miR‑6883‑5p, miR‑7160‑5p, miR‑4478, miR‑7106‑5p, hsa‑miR‑4728‑5p
THSD7A	 miR‑3617‑5p, miR‑153‑5p, miR‑5581‑5p, miR‑4297, miR‑6867‑5p, miR‑641
THY1	 miR‑6778‑3p, miR‑6825‑5p
TMEM119	 miR‑2114‑3p
TSPAN12	 miR‑140‑5p, miR‑196a‑5p
VCAN	 miR‑103a‑3p, miR‑107, miR‑578
VWA1	 miR‑765, miR‑6825‑5p

miR/miRNA, microRNA.

Table IV. Majority of significant enrichments and genes of Gene Ontology and Kyoto Encyclopedia of Genes and Genomes 
pathway enrichments.

Enrichment terms	 Gene 

Extracellular matrix organization	 ADAMTS14, CCDC80, COL3A1, COL5A1, COL5A2, ITGA11, ITGB8, SPOCK2,
	 VCAN, VWA1
Ossification	 COL5A2, FGF9, FZD1, IGFBP5, ITGA11, LTF, MSX2, S1PR1, TMEM119, VCAN
Skeletal system development	 FGF9, COL3A1, VWA1, VCAN, COL5A2, TMEM119, MSX2, RAB23, CITED2,
	 ITGB8, LTF
Extracellular matrix structural	 COL3A1, COL5A1, COL5A2, LTBP2, VCAN, VWA1
constituent
Integrin binding	 COL5A1, COL3A1, THY1, ITGBL1, ITGB8
Signaling receptor binding	 FZD7, NBL1, COL5A1, FGF9, FZD1, COL3A1, THY1, ITGBL1, PLSCR4, ITGB8,
	 SYTL4, S1PR1
Extracellular matrix	 VCAN, FGF9, CCDC80, SPOCK2, LTBP2, VWA1, COLEC12, COL3A1, COL5A2,
	 COL5A1
Extracellular region	 VCAN, SLC4A1, FGF9, CDCP1, CHL1, PLXDC1, OLFM4, CCDC80, SPOCK2,
	 PTPRF, ITGB8, LTBP2, NBL1, VWA1, THSD7A, LTF, ADAMTS14, COLEC12,
	 SYT7, COL3A1, ITGBL1, THY1, COL5A2, IGFBP5, COL5A1, CHL1
Extracellular space	 VCAN, SLC4A1, FGF9, CHL1, PLXDC1, OLFM4, SPOCK2, PTPRF, ITGB8,
	 LTBP2, NBL1, VWA1, LTF, COLEC12, SYT7, COL3A1, THY1, COL5A2, IGFBP5,
	 COL5A1, CHL1
Protein digestion and absorption	 COL3A1, COL5A1, COL5A2
Cell adhesion molecules	 ITGB8, PTPRF, VCAN
Extracellular matrix‑receptor	 ITGA11, ITGB8
interaction
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of lncRNAs and their potential biological functions in CED 
have not yet been reported. The present study utilized a 
lncRNA and mRNA microarray to provide comprehensive 
lncRNA and mRNA expression profiles in CED and HCE, 
with the aim of investigating the potential involvement of 
dysregulated lncRNAs in the development of CED. The 
present study identified a large number of DELs and DEGs 
from diverse genomic locations, with 246 DEGs (171 
upregulated and 75 downregulated) and 369 lncRNAs (316 
upregulated and 53 downregulated) found to be differen‑
tially expressed between cervical vertebra CED samples and 
healthy controls. A ceRNA network was established, which 
included 168 miRNAs, 226 DELs (including 189 upregulated 

and 37 downregulated DELs) and 57 DEGs (including 47 
upregulated and 10 downregulated DEGs). To the best of 
our knowledge, the present study was the first to report the 
comprehensive lncRNA expression profile in CED. Therefore, 
the results of the present study provide a novel theoretical basis 
for further investigations into the function of lncRNA in CED.

lncRNAs are rich in miRNA binding sites and can act as 
ceRNAs in cells, which leads to relief of the inhibitory effect 
of miRNAs on their target genes and, ultimately, increased 
expression of the target genes (30). To determine the potential 
function of lncRNAs as miRNAs sponges in cervical CED, 
GO BP, GO MF, GO CC and KEGG pathway enrichment 
analyses were performed on total DEGs and ceRNA network 

Figure 5. Functional enrichment analysis based on total DEGs. (A) GO BP. (B) GO MF. (C) GO CC. (D) KEGG pathway. The overlapping terms between 
Figs. 4 and 5 were marked in red. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, Biological Processes; MF, Molecular Function; 
CC, Cellular Component.
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DEGs in the present study. The common significant enrich‑
ments between DEGs in the ceRNA network and all DEGs 
from GO BP, GO MF, GO CC and KEGG pathway analysis 
were associated with cartilage development, degeneration and 
regeneration.

Integrins are well‑known as cell adhesion molecules and 
act via ECM‑receptor interaction (31). Moreover, integrins 
are suggested to control intracellular signaling pathways 
both physically and chemically as mechanoreceptors  (32). 
Previous studies have reported that if the fibrillar network of 
the ECM is dysfunctional or assembled from fibers that cannot 
bind and activate α5β1 integrins, chondrocytes increase the 
MMP expression, which inhibits cartilage regeneration (33). 

The increased expression of α2β1 and activation of integrin 
signaling may also induce a pathological increase in MMP 
expression following exposure to static compression (33,34).

The significant items in the results of enrichment analyses 
in the present study included ‘integrin binding’, ‘ossification’, 
‘ECM’ and ‘skeletal system development’ Li et al (35) previ‑
ously reported that the loss of OPG leads to the occurrence 
of IDD by promoting the ‘ossification’ biological process of 
the cartilage endplate in the osteoprotegerin (OPG)‑knockout 
mice. Qu  et  al  (36) reported that DEGs were primarily 
involved in ‘skeletal system development’ in a co‑expression 
network in IDD and serve an important role the pathobiology 
of the disease.

Figure 6. Chord plot displaying the significant enrichments of GO and KEGG pathway enrichments associated with cartilage. GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; ECM, extracellular matrix; FC, fold change.

Table V. Identifying crucial genes using a literature review.

Gene group	 Upregulated genes in cartilage degeneration	 Downregulated genes in cartilage degeneration

A	 MSX2, LTBP2, NBL1	 ITGB8, LTF, CITED2
B	 IGFBP5, COL3A1, COL5A1, COL5A2, FGF9, 	 ‑
	 ITGBL1, VCAN, RAB23, FZD7, ITGA11

A, Genes whose microarray results are consistent with those reported in the literature; B, Genes whose microarray results are inconsistent with 
those reported in the literature.
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Signaling pathways and the term ‘signal receptor 
binding’ are similar. Xue et al (37) previously reported that 
the decreased expression of NF‑κB interacting lncRNA, a 
miR‑145 sponge, inhibited SP1 expression and regulated the 
NF‑κB signaling pathway to inhibit proliferation and promote 
apoptosis of chondrocytes. Furthermore, Gu et al (38) revealed 
that the majority of hub genes associated with osteoarthritic 
cartilage screened from GSE51588 were primarily enriched in 
‘protein digestion and absorption’.

The present study identified a group of DEGs that serve 
important roles in cartilage development and degeneration from 

a literature review (Table V). Genes whose microarray results 
were consistent with those reported in the literature include 
ITGB8, lactotransferrin (LTF), msh homeobox 2 (MSX2), 
latent transforming growth factor β binding protein 2 (LTBP2), 
neuroblastoma suppressor of tumorigenicity 1 (NBL1) and 
CITED2. Genes whose microarray results are inconsistent 
with those reported in the literature include insulin like growth 
factor binding protein 5 (IGFBP5), collagen type III α 1 chain 
(COL3A1), COL5A1, COL5A2, fibroblast growth factor 9 
(FGF9), ITGBL1, versican (VCAN), RAB23, frizzled class 
receptor 7 (FZD7) and ITGA11. LaPointe et al (24) reported 
that the downregulation of ITGB8 increased the expression 
of ITGA11 and caused ablation of COL2A1 expression, as 
detected in the chondrogenic differentiation of mesenchymal 
stem cells. Xue  et  al  (39) observed that LTF can inhibit 
IL‑1β‑induced apoptosis via AKT1‑induced cAMP responsive 
element binding protein 1 phosphorylation in human articular 
chondrocytes. Furthermore, Nishimura et al (40) suggested 
that MSX2, a homeobox Runx2 family member, may promote 
endochondral ossification via upregulation of Osterix (Sp7) 
expression. He et al (9) also reported that the transcriptional 
regulator CITED2 promoted chondroprotection by inhibiting 
the expression of MMP13, and that the decreased expres‑
sion of CITED2 induced cartilage degradation via increased 
expression of MMP13. Moreover, Sideek et al (41) reported 
that exogenous LTBP2 inhibits elastinogenesis in ear cartilage 
chondrocytes in culture, while Goessler et al (42) reported that 
LTBP2 was activated during chondrogenic dedifferentiation 
to decrease the repairability of cartilage defects in vitro. In 
addition, Wei et al (43) used microarray technology to demon‑
strate that the attenuation of cartilage anabolism by increased 
expression of NBL1, a secreted BMP antagonist, is a molecular 
mechanism underlying cartilage degeneration.

Genes from the present study that were not consistent 
with those in the literature may decrease CED. For instance, 
Weimer  et  al  (44) revealed that IGFBP5, a potentiator of 
IGF‑I, could increase the expression of IGF‑1 to maintain the 
proliferation and survival of chondrocytes. Type III collagen, 
encoded by COL3A1, together with type I collagen, provides 
a structural framework for the synovium surrounding the 
synovial joint to protect articular cartilage  (45). Type  V 
collagen, encoded by COL5A1 and COL5A2, is present 
in tissues containing type  I collagen and appears to regu‑
late the assembly of shaped fibers composed of type I and 
type V collagen, with the type V collagen being associated 
with articular cartilage maturity (46,47). Exogenous FGF9 
attenuates cartilage degradation in mice (48), and its increased 
expression may represent a protective mechanism that remains 
intact during cartilage degeneration. Song et al (49) reported 
that overexpression of ITGBL1 inhibits integrin signaling 
in developing chondrocytes to promote cartilage forma‑
tion. Moreover, Choocheep et al (50) observed that VCAN 
is required for chondrocyte differentiation during cartilage 
formation. Yang et al (51) also demonstrated that too much 
or too little RAB23 protein induced the expression of SOX9 
and caused the failure of chondrogenic differentiation. In 
addition, this differential expression profile of RAB23 may 
not have been specific to chondrocyte differentiation in their 
study by using gain‑of‑function and loss‑of‑function experi‑
ments (51). Randall et al (52) reported that activation of FZD7, 

Figure 7. Expression levels of ITGB8, miR‑20a‑5p, ENST00000548900, 
lnc‑MYBPC1‑1:1, lnc‑ARL13A‑1:1, lnc‑KANSL1L‑1:1 and lnc‑DNAJB6‑3:1 
in CED samples compared with healthy CE. (A) Results of RT‑qPCR were 
evaluated using the 2‑ΔΔCq method. (B) RT‑qPCR results of miR‑20a‑5p was 
evaluated using the 2‑ΔΔCq method. (C) Similarity of RT‑qPCR and micro‑
array analysis results of ITGB8 and the five DEGs. (D) Western blotting 
results of ITGB8 expression, which were (E) semi‑quantified using ImageJ 
software. Data are presented as the mean ± standard deviation. *P<0.05 and 
**P<0.01 vs. HG.
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a component of the Wnt planar cell polarity pathway, was able 
to promote growth plate chondrocyte column formation.

Of the genes identified in the present study that were 
consistent with those in the literature, only four miRNAs with 
MREs within ITGB8 were associated with cartilage degen‑
eration and calcification, including miR‑20a‑5p, miR‑145‑5p, 
miR‑93‑5p and miR‑17‑5p. Guo  et  al  (25) reported that 
miR‑20a‑5p in exosomes from breast cancer cells promoted the 
proliferation and differentiation of osteoclasts. Furthermore, 
Chen et al (53) revealed that decreased miR‑145‑5p expres‑
sion promoted the proliferation of osteoclasts to aggravate 
cartilage erosion by targeting OPG. Xiao et al (54) also found 
that increased osteoclasts in the CE of ovariectomized mice 
resulted in cartilage remodeling to stimulate IDD. It has been 
demonstrated that increased HOX transcript antisense RNA 
expression, decreased the expression of miR‑17‑5p to promote 
cartilage injury by mediating the Wnt/β‑catenin pathway via 
fucosyltransferase 2 (55). Moreover, Xue et al (56) suggested 
that increased expression of miR‑93‑5p promoted chondrocyte 
viability and suppressed chondrocyte apoptosis in vitro.

Previous studies have reported that the ceRNA mechanism 
can be used for the analysis of multiple diseases  (36,57). 
Qu et al (36) constructed a miRNA‑lncRNA‑mRNA ceRNA 
regulatory network on the basis of DEGs and lncRNAs in 
patients with IDD. In addition, Wang et al (57) identified a 
novel ceRNA network that provides a novel insight for inves‑
tigating the underlying molecular mechanism of diabetic 
peripheral neuropathy. In the present study, ITGB8 was 
inhibited by increased expression of MREs resulting from 
decreased expression of lncRNAs in the ceRNA network. 
After screening, the expression levels of IGTB8, miR‑20a‑5p 
and its five regulated lncRNAs within ceRNA network were 
validated in 16 CIDD and 16 healthy subjects using RT‑qPCR. 
It was suggested that downregulated lnc‑DNAJB6‑3:1 may 
have decreased the expression of ITGB8 to promote cartilage 
degeneration via upregulation of miR‑20a‑5p expression. To 
the best of our knowledge, the present study was the first 
to report that lnc‑DNAJB6‑3:1 is downregulated in CED, 
as well as demonstrating that lnc‑DNAJB6‑3:1 regulated 
miR‑20a‑5p/ITGB8 axis in the CED.

In the present research, the box plots (Fig. 1A) were used 
to visualize the distributions of lncRNAs for two groups. 
Although the normalized data were skewed, the distributions 
of the log2 ratios among the six samples presented an excellent 
similarity after normalization, which indicated that the data 
could be further analyzed. The phenomenon that the normal‑
ized data were skewed (long tail above mean/median) was also 
demonstrated in previously published studies (58‑60). It was 
suggested that the sampling error and selective bias are respon‑
sible for this phenomenon, and enlarging the sample sizes is an 
effective strategy to decrease the sampling error and selective 
bias. In the present study, gene expression was highly similar 
among Dg (>0.98) and less so for Hg (0.93‑0.96), which can 
also be due to sampling error and selective bias.

Technical replicates were performed in order to further 
determine the reliability of detection platform for identifying 
DEGs using microarray. The SBC Human ceRNA array 
(Agilent‑078298 human ceRNA array V1.0 4X180K) has 
demonstrated excellent repeatability in previously published 
papers (61‑63). Moreover, the Shanghai Shibei Biotechnology 

Co., Ltd. has obtained official certification of Microarray 
repeatability and accuracy from Agilent Technologies, Inc. 
(R2>0.95, MAQC Plan) (61‑63). The CV of the all samples in 
present study were <15% [Dg1, 4.23209%; Dg2, 4.88349%; 
Dg3, 5.57233%; Hg1, 4.19178%; Hg2, 3.85391%; Hg3, 
5.49377%). Therefore, technical replicates were not conducted 
in the current study.

Previous studies (61‑63) have improved the reliability of 
microarray results using biological repetition. Biological 
repetition for six different individuals (three samples from 
healthy control and three samples from patients with CIDD) 
was performed in the present study. Subsequently, the authors 
further verified the outcomes of ceRNA array using RT‑qPCR 
in 32 samples (16 patients and 16 control individuals), and 
demonstrated that the ceRNA array and RT‑qPCR results had 
an excellent reliability.

Therefore, a total of 32 samples (16 patients and 16 normal 
control) were used in the current study to further assess the 
expression levels of lnc‑DNAJB6‑3:1, ITGB8 and miR‑20a‑5p 
using RT‑qPCR or western blot analysis. Previous reports 
have aimed at identifying the association between disease 
and potential lncRNA based on the semi‑supervised learning 
framework and database (64‑66). In future research, with the 
accumulation of cases and the collection of follow‑up informa‑
tion, it will be possible to construct a clinical prognosis model 
of lnc‑DNAJB6‑3:1 in CED.

In conclusion, to the best of our knowledge, the present 
study was the first to use a microarray to investigate the lncRNA 
expression profile in CED. lnc‑DNAJB6‑3:1 was significantly 
downregulated in CED, indicating that lnc‑DNAJB6‑3:1 may 
be a candidate biomarker for CED. Collectively, the present 
results provide a new perspective toward an improved under‑
standing of ceRNA‑mediated gene regulation in CED and 
suggest a novel theoretical basis for further studies on the 
function of lncRNA in CED‑associated IDD.
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