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 Background: Osteoarthritis (OA) is one of the most common chronic musculoskeletal diseases, yet to date it lacks effective 
therapeutic strategies. Increasing evidence suggests that long noncoding RNAs (lncRNAs) serve pivotal roles in 
the occurrence and development of OA. However, the possible molecular mechanism involving lncRNAs, such 
as nuclear enriched abundant transcript 1 (NEAT1), in OA progression is still unclear.

 Material/Methods: First, NEAT1 and miR-181a expression in OA synovium tissues and normal synovium tissues were detected. 
Then, the effect of NEAT1 on modulating growth ability, apoptosis, and inflammation in OA chondrocytes was 
investigated by a series of loss-function experiments. Next, the correlation between NEAT1, miR-181a, and glyc-
erol-3-phosphate dehydrogenase 1-like (GPD1L) was fully investigated. Finally, the downregulation of miR-181a 
was employed as a recovery experiment to explore the functional mechanism of NEAT1 in OA.

 Results: In the present study, we found that NEAT1 expression was downregulated in OA tissues, while miR-181a ex-
pression was prominently upregulated. Moreover, reduced expression of NEAT1 suppressed cell growth while 
elevating the apoptotic rate and increasing the abundance of inflammatory cytokines released in OA chondro-
cytes. Furthermore, we clarified that miR-181a was a direct sponge of NEAT1, and GPD1L was able to bind to 
miR-181a. Additionally, we found that downregulation of miR-181a was able to attenuate the effect of NEAT1 
on apoptosis, inflammatory response, and proliferation in OA chondrocytes.

 Conclusions: Our findings indicate that downregulation of NEAT1 aggravated progression of OA via modulating the 
miR-181a/GPD1L axis, providing a novel insight into the mechanism of OA pathogenesis.
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Background

Osteoarthritis (OA), a degenerative joint disease characterized 
by progressive erosion of cartilage components, can cause pain 
and loss of articular function, leading to a significant reduc-
tion in quality of life of patients [1]. After the age of 65, most 
people will suffer from OA in at least 1 joint. It is generally be-
lieved that the prevalence of OA is rising as the global popu-
lation ages and obesity rates increase, resulting in a serious 
public health problem in the coming decades [2]. Even worse, 
although numerous studies propose a variety of therapeutic 
options for OA – including drug treatment, electromagnetic 
therapy and stem cell treatment – there is still no generally 
satisfactory therapeutic strategy for this disease [3]. Therefore, 
it is now essential to explore the molecular mechanism under-
lying the occurrence and development of OA.

OA has long been believed to be a chronic inflammatory dis-
ease in which the abnormal release of inflammatory cytokines 
is triggered by different pathological stimuli. This inflammation 
leads to deteriorating OA pathology by changing chondrocytes 
to a catabolic phenotype [4]. During OA progression, inflam-
matory pathway dysregulation has been found in almost ev-
ery pathological stage, including p38 MAPK [5], PI3K/Akt [6], 
Fas [7], TNF-a [8], and IL-1b [9], which is accompanied by carti-
lage destruction and retardation of extracellular matrix (ECM) 
synthesis [10,11]. Importantly, an excessive inflammatory re-
sponse is always associated with apoptotic cell death in OA 
chondrocytes, causing a decrease in cartilage cellularity and 
homeostasis, which could be a potent option for a new thera-
peutic target [12,13]. Additionally, researchers have speculated 
that various genes in chondrocytes are aberrantly expressed via 
local activation of epigenetic mechanisms, due to the persis-
tent inflammatory condition of the OA microenvironment [14].

MicroRNAs (miRNAs) are known as a class of small noncod-
ing single-stranded RNA molecules of 18–25 nucleotides, and 
serve as pivotal regulators of gene expression by inhibiting the 
translation of mRNA and/or encouraging mRNA degradation 
by complementary base-pairing with 3’-untranslated regions 
(3-UTRs). miRNAs have been shown to contribute to patholog-
ical processes in many diseases, including cancers, cardiovas-
cular disease, diabetes mellitus, and OA [14]. Ample evidence 
suggests that miRNAs function as key regulators for several cel-
lular functions, including proliferation, differentiation, inflam-
matory response, and apoptosis [15]. Recent studies have sug-
gested that miRNAs can serve as modulators for chondrocyte 
apoptosis in the occurrence and development of OA. For exam-
ple, Abouheif et al. confirmed that knockdown of miR-34a can 
repress IL-1b-induced chondrocyte apoptosis [16]. Jing Li et al. 
reported that miR-146a can induce chondrocyte apoptosis 
by targeting Smad4 [17]. In 2015, Gabler et al. used microar-
ray analysis to show that the miR-181 family was involved in 

chondrocyte maturation of successive differentiation stages, 
suggesting miR-181 might become a novel target for OA ther-
apy [18]. A growing body of research has demonstrated that 
miR-181 functions as a key player in proliferation, apopto-
sis, and inflammatory response in OA chondrocytes [19,20]. 
Nevertheless, specific molecular mechanisms of miR-181 in-
volved in OA progression remain unknown.

Long noncoding RNAs (lncRNAs) are a kind of noncoding 
transcripts, consisting of more than 200 nucleotides (nt) in 
length [21]. Growing evidence has shown that lncRNAs can 
influence various cellular processes such as cell growth, cell 
apoptosis, ECM synthesis, and inflammatory response in OA, 
which further impact the balance between the anabolic and 
catabolic phases of joint cartilage [22]. In addition, many 
studies have revealed that lncRNAs can function as compet-
ing endogenous RNA (ceRNA), thereby reducing the endog-
enous suppressive effect of miRNAs [23]. Nuclear enriched 
abundant transcript 1 (NEAT1) is a newly identified nuclear-
restricted lncRNA, the dysregulation of which participates in 
tumorigenesis of a variety of neoplastic diseases [17]. For ex-
ample, Peng et al. reported that NEAT1 was able to regulate 
colorectal cancer cell apoptosis via the Akt signaling path-
way [23]. Wang et al. found that NEAT1 functions as a ceRNA 
for miR-107 to promote laryngeal squamous cell cancer pro-
liferation [17]. However, the potential biological mechanisms 
of NEAT1 in OA are still poorly understand.

The aim of our present study was to determine the exact role 
of NEAT1 in the proliferation, apoptosis, and inflammatory re-
sponse in OA chondrocytes. Moreover, the downstream target-
ing of NEAT1 by microRNA and the associated ceRNA mecha-
nism were also investigated.

Material and Methods

Clinical specimens

We collected samples of 30 degenerated synovium tissues from 
OA patients and 30 normal synovium tissues from trauma pa-
tients who underwent arthroscopic surgery in Tianjin Hospital 
between Dec 2016 and Jul 2017. The enrolled 30 OA patients 
consisted of 14 males and 16 females, whose age ranged from 
46 to 62 years, while there were 17 males and 13 females in 
the control group, aged 41 to 60 years. There was no nota-
ble variation in sex and age between OA patients and trau-
ma patients. Once collected, tissue specimens were immedi-
ately frozen. All proceedures were approved by the Institute 
on Research Ethics Committee of Tianjin Hospital and were 
in accordance with the Helsinki Declaration and with institu-
tional guidelines.
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Cell culture and transfection

The chondrocytes were isolated from OA articular cartilages 
and were subsequently cultured. Briefly, the articular cartilages 
obtained from surgery were minced into small fragments and 
then were digested using trypsin (Beyotime, China) for 30 min, 
followed by stimulating with 0.3% collagenase (Beyotime, 
China) for 5–6 h. After that, extracted chondrocytes were cul-
tured in RPMI Medium 1640 media with heat-inactivated 10% 
FBS (Gibco, USA) at 37°C with 5% CO2.

For transfection, siRNAs specifically targeting NEAT1, miR-181a 
mimics, miR-181a inhibitor, and corresponding special negative 
control (NC) were designed and obtained from GenePharma 
(Shanghai, China). Chondrocytes cultured in DMEM (with 10% 
FBS) were first cultured in 6-well plates, and then transfected 
with si-NEAT1 or miR-181a-5p mimics using Lipofectamine 3000 
(Invitrogen, USA) at approximately 60–70% confluence. After 
transfection for 48 h, the cells were harvested for a series of 
follow-up experiments.

Quantitative reverse transcription PCR (qRT-PCR)

Total RNA from tissues and cells was extracted using TRIzol 
reagent (Thermo Fisher Scientific, USA). The RNA was then re-
verse transcribed into cDNA with the PrimeScript™ RT Reagent 
kit (Takara, Japan) following the manufacturer’s specification. 
Subsequently, qPCR was implemented using an ABI7500 sys-
tem (Applied Biosystems, USA) and a SYBR Green qPCR kit 
(Life Technologies, USA) in accordance with the manufactur-
er’s protocol. Relative gene expression levels were quantified 
by the 2–DDCt method. GAPDH and U6 were used as controls. 
The primer sequences are listed in Supplementary Table 1.

MTT assay

Cell proliferation was detected using a Cell Proliferation Reagent 
Kit I (MTT, Sigma-Aldrich, USA). Briefly, the cells were first 
seeded in 96-well plates at 5×104 cells per well. After differ-
ent incubation times, 20 μL of MTT solution was added into all 
the wells and the culture was continued at 37°C for another 
4 h. Then, 150 μL of solubilisation solution (DMSO, Beyotime, 
China) was mixed in each well followed by shaking for 10 min. 
Finally, cell proliferation was tested using a Benchmark micro-
plate spectrometer (Bio-Rad, USA).

Apoptosis assay

For the cell apoptosis assay, the transfected chondrocytes 
(1×104) were harvested, washed with PBS, and then added to 
500 uL binding buffer containing 2 uL AnnexinV-fluorescein 
isothiocyanate (FITC, Beyotime, China) and 5 uL PI (Beyotime, 
China) for 1 h, avoiding direct light. The apoptosis rate of 

labeled chondrocytes was measured using BD FACS Calibur 
(BD Biosciences, USA).

Luciferase reporter assay

First, we predicted the downstream targets of NEAT1 and 
miR-181a using a bioinformatic algorithm. Next, we amplified 
and inserted 3’UTR of wild-type NEAT1 (NEAT1-WT), mutant-type 
NEAT1 (NEAT1-MUT), wild-type GPD1L (GPD1L-WT), and mutant-
type GPD1L (GPD1L-MUT) into the pmirGLO vector (Invitrogen, 
USA). For the luciferase reporter assay, these plasmids were 
co-transfected with miR-181a mimic or mimic-NC into cells us-
ing Lipofectamine 3000 (Invitrogen, USA). At 48 h after trans-
fection, the Dual-Luciferase Reporter system (Promega, USA) 
was used to measure luciferase activity.

Western blot analysis

Total protein was isolated from cells using RIPA buffer 
(Beyotime, China) and then separated by 10% SDS-PAGE. 
The protein was then transferred to PVDF membranes (Thermo 
Fisher Scientific, USA) blocking with 5% fat-free milk for 1 h. 
Next, the membranes were incubated overnight at 4°C with 
the following primary antibodies: GPD1L, tumor necrosis fac-
tor a (TNF-a), IL-1b, IL-6, IL-8, metalloprotease 13 (MMP13), 
cyclooxygenase 2 (COX-2), and GAPDH (1: 1,000, Abcam, UK). 
Samples were then hybridized with HRP-conjugated second-
ary antibodies (Abcam, UK) for 1 h at 37°C. Western blot bands 
were visualized using an enhanced chemiluminescence kit 
(Beyotime, China).

RNA immunoprecipitation (RIP) assay

The RNA immunoprecipitation (RIP) assay was done using the 
EZMagna RIP RNA-binding protein immunoprecipitation kit 
(Millipore, USA), following the manufacturer’s specifications. 
Briefly, the transfected cells were lysed and immunoprecipi-
tated with anti-human argonaute 2 (Ago2) antibodies (Abcam, 
UK) and control IgG (input group). After 48-h incubation, the 
coprecipitated RNAs were isolated and measured using PCR.

Statistical analysis

SPSS (version 21.0, Chicago, IL) software was used to perform 
the statistical analysis. All data are presented as mean±standard 
deviation (SD), and a t test or one-way ANOVA was used to as-
sess statistical significance. The correlations between expres-
sion level of NEAT1 and miR-181a, or miR-181a and GPD1L, 
were analyzed using Pearson’s correlation coefficient. P<0.05 
was deemed to be statistically significant.

8086
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang Z. et al.: 
NEAT1/miR-181a/GPD1L regulates chondrocytes

© Med Sci Monit, 2019; 25: 8084-8094
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Results

NEAT1 and miR-181a expression level in OA tissues

To investigate the effect of NEAT1 and miR-181a on OA, we 
first performed qRT-PCR to detect their expression in 30 OA 
patients and 30 controls. Not unexpectedly, our results showed 
that expression level of NETA1 conspicuously declined in OA tis-
sues compared to normal cartilage tissue, whereas the expres-
sion level of miR-181a was significantly elevated in OA tissues 
(Figure 1A, 1B). As shown in Figure 1C, our findings indicat-
ed that there was a negative relationship between NETA1 and 
miR-181a expression level in OA patients (Figure 1C). Therefore, 
our results supported the idea that NETA1 and miR-181a like-
ly participate in OA progression.

Downregulation of NEAT1 regulated biological function in 
OA chondrocytes

To further explore the effect of NEAT1 on OA, we examined 
whether NEAT1 knockdown could affect biological functions 
in chondrocytes. From the start, our data showed NEAT1 ex-
pression was conspicuously lower in the si-NEAT1 group when 

compared with the control group, making clear that si-NEAT1 
could achieve a steady inhibition efficiency for subsequent ex-
periments (Figure 2A). After that, the proliferation, apoptosis, 
and inflammatory responses of OA chondrocytes transfected 
with si-NEAT1 were assessed. Our results revealed that knock-
downs of NEAT1 could inhibit cell growth and promote apop-
tosis in OA chondrocytes (Figure 2B, 2C). Moreover, the level 
of inflammatory cytokines COX-2, TNF-a, IL-1b, IL-6, IL-8, and 
MMP13 were measured in OA chondrocytes transfected with 
si-NEAT1. As illustrated in Figure 2D, 2E, the expression levels 
of these inflammatory factors were all prominently elevated 
in the si-NEAT1 group compared to the control group. Taken 
together, our finding suggested that NEAT1 is a key regula-
tor of cell growth, apoptosis, and inflammatory response of 
OA chondrocytes.

miR-181a level negatively modulated by NEAT1

Increasing evidence has confirmed that lncRNAs can act as 
competitive endogenous RNAs (ceRNAs) through competi-
tively binding miRNAs, which thereby suppress expression of 
the targeted miRNA [24]. With the use of online bioinformatic 
tools, we predicted that miR-181a had a putative binding site 

Figure 1.  The expression of NEAT1 and miR-181a in OA tissues. (A, B) The NEAT1 and miR-181a expression level in OA tissues detected 
by RT-PCR analysis. (C) The correlation between of NEAT1 and miR-181a expression level in OA. Data are shown as the 
mean±SD of 3 replicates. * P<0.05, ** P<0.01 vs. control.
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within NEAT1 (Figure 3A). We then verified that miR-181a mim-
ics could successfully attain amplification of miR-181a when 
compared to the corresponding control (Figure 3B). Moreover, 
we carried out luciferase reporter assays and RIP assays to val-
idate the correlation between NEAT1 and miR-181a in OA. As 
shown in Figure 3C, our results showed that miR-181a over-
expression obviously restrained the luciferase activity when 
fused to NEAT1-WT, whereas the NEAT1-MUT group was not 
affected. Likewise, our results demonstrated that NEAT1 and 

miR-181a were preferentially enriched in the Ago2 pellet in 
contrast to controls, indicating that miR-181a could directly 
connect to the NEAT1 3’UTR (Figure 3D). In addition, the knock-
down of NEAT1 was able to facilitate miR-181a expression in 
OA chondrocytes (Figure 3E). In summary, our findings demon-
strated that NEAT1 can be regarded as a ceRNA of miR-181a.
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Figure 2.  Knockdown of NEAT1 regulated proliferation, apoptosis, and inflammation in OA chondrocytes. (A) Si-NETA1 were transfected 
into chondrocytes to achieve NETA1 downregulation. (B, C) MTT assay and flow cytometric analysis were performed to 
determine the cell growth ability and apoptotic rate in chondrocytes transfected with si-NETA1. (D, E) RT-PCR and Western 
blot were performed to measure inflammatory cytokines in chondrocytes transfected with si-NETA1. Data are shown as the 
mean±SD of 3 replicates. * P<0.05, ** P<0.01 vs. NC. NC – negative control.
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GAP1L can directly bind to miR-181a

With online bioinformatic tools, we further found GAP1L was 
a potential downstream target of miR-181a (Figure 4A). Then, 
we confirmed that miR-181a inhibitor could effectively reduce 
miR-181a expression (Figure 4B). In order to confirm the in-
teraction of GAP1L and miR-181a in OA, a dual-luciferase re-
porter assay was performed. As exhibited in Figure 4C, ectopic 
expression of miR-181a was able to inhibit the luciferase activ-
ity in the GAP1L-WT group, whereas downregulated miR-181a 
showed the opposite effect. However, neither miR-181a mim-
ics and nor miR-181a inhibitor altered luciferase activity in the 
GAP1L-MUT group. Moreover, we assessed the role of miR-181a 
at an endogenous level of GAP1L by using RT-qPCR and Western 
blot. Our data showed that the expression of GAP1L was dis-
tinctly upregulated by downregulation of miR-181a. In con-
trast, miR-181a overexpression suppressed GAP1L expression 
in OA chondrocytes (Figure 4D, 4E). Additionally, we showed 
that expression of GAP1L was dramatically downregulated in 
OA patients, which was negatively related to the expression 
level of miR-181a (Figure 4F, 4G). Therefore, our results sug-
gested that GAP1L could directly bind to miR-181a, and was 
negatively modulated by miR-181a.

NEAT1-miR-181a-GPD1L axis regulated OA progression

To further clarify the effect of NEAT1 on OA, we established 
a battery of rescue experiments. First, our results found that 
downregulation of miR-181a could attenuate the inhibitory 
effect of NEAT1 knockdown on OA chondrocytes (Figure 5A). 
In addition, downregulated miR-181a was capable of revers-
ing the increased apoptosis caused by the NEAT1 knockdown 
(Figure 5B). As shown in Figure 5C, the concentrations of in-
flammatory cytokines were also reversed in OA chondrocytes 
co-transfected with miR-181a inhibitor and si-NEAT1 when 
compared with the si-NEAT1 group or the miR-181a inhibitor 
group. Finally, our results showed that GPD1L expression could 
be rescued in OA chondrocytes co-transfected with si-NEAT1 
and miR-181a inhibitor (Figure 5D, 5E). Therefore, these results 
showed that NEAT1 can modulate OA progression by modu-
lating the miR-181a-GPD1L axis.

Discussion

OA, one of the commonest chronic musculoskeletal diseas-
es in elderly populations, is characterized by a progressive 
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Figure 4.  miR-181a directly targets GAP1L. (A) The predicted binding sites of miR-181a within the GAP1L-3’UTR (B) MiR-181a inhibitor 
were transfected into chondrocytes to achieve miR-181a downregulation. (C) Luciferase activity of cells co-transfected 
with GAP1L-WT 3’UTR or GAP1L-MUT 3’UTR and miR-181a mimics or miR-181a inhibitor. (D, E) The mRNA and protein 
level of GAP1L in chondrocytes in different groups. (F) The expression of GAP1L in OA tissues detected by RT-PCR analysis. 
(G) The correlation between miR-181a and GAP1L expression in OA tissues. Data are shown as the mean±SD of 3 replicates. 
* P<0.05, ** P<0.01 vs. control. NC – negative control.
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degeneration of articular cartilage, ultimately resulting in de-
creased patient quality of life [25,26]. Chondrocytes, the unique 
cell type making up cartilage, mediate the cartilage homeostasis 
of chondrocyte anabolism [27]. Abundant evidence has shown 
that a great diversity of factors are involved in the development 

Figure 5.  NEAT1/miR-181a/GPD1L axis regulates OA progression. (A, B) The proliferation and the apoptosis in chondrocytes 
co-transfected with inhibitor-NC or miR-181a inhibitor and with either NETA1 or si-NC. (C) The expression of inflammatory 
cytokines in chondrocytes co-transfected with inhibitor-NC or miR-181a inhibitor and with either si-NETA1 or si-NC. 
(D, E) The expression of GAP1L in chondrocytes co-transfected with inhibitor-NC or miR-181a inhibitor and with either 
si-NETA1 or si-NC, detected by RT-PCR analysis and Western blot. Data are shown as the mean±SD of 3 replicates. 
* P<0.05, ** P<0.01 vs. control. NC – negative control.
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and progression of OA, including composition and structural 
changes of the ECM, abnormal release of local inflammatory 
cytokines, and polytype of programmed cell death of chondro-
cytes [28,29]. Recently, an increasing number of studies have 
focused on the effects of lncRNAs and microRNAs on regulating 
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biological activity of chondrocytes [30]. These RNAs may help 
to explain the underlying molecular mechanisms concerned 
with articular cartilage injury and maintenance, and may also 
lead to the development of new therapeutic interventions.

In recent years, a large body of evidence has shown that 
microRNAs play a pivotal role in OA due to the fact that me-
chanical loading was found to affect miRNAs differentiation ex-
pression [14]. In support of this view, further research proved 
that miRNAs could regulate multiple genes whose expression 
was directly correlated with cartilage development, homeosta-
sis, and OA pathology [31]. For example, Chen et al. indicat-
ed that miR-29b-3p promoted OA chondrocyte apoptosis via 
negatively regulating PGRN, providing a potential target for 
OA treatments [31], and Etich et al. showed that dysfunction 
of miR-26a expression could bring about extracellular matrix 
changes in OA, which performed a pivotal role in OA progres-
sion [32]. In the case of miR-181, recent research has sup-
ported that it could be a promoter of OA progression through 
suppressing proliferation and by accelerating apoptosis and 
inflammatory responses in chondrocytes [19,20]. In agreement 
with this, our present results indicated that miR-181a expres-
sion was elevated in OA patients, the inhibition of which could 
promote proliferation while attenuating the inflammatory re-
sponses and apoptosis in OA chondrocytes, thus identifying 
miR-181a as a potential target for OA treatments.

To further understand the mechanism by which miR-181a af-
fects biological activity regulation in chondrocytes, we used bio-
informatic tools to predict the downstream targets of miR-181a. 
As expected, luciferase reporter assays showed that GPD1L 
was a potential target of miR-181a. Previous studies reported 
that GPD1L could regulate the hydroxylation of HIF-1a, lead-
ing to suppression of chondrocyte viability and inducing apop-
tosis of chondrocytes [33]. Meanwhile, Zhai et al. showed that 
miR-181a can play a key role in regulating chondrocyte apop-
tosis by negatively regulating GPD1L [34]. Similarly, our find-
ings indicated that GPD1L expression was markedly lower in 
OA patients, which indicates it could be deeply involved in the 
functional biology of chondrocytes by counteracting miR-181a.

Coincidentally, lncRNAs can also participate in the complex 
biological processes of cartilage degeneration, and investiga-
tions have confirmed that numerous differentially expressed 
lncRNAs are present in OA tissues, including MALAT1, XIST, 
MIAT, and NEAT1 [30,35]. NEAT1, which was first discov-
ered in 2007 by Hutchinson et al. [36], is located on the hu-
man chromosome 11q13 and is involved in various biological 

processes, including carcinogenesis, viral diseases, sepsis, and 
neurodegeneration [37]. Recently, Wang et al. [28] show that 
NEAT1/miR-181c could regulate osteopontin-mediated synovi-
ocyte proliferation in OA tissues, indicating that NEAT1 may 
be a negative factor in synoviocyte proliferation [28]. Likewise, 
our study showed that NEAT1 was evidently downregulated 
in OA tissues, the inhibition of which induced the apoptosis 
of OA chondrocytes and facilitated expression of apoptosis-
related inflammatory factors. Taken together, this evidence 
shows that NEAT1 serves as a vital factor in OA progression. 
Nevertheless, the exact molecular mechanism by which NEAT1 
is involved in OA remains unclear.

Increasing evidence shows that lncRNAs can regulate miRNAs 
as a ceRNA by modulating the occurrence and development of 
OA. For example, Chen et al. demonstrated that MEG3 regu-
lates cell growth, apoptosis, and ECM degradation in OA chon-
drocytes by targeting the miR-93-TGFBR2 axis [38]. Zhang et al. 
concluded that HOTAIRM1 facilitates cell growth and reduced 
apoptotic rate in OA chondrocytes through regulation of the 
miR-125b/BMPR2/JNK/MAPK/ERK signaling pathway, sug-
gesting that HOTAIRM1 is a possible biomarker and treatment 
target for OA [39]. Using a luciferase activity reporter assay 
and RIP assay, our present study suggests that NEAT1 directly 
sponges miR-181a. Moreover, miR-181a inhibitors can reverse 
the acceleration of cell apoptosis and inflammatory respons-
es by NEAT1 depletion in OA chondrocytes, as well as rescu-
ing the anti-proliferative effect caused by the suppression of 
NEAT1. Therefore, our data show that NEAT1 can partly reg-
ulate OA progression by sponging the miR-181a-GPD1L axis. 
Nevertheless, due to our small sample size and the lack of a 
known underlying mechanism for this regulation, further in-
vestigation of the specific role of the NEAT1-miR-181a-GPD1L 
axis in OA progression is imperative.

Conclusions

Our study identified that a NEAT1 knockdown promoted apop-
tosis and inflammatory response and inhibited proliferation in 
OA chondrocytes, exerting a protective function in OA devel-
opment. Furthermore, NEAT1 was able to regulate GPD1L ex-
pression by acting as a ceRNA of miR-181a. Additionally, our 
findings indicated that downregulation of NEAT1 aggravated 
progression of OA via modulating the miR-181a-GPD1L axis, 
providing new insight into the molecular mechanisms of OA 
pathogenesis.
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Gene Forward primer Reverse primer

miR-181a 5’-GGAAAGCAGACATTGACCTCAC-3’ 5’-CCATCCTTTACATCCTTCTGTCTGT-3’

NETA1 5’-TCAAAACCTGTTCCCAGGA-3’ 5’-TGTGCACACTCTATGTGGTAGA-3’

IL-1b 5’-ATGGCCAAAGTTCGAGACATG-3’ 5’-TCAAGTCAGTGTTGAGATGATGCTT-3’

IL-6 5’-AGCCACTCACCTCTTCAGAAC-3’ 5’-GCCTCTTTGCTGCTTTCACAC-3’

IL-8 5’-TCCAACCTGAGTGACATAGCGA-3’ 5’-CTGACCTCCAACTCCAACGAAT-3’

COX-2 5’-CAGCACTTCACGCATCAGTT-3’ 5’-CGCAGTTTACGCTGTCTAGC-3’

TNF-a 5’-TGAAATATACAAGTTATATG-3’ 5’- GTTCGAGAAGATGATTGATG-3’

MMP13 5’-AGCCCGTTTAAAGTGCATGTGTGC-3’ 5’-GAGTGTCCGAGGAAGATACTTGGT- 3’

U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

GAPDH 5’-ACAACTTTGGTATCGTGGAAGG-3’ 5’-GCCATCACGCCACAGTTTC-3’

Supplementary Table 1. Primer sequences for RT-PCR analysis.
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