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Abstract. Osteoarthritis (OA) is one of the most common 
degenerative disease in elderly patients worldwide. 
Numerous microRNAs (miRs) have been reported to serve 
an important role in the regulation of gene expression in the 
occurrence and development of OA. The present study aimed 
to explore the effect of miR‑486‑5p on lipopolysaccharide 
(LPS)‑induced cell damage in chondrocytes, as well as the 
underlying mechanism. The ATDC5 cell line was treated 
with increasing concentrations of LPS (0, 1, 2, 4 and 8 µg/ml) 
for 6 h. The binding site of miR‑486‑5p on nuclear factor 
erythroid 2 like 1 (NRF1) was predicted using the miRDB 
database and was validated using the luciferase reporter 
assay. A CCK‑8 assay and flow cytometry analysis were 
conducted to determine cell viability and apoptosis, respec-
tively. The level of inflammatory cytokines and oxidative 
stress‑associated factors were detected using corresponding 
test kits. Furthermore, the expression of associated genes 
were detected using reverse transcription‑quantitative PCR 
and western blotting. LPS significantly decreased cell 
proliferation, induced cell apoptosis and aggravated the 
inflammatory response and oxidative stress. Furthermore, 
miR‑486‑5p and NRF1 were significantly upregulated and 
downregulated, respectively, in LPS‑induced ATDC5 cells. 
miR‑486‑5p was identified to directly target and regulate the 
expression of NRF1. Inhibition of miR‑486‑5p significantly 
improved cell proliferation, decreased apoptosis, attenuated 
the production of inflammatory cytokines, regulated the level 
of reactive oxygen species, malondialdehyde, superoxide 
dismutase and lactate dehydrogenase, and improved the 
activity of antioxidant enzyme. Furthermore, the effect of 

miR‑486‑5p on LPS‑induced cell damage was diminished 
following the downregulation of NRF1. To conclude, inhi-
bition of miR‑486‑5p alleviated LPS‑induced cell damage, 
including inflammatory injury, oxidative stress and apop-
tosis, in ATDC5 cells by targeting NRF1. Therefore, NRF1 
may serve as a novel therapeutic target for OA.

Introduction

Osteoarthritis (OA) is a common chronic arthritis affecting 
cartilaginous tissues that generally occurs in middle‑aged and 
elderly patients and affects ~40% of individuals >70 years of 
age (1). The common clinical manifestations of OA are pain, 
and joint dysfunction and deformity, and OA is regarded as 
one of the primary causes of disability, representing a major 
healthcare issue for both governments and researchers (2). 
Previous studies have demonstrated that numerous factors 
contribute to the occurrence of OA, including obesity, aging, 
inflammation and physical strain  (3‑5). Due to the high 
prevalence of obesity and age‑associated diseases, OA is asso-
ciated with significant morbidity worldwide (6). Therefore, 
an increased understanding of the pathological mechanisms 
underlying OA, particularly degeneration of articular carti-
lage, may prevent the progression of the disease.

Nuclear factor erythroid 2 like 1 (NRF1) is a basic leucine 
zipper protein that belongs to the cap‑N‑collar transcrip-
tional factor family (7). NRF1 is produced by osteoblasts, 
and is involved in regulating osterix expression, osteoblast 
differentiation and bone formation (8). NRF1 was shown to 
serve important roles in rheumatoid arthritis (9). Additionally, 
NRF1 serves an important role in the regulation of antioxidant 
enzymes during inflammation‑induced oxidative stress in 
osteoblastic cells (10). The aforementioned data suggest that 
NRF1 is closely associated with the development of arthritis, 
partly by regulating cellular differentiation, inflammation and 
oxidative stress. However, to the best of our knowledge, the 
function of NRF1 in the progression of OA has not been previ-
ously investigated.

MicroRNAs (miRs/miRNAs) are a group of short, 
non‑coding RNAs that serve an important role in regulating 
gene expression. Furthermore, miRNAs have been implicated 
in the progression of various diseases, including OA (11). 
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Kong et al (12), revealed that miR‑486‑5p was upregulated in 
patients with knee OA, and was positively correlated with the 
severity of the disease. Additionally, miR‑486‑5p was reported 
to target SMAD family member 2, and negatively regulate the 
expression of collagen type II and aggrecan in chondrocytes, 
aggravating the progression of OA (13). However, to the best 
of our knowledge, the role of miR‑486‑5p in OA has only been 
investigated in the aforementioned two studies, and whether 
miR‑486‑5p could regulates NRF1 remains unknown. 
Therefore, the mechanisms underlying miR‑486‑5p and OA 
require further investigation. 

The present study aimed to explore the roles of miR‑486‑5p 
and NRF1 in OA, and to explore the underlying mechanism 
of molecular action, which may provide a novel treatment 
strategy for OA.

Materials and methods

Cell culture and treatment. The murine chondrogenic ATDC5 
cell line was obtained from the American Type Culture 
Collection. The cells were cultured in DMEM: Ham's F‑12 (1:1; 
Sigma‑Aldrich; Merck KGaA) supplemented with 2 mM gluta-
mine (Sigma‑Aldrich; Merck KGaA) and 10% FBS (Invitrogen; 
Thermo Fisher Scientific, Inc.) and maintained at 37˚C in a 
humidified incubator containing 5% CO2. ATDC5 cells were 
then treated with lipopolysaccharide (LPS; Sigma‑Aldrich; 
Merck KGaA) at different concentrations (0, 1, 2, 4 and 8 µg/ml) 
at 37˚C for 6 h to induce inflammatory injury.

Cell Counting Kit‑8 (CCK‑8) assay. The proliferation of 
ATDC5 cells was determined using a CCK‑8 assay kit (Dojindo 
Molecular Technologies, Inc.), according to the manufacturer's 
protocol. Cells (5x103 cells/well) were seeded into a 96‑well 
plate and cultured for 24 h. After treatment with LPS for 6 h, 
20 µl CCK‑8 solution was added into each well and incubated 
for another 4 h at 37˚C. The absorbance was subsequently 
detected at a wavelength of 450 nm using a microplate reader.

Western blot analysis. ATDC5 cells were lysed with cold 
RIPA lysis buffer (Beyotime Institute of Biotechnology) 
supplemented with protease inhibitor. The concentration of 
protein was measured using the BCA protein assay (Pierce; 
Thermo Fisher Scientific, Inc.). The proteins (20 µg/lane) were 
separated using 10% SDS‑PAGE, and transferred onto PVDF 
membranes. Membranes were blocked with 5%  skimmed 
milk at room temperature for 1 h and incubated with the 
primary antibodies with a dilution of 1:1,000 overnight at 
4˚C. The antibodies against NRF1 (cat. no. ab137572), Bax 
(cat. no. ab32503), Bcl‑2 (cat. no. ab59348), cleaved caspase‑3 
(cat. no. ab49822), caspase‑3 (cat. no. ab32499), superoxide 
dismutase 1 (SOD1; cat. no.  ab13498), heme oxygenase‑1 
(HO‑1; cat. no. ab13243), NAD(P)H quinone dehydrogenase 1 
(NQO‑1; cat. no.  ab34173) and GAPDH (cat. no.  ab9485) 
were obtained from Abcam. Following incubation with the 
primary antibodies, the membranes were incubated with 
a horseradish peroxidase‑conjugated secondary antibody 
(1:5,000; cat. no. 7074; Cell Signaling Technology, Inc.) for 
2 h at room temperature. Bands were visualized using an 
enhanced chemiluminescence kit (SuperSignal™ West Pico 
PLUS chemiluminescent substrate; Thermo Fisher Scientific, 

Inc.). The densitometric analysis was performed using ImageJ 
software v1.4 (National Institutes of Health).

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA was 
extracted from ATDC5 cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). To detect the mRNA levels 
of miR‑486‑5p, the first strand of cDNA was synthesized 
using the PrimeScript RT reagent kit (Takara Biotechnology 
Co., Ltd.), according to the manufacturer's protocol, and the 
following temperature conditions: Initial incubation at 37˚C for 
15 min, followed by an incubation at 85˚C for 5 sec. RT‑qPCR 
was performed using a SYBR-Green Prime Script RT‑PCR kit 
(Takara Biotechnology Co., Ltd.), according to the manufac-
turer's instructions. The thermocycler conditions for RT‑qPCR 
were as follows: 95˚C for 5 min, followed by 40 cycles of 
denaturation at 95˚C for 15  sec and annealing/extension 
at 60˚C for 30 sec. The primer sequences were as follows: 
miR‑486‑5p forward, 5'-CTCGCTTCGGCAGCACA‑3'; 
miR‑486‑5p reverse 5'‑ACGCTTCACGAATTTGCGT‑3'; 
NRF1 forward, 5'‑ GGAGAGCTTCCCTGCACAGT‑3'; 
NRF1 reverse, 5'‑ TTACTTCCATAGCCTGCATTTCC‑3'; 
β‑actin forward, 5'‑CCGCGAGCACAGCTTCTT‑3'; 
β‑actin reverse, 5'‑CCCACGATGGAGGGGAATAC‑3'; U6 
forward, 5'‑CTCGCTTCGGCAGCACA‑3'; and U6 reverse, 
5'‑AACGCTTCACGAATTTGCGT‑3'. Data were collected 
and analyzed using 2‑ΔΔCq method (14) and normalized to the 
internal control U6 and β‑actin.

Cell transfection. ATDC5 cells were transfected with the 
miR‑486‑5p inhibitor (5'‑CUCGGGGCAGCUCAGUAC 
AGGA‑3'; 150  nM; Qiagen GmbH) and inhibitor control 
(miR‑NC; 5'‑UUCUCCGAACGUGUCACGUTT‑3'; 150 nM; 
Qiagen GmbH), or transfected with short hairpin RNA (shRNA)1 
or shRNA2 targeting NRF1 (100 nM) and its scramble control 
shRNA (shRNA‑NC; empty vector), which were cloned into 
pSilencer 3.1‑H1 puro plasmids (Shanghai GenePharma Co. Ltd.), 
using Lipofectamine® 2000 reagent (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. The transfection 
efficiency was detected by RT‑qPCR 48 h post‑transfection.

Dual luciferase reporter assay. The binding site of miR‑486‑5p 
on NRF1 was predicted using the miRDB database (www.
mirdb.org) and was validated using the luciferase reporter 
assay. PmirGLO‑NRF1‑WT or pmirGLO‑NRF1‑Mut reporter 
plasmids (Promega Corporation) were co‑transfected with 
the miR‑486‑5p mimic or miR‑NC into ATDC5 cells using 
Lipofectamine® 2000 reagent. The luciferase activity was 
measured using a Dual‑Luciferase® Reporter assay system 
(Promega Corporation) 48 h post‑transfection. The data were 
standardized to Renilla luciferase activity.

Inflammatory cytokines assay. The cell culture medium of 
ATDC5 cells was collected. The levels of tumor necrosis 
factor‑α (TNF‑α), interleukin (IL)‑1β, IL‑6, monocyte 
chemotactic protein 1 (MCP‑1) and intercellular adhesion 
molecule 1 (ICAM‑1) were determined using ELISA kits 
(cat. no.  210‑TA‑005 for TNF‑α; cat. no.  201‑LB‑005 for 
IL‑1β; cat. no. S6050 for IL‑6; cat. no. SCP00 for MCP‑1; 
cat. no. 796‑IC‑050 for ICAM‑1; R&D Systems, Inc.) according 
to the manufacturer's instructions.
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Oxidative stress factors assay. The cell culture medium of 
ATDC5 cells was collected. The levels of reactive oxygen 
species (ROS; cat. no. E004‑1‑1), malondialdehyde (MDA; 
cat. no. A 003‑4‑1), SOD (cat. no. A 001‑3‑2) and lactate 
dehydrogenase (LDH; A020‑2‑2) were determined using 
their corresponding assay test kits (Nanjing Jiancheng 
Bioengineering Institute), according to the manufacturers' 
instructions. 

Flow cytometry. The apoptosis of ADTC5 cells was analyzed 
using an Annexin V‑fluorescein isothiocyanate (FITC)/prop-
idium iodide (PI) apoptosis detection kit (Sigma‑Aldrich; 
Merck KGaA). Following treatment of LPS, the transfected 
ATDC5 cells were washed with PBS and incubated with 
Annexin V‑FITC/PI (50 µg/ml) in the presence of RNase A 
(50 µg/ml; Sigma‑Aldrich; Merck KGaA) at room temperature 
for 30 min in the dark. The apoptotic cells were detected by 
a FACScan flow cytometer (BD Biosciences) and analyzed 
using FlowJo software v7.6 (FlowJo LLC). 

Statistical analysis. Statistical analyses were performed using 
SPSS software (v.17.0; SPSS, Inc.). Data are presented as the 
mean ± SD of 3 independent experiments. Data were analyzed 
by the one‑way ANOVA followed by the Tukey's post hoc test. 
P<0.05 was considered to indicate a statistically significant 
different difference. 

Results

Expression of miR‑486‑5p and NRF1 in LPS‑induced ATDC5 
cells. Following treatment of ATDC cells with LPS (0, 1, 2, 
4 and 8 µg/ml), the cell proliferation was detected using a 
CCK‑8 kit, and the mRNA and protein expression levels of 
miR‑486‑5p and NRF1 were detected using RT‑qPCR and 
western blotting, respectively. As shown in Fig.  1A, LPS 
treatment (2, 4 and 8 µg/ml) significantly decreased the prolif-
eration in a concentration‑dependent manner. Furthermore, 
the mRNA level of miR‑486‑5p was increased following LPS 
treatment (2, 4 and 8 µg/ml; Fig. 1B). Protein expression of 

Figure 1. Expression of miR‑486‑5p and NRF1 in LPS‑induced ATDC5 cells. Following induction of LPS (0, 1, 2, 4 and 8 µg/ml) in ATDC cells, (A) cell 
viability was detected using a CCK‑8 assay, (B) mRNA level of miR‑486‑5p was detected using reverse transcription‑quantitative PCR, and (C) protein expres-
sion of NRF1 was detected using western blotting. *P<0.05 and ***P<0.001 vs. 0. (D) Levels of inflammatory cytokines, including TNF‑α, IL‑1β, IL‑6, MCP‑1 
and ICAM‑1 were detected by ELISA kits. ***P<0.001 vs. control. Data were generated from at least 3 experiments. miR, microRNA; LPS, lipopolysaccharide; 
NRF1, nuclear factor erythroid 2 like 1; TNF‑α, tumor necrosis factor α; IL, interleukin; MCP‑1, monocyte chemotactic protein 1; ICAM‑1, intercellular 
adhesion molecule 1.
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NRF1 was significantly decreased following LPS treatment, 
particularly at 4  µg/ml of LPS (Fig.  1C). Therefore, this 
concentration was chosen for subsequent experimentation. 
The results revealed that miR‑486‑5p was upregulated while 
NRF1 was downregulated in LPS‑induced ATDC5 cells. To 
determine the LPS‑induced inflammatory injury in ATDC5 
cells, the levels of inflammatory cytokines including TNF‑α, 
IL‑1β, IL‑6, MCP‑1 and ICAM‑1 were assayed by ELISA kits. 
Results in Fig. 1D indicated that LPS induced a significant 
increase in these inflammatory cytokines, revealing a marked 
inflammatory injury induced by LPS.

NRF1 is a target of miR‑486‑5p in ATDC cells. Analysis of the 
online databases of miRDB revealed that the 3'‑UTR of NRF1 
included a binding site for miR‑486‑5p (Fig. 2A). A luciferase 
reporter assay was subsequently performed to validate the 
interaction between miR‑486‑5p and NRF1 in ATDC cells. 
As shown in Fig. 2B, overexpression of miR‑486‑5p signifi-
cantly suppressed the activity of the reporter gene, whereas 
the plasmid containing the mutated sequence did not affect 
the activity of the reporter gene in ADTC cells. Besides, over-
expression of miR‑486‑5p decreased the expression of NRF1, 
while inhibition of miR‑486‑5p increased the expression of 
NRF1 (Fig. 2C). These results suggested that miR‑486‑5p 
could directly target NRF1 and regulate the expression of 
NRF1 in ATDC5 cells. 

miR‑486‑5p regulates the LPS‑induced inf lammatory 
response in ATDC5 cells by targeting NRF1. The effect of 
miR‑486‑5p and NRF1 on LPS‑induced ATDC5 cells was 
investigated. A miR‑486‑5p inhibitor or shRNA targeting 
NRF1 was transfected into cells. As shown in Fig. 3A and B, 
the increased mRNA level of miR‑486‑5p induced by LPS 
was significantly decreased following transfection with the 

miR‑486‑5p inhibitor. Furthermore, the expression of NRF1 
was significantly decreased when cells were transfected 
with shRNA1 or shRNA2 targeting NRF1. Due to a higher 
transfection efficacy, shRNA1‑NRF1 was used for the further 
experimentation.

The change of inflammatory cytokines, directly reflecting 
the degree of inflammatory injury in LPS‑induced ATDC5 
cells, is presented in Fig. 3C‑G. As observed from the results, 
LPS induction significantly increased the production of 
TNF‑α, IL‑1β, IL‑6, MCP‑1 and ICAM‑1. As expected, the 
production of these inflammatory cytokines was decreased 
following transfection with the miR‑486‑5p inhibitor, and 
co‑transfection with shRNA‑NRF1 abrogated this effect. 
These results suggested that the inhibition of miR‑486‑5p may 
significantly alleviate LPS‑induced inflammatory injury in 
ATDC5 cells by regulating NRF1.

miR‑486‑5p regulates LPS‑induced cell apoptosis by 
targeting NRF1. The effect of miR‑486‑5p on cell apop-
tosis in LPS‑induced ATDC5 cells was investigated. Flow 
cytometry analysis revealed an increased apoptosis rate 
following LPS induction, whereas in the miR‑486‑5p 
inhibitor group the apoptotic rate of the cells was decreased 
compared with the LPS group (Fig. 4A). Additionally, the 
expression levels of apoptosis‑associated proteins were 
investigated by western blotting. LPS induction significantly 
decreased the protein expression of Bcl‑2, and increased the 
protein expression of Bax and cleaved caspase‑3 (Fig. 4B), 
indicating that LPS treatment resulted in ATDC cell apop-
tosis by regulating the expression of apoptosis‑associated 
proteins. Furthermore, the expressions of Bax and cleaved 
caspase‑3 was decreased, and Bcl‑2 was increased in the 
miR‑486‑5p inhibitor group, suggesting an inhibitory effect 
of miR‑486‑5p in LPS‑induced ATDC cells. The inhibitory 

Figure 2. NRF1 is a target of miR‑486‑5p in ATDC cells. (A) The miRDB online database was used to identify the binding site of miR‑486‑5p and NRF1. 
(B) A luciferase reporter assay was performed to validate the interaction between miR‑486‑5p and NRF1.**P<0.01 vs. miR‑NC. (C) Expression of NRF1 
was detected using reverse transcription‑quantitative PCR following the transfection of miR‑NC, miR‑486‑5p mimic and miR‑486‑5p inhibitor. *P<0.05 and 
***P<0.001 vs. control. Data were generated from at least 3 experiments. miR, microRNA; NRF1, nuclear factor erythroid 2 like 1; NC, negative control; WT, 
wild type; Mut, mutant.
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effect of miR‑486‑5p was decreased by co‑transfection with 
shRNA‑NRF1. These results suggested that miR‑486‑5p 
could attenuate cell apoptosis in LPS‑induced ATDC5 cells 
by targeting NRF1.

miR‑486‑5p regulates LPS‑induced oxidative stress in 
ADTC5 cells by targeting NRF1. The results presented in 

Fig. 5A‑E demonstrate the changes in oxidative stress markers 
in the LPS‑induced ATDC5 cells. As shown in Fig. 5A‑D, LPS 
induction significantly increased the activity of ROS and the 
levels of MDA and LDH, and decreased the activity of SOD. 
Additionally, antioxidant enzymes such as SOD1, HO‑1 and 
NQO‑1 were significantly decreased following treatment with 
LPS, which is indicative of oxidase and anti‑oxidase imbal-

Figure 3. Effect of miR‑486‑5p on inflammatory response in LPS‑induced ATDC5 cells. (A) Following transfection with the miR‑486‑5p inhibitor, the mRNA 
level of miR‑486‑5p was detected using reverse transcription‑quantitative PCR. ***P<0.001 vs. LPS and miR‑NC groups. (B) Following transfection with the 
shRNA‑NRF1, the protein expression of NRF1 was detected using western blotting. **P<0.01 and ***P<0.001 vs. control. (C‑G) Levels of inflammatory cyto-
kines (TNF‑α, IL‑1β, IL‑6, MCP‑1 and ICAM‑1) were detected using ELISA. Data were generated from at least 3 experiments. **P<0.01 and ***P<0.001. miR, 
microRNA; LPS, lipopolysaccharide; NRF1, nuclear factor erythroid 2 like 1; TNF‑α, tumor necrosis factor α; IL, interleukin; MCP‑1, monocyte chemotactic 
protein 1; ICAM‑1, intercellular adhesion molecule 1; shRNA, short hairpin RNA; NC, negative control.
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ance and may result in oxidative stress injury. Inhibition of 
miR‑486‑5p significantly decreased the activity of ROS, 
decreased the levels of MDA and LDH, and increased the 
activity of SOD, as well as increased the expression of anti-
oxidant enzymes. These data indicated a decrease in oxidative 

stress following transfection with the miR‑486‑5p inhibitor. 
However, co‑transfection with shRNA‑NRF1 abrogated this 
effect. These results suggested that inhibition of miR‑486‑5p 
could alleviate LPS‑induced oxidative stress in ATDC5 cells 
by targeting NRF1.

Figure 4. Effect of miR‑486‑5p on cell apoptosis in LPS‑induced ATDC5 cells. (A) Flow cytometry analysis was performed to detect apoptotic rate of ATDC5 
cell. (B) Protein expression levels of Bax, Bcl‑2, cleaved caspase‑3 and caspase‑3 were detected using western blotting. Data were generated from at least 3 
experiments. *P<0.05, **P<0.01 and ***P<0.001. miR, microRNA; LPS, lipopolysaccharide; NRF1, nuclear factor erythroid 2 like 1; shRNA, short hairpin RNA; 
NC, negative control.
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Discussion

The present study revealed that miR‑486‑5p was upregulated 
while NRF1 was downregulated in LPS‑treated ATDC5 cells. 
Further investigation demonstrated that NRF1 was a direct 

target of miR‑486‑5p, and that miR‑486‑5p serves an important 
role in regulating cell damage in LPS‑induced ATDC5 cells 
by targeting NRF1. OA is generally accompanied by oxida-
tive stress, apoptosis and inflammation, which are involved 
in cartilage damage (15). In the present study, an increased 

Figure 5. Effect of miR‑486‑5p on oxidative stress in LPS‑induced ATDC5 cells. Levels of (A) ROS, (B) MDA, (C) LDH and (D) SOD were determined 
using corresponding test kits. (E) Protein expression levels of antioxidant enzymes (SOD1, HO‑1 and NQO‑1) were detected using western blotting. Data were 
generated from at least 3 experiments. *P<0.0.5, **P<0.01 and ***P<0.001. miR, microRNA; LPS, lipopolysaccharide; NRF1, nuclear factor erythroid 2 like 1; 
ROS, reactive oxygen species; MDA, malondialdehyde; LDH, lactate dehydrogenase; SOD, superoxide dismutase; HO‑1, heme oxygenase 1; NQO‑1, NAD(P)
H quinone dehydrogenase 1; NC, negative control; shRNA, short hairpin RNA
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production of inflammatory cytokines, severe oxidative stress 
injury and increased apoptosis were observed in LPS‑induced 
ATDC5 cells. Inhibition of miR‑486‑5p effectively suppressed 
inflammation, oxidative stress and apoptosis induced by LPS, 
whereas the inhibitor effect of downregulated miR‑486‑5p was 
decreased by inhibiting NRF1. Additionally, the decreased 
expressions of SOD1, HO‑1 and NQO‑1 as a result of LPS 
treatment was improved by the inhibition of miR‑486‑5p. 
Decreasing the expression of NRF1 abrogated this effect. 
These results indicated that the inhibition of miR‑486‑5p may 
have significant therapeutic potential in OA. 

The degeneration of articular cartilage is one of the primary 
causes underlying the development of OA (16). The inflamma-
tory response of articular cartilage accompanied by the release 
of inflammatory cytokines from chondrocytes is responsible 
for the degeneration of articular cartilage, and therefore for 
the occurrence and development of OA (17,18). LPS induced 
inflammatory injury in various cells by promoting the produc-
tion and release of inflammatory cytokines, including TNF‑α, 
IL‑6 and IL‑1β, which were involved in the inflammatory 
response of OA (19,20). At present, LPS‑induced chondrocytes 
are widely used as a cell model to simulate the inflammation 
of articular cartilage in order to investigate the mechanisms 
underlying OA and to identify more effective therapeutic 
targets (18,21). An increase in the release of TNF‑α, IL‑6, 
IL‑1β and MCP‑1 was detected in LPS‑induced chondrogenic 
ATDC5 cells in the present study. Inhibition of miR‑486‑5p 
decreased the release of inflammatory cytokines, suggesting 
that the inhibition of miR‑486‑5p was beneficial and suppressed 
LPS‑induced inflammatory injury in ATDC5 cells. ICAM‑1, 
a type of cell adhesion molecule, is an immunoglobulin‑like 
transmembrane protein that is induced by inflammatory cyto-
kines in endothelial cells (22). Therefore, the expression of 
ICAM‑1 is generally upregulated by inflammatory cytokines 
such as TNF‑α and IL‑6 (23,24). The present study revealed 
that ICAM‑1 was upregulated in LPS‑induced ATDC5 cells 
in response to the inflammatory cytokines. The expression 
of ICAM‑1 was downregulated following the inhibition of 
miR‑486‑5p, reflecting the decrease in inflammatory injury.

The pathological process of OA is complex and multifacto-
rial, and chondrocyte apoptosis is crucial in the progression 
of OA (25). Chondrocyte apoptosis has been observed in cell 
and animal models of OA (25,26). Inhibition of cell apoptosis 
has been an effective approach to screen for beneficial drugs 
in the treatment of OA (25,26). The present study revealed that 
LPS significantly increased the rate of apoptosis, which was 
then decreased after inhibition of miR‑486‑5p. In addition, 
the increased expression of Bcl‑2, and decreased expression 
levels of Bax and cleaved caspase‑3 following the inhibition of 
miR‑486‑5p indicated that miR‑486‑5p may exert its function 
by regulating the expression of apoptosis‑related proteins.

Previous studies have revealed that HO‑1 is an induc-
ible enzyme that exerts anti‑inflammatory, antioxidant and 
anti‑apoptotic functions (27,28). It has been reported that the 
activation of HO‑1 may protect against oxidative stress induced 
by ethanol in LO2 cells (29). Inhibition of HO‑1 promoted the 
activation of the NF‑κB signaling pathway and the produc-
tion of pro‑inflammatory cytokines (30). It was also reported 
that HO‑1 regulated oxidative stress and apoptosis in OA 
chondrocytes (31). In the present study, HO‑1 was significantly 

downregulated in chondrocytes induced by LPS‑induced 
ATDC5 cells, and was upregulated following miR‑486‑5p 
inhibition. This suggested that the anti‑inflammatory, anti-
oxidant and anti‑apoptotic effects of miR‑486‑5p inhibition in 
LPS‑induced ATDC5 cells may be attributed to the downregu-
lation of HO‑1. Oxidative stress and generation of free radicals, 
as primary and secondary events, have contributed to a large 
number of diseases, including OA (32). The gene of SOD1, 
NQO‑1, as well as ROS, MDA, LDH and total SOD serve an 
important role in cytoprotection against oxidative stress (33‑35). 
The present study revealed that the anti‑oxidative activity of 
miR‑486‑5p inhibition was reflected in the increased expres-
sion of antioxidant‑associated genes such as HO‑1, NQO‑1 and 
SOD, and the decreased expression of ROS, MDA and LDH.

The present study revealed the effect of miR‑486‑5p on 
the LPS‑induced inflammatory response, oxidative stress and 
apoptosis in ATDC5 cells. Therefore, further investigation 
was performed to elucidate the target gene and regulatory 
mechanism of miR‑486‑5p. The results revealed that NRF1 is 
a direct target of miR‑486‑5p. NRF1 is an important regulator 
involved in cellular oxidative stress and inflammatory injury. 
In NRF1‑knockout mice, the expression levels of HO‑1 and 
NQO‑1 genes were significantly increased, indicating that 
NRF1 knockout alleviates the oxidative stress response (36,37). 
In addition to mediating the expression of antioxidant genes, 
NRF1 is also implicated in cellular immune responses and 
mitochondrial homeostasis (38). In the present study, the effect 
of miR‑496‑5p inhibition was diminished following co‑trans-
fection with shRNA‑NRF1, indicating that miR‑496‑5p may 
exert its functions by regulating the expression of NRF1. This 
result demonstrated that NRF1 participated in the inflammatory 
response and oxidative stress during the progression of OA. 

In conclusion, the present study demonstrated that inhibi-
tion of miR‑486‑5p alleviated LPS‑induced cell damage in 
ATDC5 cells. Furthermore, NFR1 was shown to be a target of 
miR‑486‑5p, and inhibition of miR‑486‑5p mitigated inflam-
mation, oxidative stress and apoptosis by regulating NFR1. 
The results of the present study may provide a novel viewpoint 
regarding miR‑486‑5p as potential therapeutic target for OA.
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