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ABSTRACT

Osteoarthritis (OA) is a common chronic and frequently occurring orthopedic disease in the
middle-aged and elderly individuals. Numerous studies have shown that long noncoding RNAs
(IncRNAs) play major roles in various diseases. However, the potential molecular mechanism of
action of NAV2-AS5 in OA remains unclear. The present study was designed to explore the
influence of NAV2-AS5 on the progression of chondrocyte inflammation and its underlying
molecular mechanisms. To simulate the inflammatory environment in OA, the human chondro-
cyte cell line was treated with LPS. Cell proliferation, cell cycle progression, and apoptosis were
assessed using Cell Counting Kit-8, 5-ethynyl-2’-deoxyuridine analysis, and flow cytometry.
Proliferation- and cycle-related proteins and the release of inflammatory factors were examined
by western blot analysis and enzyme-linked immunosorbent assay. The downstream targets of
NAV2-AS5 were determined using bioinformatics and confirmed by a luciferase reporter assay. In
our study, patients with OA showed downregulation of NAV2-AS5, upregulation of miR-8082, and
downregulation of TNFAIP3 interacting protein 2 (TNIP2). Moreover, we found that both over-
expression of NAV2-AS5 and miR-8082 inhibitor promoted cell proliferation, inhibited apoptosis,
and released inflammatory cytokines in LPS-treated chondrocytes. MiR-8082 was predicted to be
a target of both NAV2-AS5 and TNIP2. In addition, rescue experiments showed that silencing of
TNIP2 reversed the effects of the miR-8082 inhibitor on proliferation, cell cycle, apoptosis, and
inflammatory factors in sh-NAV2-AS5-treated chondrocytes. In conclusion, these findings indicate
that NAV2-AS5 relieves chondrocyte inflammation by targeting miR-8082/TNIP2 in OA, which
provides a new theoretical basis for OA therapy.
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Introduction . o .
progression, and maintaining joint function have

Osteoarthritis (OA) is a degenerative joint disease
characterized by gradual loss of articular cartilage
and subchondral bone, together with varying
degrees of synovial inflammation [1]. Due to the
aging population and increasing obesity rates, the
incidence of OA has gradually risen [2]. The
World Health Organization has reported that
9.6% of men and 18.0% of women over 60 years
of age have OA [3]. OA, which mainly manifests
as joint pain, swelling, and stiffness, can affect
sleep and lead to mental discomfort. Meanwhile,
as one of the main causes of disability in adults,
OA seriously disturbs the lives of patients and
reduces their quality of life [4]. At present, reliev-
ing pain, protecting against and delaying disease

become the mainstay treatment modalities for
patients with OA. However, these treatment meth-
ods are limited in clinical settings. Therefore,
understanding OA pathogenesis is essential.
However, the pathogenesis of OA is complex,
and its specific pathological mechanisms remain
unclear. Therefore, exploring effective ways to pre-
vent and treat OA based on its pathogenesis repre-
sents a direction for future research.

Previous studies have shown that OA is a non-
inflammatory joint disease. However, various
reports have shown that multiple immune cells,
pro-inflammatory cytokines, complement pro-
teins, and other parts of the immune system play
crucial roles in the occurrences of OA [5]. During
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the development of OA, inflammation involving
joint tissues includes the production of cytokines,
low-grade cell infiltration, and activation of joint
cells such as synovial cells and articular cartilage
cells [6]. Studies have shown that interleukin (IL)-
1 binding to its cognate receptor induces matrix
metalloproteinases to degrade articular cartilage,
reduce proteoglycan and collagen synthesis, and
induce cartilage and synovial cells to produce
inflammatory mediators, including IL-6 and IL-8,
further leading to chondrocyte destruction [7]. In
addition, IL-1, IL-6, and tumor necrosis factor
(TNF)-a are all highly expressed in patients with
OA. The levels of IL-1, IL-6, and TNF-a, which are
positively correlated with the severity of inflamma-
tion, may be used as reference indicators to deter-
mine disease progression in patients with
OA [8,9].

Many studies have shown that the occurrence
and development of OA are inseparable from long
noncoding RNAs (IncRNAs), which play vital roles
in physiological and pathological processes [10].
For instance, IncRNA MALAT-1 reduces IL-1§3-
induced cell apoptosis and matrix metabolism dis-
order, and inhibits inflammation in chondrocytes
by blocking activation of the JNK signaling path-
way [11]. Chen et al. integrated the analysis of
critical mRNAs and IncRNAs in OA and found
NAV2-AS5 significantly differentially expressed
mRNAs between patients with OA and healthy
controls [12]. NAV2-AS5 is a long chain, non-
coding RNA composed of 3,336 nucleotides, but
novel data on the molecular mechanisms and
functional roles of IncRNA NAV2-AS5 in OA
have not yet been reported. This study explored
the mechanism of action of IncRNA NAV2-AS5 in
OA. We found that IncRNA NAV2-AS5 regulates
inflammatory responses in OA through the miR-
8082/TNIP2 signaling pathway.

Materials and methods
Clinical samples and ethics statement

Thirty male osteoarthritis patients with an average
age of 53.45+5.18years old and thirty healthy
males with an average age of 54.73 +6.15 years
old were recruited from the Second Affiliated
Hospital of the Air Force Medical University
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during total knee replacement surgeries. This
study was approved by the Ethics Committee of
the Second Affiliated Hospital of the Air Force
Medical University and carried out in accordance
with the Declaration of Helsinki. All participants
provided signed informed consent prior to the
study. Cartilage tissue samples were collected and
stored in —80°C freezer until usage.

Cell culture and transfection

Human chondrocyte cell line was purchased from
ATCC (Manassas, VA, USA) and cultured in
Dulbecco’s Modified Eagle Medium containing
10% fetal bovine serum (Bovogen, Melbourne,
Australia) and 1% penicillin/streptomycin at 37°C
in a 5% CO, incubator.

Full-length NAV2-AS5 genomic DNAs were
inserted into pcDNA3.1 vector to establish the
NAV2-AS5 expression vector (GeneBay, Nanjing,
China). The miR-8082 inhibitor, negative control
oligonucleotide (NC inhibitor), short hairpin RNA
of NAV2-AS5 or TNIP2 (sh-NAV2-AS5, sh-
TNIP2), and sh-NC were obtained from
GeneBay. Chondrocytes (1 x 10°/mL) were trans-
fected with 10 nM pc-NAV2-AS5, 10 nM pc-NC,
30 nM miR-8082 inhibitor, 30 nM NC inhibitor,
10 nM sh-NAV2-AS5, 10 nM sh-TNIP2, and 10
nM  sh-NC, separately or jointly, using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) for 48 h.

LPS treatment of chondrocytes

LPS from Escherichia coli O111: B4 was obtained
from Sigma-Aldrich. LPS concentrations ranging
from 0 to 20 g/mL were used to treat the chondro-
cytes for 12 h to induce inflammatory injury.

Quantitative reverse transcription polymerase
chain reaction (RT-qPCR) analysis

Total RNA was extracted from the samples using
TRIzol reagent (Solarbio, Beijing, China). The
PrimeScript RT reagent kit (TaKaRa, Shiga,
Japan) was used to reverse-transcribe 1 g of total
RNA. Quantitative real-time PCR (RT-qPCR) was
performed using the SYBR Green PCR Kit
(Vazyme, Nanjing, China) on an ABI 7500 Rapid
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real-time PCR system (Applied Biosystems, CA,
USA), according to the manufacturer’s protocol.
Quantitative measurements were obtained using
the 27*“T method. The primers for RT-qPCR
were as  follows:  hsa-NAV2-AS5: 5-
GGCACATTTAGGCAGAGAGG-3 (forward)
and 5-CAGAGGTCACACACCCACAA-3’ (revers
e); hsa-TNIP2: 5-CTAAAGAGGCGGCAGG
TCCCTC-3 (forward) and 5-CAAGATGAC
CTTCCAGTGAC-3’ (reverse); hsa-B-actin: 5'-
CTATCGGCAATGAGCGGTTC-3 (forward) and
5-AGGAGCCAGGGCAGTAATCT-3" (reverse);
hsa-U6: 5-GTGATCACTCCCTGCCTGAG-3’ (fo
rward) and 5-GGACTTCACTGGACCAGACG-3’
(reverse). P-actin (ACTB) and U6 were used as
controls.

Cell counting kit-8 assay and 5-ethynyl-2’-
deoxyuridine (EdU) staining

According to previous studies, Cell Counting Kit-8
(CCK-8, Yeasen, Shanghai, China) and EdU assays
(Solarbio) were used to examine chondrocyte pro-
liferation [13,14]. For CCK-8 assays, the cells were
incubated in 96-well plates for 24, 48, or 72h.
Then, the cells were treated with the CCK-8 solu-
tion at 37°C for 3h. Subsequently, the optical
density was detected using an ultraviolet spectro-
photometer (Thermo Fisher Scientific, Inc.). For
EdU staining, chondrocytes were seeded in 24-well
plates and incubated for 24h. Cells were then
stimulated with EdU solution for 2 h, followed by
fixation. Subsequently, the cells were stained with
1 x Apollo stain for 30 min in the dark. Finally, cell
nuclei were stained with 4’,6-diamidino-2-pheny-
lindole for 5min and photographed under
a fluorescence microscope (Leica, Germany).

Western blot analysis

Proteins were extracted from samples using RIPA
lysis buffer plus PMSF, and the concentrations
were assessed using the BCA method. Protein
samples were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and
transferred onto PVDF membranes. After blocking
with skim milk at room temperature for 1h, the
membranes were incubated with primary antibo-
dies overnight and then with secondary antibody

at room temperature for 1 h. Finally, immunoreac-
tive bands were visualized by enhanced chemilu-
minescence (Pierce, Rockford, IL, USA). Anti-
PCNA (ab29, 1:1,000), anti-Ki-67 (ab243878,
1:1,000), anti-cyclin Al (ab53699, 1:500), anti-
cyclin Bl (ab181593, 1:2,000), anti-cyclin D2
(ab230883, 1:800), anti-p27 (ab113075, 1:2,000),
anti-Bax (ab32503, 1:2,000), anti-Bcl-2 (ab182858,
1:2,000), anti-cleaved caspase 3 (ab32042, 1:500),
anti-cleaved-caspase 9 (ab2324. 1:500), and anti-[3-
actin (ab8226, 1:2,000) antibodies were obtained
from Abcam (Cambridge, UK).

Flow cytometry

Cell cycle and apoptotic status were detected using
flow cytometry. In brief, cells (4 x 10°%/mL) were
inoculated and incubated at 37°C under 5% CO,
and cultured on the wall. After 48 h of incubation,
half of the collected cells were blown into suspen-
sion with 1 mL phosphate-buffered saline (PBS) to
detect apoptosis, followed by incubation with 5 pL
Annexin V-Alexa Fluor 647 for 15min and treat-
ment with 5puL PI. Finally, the apoptosis rate was
measured using a flow cytometer to detect apopto-
tic cells (Beckman Coulter, CA, USA). The remain-
ing cells were resuspended in 250 pL PBS and 95%
ethanol pre-cooled to —20°C was slowly added and
then, incubated for 30 min to detect cell cycle. Next,
0.2mL RNase A (1 mg/mL) was added for 30 min
at 37°C. Then, 0.3 mL of PI (100 g/mL) was added,
and staining was performed for 20 min in the dark.
Fluorescence intensity was measured using
FACSCalibur flow cytometry (488 nm). The cell
cycle was analyzed using Cell Quest and Modfit
software to determine the cell cycle distribution.

Enzyme-linked immunosorbent assay (ELISA)

Levels of TNF-a, IL-1B, and IL-6 in the cellular
supernatant were examined using ELISA (Mlbio,
Shanghai, China) following the manufacturer’s
instructions. In brief, the prepared sample homoge-
nates and standard solution were delivered to 96-well
plates and incubated at 37°C for 90 min. After the
colorimetric reaction, the optical absorbance was
measured. The Bradford method was used to deter-
mine protein concentrations, and a series of standard
dilutions was used to construct a calibration curve.
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Figure 1. NAV2-AS5 is downregulated in OA tissue and LPS-stimulated chondrocyte. (a) Relative expression of NAV2-AS5 in OA tissue
and normal tissue*p < 0.05, OA tissue compared with the normal tissue. (b) Relative expression of NAV2-AS5 in LPS-treated
chondrocyte and normal group. **P < 0.01 LPS-treated chondrocyte compared with the normal group.

Luciferase reporter assay

NAV2-AS5-WT or NAV2-AS5-MUT were co-
transfected with miR-8082 mimic or NC mimic
into chondrocytes using Lipofectamine 3000
(Glpbio, Montclair, CA, USA). TNIP2-WT or
TNIP2-MUT were transfected with miR-8082
mimic or NC mimic into chondrocytes. After 48
h of transfection, luciferase activity was detected
using a dual-luciferase reporter assay system
(Promega).

RNA binding protein immunoprecipitation (RIP)

According to previous studies [13,15], the relation-
ship between NAV2-AS5 and miR-8082 was iden-
tified using an RNA Immunoprecipitation Kit
(GeneCreate, Wuhan, China) following the manu-
facturer’s protocol. Briefly, the cells were stimu-
lated with miR-8082 mimic and its corresponding
control. The cells were then treated with the RIP
lysis buffer and protease and RNase inhibitors.
The cell lysate was collected and incubated with
magnetic beads (Millipore) coated with anti-Ago2
antibody at 4°C for 4h. Finally, RT-qPCR was
used to assess the expression of NAV2-AS5, with
IgG acting as an internal control.

Statistical analysis

All results are presented as the mean value + stan-
dard deviation. Statistical significance between two
groups was assessed using unpaired Student’s
t-test, and multiple groups were evaluated using
one-way analysis of variance (ANOVA) with

Bonferroni post-hoc test correction. P <0.05 was
considered significant.

Results

NAV2-AS5 is downregulated in OA tissue and
LPS-treated chondrocytes

To assess the potential regulatory roles of NAV2-
AS5 in OA, RT-qPCR was used to measure the
levels of NAV2-AS5 in OA tissues and LPS-treated
chondrocytes. As shown in Figures 1(a) and 1(b),
the expression levels of NAV2-AS5 were dramati-
cally downregulated in OA tissue and LPS-treated
chondrocytes compared with those in the corre-
sponding control group, suggesting that NAV2-
AS5 was associated with OA.

NAV2-AS5 overexpression facilitates cell
proliferation and hampers apoptosis in
LPS-stimulated chondrocytes

To test the effects of NAV2-AS5 on cell prolifera-
tion and apoptosis of LPS-treated chondrocytes,
pc-NAV2-AS5 was used to transfect LPS-treated
chondrocytes. RT-qPCR indicated that NAV2-
AS5 was overexpressed in chondrocytes after
transfection with pc-NAV2-AS5 (Figure 2(a)).
CCK-8 assay results indicated that cell viability
was inhibited by LPS, while overexpression of
NAV2-AS5 partly covered the functions of LPS
(Figure 2(b)). In addition, EdU staining demon-
strated that LPS markedly reduced the number of
EdU-positive cells, whereas NAV2-AS5 overex-
pression reduced the effects of LPS on
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Figure 2. Overexpression of NAV2-AS5 promotes proliferation and inhibits apoptosis in LPS-treated chondrocytes. (a) Relative
expression of NAV2-AS5. (b) Cell viability detected by CCK-8 assay. (c) EdU-positive cells assessed by EdU staining. (d) The expression
of PCNA and Ki-67. (e) The cell cycle was examined by flow cytometry analysis. (f) The expression of CyclinA1, CyclinB1, CyclinD1, and
p27. (g) Cell apoptosis was assessed by flow cytometry. (h) The protein expression of Bax, Bcl-2, Cleaved-caspase-3, and Cleaved-
caspase-9. **P < 0.01, pc-NC+LPS group compared with the control LPS group, #P < 0.05, ##P < 0.01 pc-NAV2-AS5+LPS compared

with the control LPS group.

chondrocytes (Figure 2(c)). Furthermore, western
blot analysis showed that upregulation of NAV2-
AS5 rescued downregulation of the proliferation-
related proteins PCNA and Ki-67 induced by LPS
(Figure 2(d)). Moreover, flow cytometric analysis
was used to detect whether NAV2-AS5 was
involved in chondrocyte cell cycle progression.
These results illustrated that NAV2-AS5 upregula-
tion decreased the percentage of LPS-induced GO/
G1 phase cells and reduced the percentage of
S phase cells (Figure 2(e)). In addition, LPS
decreased the expression levels of cell cycle -
related proteins cyclin Al, cyclin B1, and cyclin
D2, and increased p27 expression in chondrocytes,
while overexpression of NAV2-AS5 reduced the
function of LPS in the cell cycle (Figure 2(f)).
Furthermore, flow cytometric analysis and western
blot analysis revealed that LPS positively affected
apoptosis, including enhancement of the number

of apoptotic cells, upregulation of Bax, Cleaved-
caspase-9, and Cleaved-caspase-3 expression, and
downregulation of Bcl-2 expression, which was
reduced by NAV2-AS5 overexpression (Figures 2
(f.g)). These results revealed that overexpression of
NAV2-AS5 promoted cell proliferation and inhib-
ited apoptosis in LPS-treated chondrocytes.

NAV2-AS5 overexpression inhibits the release of
inflammatory factors in LPS-treated
chondrocytes

Early studies considered OA to be a non-
inflammatory disease, but reports have found
that inflammatory factors play major roles in OA
occurrence. We detected the levels of inflamma-
tory cytokines, including TNF-a, IL-1f, and IL-6,
and found that overexpression of NAV2-AS5 sig-
nificantly inhibited LPS-induced release of TNF-aq,
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Figure 3. Overexpression of NAV2-AS5 inhibits the release of inflammatory factors in LPS-treated chondrocytes. (a—c). The content of
TNF-q, IL-1B, and IL-6 was detected by ELISA. **P <0.01, pc-NC+LPS group compared with the control LPS group, #P <0.05, **P <0.01

pc-NAV2-AS5+LPS compared with the control LPS group.

IL-1p, and IL-6 by chondrocytes (Figures 3(a—c)).
These results indicated that overexpression of
NAV2-AS5 had anti-inflammatory effects in OA.

MiR-8082 targets 3’-UTR of NAV2-AS5

To examine the molecular mechanism by which
NAV2-AS5 regulates the occurrence of OA,
miRNAs targeting NAV2-AS5 were predicted
using bioinformatics algorithms (DIANA). We
found that miR-8082 significantly interacted with
NAV2-AS5. Potential binding sites involving
NAV2-AS5 and miR-8082 are displayed in

Figure 4(a). To confirm miR-8082 binding to
NAV2-AS5, we transfected NAV2-AS5-WT and
NAV2-AS5-MUT vectors, both of which were co-
transfected with miR-8082 mimic and NC mimic.
Luciferase activity was significantly decreased in
co-transfected miR-8082 mimics and NAV2-AS5-
WT cells compared with that in co-transfected NC
mimics and NAV2-AS5-WT cells, while luciferase
activity was not significantly different in trans-
fected NAV2-AS5-MUT cells (Figure 4(b)). In
addition, the expression of miR-8082 was deter-
mined using RT-qPCR in chondrocytes trans-
fected with sh-NAV2-AS5 or sh-NC. The results
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showed that knockdown of NAV2-AS5 signifi-
cantly promoted the expression of miR-8082
(Figure 4(c)). RIP detection results demonstrated
that compared with those in the IgG group, the
enrichment levels of NAV2-AS5 and miR-8082 in
the Ago2 RIP group were increased (Figure 4(d)).
Subsequently, we examined the expression of miR-
8082 in OA tissues and found that, compared with
normal tissues, miR-8082 was upregulated
(Figure 4(e)). The expression of NAV2-AS5 was
negatively correlated with the expression of miR-
8082 (P <0.001, R*=0.4188) (Figure 4(f)). These
data suggested that NAV2-AS5 is physically asso-
ciated with miR-8082.

Knockdown of miR-8082 promotes cell
proliferation and inhibits cell apoptosis and
release of inflammatory factors in LPS-treated
chondrocytes

To verify the effects of miR-8082 on chondrocyte
proliferation, apoptosis, and inflammatory factors,
miR-8082 inhibitor was used to treat LPS-induced
cells. As shown in Figure 5(a), miR-8082 inhibitor
significantly inhibited the upregulation of miR-
8082 in LPS-induced chondrocytes. CCK-8 and
EdU assays revealed that miR-8082 inhibitor
reversed the decline in cell viability and the reduc-
tion of EdU-positive cell numbers induced by LPS,
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protein expression of PCNA and Ki-67.(e) The cell cycle. (f) The protein expression of CyclinA1, CyclinB1, CyclinD1, and p27.(g) Cell
apoptosis. (h) The protein expression of Bax, Bcl-2, Cleaved-caspase-3, and Cleaved-caspase-9. I. The content of TNF-q, IL-1, and IL-6
was detected by ELISA. **P <0.01, *P <0.05, NC inhibitor+Ips compared with the control group; #P <0.05, P <0.01, miR-8082

inhibitor+Ips compared with the control group.



suggesting that miR-8082 affects chondrocyte pro-
liferation and regulates OA progression (Figures 5
(b,c)). Consistently, the downregulation of PCNA
and Ki-67 expression in LPS-induced chondro-
cytes was reversed by miR-8082 inhibitor
(Figure 5(d)). In contrast, flow cytometry analysis
revealed that knockdown of miR-8082 reversed the
upregulation of LPS-induced GO0/G1 phase cells
and downregulated the percentage of S phase
cells (Figure 5(e)). Similar to the effect of NAV2-
AS5  overexpression, miR-8082 inhibitor also
reversed the downregulation of LPS-induced
cyclin Al, cyclin B1, and cyclin D2, and upregula-
tion of p27 (Figure 5(f)). In addition, the reduction
in apoptotic cell incidence, increased Bax,
Cleaved-caspase-9, and Cleaved-caspase-3 expres-
sion, and decreased Bcl-2 expression in the LPS
group were rescued by miR-8082 inhibitor
(Figures 5(g,h)). Moreover, miR-8082 inhibitor
inhibited the release of TNF-a, IL-1p, and IL-6
from LPS-induced chondrocytes (Figure 5(i)).

TNIP2 is a target gene of miR-8082

To explore the mechanisms by which miR-8082
functions in OA progression, target genes of miR-
8082 were predicted using TargetScan, miRDB,
and miRWalk, and we found that 177 genes had
shared intersections among them. We selected the
top four genes (THEM4, TNIP2, GRAP2, and
PSMB?2) with the highest correlation with OA,
and RT-qPCR analysis showed that only TNIP2
was downregulated in LPS-induced chondrocytes
(Figure 6(a)). Furthermore, there were binding
sites identified for miR-8082 and TNIP2
(Figure 6(b)). Next, luciferase reporter assays
were performed to confirm the relationship
between miR-8082 and TNIP2. The results showed
that miR-8082 mimic dramatically decreased luci-
ferase activity in TNIP2-WT-transfected cells,
whereas luciferase activity was unaltered when
putative TNIP2 sites were mutated (Figure 6(c)).
In addition, miR-8082 inhibitor significantly pro-
moted the expression of TNIP2 (Figure 6(d)),
which was otherwise downregulated in OA tissues
compared with that in normal tissues
(Figure 6(e)). The expression of TNIP2 was nega-
tively correlated with the expression of miR-8082
(P <0.001, R*=0.5690) (Figure 6(f)). These data
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demonstrated that TNIP2 is a target gene of miR-
8082, which negatively regulates TNIP2 expression
in OA.

NAV2-AS5 modulates OA progression via the
miR-8082/TNIP2 axis in vitro

To further verify whether NAV2-AS5 regulates OA
progression through the miR-8082/TNIP2 axis, we
transfected miR-8082 inhibitor and sh-TNIP2 into
sh-NAV2-AS5-transfected  chondrocytes, sepa-
rately or simultaneously. Transfection efficiency
was examined by RT-qPCR. The expression of
miR-8082 was downregulated in the miR-8082
inhibitor group, and TNIP2 expression was
reduced in the miR-8082 inhibitor+sh-TNIP2
group compared to that in the corresponding con-
trol group (Figure 7(a)). CCK-8 and EdU assays
revealed that knockdown of TNIP2 inhibited cell
proliferation induced by miR-8082 inhibitor in sh-
NAV2-AS5-treated chondrocytes (Figures 7(b,c)).
Correspondingly, the expression of cell prolifera-
tion-related proteins (PCNA and Ki-67) was
reduced in the miR-8082 inhibitor+ sh-TNIP2
group compared with that in the miR-8082 inhi-
bitor+sh-NC group (Figure 7(d)). Furthermore,
TNIP2 silencing reversed the decrease in the per-
centage of GO/G1 phase cells induced by miR-8082
inhibitor and the increased percentage of S phase
cells in sh-NAV2-AS5-transfected chondrocytes
(Figure 7(e)). Furthermore, western blot analysis
showed that miR-8082 inhibitor markedly upregu-
lated the expression of cyclin Al, cyclin Bl, and
cyclin D2, and downregulated the expression of
p27, while TNIP2 knockdown partly covered the
functions of miR-8082 inhibitor in sh-NAV2-AS5-
transfected chondrocytes (Figure 7(1)).
Additionally, TNIP2 knockdown reversed the
decrease in the number of apoptotic cells induced
by miR-8082 inhibitor, downregulation of Bax,
Cleaved-caspase-9, and Cleaved-caspase-3, and
upregulation of Bcl-2 in  sh-NAV2-AS5-
transfected  chondrocytes  (Figures  7(gh)).
Moreover, inhibition of miR-8082 inhibitor on
the release of inflammatory factors (TNF-a, IL-
1B, and IL-6) in sh-NAV2-AS5-transfected chon-
drocytes was improved by sh-TNIP2 (Figure 7(i)).
These data illustrate that NAV2-AS5 modulates
OA progression via the miR-8082/TNIP2 axis.
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Discussion

Several IncRNAs have been reported to participate
in cancer regulation. However, there are few reports
concerning NAV2-AS5, whose role in different
types of cancer is not yet fully understood. Our
results indicated that NAV2-AS5 is expressed at
low levels in patients with OA. Degradation of the
cartilage extracellular matrix and inflammation are
two main characteristics of OA [16]. In our study,
LPS induced inflammation in human chondrocytes.

Interestingly, LPS stimulation not only decreased
the expression of NAV2-AS5 and increased the
expression of miR-8082 but also inhibited cell pro-
liferation, promoted cell apoptosis, and induced the

release of inflammatory factors by chondrocytes.
However, NAV2-AS5 overexpression or miR-8082
knockdown reversed such effects of LPS on chon-
drocytes. Subsequently, NAV2-AS5 acts as a sponge
for miR-8082, thereby modulating TNIP2 expres-
sion. Loss-of-function approaches demonstrated
that NAV2-AS5 functioned in the progression of
OA by targeting miR-8082/TNIP2. Previous reports
have shown that the occurrence of OA was accom-
panied by abnormal expression of IncRNA [17].
Numerous IncRNAs have been reported to be asso-
ciated with the occurrence and development of OA.
For instance, IncRNA-ROR is less expressed in OA
chondrocytes than in normal chondrocytes, and
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knockdown of IncRNA-ROR inhibits apoptosis and
promotes autophagy via the HIFla/p53 axis [18].
Thus, IncRNA-ROR may represent a new potential
therapeutic target for OA. LncRNA LOXL-ASI is
upregulated in OA cartilage tissues, and knockdown
of LOXL-AS1 hampers proliferation and accelerates
apoptosis in chondrocytes via the miR-423-5p/
KDMS5C axis [19]. NAV2-AS5, a long-chain non-
coding RNA composed of 3,336 nucleotides, has not
been reported in various diseases. In the present
study, we found that NAV2-AS5 expression in OA
was generally lower than that in normal tissues.
Based on these results, we conclude that NAV2-
AS5 might play an inhibitory role in the occurrence

of OA, and might be correlated with the migration
and apoptosis of OA chondrocytes. To confirm this,
we further verified that NAV2-AS5 upregulation
reversed the reduction of cell proliferation and ele-
vation of cell apoptosis induced by LPS in chondro-
cytes using CCK-8, EdU assays and flow cytometry.

Inflammation, as an essential factor in OA, is
closely related to the progression of cartilage loss
and clinical symptoms of OA, including joint
pain, swelling, stiffness, and indicators of inflam-
mation [20]. In the serum or synovial fluid of OA
patients, IL-1p, TNF-a, and IL-6 are the primary
mediators of catabolism of joint tissues [21,22].
IL-1B, a thoroughly studied cytokine, exerts many
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biological effects and plays an indispensable role
in regulating inflammation [23]. Kaneko et al.
found that IL-1p and TNF-a induce the produc-
tion of IL-6 in synovial cells and chondrocytes in
OA, and IL-1a, TNF-a, and IL-6 are distributed in
the same position. Meanwhile, IL-6 stimulates the
production of IL-1p and TNF-a and aggravates
inflammatory responses through the combined
action of the two [24]. TNF-a, which plays
a crucial role in the degenerative process involving
articular cartilage, interferes with the synthesis of
cartilage collagen and the production of proteo-
glycan and affects cartilage destruction and syno-
vitis in OA [25]. In our study, overexpression of
NAV2-AS5 inhibited the effects of LPS on the
release of IL-1P, TNF-a, and IL-6 in chondrocytes,
suggesting that NAV2-AS5 might improve OA by
inhibiting inflammation. However, how does
NAV2-AS5 regulate chondrocyte proliferation,
apoptosis, and the release of inflammatory
factors?

Previous studies have shown that IncRNAs and
miRNAs affect the occurrence and development of
many diseases, including OA, through transcrip-
tional or post-transcriptional regulation. Many
studies have revealed that IncRNA, a competing
endogenous RNA (ceRNA), promotes cartilage
degradation in human OA [26]. For instance,
Liu. et al. found that IncRNA-MSR regulates
TMSB4 expression through competition with
miRNA-152, thus affecting cartilage degradation
[27]. Lu. et al. found that IncRNA-CIR is involved
in oxidative stress-related apoptosis of chondro-
cytes in OA by modulating the miR-130a/Bim
axis [28]. These results illustrate that IncRNAs
play important roles in OA by targeting miRNAs.
In this study, miR-8082 was verified to be a target
of IncRNA NAV2-AS5. The level of miR-8082 was
upregulated in OA tissues and LPS-treated chon-
drocytes, and miR-8082 was negatively regulated
by IncRNA NAV2-AS5. In addition, we observed
that miR-8082 knockdown significantly reversed
the LPS-induced decrease in cell viability and
increase in cell apoptosis and the release of inflam-
matory factors. These results indicated that
IncRNA NAV2-AS5 modulates OA progression
by sponging miR-8082.

To further study the regulatory mechanism invol-
ving miR-8082 in OA, we identified downstream

target genes of miR-8082 and TNIP2. TNIP2 (also
known as ABIN2) was first discovered in a yeast
two-hybrid screen as a binding partner of the zinc
finger protein A20 (A20), a negative regulator of
NF-kB signaling [29]. It has been reported that
TNIP2, as an anti-inflammatory signaling molecule,
negatively regulates allergic airway responses [30]. In
this research, TNIP2 mRNA levels were downregu-
lated in OA tissues and LPS-induced chondrocytes.
In addition, rescue experiments showed that knock-
down of TNIP2 transposed the impact of miR-8082
inhibitor on cell proliferation, apoptosis, and inflam-
mation in sh-NAV2-AS5-treated chondrocytes.

In conclusion, our study revealed that NAV2-
AS5 regulates OA progression via the miR-8082-
TNIP2 axis, indicating that NAV2-AS5 is a critical
molecule involved in OA progression.
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