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Abstract. Osteoarthritis (OA) is a joint disease characterised 
by progressive cartilage degradation and inflammation, 
but the detailed pathogenesis of OA remains unclear. The 
present study aimed to investigate the role of long intergenic 
non‑coding RNA (lincRNA)‑Cox2 in OA progression and 
the potential mechanism. An OA mouse model was used 
for in vivo experiments, and IL‑1β‑induced injury of mouse 
chondrocytes was conducted for in vitro experiments. Small 
interfering (si)‑Cox2 was transfected into chondrocytes to 
elucidate the effect of lincRNA‑Cox2 on OA. Quantitative 
reverse transcription PCR assays were conducted to detect the 
expression of lincRNA‑Cox2 and microRNA (miR)‑150. Cell 
proliferation and apoptosis were analysed based on an MTT 
assay and annexin V/propidium iodide staining, respectively. 
Western blotting was performed to evaluate the protein 
expression levels of Ki‑67, PCNA, Bax, cleaved (c)‑Caspase‑3, 
c‑Caspase‑9 and Wnt/β‑catenin pathway‑associated proteins 
in chondrocytes. High levels of lincRNA‑Cox2 were observed 
in cartilage tissues of the OA mouse model in vivo. In the 
in vitro experiments, the expression of lincRNA‑Cox2 was 
increased in IL‑1β‑treated chondrocytes. Knockdown of 
lincRNA‑Cox2 promoted the proliferation and inhibited the 
apoptosis of chondrocytes. Mechanistically, lincRNA‑Cox2 
was found to directly target miR‑150, acting as a competing 
endogenous RNA, and the effect of si‑Cox2 on the prolif‑
eration and apoptosis of chondrocytes was reversed by 
miR‑150 inhibitors. Moreover, lincRNA‑Cox2 activated the 
Wnt/β‑catenin pathway to regulate chondrocyte proliferation 
and apoptosis. The present study demonstrated that silencing 

lincRNA‑Cox2 expression plays a protective role in OA by 
enhancing the proliferation and suppressing the apoptosis of 
chondrocytes, which is related to increased miR‑150 expres‑
sion and activation of the Wnt/β‑catenin pathway.

Introduction

Osteoarthritis (OA) is the most common degenerative joint 
disease and leading cause of pain and disability among 
middle‑aged and elderly individuals, which is a worldwide 
health concern (1). OA is mainly characterised by the degen‑
eration of articular cartilage and inflammatory response (2). 
The degeneration of articular cartilage is influenced by 
multiple factors, such as ageing, obesity, joint strain, trauma 
and inflammatory disease (3). As this disease increases in 
prevalence and remains difficult to treat, further clinical and 
experimental studies are needed to explore the molecular 
mechanisms of OA.

During the past several decades, the downregulation 
and dysfunction of messenger RNAs, long non‑coding 
RNAs (lncRNAs) and microRNAs (miRNAs/miRs)  (4,5) 
have become evident in OA. It has been reported that 
lncRNAs, with transcripts >200 nucleotides in length, are 
involved in OA progression by regulating cartilage degra‑
dation  (6). Furthermore, studies have demonstrated the 
therapeutic potential of non‑coding RNAs including lncRNAs 
in the treatment of OA (7). Long intergenic non‑coding RNAs 
(lincRNAs), a subclass of lncRNAs, have emerged as key 
regulators of mammalian gene expression. Several thousand 
lincRNAs have been identified in the mouse genome (8,9). 
Moreover, lincRNAs are reported to be associated with 
human inflammatory diseases and tumorigenesis  (10,11). 
lincRNA‑Cox2 is one of the best characterised lincRNAs, 
which has been reported to regulate the transcription of distinct 
classes of immune‑related genes in the inflammatory response, 
thus being regarded as an immune‑inducible lincRNA (12). In 
a previous study, Elling et al (13) found that lincRNA‑Cox2 
regulates critical innate immune‑related genes, dependently 
or independently of prostaglandin G/H synthase 2. Moreover, 
Tong et al (14) demonstrated a novel mechanism of epigenetic 
modulation by lincRNA‑Cox2 on Il12b transcription, 
suggesting an important role for lincRNAs in the regulation of 
intestinal epithelial inflammatory responses. However, the role 
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of lincRNA‑Cox2 in cartilage degradation and the develop‑
ment of OA remains unclear.

miRNAs are a class of non‑coding RNAs 18‑25 nucleotides 
in length, which are small, evolutionarily conserved and 
regarded as novel biomarkers for the diagnosis, prognosis 
and treatment of OA (7). miR‑150 is aberrantly expressed in 
cancer and infectious diseases, and plays a crucial role in the 
progression of these diseases (15,16). Moreover, peripheral 
blood mononuclear cells and synovial fluid from patients 
with rheumatoid arthritis exhibit increased expression of 
miR‑150 (17). However, whether miR‑150 is involved in OA 
progression remains unclear.

Chondrocytes are important cells in cartilage, and their 
proliferation, differentiation and apoptosis are regulated 
to maintain a dynamic equilibrium. The dysfunction of 
chondrocytes is responsible for OA development (18); thus, 
chondrocytes are commonly used to induce an ex vivo OA 
model through the stimulation of IL‑1β. The apoptosis and 
proliferation of chondrocytes has also been found to be 
modulated by lncRNAs, such as lncRNA XIST, PVT1 and 
PART‑1 (19‑21). The present study investigated the effect of 
lincRNA‑Cox2 on the proliferation and apoptosis of chondro‑
cytes, demonstrating an important role for lincRNA‑Cox2 in 
the development of OA.

Materials and methods

Isolation and culture of primary mouse chondrocytes. 
Primary murine chondrocytes were isolated from new‑born 
mice as described previously (22). Briefly, 5‑day‑old C57BL/6 
mice were sacrificed by an intraperitoneal injection of pento‑
barbital (100 mg/kg) and considered dead when respiratory 
and cardiac arrest were observed and muscles relaxed. 
Subsequently, the articular cartilage was isolated and then 
digested with 3 mg/ml of collagenase D for 90 min at 37˚C 
under 5% CO2 and 0.5 mg/ml of collagenase D overnight 
at 37˚C. After centrifugation at 400 x g for 10 min, the super‑
natant was discarded, and the cell precipitate was resuspended 
in Dulbecco's modified Eagle's medium supplemented with 
10% foetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.), 100 IU/ml of penicillin and 0.1 mg/ml of streptomycin. 
The chondrocytes were then seeded on a culture dish at a 
density of 8x103 cells/cm2. The culture medium was changed 
after 2 days of culture, and the isolated chondrocytes achieved 
confluence 6‑7 day later. Only passages one to three were 
used for further experiments. For IL‑1β treatment assay, 
mouse chondrocytes were stimulated using various concen‑
trations (0, 1, 5, 10 and 20 ng/ml) of IL‑1β (PeproTech, Inc.) 
for 24 h at 37˚C. All protocols were approved by The Ethics 
Committee of Qingdao No.6 People's Hospital [Qingdao, 
China; approval no. (2018)11].

Induction of an OA mouse model. An experimental OA 
model was induced by surgical destabilisation of the medial 
meniscus as described previously (23). A total of 20 C57BL/6J 
male mice (10‑weeks‑old; weight, 20‑22 g) were purchased 
from the Animal Centre of the Chinese Academy of Sciences, 
housed in plastic cages with free access to drinking water and 
a pellet‑based diet. The 20 mice were then randomly divided 
into sham and OA groups (n=10 per group). In the OA group, 

under general anaesthesia of pentobarbital (50 mg/kg) by intra‑
peritoneal injection, the medial collateral ligament and medial 
meniscus of the right knee were resected under a microscope. 
As a control, the mice in the sham group underwent skin 
incision and closure without meniscectomy. After 8 weeks, 
the mice were sacrificed by intraperitoneal injection of pento‑
barbital (100 mg/kg) and considered dead when respiratory 
arrest and cardiac arrest were observed, their nerve reflexes 
disappeared and muscles relaxed, followed by the detection 
of lincRNA‑Cox2 expression. All protocols were approved by 
The Ethics Committee of Qingdao No. 6 People's Hospital. All 
mice were sacrificed for experiments.

Mouse chondrocytes transfection. The miR‑150 mimic 
(5'‑UCU​CCC​AAC​CCU​UGU​ACC​AGU​G‑3'; 30 nM), miR‑150 
inhibitor (5'‑CAC​UGG​UAC​AAG​GGU​UGG​GAG​A‑3'; 30 nM) 
and their respective scrambled negative controls (NCs; 
5'‑CTC​CCA​ACC​CTT​GTC​CAG​TG‑3' and 5'‑CCG​AAA​
CCU​CGG​UUG​AUU​GCG​G‑3'; 30 nM) were synthesised by 
Shanghai GenePharma Co., Ltd. The full‑length wide‑type 
lincRNA‑Cox2 sequence was inserted in the pEX‑2 plasmid 
(Shanghai GenePharma Co., Ltd.). An empty pEX‑2 plasmid 
was transfected as an NC. siRNA specific for lincRNA‑Cox2 
was inserted in a U6/Neo plasmid (Shanghai GenePharma Co., 
Ltd.). An empty U6/Neo plasmid with non‑targeting sequences 
was transfected as an NC. The mass of all plasmids used for 
transfection was 1 µg. Transfections of primary mouse chon‑
drocytes were conducted using Lipofectamine® 3000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) per the manu‑
facturer's instructions. After 48 h at 37˚C, the transfection 
efficiency was detected using reverse transcription‑quantitative 
(RT‑q)PCR.

RT‑qPCR. RT‑qPCR assays were performed to detect the 
expression of mouse lincRNA‑Cox2 and miR‑150 in chon‑
drocytes after transfection and IL‑1β treatment. Total RNA 
of the chondrocytes was extracted using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). RNA was reverse 
transcribed into cDNA using a reverse transcription kit 
(Vazyme Biotech Co., Ltd.), with the following temperature 
protocol: 37˚C for 15 min, 85˚C for 5 sec and 4˚C for the end. 
RT‑qPCR was performed using a SYBR Green Master Mix 
(Applied Biosystems; Thermo Fisher Scientific, Inc.), and the 
setting parameters were as follows: 95˚C For 10 min, followed 
by 95˚C for 15 sec and 60˚C for 30 sec, lasting 40 cycles. The 
cycle threshold  (Cq) values were obtained, normalised to 
the level of GAPDH and compared with the control. Data were 
quantified using the 2‑∆∆Cq method (24). The primer sequences 
were as follows: Mouse lincRNA‑Cox2 forward, 5'‑AAG​GAA​
GCT​TGG​CGT​TGT​GA‑3' and reverse: 5'‑GAG​AGG​TGA​
GGA​GTC​TTA​TG‑3'; and GAPDH forward, 5'‑CTG​CCC​AGA​
ACA​TCA​TCC​CT‑3' and reverse, 5'‑TGG​TCC​TCA​GTG​TAG​
CCC​AAG​‑3'.

Proliferation assay. The proliferative capability of the 
chondrocytes was assessed using an MTT assay. First, 
5x103  cells were seeded on 96‑well plates for 24  h; cells 
were then transfected with small interfering  (si)‑negative 
control (NC), si‑Cox2, NC inhibitor and miR‑150 inhibitor 
as aforementioned. After  48  h of transfection, 20  µl of 
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MTT (5 mg/ml) (Sigma‑Aldrich; Merck KGaA) was added, 
and the cells were incubated for 4 h at 37˚C under 5% CO2. 
Subsequently, the supernatant was discarded, and 200 ml of 
dimethyl sulfoxide was added. Finally, the OD 490 nm value 
was measured using a microplate reader to evaluate the prolif‑
erative capability of chondrocytes.

Apoptosis assay. The apoptosis of chondrocytes was deter‑
mined using the Annexin V fluorescein isothiocyanate (FITC) 
Apoptosis Detection kit (BD Biosciences). After 10 ng/ml of 
IL‑1β treatment and/or relevant transfection, the cells were 
collected, washed with phosphate‑buffered saline  (PBS), 
and resuspended in 100 µl Binding Buffer (BD Biosciences) 
at a concentration of 1x106 cells/ml. Subsequently, 5 µl of 
Annexin V FITC and propidium iodide were added. After 
incubation for 15 min at room temperature in the dark, the 
apoptotic cells were quantitatively analysed by FACSCalibur 
flow cytometry (BD Biosciences) using CellQuest Pro software 
(BD Biosciences).

Western blotting. After the indicated treatment, chondro‑
cytes were collected and washed with PBS, and then lysed 
on ice with radioimmunoprecipitation assay lysis buffer 
supplemented with 10 mM of phenylmethylsulfonyl fluoride 
(Beyotime Institute of Biotechnology) for 15 min. Total protein 
was quantified using the BCA Protein Assay kit (Beijing 
Solarbio Science & Technology Co., Ltd.). Proteins in equal 
amounts (20 µg/lane) were loaded per lane then subjected 
to electrophoresis using 10%  SDS‑PAGE gels and trans‑
ferred onto polyvinylidene difluoride membranes (Bio‑Rad 
Laboratories, Inc.). After blocking with 5% skimmed milk for 
2 h at room temperature, the membranes were incubated with 
specific primary antibodies against Ki67 (cat. no. sc‑23900), 
proliferating cell nuclear antigen (PCNA; cat. no. sc‑25280), 
Bax (cat.  no.  sc‑70408), Caspase‑3 (cat.  no.  sc‑56053), 
Caspase‑9 (cat.  no.  sc‑56076), glycogen synthase kinase 
(GSK)‑3β (cat. no. sc‑81462), phosphorylated‑GSK (p‑GSK)‑3β 
(ser9) (cat.  no.  sc‑81494), β‑catenin (cat.  no.  sc‑7963), 
p‑β‑catenin (cat. no. sc‑57535), cyclin D1 (cat. no. sc‑8396), 
c‑Myc (cat. no. sc‑40) and GAPDH (cat. no. sc‑32233) (all 
1:1,000; Santa Cruz Biotechnology, Inc.) overnight at 4˚C. The 
membranes were then incubated with IgG‑horseradish peroxi‑
dase‑conjugated secondary antibody (cat. no. ab6728; Abcam; 
1:5,000) for 1 h at room temperature, and protein bands were 
visualised using electrochemiluminescence plus (Cytiva) 
according to the manufacturer's instructions. Densitometry 
analysis of the bands was performed using ImageJ software 
(v1.53a; National Institutes of Health). GAPDH was used as an 
endogenous protein for normalisation.

Dual luciferase activity assay. The 3'UTR target site was 
generated using PCR, and the luciferase reporter constructs 
with the lincRNA‑Cox2 sequences carrying a putative 
miR‑150‑binding site in a pMiR‑report vector were ampli‑
fied using PCR. Mouse chondrocytes were co‑transfected 
with the reporter construct, control vector and miR‑150 or 
scramble NC using Lipofectamine as aforementioned. After 
48 h of transfection, reporter assays were conducted using the 
dual‑luciferase assay system (Promega Corporation) following 
the manufacturer's instructions. Renilla luciferase activity was 

used for normalization, and the binding site of lincRNA‑Cox2 
and miR‑150 was predicted using DIANA tools (http://caro‑
lina.imis.athena‑innovation.gr/diana_tools/web/).

Statistical analyses. All results were observed in at least 
three independent experiments. Statistical analysis was 
carried out using SPSS  19.0 (IBM Corp.), and data are 
presented as the mean ± standard deviation (unless otherwise 
shown). Statistical differences between two groups were 
determined using the unpaired two‑tailed Student's t‑test. 
Differences among more than two groups were estimated 
using one‑way ANOVA and adjusted using Bonferroni's 
correction or Dunnett's post hoc test. The linear relation‑
ships among levels of lincRNA‑Cox2 and miR‑150 in OA 
mice were analysed using Spearman's correlation coef‑
ficient. P<0.05 was considered to indicate a statistically 
significant difference.

Results

lincRNA‑Cox2 expression is up‑regulated in cartilage tissues 
of OA and IL‑1β‑treated chondrocytes. To detect the expres‑
sion of lincRNA‑Cox2 in cartilage tissues of OA, RT‑qPCR 
was performed using cartilage specimens from 10 OA mice 
and 10 sham mice. The results demonstrated that the expres‑
sion of lincRNA‑Cox2 was markedly higher in OA cartilage 
tissues compared with that in tissues of the sham group 
(3.12±1.32 vs. 1.26±0.58; P<0.05; Fig. 1A). Moreover, the 
expression of lincRNA‑Cox2 was significantly up‑regulated 
in chondrocytes stimulated by IL‑1β at 10 ng/ml (4.73±0.47) 
and 20 ng/ml (5.69±0.64) compared with that observed in 
non‑stimulated chondrocytes (1.06±0.17) (both P<0.05; 
Fig. 1B). The results indicated that lincRNA‑Cox2 played a 
crucial role in OA.

Knockdown of lincRNA‑Cox2 promotes proliferation and 
inhibits apoptosis in IL‑1β‑treated chondrocytes. To explore 
the effect of lincRNA‑Cox2 on the proliferation and apop‑
tosis of IL‑1β‑treated chondrocytes, si‑Cox2 was used to 
knock down the expression of lincRNA‑Cox2 and the effi‑
ciency of transfection is shown in Fig. S1A (0.32±0.09 vs. 
0.95±0.09; P<0.05). Its abundance was knocked down using 
si‑Cox2 in IL‑1β‑treated (10 ng/ml) chondrocytes (2.03±0.58 
vs. 4.24±0.58; P<0.05; Fig. 2A). Moreover, the MTT assay 
showed that knockdown of lincRNA‑Cox2 markedly 
restored the cell viability decreased by treatment of IL‑1β in 
chondrocytes (P<0.05; Fig. 2B). The protein levels of major 
proliferation‑related genes, including those encoding for 
Ki67 and PCNA, were significantly increased after silencing 
lincRNA‑Cox2 expression in IL‑1β‑treated chondrocytes 
(Ki67, 0.73±0.09 vs. 0.45±0.07; PCNA, 0.77±0.06 vs. 0.51 
0.07; both P<0.05; Fig. 2C). In addition, after transfection 
with si‑Cox2, a lower proportion of apoptotic cells was 
shown in chondrocytes treated with IL‑1β (21.44±1.44% vs. 
26.76±5.18%; P<0.05; Fig.  2D), and the apoptosis‑related 
protein levels of Bax (0.64±0.08 vs. 0.79±0.02), cleaved 
Caspase‑3 (c‑Caspase‑3) (0.29±0.01 vs. 0.42±0.07) and 
cleaved Caspase‑9 (c‑Caspase‑9) (0.35±0.02 vs. 0.47±0.07) 
were also down‑regulated compared with those in the control 
group (all P<0.05; Fig. 2E). The current results suggested that 



JIANG et al:  lincRNA-COX2/miR-150 AGGRAVATES OA4

lincRNA‑Cox2 inhibited proliferation and enhanced apop‑
tosis of chondrocytes.

lincRNA‑Cox2 directly targets miR‑150. It was predicted 
that there were putative complementary sequences of 
lincRNA‑Cox2 and miR‑150 using DIANA tools (Fig. 3A). 
To confirm the potential relationship between lincRNA‑Cox2 
and miR‑150, the luciferase reporter vectors wild‑type 
(wt)‑Cox2 and mutant (mut)‑Cox2 were constructed and 
transfected into chondrocytes. The results revealed that the 
mimics miR‑150 induced a notable reduction in luciferase 
activity (0.43±0.07 vs. 1.09±0.13; P<0.05; Fig.  3B) and 
inhibitor miR‑150 led to an increase in luciferase activity 
in the wt‑Cox2 group (1.55±0.13 vs. 1.01±0.12; P<0.05; 
Fig. 3B), while little effect was observed on the activity in 
the mut‑Cox2 group (Fig. 3B). The efficiency of mimics 
miR‑150 (1.77±0.13 vs. 1.08±0.06; P<0.05) and inhibitor 

miR‑150 (0.39±0.07 vs. 0.97±0.07; P<0.05) are shown in 
Fig.  S1B  and  C, respectively. Additionally, the effect of 
lincRNA‑Cox2 on miR‑150 in chondrocytes was evaluated, 
and the results showed that the expression of miR‑150 was 
significantly increased by the interference of lincRNA‑Cox2 
(0.77±0.15 vs. 0.44±0.07; P<0.05; Fig. 3C). Moreover, the 
expression of lincRNA‑Cox2 in chondrocytes was reduced 
by the overexpression of miR‑150 (1.03±0.07 vs. 0.48±0.13; 
P<0.05; Fig.  3D), while it was increased by knockdown 
of miR‑150 (1.61±0.19 vs. 1.13±0.10; P<0.05; Fig.  3D), 
compared with their respective NCs. In cartilage tissues 
of the OA mouse model, miR‑150 expression was signifi‑
cantly decreased (1.05±0.39 vs. 1.29±0.50; P<0.05; Fig. 3E) 
and negatively correlated with lincRNA‑Cox2 expression 
(r=‑0.7478; P=0.0129; Fig. 3F). These results indicated that 
lincRNA‑Cox2 directly targeted miR‑150 to promote the 
development of OA.

Figure 2. Silencing lincRNA‑Cox2 expression promotes proliferation and inhibits apoptosis in IL‑1β‑treated chondrocytes. (A) Expression of lincRNA‑Cox2 
was detected in chondrocytes transfected with si‑Cox2 or si‑NC after treatment of IL‑1β. (B) Chondrocyte proliferation detected using an MTT assay. 
(C) Protein levels of Ki67 and PCNA in chondrocytes. (D) Apoptotic rate of chondrocytes with si‑Cox2 or si‑NC after treatment of IL‑1β. (E) Protein levels 
of Bax, c‑Caspase‑3 and c‑Caspase‑9 in chondrocytes. &P<0.05 vs. Con, #P<0.05 vs. IL‑1β+si‑NC, *P<0.05 as indicated. linc, long intergenic non‑coding; 
si, small interfering; NC, negative control; PCNA, proliferating cell nuclear antigen; c‑, cleaved; OD, optical density. 

Figure 1. High expression of lincRNA‑Cox2 in cartilage tissues of OA and IL‑1β‑induced chondrocytes. (A) Expression of lincRNA‑Cox2 in cartilage tissues 
of OA (n=10 per group). (B) Expression of lincRNA‑Cox2 in the chondrocytes with treatment of IL‑1β at different concentrations. *P<0.05. OA, osteoarthritis; 
linc, long intergenic non‑coding. 
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D ef ic ien c y  o f  m iR‑150  reverses  the  e f f ec t  o f 
lincRNA‑Cox2‑knockdown on IL‑1β‑induced injury in 
chondrocytes. To explore whether lincRNA‑Cox2 exerts 
its function by miR‑150 in chondrocytes, si‑Cox2 and 
miR‑150 inhibitors were co‑transfected into chondro‑
cytes and the efficiency of both si‑Cox2 and miR‑150 
inhibitors was shown in Fig. S1D. As shown in Fig. 4A, 
knockdown of lincRNA‑Cox2 enhanced the proliferation 
of IL‑1β‑treated chondrocytes, while inhibition of miR‑150 
suppressed the proliferation of IL‑1β‑treated chondrocytes 
compared with their respective NCs (both P<0.05). The 
expression of both Ki67 and PCNA were also promoted 
by the knockdown of lincRNA‑Cox2 compared with that 
in the si‑NC group (Ki67, 0.63±0.01 vs. 0.56±0.00; PCNA, 
0.52±0.00 vs. 0.33±0.02; both P<0.05; Fig. 4B). However, 
these increases were inhibited by miR‑150 inhibitors (Ki67, 
0.47±0.06 vs. 0.63±0.01; PCNA, 0.28±0.05 vs. 0.52±0.00; 
both P<0.05; Fig.  4B). Moreover, the anti‑apoptotic 
effect of lincRNA‑Cox2‑knockdown (10.22±0.69%  vs. 
22.13±2.27%) and pro‑apoptotic effect of miR‑150 inhibi‑
tors (33.06±2.79% vs. 22.13±2.27%) were also evidently 
reversed by co‑transfection with si‑Cox2 and miR‑150 
inhibitors (lincRNA‑Cox2 knockdown, 19.40±3.32% vs. 
10.22±0.69%; miR‑150 inhibitor, 19.40±3.32%  vs. 
33.06±2.79%; all P<0.05; Fig. 4C). The decreased expres‑
sion of Bax, c‑Caspase‑3 and c‑Caspase‑9 in the si‑Cox2 
group were reversed by co‑transfection with si‑Cox2 
and miR‑150 inhibitors (Bax, 0.56±0.01 vs. 0.40±0.01; 
c‑Caspase‑3, 0.90±0.01 vs. 0.79±0.01; c‑Caspase‑9, 

0.65±0.06 vs. 0.48±0.01; all P<0.05; Fig. 4D). The above 
results further confirmed that lincRNA‑Cox2 promote the 
development of OA by targeting miR‑150.

lincRNA‑Cox2 aggravates OA progression through the 
Wnt/β‑catenin pathway. To determine the function of the 
molecular mechanisms induced by the lincRNA‑Cox2/
miR‑150 axis, Wnt/β‑catenin pathway‑related proteins 
including GSK‑3β, p‑GSK‑3β, β‑catenin, p‑β‑catenin, 
cyclin  D1 and c‑Myc were detected using western blot‑
ting (Fig.  5A). The results showed that knockdown of 
lincRNA‑Cox2 notably inhibited the expression of 
p‑GSK‑3β/GSK‑3β (0.75±0.03 vs. 0.90±0.06; P<0.05; 
Fig.  5B) while promoting the expression of p‑β‑catenin/
β‑catenin (1.06±0.06 vs. 0.88 ± 0.01; P<0.05; Fig.  5C), 
cyclin D1 (0.98±0.03 vs. 0.72±0.07; P<0.05; Fig. 5D) and 
c‑Myc (1.09±0.03 vs. 0.96±0.04; P<0.05; Fig. 5E). However, 
the suppressive or promotive effect was reversed by miR‑150 
inhibitors (p‑GSK‑3β/GSK‑3β, 0.88±0.00 vs. 0.75±0.03; 
p‑β‑catenin/β‑catenin, 0.82±0.04 vs. 1.06±0.06; cyclin D1, 
0.75±0.08 vs. 0.98±0.03; c‑Myc, 0.91±0.04 vs. 1.09±0.03; all 
P<0.05; Fig. 5). This results revealed lincRNA‑Cox2 aggra‑
vated OA progression through the Wnt/β‑catenin pathway.

Discussion

OA is a chronic, progressive and degenerative disease 
affecting multiple joint tissues and resulting in significant 
reductions in patient quality of life including pain, stiffness, 

Figure 3. lincRNA‑Cox2 directly targets miR‑150. (A) Predicted binding sites of lincRNA‑Cox2 and miR‑150. (B) Luciferase reporter assay of chon‑
drocytes co‑transfected with mimics NC, mimics miR‑150, inhibitor NC or inhibitor miR‑150 and luciferase reporters containing wt‑lincRNA‑Cox2 or 
mut‑lincRNA‑Cox2 transcript. (C) Expression of miR‑150 in chondrocytes after silencing lincRNA‑Cox2. (D) Expression of lincRNA‑Cox2 in chondrocytes 
with mimics miR‑150 or inhibitor miR‑150. (E) Expression of miR‑150 in cartilage tissues of OA (n=10 per group). (F) A negative correlation between 
lincRNA‑Cox2 and miR‑150 in cartilage tissues of OA (n=10 per group). *P<0.05. linc, long intergenic non‑coding; NC, negative control; wt, wild‑type; 
mut, mutant; miR, microRNA; OA, osteoarthritis. 
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movement difficulties and progressive disability (25). The 
main characteristics of OA are degeneration of articular 
cartilage and chronic inflammation (25). However, despite 
the diverse aetiologies and pathogenesis of OA, a detailed 
pathogenic mechanism has not yet been elucidated. Recent 
focus on the epigenetic‑regulating mechanisms of OA has 
revealed that numerous lncRNAs serve important functions 
in the development of inflammatory diseases including OA, 
such as lncRNAs XIST and PVT1 (19,20). lincRNA‑Cox2, a 
class of lncRNAs localised to both the cytosolic and nuclear 
compartments, affects the expression of hundreds of inflam‑
matory genes (such as Tlr1, Il6 and Il23a) and regulates 
the inflammatory response (12). Moreover, lincRNA‑Cox2 
mediates neuroinflammation by regulating the NACHT, 
LRR and PYD domains‑containing protein 3 inflammasome 
and autophagy  (26). However, whether lincRNA‑Cox2 is 
involved in the pathogenesis of OA remains unclear. The 
present study reported that the expression of lincRNA‑Cox2 
was markedly up‑regulated in an OA model both in vivo and 
in vitro, indicating that lincRNA‑Cox2 may play a role in OA 
development.

Chondrocytes are the only cells found in the cartilage 
and their dynamic equilibrium between proliferation, 

differentiation and apoptosis is crucial to maintain the 
appropriate cycles of biosynthesis and degradation of the 
cartilaginous matrix (18). The current study investigated the 
role of lincRNA‑Cox2 in the viability of chondrocytes using 
IL‑1β‑treated chondrocytes, and the results demonstrated 
that lincRNA‑Cox2 inhibited the viability of chondrocytes. 
In addition, the protein levels of Ki67 and PCNA, two main 
proliferation‑related proteins (27), were also suppressed by 
lincRNA‑Cox2. Apoptosis is an important process associated 
with cell viability, and the activation of Bax, c‑Caspase 3 and 
c‑Caspase 9 are responsible for regulating apoptosis (28,29). 
The present study demonstrated that both the rate of apoptosis 
and expression of Bax, c‑Caspase 3 and c‑Caspase 9 were 
reduced after knockdown of lincRNA‑Cox2, suggesting an 
important pro‑apoptotic role of lincRNA‑Cox2 in OA chon‑
drocytes.

Previously, the hypothesis of competing endogenous RNAs 
(ceRNAs) as an alternative function for lncRNAs has garnered 
increasing attention (30). As a novel regulatory mechanism, the 
crosstalk between lncRNAs and miRNAs has been identified 
in various diseases including OA (31). Zhang et al (32) demon‑
strated that lncRNA MALAT1 promoted OA by competing 
with miR‑150‑5p. Therefore, the present study hypothesised 

Figure 4. miR‑150 inhibitor reverses the effect of lincRNA‑Cox2‑knockdown on IL‑1β‑induced injury in chondrocytes. (A) Chondrocytes proliferation with 
si‑Cox2 or miR‑150 inhibitor after treatment of IL‑1β. #P<0.05, si-Cox2+inhibitor miR-150 vs. si-Cox2+inhibitor NC; &P<0.05, si-Cox2+inhibitor NC vs. 
si-NC+inhibitor NC (B) Ki67 and PCNA levels in chondrocytes. (C) Apoptotic rate of chondrocytes after transfection and IL‑1β stimulation. (D) Protein levels 
of Bax, c‑Caspase‑3 and c‑Caspase‑9 in chondrocytes. *P<0.05. linc, long intergenic non‑coding; PCNA, proliferating cell nuclear antigen; c‑, cleaved; si, small 
interfering; NC, negative control; miR, microRNA; OD, optical density. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  800,  2021 7

that lincRNA‑Cox2 may act as a ceRNA sponge for miRNAs 
through which OA development is promoted. The current study 
predicted direct binding between lincRNA‑Cox2 and miR‑150 
and confirmed this prediction using a luciferase activity assay. 
Furthermore, it was reported that the expression of miR‑150 
was decreased after silencing lincRNA‑Cox2 expression, 
while lincRNA‑Cox2 was also found to negatively regulate 
miR‑150 expression. Moreover, an inverse correlation between 
lincRNA‑Cox2 and miR‑150 was observed in OA cartilage 
tissues. These findings illustrated that lincRNA‑Cox2 exerted 
its functions on the proliferation and apoptosis of chondrocytes 
by sponging miR‑150. However, this effect of lincRNA‑Cox2 
was reversed by miR‑150 inhibitors. To the best of our 
knowledge, the present study is the first to reveal that the 
lincRNA‑Cox2/miR‑150 axis mediates OA progression.

Previous studies have indicated that the Wnt/β‑catenin 
pathway plays a pivotal role in the regulation of inflamma‑
tory processes in various mammalian non‑neuronal cells (33) 
and is involved in OA development  (34). In addition, the 
Wnt/β‑catenin pathway is necessary to regulate the differentia‑
tion, phenotypic maturation and function of chondrocytes (35). 
Inhibition of GSK‑3β activates the Wnt/β‑catenin pathway and 
further leads to increased expression of the Wnt/β‑catenin 
target genes, such as those encoding for cyclin D1 and 
c‑Myc (36). Moreover, silencing lncRNA HOTAIR regulates 
the proliferation and apoptosis of synoviocytes, which are the 
main effector cells of knee OA synovial fibrosis, in OA through 
inhibition of the Wnt/β‑catenin signalling pathway (37). The 
present study demonstrated that knockdown of lincRNA‑Cox2 

inhibited the expression of p‑GSK‑3β while promoting the 
expression of p‑β‑catenin, cyclin D1 and c‑Myc, but these 
trends were reversed by miR‑150 inhibitors. However, the 
underlying mechanism and whether miR‑150 directly binds 
to the downstream proteins need to be further investigated in 
future studies. Our data demonstrated that lincRNA‑Cox2 trig‑
gered the activity of the Wnt/β‑catenin pathway by sponging 
miR‑150 in chondrocytes, suggesting a novel pathogenic 
mechanism for OA progression.

In conclusion, lincRNA‑Cox2 is up‑regulated in OA 
cartilage tissues and IL‑1β‑treated chondrocytes. The over‑
expression of lincRNA‑Cox2 reduces the viability, enhances 
apoptosis and aggravates the injury of chondrocytes, 
suggesting that lincRNA‑Cox2 may act as a useful marker 
and potential therapeutic target in OA. It was further identi‑
fied that lincRNA‑Cox2 exerts its effects partially through 
the lincRNA‑Cox2/miR‑150/Wnt/β‑catenin axis. This finding 
may improve our understanding of the mechanisms involved 
in OA progression and provide novel targets for the molecular 
treatment of OA.
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