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Abstract. Osteoarthritis (OA) is a common degenerative 
joint disease that has been identified as one of the major 
health burdens in aging individuals. Long non‑coding 
RNAs (lncRNAs) participate in the development of diverse 
diseases, including OA. Among them, lncRNA long intergenic 
non‑protein coding RNA 473 (LINC00473) is one of the few 
upregulated lncRNAs. The present study aimed to explore 
the role of LINC00473 and its regulatory mechanism in OA 
development. Flow cytometry analyses and ELISA were 
carried out to detect chondrocyte apoptosis and the concentra‑
tion of proinflammatory cytokines, respectively. The results 
suggested that LINC00473 knockdown significantly reduced 
chondrocyte apoptosis and the production of proinflamma‑
tory cytokines in IL‑1β‑stimulated C28/I2 cells compared 
with transfection with small interfering RNA‑negative control 
(si‑NC). Western blot analyses were performed to examine 
protein levels of apoptotic markers (caspase‑3, Bax and Bcl‑2) 
in C28/I2 cells. Subsequently, an OA rat model was established 
to explore the role of LINC00473 in vivo. The results indi‑
cated that, compared with the OA + adeno‑associated virus 
si‑NC group, LINC00473 knockdown significantly suppressed 
the degradation of chondrocyte extracellular matrix and the 
production of proinflammatory cytokines in OA model rats. 
Furthermore, bioinformatics analysis, luciferase reporter and 
RNA immunoprecipitation assays indicated that LINC00473 
served as a microRNA (miR)‑424‑5p sponge in C28/I2 cells, 
and that lymphocyte antigen 6 locus E (LY6E) was the down‑
stream target. In addition, the inhibitory effects of LINC00473 
knockdown on chondrocyte apoptosis and the inflammatory 

response could be reversed by LY6E overexpression in 
IL‑1β‑stimulated C28/I2 cells. In summary, the findings indi‑
cated that LINC00473 contributed to OA progression by 
modulating the miR‑424‑5p/LY6E axis, which may serve as a 
potential therapeutic strategy for patients with OA.

Introduction

As a chronic joint disease, osteoarthritis (OA) has seriously 
threatened the health of millions of individuals globally 
and has led to disability (1). Multiple factors are considered 
to be involved in the etiology of OA, including intracellular 
metabolism, inflammation and extracellular matrix (ECM) 
degeneration (2‑4). Moreover, obesity and aging increase the 
risk of developing OA (5). The current treatments for OA, such 
as drug, electromagnetic therapy and acupuncture therapy, are 
mainly aimed at pain relief (6‑8), thus OA remains difficult 
to cure. Further investigation of the pathogenesis of OA is 
required to elucidate effective therapies to prevent OA and 
reduce its severity.

Long non‑coding RNAs (lncRNAs) are RNA molecules 
with >200 nucleotides that do not encode proteins (9). A multi‑
tude of studies have manifested that lncRNAs are involved 
in multiple diseases (10‑12). For example, lncRNA AT‑rich 
interactive domain 2‑IR aggravates renal inflammation by 
activating the IL‑1β‑induced NF‑κB signaling pathway, 
as well as inducing the production of inflammatory cyto‑
kines (13). LncRNA urothelial cancer‑associated 1 promotes 
the development of Parkinson's disease by aggravating the 
inflammatory response and exacerbating the damage of 
dopaminergic neurons (14). LncRNA metastasis‑associated 
lung adenocarcinoma transcript 1 (MALAT1) inhibits ECM 
degradation and cell apoptosis by targeting miR‑150‑5p/AKT3 
axis (15). Moreover, previous studies have revealed that long 
intergenic non‑protein coding RNA 473 (LINC00473) serves 
a notable role in various diseases. For example, LINC00473 
has been identified as a notable biomarker in ischemic stroke 
through the subpathway‑LNCE method, which was designed 
to identify lncRNAs that competitively modulated functions 
in diseases (16). LINC00473 downregulation contributes to 
the development of preeclampsia (17). Additionally, a previous 
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study demonstrated that LINC00473 was highly expressed in 
patients with severe pain associated with OA (18). However, 
the importance of LINC00473 in OA pathology requires 
further elucidation.

It has been proposed that competing endogenous RNAs 
(ceRNAs) could function as molecular sponges for microRNAs 
(miRNAs/miRs) and then modulate the expression of target 
genes (19). In previous years, an increasing number of studies 
have demonstrated that lncRNAs function as ceRNAs during the 
pathogenesis of multiple diseases, including OA. For example, 
upregulation of lncRNA RNA component of mitochondrial 
RNA processing endoribonuclease aggravates the development 
of coronary heart disease via the miR‑206/autophagy‑related 
3 axis  (20). LncRNA MALAT1 facilitates renal tubular 
epithelial pyroptosis by sponging miR‑23c and targeting 
ELAV‑like protein 1 in diabetic nephropathy (21). LncRNA 
small nucleolar RNA host gene 5 promotes chondrocyte 
proliferation by targeting the miR‑26a/sex determining region 
Y‑box 2 axis in OA (22). Additionally, recent research has 
indicated that LINC00473 may participate in OA pathogen‑
esis via dysregulated ceRNA interactions (18). However, the 
specific mechanism of LINC00473 in OA has not been fully 
explored. The present study aimed to investigate the effects of 
LINC00473 on the pathogenesis of OA.

Materials and methods

Clinical samples. OA cartilage tissues (n=24) were obtained 
from 24 patients (11 males and 13 females; age, 51‑70 years) 
undergoing total knee replacement surgery and 24 healthy 
cartilage tissue samples were collected from patients (10 males 
and 14  females; age, 33‑42  years) undergoing traumatic 
amputations at the Children's Hospital of Soochow University 
(Jiangsu, China) between January 2014 and December 2019. 
Additionally, normal cartilage tissues (n=24) were collected 
from donors who underwent amputation with no diagnostic 
history of rheumatoid arthritis or OA at the same hospital. 
All donors signed informed consent forms. The present study 
was approved by The Human Ethics Committee of Children's 
Hospital of Soochow University. All tissue samples were stored 
at ‑80˚C. Inclusion criteria were listed as follows: i) Patients 
who met clinical manifestations of knee osteoarthritis (23); 
ii) patients with complete medical records; iii) patients who 
had not received any antibiotic treatment within 3 months 
before admission; iv) patients who were willing to cooperate 
and participate in the investigation. Exclusion criteria were 
also listed as follows: i) Patients with tumors, organ dysfunc‑
tion, infectious diseases, autoimmune diseases, neurological 
disorders, cardiovascular diseases or cerebrovascular diseases; 
ii) patients who were allergic to drugs used in the present 
study; iii) patients with physical disabilities and unable to take 
care of themselves; iv) patients who were transferred to other 
hospitals.

Rat model of OA. The animal experiments were approved 
by The Attitude of the Animal Care & Welfare Committee 
of Children's Hospital of Soochow University (permit 
no. 2019‑044). A total of 20 male rats (age, 6 weeks; weight, 
230‑260 g; Beijing Vital River Laboratory Animal Technology 
Co., Ltd.) were randomly divided into the following four 

groups (n=5 rats/group) for subsequent experiments: i) Sham; 
ii) OA; iii) OA + adeno‑associated virus (AAV) small inter‑
fering RNA (si/siRNA)‑negative control (NC); and iv) and 
OA+AAV si‑LINC00473. All procedures were conducted 
following recommendations of The Guide for the Care and 
Use of Laboratory Animals (24).

The OA rat model was established by anterior cruciate 
ligament (ACL) transection and partial medial meniscectomy. 
In brief, after anesthetization by the intraperitoneal injection 
of pentobarbital (35 mg/kg weight), a 1‑cm longitudinal inci‑
sion on the medial side of the right knee joint was made and 
the medial ligament was exposed. After the ACL and medial 
meniscus were removed, the joint capsule and the skin was 
sutured and bandaged under a sterile environment. For the 
sham group, the same incisions were made in rats but without 
meniscus or ACL resection. For AAV‑injected groups, OA 
model rats were intra‑articularly injected with recombinant (r)
AAV5 expressing si‑NC or si‑LINC00473 (1.65x1010 vg/joint) 
using 33‑gauge needles and 25‑µl gastight syringes (both 
Hamilton Company) after modeling. rAAV5 was obtained 
from Han heng Biotechnology (Shanghai) Co., Ltd. All groups 
of rats (sham, OA model and AAV injected) were kept in 
separate cages and provided with 12/12 h light/dark cycle and 
ad libitum food and water. Humidity was 50‑55% and feeding 
temperature was set to 20‑23˚C. At 4 weeks after surgery, 
under intraperitoneal anesthesia using 1,000 mg/kg urethane, 
rats were sacrificed by cervical dislocation and death was 
confirmed by absence of corneal reflex, spontaneous breathing 
and heartbeat for a period of >5 min. The cartilage tissues of 
rats in each group were collected for subsequent experiments.

Cell culture and treatment. Human cartilage C28/I2 cells were 
provided by American Type Culture Collection. The articular 
cartilage specimens of rats were minced into small sections and 
then digested with 0.2% type II collagenase (MilliporeSigma; 
Merck KGaA) in DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) at 37˚C for 5‑6 h. To separate the rat chondrocytes, the 
cell suspension was centrifuged at 12,000 x g for 10 min 
at 4˚C. C28/I2 cells and rat chondrocytes were incubated in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) with 10% 
FBS, 0.1 mg/ml streptomycin and 100 U/ml penicillin (Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO2. To induce 
the pathological condition of OA in cells, C28/I2 cells were 
treated with 10 ng/ml IL‑1β (Sigma‑Aldrich; Merck KGaA) for 
24 h at 37˚C. Non‑treated cells served as a control.

RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR). Total RNA was extracted from the carti‑
lage tissues of patients with OA, control donors, cultured 
C28/I2 cells and the cartilage tissues of rats in each group 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). High‑Capacity cDNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to reverse 
transcribe total RNA to cDNA according to the manufacturer's 
recommendations. After reverse transcription, SYBR® Green 
Mix (Takara Bio, Inc.) was used for qPCR with the Biosystems 
7300 Real‑Time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The qPCR was conducted at 95˚C for 
10 min followed by 40 cycles of 95˚C for 30 sec and 60˚C for 
1 min. The 2‑ΔΔCt method was applied to calculate the relative 
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gene expression (25). Internal references were U6 and GAPDH. 
The relative primer sequences are provided in Table I.

Cell transfection. Small interfering RNA (siRNA) against 
LINC00473 (si‑LINC00473) and lymphocyte antigen 6 
locus E (LY6E; si‑LY6E) with si‑negative control (NC) as the 
control and pcDNA3.1/LY6E with empty pcDNA3.1 vector 
as the control were synthesized by Shanghai GenePharma 
Co., Ltd. miR‑424‑5p mimics, miR‑424‑5p inhibitor and 
their corresponding controls (NC mimics and NC inhibitor) 
were purchased from Shanghai GenePharma Co., Ltd. 
Lipofectamine 2000® (Invitrogen; Thermo Fisher Scientific, 
Inc.) was utilized to transfect these plasmids or vectors into 
normal or IL‑1β‑stimulated C28/I2 cells (5x106 cells/well) for 
48 h following the manufacturer's instructions. The concentra‑
tion of miR‑424‑5p mimics/inhibitors or NC mimics/inhibitors 
was 50 nM, and that of siRNAs and vectors were 40 and 10 nM, 
respectively. The transfection efficiency was examined by 
RT‑qPCR after 48 h. The sequences of all molecules used for 
cell transfection are presented in Table II.

Fluorescence in  situ hybridization (FISH). LINC00473 
probes were designed and synthesized by Guangzhou 
RiboBio Co., Ltd. Probe signals were detected using an 
RNA FISH Kit (Guangzhou RiboBio Co., Ltd.) following 

the manufacturer's protocols. In brief, IL‑1β‑stimulated 
C28/I2 cells were fixed in 4% formalin for 10 min at room 
temperature. After permeabilization in PBS with 0.5% Triton 
X‑100 at 4˚C for 20 min, cells were dehydrated using 100% 
ethanol for 15 min at room temperature. Subsequently, cells 
were incubated in 10 µl hybridization solution (900 mM 
NaCI, 20  mM Tris/HCI, 20% formamide, distilled H2O 
and 0.01% SDS) at 37˚C for 30 min and then further incu‑
bated with LINC00473 probe (300 ng/ml) overnight at 4˚C. 
Afterwards, cells were washed twice with saline sodium for 
10 min at 25˚C. The slides were incubated with tyramide 
signal amplification (TSA) fluorescent signal reaction solu‑
tion (cat. no. NEL701001KT; PerkinElmer, Inc.) for 30 min 
and counterstained with DAPI (Beyotime Institute of 
Biotechnology) at room temperature for 5 min following the 
manufacturer's protocol. Fluorescence microscopy (Leica 
Microsystems GmbH) was used to capture images at x200 
magnification.

Luciferase reporter assay. The binding sites between 
LINC00473 and miR‑424‑5p were predicted using starBase 
version  3.0 (http://starbase.sysu.edu.cn/). The sequences 
of LINC00473 were cloned to the pmirGLO reporter 
plasmids (Promega Corporation) to form wild‑type (Wt; 
pmirGLO‑LINC00473‑Wt‑1/2) LINC00473. Mutated (Mut; 
pmirGLO‑LINC00473‑Mut‑1/2) LINC00473 luciferase 
vectors were constructed using Phusion Site‑Directed 
Mutagenesis Kit (Thermo Fisher Scientific, Inc.). The pmirGLO 
luciferase reporter vectors of the LY6E 3'untranslated region 
(3'UTR) were obtained in the same way. C28/I2 cells were 
seeded into 24‑well plates (5x104 cells/well) at 37˚C overnight. 
Subsequently, in the first test, the pmirGLO‑LINC00473‑Wt‑1/2 
or pmirGLO‑LINC00473‑Mut‑1/2 vectors were co‑trans‑
fected with NC mimics or miR‑424‑5p mimics into C28/I2 
cells using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). In the second test, the pmirGLO‑LY6E 
3'UTR‑Wt or pmirGLO‑LY6E 3'UTR‑Mut vectors (Generay 
Biotech Co., Ltd.) were co‑transfected with NC mimics or 
miR‑424‑5p mimics into C28/I2 cells using Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.). The concen‑
tration of plasmids was 50 ng/well and that of miR‑424‑5p 
mimics or NC mimics was 20 nM. After 48 h of transfec‑
tion, the Dual‑Luciferase Reporter Assay system (Promega 
Corporation) was used to detect the luciferase activity. The 
firefly luciferase activity was normalized to that of Renilla 
luciferase.

RNA immunoprecipitation (RIP) assay. The RIP assay was 
performed using the EZ‑Magna RIP Kit (MilliporeSigma) 
following the manufacturer's recommendations. In brief, 
C28/I2 cells were lysed in RIP lysis buffer (MilliporeSigma) 
containing protease inhibitor cocktail and RNase inhibitor 
for 5 min of incubation on ice followed by centrifugation 
at 10,000 x g for 10 min at 4˚C. Cell lysate was incubated with 
RIP buffer containing Protein G magnetic beads (cat. no. 88848; 
Thermo Fisher Scientific, Inc.) coated with Ago2 antibody 
(1:50; cat. no. ab186733; Abcam) or the control IgG antibody 
(1:1,000; cat. no. ab6702; Abcam) overnight at 4˚C according 
to the manufacturer's recommendations. Next, the magnetic 
beads were washed three times using RIP wash buffer and 

Table I. Sequences of primers used for reverse transcrip‑
tion‑quantitative PCR.

Gene	 Sequence (5'→3')

LINC00473	 F: GGGAGCTTGAGCTGAGATGG
	 R: TTCGCAGTTTCCTAGTGGGAC
miR‑424‑5p	 F: CAGCAGCAATTCATGTTTTGAA
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑15b‑5p	 F: TAGCAGCACATCATGGTTTACA
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑497‑5p	 F: CAGCAGCACACTGTGGTTTG
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑16‑5p	 F: TAGCAGCACGTAAATATTGGCG
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑6838‑5p	 F: TAATCTCAGCTGGCAACTGTG
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑195‑5p	 F: TAGCAGCACAGAAATATTGGCG
	 R: CTCTACAGCTATATTGCCAGCCAC
miR‑15a‑5p	 F: TAGCAGCACATAATGGTTTGTGC
	 R: CTCTACAGCTATATTGCCAGCCAC
LY6E	 F: CTGCGTGACTGTGTCTGCTA
	 R: CCTGCATGGGAAATGAGGCT
GAPDH	 F: GAAGGTGAAGGTCGGAGTC
	 R: GAAGATGGTGATGGGATTTC
U6	 F: GCTTCGGCAGCACATATACTAAAAT
	 R: CGCTTCACGAATTTGCGTGTCAT

LINC00473, long intergenic non‑protein coding RNA 473; miR, 
microRNA; LY6E, lymphocyte antigen 6 locus E; F, forward; 
R, reverse.
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treated with proteinase K (Thermo Fisher Scientific, Inc.) 
at 55˚C for 30 min. Finally, the co‑precipitated RNAs were 
measured using RT‑qPCR.

Hematoxylin and eosin (H&E) staining assay. The cartilage 
tissues from rats in the sham or OA groups were fixed with 
4% paraformaldehyde (Wuhan Boster Biological Technology, 
Ltd.) at room temperature for 24 h, embedded in paraffin, cut 
into 4‑µm thick sections and visualized under light micro‑
scope (Leica Microsystems GmbH) at x200 magnification 
after H&E staining.

Flow cytometry analysis. Early and late apoptosis was 
evaluated by flow cytometry using the Annexin V‑Fluorescein 
Isoth iocyanate  (F ITC) Apoptosis  Detect ion k it 
(MilliporeSigma). Brief ly, transfected C28/I2 cells 
(1x105  cells/well) were washed twice with cold PBS and 
resuspended in binding buffer. Next, cells were incubated 
with Annexin V‑FITC and propidium iodide in the dark at 
room temperature for 10 min. Stained cells were identified 
by a FACScalibur flow cytometer (Becton, Dickinson and 
Company) analyzed using FlowJo v.10 (FlowJo LLC).

Western blotting. Proteins were extracted from cartilage tissues 
of rats in each group and cultured C28/I2 cells using RIPA 
lysis buffer (Beyotime Institute of Biotechnology) containing 
phenylmethylsulfonyl fluoride. The protein concentration 
was quantified using a Bicinchoninic Acid Protein Assay kit 
(Beyotime Institute of Biotechnology). After 25 µg protein/lane 
was separated by 10% SDS‑PAGE, proteins were transferred 
onto PVDF membranes (MilliporeSigma). Next, the membranes 
were blocked at room temperature for 2 h with 5% non‑fat 
milk and then incubated overnight at 4˚C with primary anti‑
bodies (all Abcam) targeted against the following: Caspase‑3 
(cat.  no.  ab13847; 1:500), Bax (cat.  no.  ab32503; 1:1,000), 
Bcl‑2 (cat. no. ab196495; 1:1,000), β‑actin (cat. no. ab8227; 
1:1,000), collagen II (cat.  no.  ab239007; 1:5,000), MMP1 
(cat.  no.  ab134184; 1:1,000), MMP13 (cat.  no.  ab39012; 
1:3,000) and LY6E (cat. no. ab201098; 1:1,000). β‑actin was 
used as the internal control. After washing three times with 
TBST containing 0.1% Tween 20, the membranes were further 
incubated with goat anti‑rabbit IgG H&L (HRP) secondary 

antibodies (cat.  no.  ab97051; 1:10,000; Abcam) at room 
temperature for 2 h. Finally, the immunoreactive bands were 
visualized using an ECL chemiluminescent detection system 
(Thermo Fisher Scientific, Inc.) and GeneGenius Gel Light 
Imaging system (Syngene) and analyzed using ImageJ soft‑
ware (version 1.49; National Institutes of Health).

ELISA. Blood was collected from the rats of each group 
and sera was obtained after centrifugation at  6,000  x  g 
for 15  min at  4˚C. The concentrations of inflammatory 
cytokines, including IL‑6 (cat. no. ab234570; Abcam), IL‑8 
(cat. no. SEKR‑0071; Solarbio) and TNF‑α (cat. no. ab236712; 
Abcam), were measured using ELISA kits according to the 
manufacturer's protocols.

Statistical analysis. All experiments were repeated three 
times independently. Experimental data are expressed as 
the mean ± standard deviation (unless otherwise indicated). 
Statistical analyses were performed using SPSS v19.0 soft‑
ware (IBM Corp.). The independent Student's t‑test was used 
to analyze the significant differences between two groups. 
Statistical significance among three or more groups was 
assessed using one‑way ANOVA followed by Tukey's post hoc 
test. P<0.05 was considered to indicate a statistically signifi‑
cant difference.

Bioinformatics analysis. Seven candidate miRNAs 
(miR‑424‑5p, miR‑15b‑5p, miR‑497‑5p, miR‑16‑5p, 
miR‑6838‑5p, miR‑195‑5p and miR‑15a‑5p) were predicted 
using starBase v3.0 software (http://starbase.sysu.edu.cn/) 
under the condition of cross linking and immunoprecipita‑
tion‑sequence data (high stringency ≥3). The downstream 
target gene of miR‑424‑5p, LY6E, was also predicted from 
the starBase v3.0 website under the condition of degradome 
data (low strigency ≥1) and the prediction program tools PITA, 
RNA22 and PicTar.

Results

LINC00473 is upregulated in cartilage tissues of patients 
with OA and IL‑1β‑treated chondrocytes. It has been previ‑
ously reported that LINC00473 is one of the candidate 

Table II. Sequences of molecules used for cell transfection.

Molecule	 Sense (5'‑3')	 Antisense (5'‑3')

si‑LINC00473	 CAAGCACUCAUGUUCUAAAGA	 UUUAGAACAUGAGUGCUUGUG
si‑NC (for si‑LINC00473)	 GGACCGCUAAUCUAAUCAAUA	 UAUUGAUUAGAUUAGCGGUCC
si‑LY6E	 GCUUGAACCAGAAGAGCAAUC	 UUGCUCUUCUGGUUCAAGCAG
si‑NC (for si‑LY6E)	 AACGACCAUGAGAGUAGUCAC	 GUGACUACUCUCAUGGUCGUU
miR‑424‑5p inhibitor	 UUCAAAACAUGAAUUGCUGCUG			   ‑
NC inhibitor	 CAGUACUUUUGUGUAGCACAAA			   ‑
miR‑424‑5p mimics	 CAGCAGCAAUUCAUGUUUUGAA			   ‑
NC mimics	 CAAAACAUGAAUUGCUGCUGUU			   ‑

NC, negative control; miR, microRNA; si, small interfering.
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biomarkers for OA (18). To explore the role of LINC00473 in 
the pathogenesis of OA, RT‑qPCR analysis was conducted to 
examine LINC00473 expression levels in the cartilage tissues 
of patients with OA. As presented in Fig. 1A, LINC00473 
expression was significantly upregulated in the cartilage 
tissues of patients with OA compared with individuals without 
OA. In accordance with previous studies (26,27), the OA cell 
model was constructed using IL‑1β to induce normal human 
chondrocytes C28/I2. The present study revealed that the 
expression level of LINC00473 was significantly higher in 
IL‑1β‑stimulated C28/I2 cells compared with that in control 
C28/I2 cells (Fig. 1B).

LINC00473 knockdown reduces chondrocyte apoptosis 
and the inflammatory response in IL‑1β‑treated C28/I2 
cells. Apoptosis and inflammation serve notable roles in OA 
development (28). Based on the aforementioned results, the 
effects of LINC00473 on cell injury in OA were investigated. 
As presented in Fig. 2A, the expression level of LINC00473 
was significantly decreased in C28/I2 cells transfected with 
si‑LINC00473 compared with those transfected with si‑NC. 
In the subsequent experiments, C28/I2 cells were treated 
with 10 ng/ml IL‑1β to induce the pathological effects of OA, 
including apoptosis. The flow cytometry results revealed 
that LINC00473 knockdown significantly inhibited the 
apoptosis of IL‑1β‑stimulated C28/I2 cells compared with 
the IL‑1β + si‑NC group (Fig. 2B and C). Moreover, western 
blotting revealed that the protein levels of caspase‑3 and 
Bax were significantly increased while Bcl‑2 protein level 
was decreased after IL‑1β treatment. Compared with the 
IL‑1β + si‑NC group, transfection of si‑LINC00473 partially 
reversed IL‑1β‑induced promotive or suppressive effect on 
protein levels of these apoptotic markers in C28/I2 cells 
(Fig. 2D and E). These data further indicated that LINC00473 
knockdown decreased apoptosis in IL‑1β‑treated C28/I2 cells. 
Increasing evidence has demonstrated that inflammation 
exacerbates the development of OA by producing excessive 
proinflammatory cytokines in chondrocytes  (29‑31). To 
verify whether LINC00473 influenced the release of proin‑
flammatory cytokines, ELISAs were performed to determine 
the concentrations of IL‑6, IL‑8 and TNF‑α released by 
IL‑1β‑treated C28/I2 cells. As presented in Fig. 2F‑H, the 
levels of these proinflammatory cytokines were significantly 
increased in C28/I2 cells treated with IL‑1β compared with 
these in the control group. Furthermore, these effects were 
partially inhibited by LINC00473 knockdown, as seen by 
the significant decrease in the levels of these proteins in the 
IL‑1β + si‑LINC00473 group compared with those in the 
IL‑1β + si‑NC group.

LINC00473 knockdown alleviates OA development in vivo. To 
further investigate the effect of LINC00473 on OA develop‑
ment in vivo, an OA model was successfully established in rats. 
H&E staining was conducted to determine the pathological 
alterations to the knee joint in OA model rats. As presented 
in Fig. 3A, sham rats presented a smoothed cartilage surface, 
no cartilage sclerosis and synovial hyperplasia. However, OA 
model rats manifested clear hyperplasia, sclerosis and joint 
wear. Subsequently, RT‑qPCR was conducted to detect the 
expression of LINC00473 in vivo. As presented in Fig. 3B, 

the expression levels of LINC00473 were significantly higher 
in the cartilage tissues of rats with OA compared with those 
of sham rats. Compared with the OA + AAV si‑NC group, 
expression of LINC00473 was significantly decreased by 
the injection of AAV si‑LINC00473. It has been previously 
reported that the degradation of ECM was closely associ‑
ated with the destruction of joints in OA (32). To evaluate 
whether LINC00473 affected OA progression by promoting 
ECM degradation, the expression levels of collagen II, MMP1 
and MMP13 in the cartilage tissue of rats in each group 
were measured (Fig. 3C and D). The data revealed that the 
protein expression levels of MMP1 and MMP13 were signifi‑
cantly upregulated in the cartilage tissues of OA model rats 
compared with the sham group. In contrast to the OA + AAV 
si‑NC group, the injection of AAV si‑LINC00473 significantly 
downregulated the protein expression levels of MMP1 and 
MMP13 in the cartilage tissues of rats with OA. However, the 
protein expression levels of collagen II indicated the opposite 
trend. In addition, it was revealed that the concentrations of 
proinflammatory cytokines, including IL‑6, IL‑8 and TNF‑α, 
were significantly increased in the cartilage tissues of OA 
model rats compared with sham rats. Moreover, LINC00473 
knockdown in the OA + AAV si‑LINC00473 group induced a 
significant decrease in proinflammatory cytokine concentra‑
tions in the cartilage tissues of rats with OA compared with the 
OA + AAV si‑NC group (Fig. 3E‑G).

LINC00473 acts as a sponge for miR‑424‑5p. Previous studies 
have indicated that lncRNAs participate in the pathogenesis of 
OA via the ceRNA pattern (33,34). As a typical post‑transcrip‑
tional mechanism, the ceRNA pattern refers to the lncRNAs 
that compete with mRNAs to bind with miRNAs, thus antago‑
nizing the suppressive effects of miRNAs on mRNAs (35). As 
presented in Fig. 4A, LINC00473 was primarily localized in the 
cytoplasm of cells, indicating the post‑transcriptional control 
of LINC00473 on gene expression in C28/I2 cells. To further 
investigate the potential mechanism of LINC00473 in C28/I2 
cells, bioinformatics analysis was performed. According to the 
prediction of starBase, seven candidate miRNAs (miR‑424‑5p, 
miR‑15b‑5p, miR‑497‑5p, miR‑16‑5p, miR‑6838‑5p, miR‑195‑5p 

Figure 1. LINC00473 is upregulated in cartilage tissues of patients with 
OA and in IL‑1β‑treated chondrocytes. (A) Expression of LINC00473 was 
measured in the cartilage tissues of patients with OA and healthy controls 
by reverse transcription‑quantitative PCR analysis. (B) LINC00473 expres‑
sion levels were detected in normal C28/I2 cells and in IL‑1β‑treated C28/I2 
cells. *P<0.05. LINC00473, long intergenic non‑protein coding RNA 473; 
OA, osteoarthritis; Con, control. 
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and miR‑15a‑5p) were revealed to share potential a binding site 
with LINC00473. Subsequently, RT‑qPCR was performed to 
estimate the expressions of these candidate miRNAs, the results 
of which revealed that miR‑424‑5p demonstrated the most 
significant downregulation in IL‑1β‑stimulated C28/I2 cells 
compared with the control cells (Fig. 4B). Whether LINC00473 
interacted with miR‑424‑5p in C28/I2 cells was subsequently 
investigated. As presented in Fig. 4C, compared with the NC 
groups, miR‑424‑5p expression was significantly increased 
and decreased in C28/I2 cells following transfection with 
miR‑424‑5p mimics or miR‑424‑5p inhibitor, respectively. 
The two binding sites between LINC00473 and miR‑424‑5p 
were predicted using the starBase database (Fig.  4D). The 
luciferase reporter assay revealed that the luciferase activity of 
pmirGLO‑LINC00473‑Wt vectors at both site 1 and site 2 was 
significantly reduced by miR‑424‑5p mimics compared with the 

NC mimic (Fig. 4E). By contrast, no difference was identified 
in the LINC00473‑Mut‑1/2 group between the NC mimics and 
miR‑424‑5p mimics groups, indicating that LINC00473 bound 
to miR‑424‑5p at the predicted sites in C28/I2 cells. The results 
implied that LINC00473 could bind with the two binding 
sites of miR‑424‑5p in C28/I2 cells. In addition, the RIP assay 
elucidated that LINC00473 and miR‑424‑5p were significantly 
enriched in RNA‑induced silencing complexes immunoprecipi‑
tated by anti‑Ago2 compared with those immunoprecipitated by 
anti‑IgG in C28/I2 cells (Fig. 4F).

LY6E is a direct target of miR‑424‑5p. Subsequently, the 
downstream target of miR‑424‑5p, i.e., LY6E was identified 
according to the prediction from the starBase website under the 
condition of degradome data Low strigency (≥1) and the predic‑
tion program tools PITA, RNA22 and PicTar (miRNA‑targets 

Figure 2. LINC00473 knockdown decreases chondrocyte apoptosis and the inflammatory response in IL‑1β‑treated C28/I2 cells. (A) Knockdown efficacy of 
si‑LINC00473 in C28/I2 cells was evaluated using reverse transcription‑quantitative PCR analysis. Apoptosis of transfected C28/I2 cells was (B) determined 
using flow cytometry and (C) quantified. Expression levels of proapoptotic proteins (caspase‑3 and Bax) and antiapoptotic protein Bcl‑2 were analyzed in 
IL‑1β‑treated C28/I2 cells using (D) western blotting and then (E) semi‑quantified. Effects of LINC00473 knockdown on the production of proinflammatory 
cytokines (F) IL‑6, (G) IL‑8 and (H) TNF‑α in IL‑1β‑treated C28/I2 cells were measured using ELISAs. *P<0.05. LINC00473, long intergenic non‑protein 
coding RNA 473; PI, propidium iodide; si, small interfering RNA; NC, negative control. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1247,  2021 7

predicting software). As determined by RT‑qPCR, the expres‑
sion of LY6E was significantly increased in C28/I2 cells 
stimulated with IL‑1β compared with control cells (Fig. 5A). 
As demonstrated in Fig.  5B, miR‑424‑5p contained the 
binding site on the 3'UTR of LY6E in C28/I2 cells. The lucif‑
erase reporter assay revealed that the luciferase activity of the 
pmirGLO‑LY6E 3'UTR‑Wt vector was significantly decreased 
by miR‑424‑5p mimics transfection in C28/I2 cells compared 
with transfection with NC mimics. However, no difference 

was revealed in the luciferase activity of the pmirGLO‑LY6E 
3'UTR‑Mut vector between the NC mimics and miR‑424‑5p 
mimics groups in C28/I2 cells (Fig. 5C). Additionally, both 
miR‑424‑5p and LY6E were revealed to have a significantly 
increased level of co‑immunoprecipitation by Ago2 anti‑
body compared with IgG antibody in C28/I2 cells (Fig. 5D). 
Moreover, the mRNA and protein expression levels of LY6E 
in C28/I2 cells were significantly decreased by miR‑424‑5p 
mimics transfection or LINC00473 knockdown compared 

Figure 3. LINC00473 knockdown alleviates OA development in vivo. (A) Pathological changes in the knee joints of rats were observed using hematoxylin 
and eosin staining (magnification, x200; scale bar, 50 µm). Black arrow indicates thinning of articular cartilage tissue; blue arrow indicates the damage of 
cartilage surface and the existence of cartilage debris; red arrow indicates the formation of chondrocyte clusters around the bare cartilage. (B) Expression of 
LINC00473 was detected in rat cartilage tissues using reverse transcription‑quantitative PCR. Protein expression levels of collagen II, MMP1 and MMP13 
were (C) detected using western blotting and (D) semi‑quantified after the injection of AAV si‑LINC00473. ELISAs were used to determine the concentra‑
tions of proinflammatory cytokines (E) IL‑6, (F) IL‑8 and (G) TNF‑α in the cartilage tissues of rats from each group. *P<0.05. LINC00473, long intergenic 
non‑protein coding RNA 473; OA, osteoarthritis; MMP, matrix metallopeptidase; AAV, adeno‑associated virus; si, small interfering RNA; NC, negative 
control.
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with the corresponding NC groups (Fig. 5E‑H). As presented 
in Fig. 5I, LY6E expression in C28/I2 cells was significantly 
decreased by the transfection of si‑LY6E compared with that 
of si‑NC. The flow cytometry results indicated that IL‑1β 
promoted the apoptosis of C28/I2 cells compared with the 
control group, and cell apoptosis was significantly suppressed 
in IL‑1β + si‑LY6E group compared with that in IL‑1β + 
si‑NC group (Fig. 5J and K). Furthermore, the concentra‑
tions of proinflammatory cytokines (IL‑6, IL‑8 and TNF‑α) 

were significantly elevated in IL‑1β‑stimulated C28/I2 cells 
compared with the control cells; whereas these effects were 
partially reversed by LY6E knockdown (Fig. 5L‑N).

LINC00473 exacerbates OA progression by regulating 
LY6E. The follow‑up rescue assays were performed to 
determine whether LINC00473 regulated LY6E to induce 
OA development. The overexpression efficacy of LY6E in 
IL‑1β‑stimulated C28/I2 cells was verified by RT‑qPCR. The 

Figure 4. LINC00473 acts as a sponge for miR‑424‑5p. (A) Fluorescence in situ hybridization was conducted to examine the subcellular distribution of 
LINC00473 in IL‑1β‑stimulated C28/I2 cells (magnification, x200 magnification; scale bar, 50 µm). (B) Reverse transcription‑quantitative PCR was 
conducted to detect the relative expression levels of seven candidate miRs of LINC00473 in IL‑1β‑stimulated C28/I2 cells. (C) Overexpression or knockdown 
efficacy of miR‑424‑5p in C28/I2 cells. (D) Binding sites between LINC00473 and miR‑424‑5p were predicted using the starBase database. Interaction 
between LINC00473 and miR‑424‑5p in C28/I2 cells was confirmed by (E) performing luciferase reporter and (F) RNA immunoprecipitation assays. *P<0.05. 
LINC00473, long intergenic non‑protein coding RNA 473; miR, microRNA; Wt, wild‑type; Mut, mutant; NC, negative control. 
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results revealed that the expression of LY6E was significantly 
elevated in C28/I2 cells transfected with pcDNA3.1/LY6E 
compared with the empty vector (Fig. 6A). As presented in 

Fig. 6B and C, LINC00473 knockdown suppressed the apop‑
tosis of IL‑1β‑treated C28/I2 cells compared with the IL‑1β + 
si‑NC group, while LY6E overexpression partially reversed 

Figure 5. LY6E is a direct target of miR‑424‑5p. (A) RT‑qPCR analysis was used to evaluate LY6E expression in IL‑1β‑stimulated C28/I2 cells. The 
binding capacity between miR‑424‑5p and LY6E in C28/I2 cells was (B) predicted via starBase and (C) verified by performing the luciferase reporter assay. 
(D) Enrichment of miR‑424‑5p and LY6E in C28/I2 cells was measured using an RNA immunoprecipitation assay. Effects of miR‑424‑5p‑overexpression on 
the (E) mRNA and (F) protein expression levels of LY6E in C28/I2 cells. (G) mRNA and (H) protein expression levels of LY6E were detected in si‑LINC00473‑ 
or si‑NC‑transfected C28/I2 cells using RT‑qPCR and western blotting, respectively. (I) RT‑qPCR analysis was conducted to evaluate the knockdown efficacy 
of si‑LY6E in C28/I2 cells. (J and K) Effect of LY6E knockdown on IL‑1β‑induced apoptosis in C28/I2 cells was measured. ELISAs were used to determine 
the concentrations of inflammatory cytokines (L) IL‑6, (M) IL‑8 and (N) TNF‑α in IL‑1β‑stimulated C28/I2 cells. *P<0.05. LY6E, lymphocyte antigen 6 locus 
E; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering RNA; LINC00473, long intergenic non‑protein coding RNA 473; 
NC, negative control; Wt, wild‑type; Mut, mutant; Con, control; PI, propidium iodide. 
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LINC00473 knockdown‑mediated inhibitory effect on the 
apoptosis of IL‑1β‑treated C28/I2 cells. In addition, the protein 
expression levels of caspase‑3 and Bax were significantly 
decreased in the IL‑1β + si‑LINC00473 group compared 
with the si‑NC, whereas Bcl‑2 expression was significantly 
increased. However, these effects were significantly offset 

by LY6E overexpression in IL‑1β‑stimulated C28/I2 cells 
(Fig. 6D and E). Furthermore, the results demonstrated that 
LY6E overexpression partially reversed the suppressive effects 
of LINC00473 knockdown on the production of inflammatory 
cytokines (IL‑6, IL‑8 and TNF‑α) by IL‑1β‑stimulated C28/I2 
cells (Fig. 6F‑H).

Figure 6. LINC00473 regulates IL‑1β‑stimulated C28/I2 apoptosis and the inflammatory response by regulating LY6E. (A) Overexpression efficacy of LY6E 
in C28/I2 cells was determined using reverse transcription‑quantitative PCR. (B and C) Flow cytometry was performed to assess apoptosis in transfected 
C28/I2 cells. Protein expression levels of caspase‑3, Bax and Bcl‑2 in C28/I2 cells under the indicated transfections were (D) detected by western blotting and 
(E) semi‑quantified. Concentrations of inflammatory cytokines (F) IL‑6, (G) IL‑8 and (H) TNF‑α were measured using ELISAs in transfected C28/I2 cells. 
*P<0.05. LINC00473, long intergenic non‑protein coding RNA 473; LY6E, lymphocyte antigen 6 locus E; si, small interfering RNA; NC, negative control; PI, 
propidium iodide 
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Discussion

OA is a chronic disease that is characterized by several 
features, such as cartilage degradation and synovial inflam‑
mation (30). The cumulative incidence of symptomatic knee 
OA among middle‑aged and older Chinese adults was 8.5%, 
and the incidence among females (11.2%) was higher than 
that among males (5.6%) based on data collected from China 
Health and Retirement Longitudinal Study, which is a national 
population survey with a 4‑year follow‑up, between 2011 and 
2015 (36). Over the next few decades, the incidence of OA is 
expected to continuously rise, which may have a significant 
impact on the daily activities of individuals  (37). Current 
medical therapy of OA primarily focuses on pain relief (38). 
However, there are still a number of challenges, including 
the lack of disease‑modifying drugs, therapeutic efficacy of 
anti‑inflammatory drugs and the safety of new therapies, in the 
treatment of OA (39).

It is known that lncRNAs are non‑coding segments of 
RNAs that have notable regulatory functions in the patho‑
physiological processes of multiple diseases, including 
OA (13‑15). LINC00473, a novel lncRNA, has been revealed 
to be upregulated in several diseases, such as ischemic stroke 
and preeclampsia (16,17). Moreover, LINC00473 is upregu‑
lated in patients with severe pain associated with OA (18). 
Consistent with the high expression of LINC00473 in isch‑
emic stroke (16), preeclampsia (17) and patients diagnosed 
with OA (18), the current study revealed that LINC00473 was 
highly expressed in the cartilage tissue of patients with OA, in 
IL‑1β‑treated C28/I2 cells and in the cartilage tissues of OA 
model rats.

Accumulating evidence has suggested that the pathogenesis 
of OA is complex and is usually associated with chondrocyte 
apoptosis, inflammation and ECM degeneration (40,41). For 
example, hypoxia‑inducible factor‑2α aggravated cartilage 
destruction by enhancing chondrocyte apoptosis in OA (42). 
Furthermore, cartilage injury‑related lncRNAs facilitated the 
degradation of ECM in OA progression (43). MALAT1 also 
regulated the inflammation of synovial fibroblasts in obese 
patients and those with OA (44). Thus, further determining the 
mechanism of LINC00473 may be useful to elucidate a novel 
therapeutic strategy for OA. The present study revealed that 
LINC00473 knockdown efficiently alleviated OA develop‑
ment in vitro and in vivo by decreasing chondrocyte apoptosis, 
degradation of the ECM and production of proinflammatory 
cytokines.

miRNAs are a series of endogenous small non‑coding 
RNAs that have been reported to be involved in numerous 
diseases (45). For example, miR‑155 exacerbated pulmonary 
inflammation induced by cigarette smoke and the develop‑
ment of chronic obstructive pulmonary disease (46). miR‑182 
served a protective role in hypoxia‑induced cardiomyocytes 
by targeting hes family bHLH transcription factor 1  (47). 
Additionally, miR‑30a served as a virulence miRNA in OA 
development by promoting ECM degradation (48). Emerging 
evidence has revealed that miRNAs exert their biological func‑
tions by interacting with lncRNAs in OA (49‑51). In the present 
study, two binding sites between miR‑424‑5p and LINC00473 
were predicted by bioinformatics analysis. The binding ability 
between them was subsequently verified, indicating that 

LINC00473 functioned as a sponge for miR‑424‑5p in C28/I2 
cells. Furthermore, a number of studies have demonstrated 
that miRNAs modulate the expression levels of specific genes 
in diseases (47,52,53).

As a key member of the lymphostromal cell membrane Ly6 
protein superfamily, LY6E serves a notable role in immuno‑
logical regulation and oncogenesis (54). Previous studies have 
suggested that LY6E participates in the progression of several 
diseases (55‑57). For example, LY6E expression could function 
as a biomarker in the diagnosis of systemic lupus erythema‑
tosus (55,56). Using RNA sequencing, LY6E was also revealed 
to be involved in ischemic stroke (57). However, to the best 
of our knowledge, the role of LY6E has not been identified in 
OA. The present study revealed that miR‑424‑5p had binding 
sites on the 3'UTR of LY6E and further proved the binding 
capability between miR‑424‑5p and LY6E. Moreover, LY6E 
knockdown significantly inhibited IL‑1β‑induced apoptosis 
and proinflammatory cytokine production in C28/I2 cells. In 
addition, rescue experiments revealed that LY6E overexpres‑
sion significantly reversed the inhibitory effects of LINC00473 
knockdown on chondrocyte apoptosis and proinflammatory 
cytokine production. These data indicated that LINC00473 
may be involved in OA pathogenesis via dysregulated ceRNA 
interactions.

In summary, the present study revealed that LINC00473 
knockdown suppressed IL‑1β‑induced apoptosis and produc‑
tion of proinflammatory cytokines in C28/I2 cells via the 
miR‑424‑5p/LY6E axis. The results may provide a novel 
perspective for the improved understanding of the pathogen‑
esis of OA, and may also improve the treatment of OA.
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