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LncRNA NEAT1 functions as an oncogene in multiple human cancers. However, its
expression and role in fibroblast-like synoviocytes (FLSs) from patients with rheumatoid
arthritis (RA) remain unclear. Thus, we investigated the expression of NEAT1 in synovial
tissues and FLSs in RA, to determine its role in the development of RA. Quantitative
real-time polymerase chain reaction was used to measure the expression of NEAT1.
FLS proliferation was evaluated using cell proliferation assays. Flow cytometry was
used to analyze cell cycle progression and apoptosis in FLSs. Binding between NEAT1
and miR-410-3p was demonstrated by dual-luciferase assays. We found that NEAT
was upregulated in synovial tissues and FLSs in RA. Upregulation of NEAT1 promoted
cell proliferation, induced S-to G2/M phase transition, and suppressed apoptosis in
RA FLSs. NEAT1 directly bound to and negatively modulated miR-410-3p expression,
while positively regulating YinYang 1(YY1; a miR-410-3p target). Inhibiting miR-410-3p
and upregulating YY1 partially restored the inhibitory role in cell viability induced
by the depletion of NEAT1 in RA FLSs. Besides pro-proliferative and anti-apoptotic
roles, upregulation of NEAT1 promoted migration, invasion, and inflammatory cytokines
secretion in RA FLSs. Taken together, our results suggest that the NEAT1 may serve as
a novel diagnostic and therapeutic target for patients with RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a commonly occurring chronic autoimmune disease, characterized
by inflammation of the joints, subsequent destruction of cartilage, and bone erosion (1). RA affects
~0.5-1.0% of the global population (2018). Outcomes of patients with RA can be improved by early
diagnosis, new drugs and therapeutic regimens. Current therapy against RA includes conventional
and biological disease-modifying antirheumatic drugs. Individual or combinations of these drugs
currently in use have resulted in the complete or partial clinical remission of majority of the patients
suffering from RA (2). However, a subset of patients fail to respond to treatment and exhibit the
slow, but persistent, radiographic progression of RA in affected joints (3). Therefore, it is imperative
to identify new therapeutic targets for RA.

Fibroblast-like synoviocytes (FLSs) are integral components of the synovial intima. The human
synovium comprises 2-3 layers of cells (4). During RA, hyperactivation of FLSs causes the
thin synovium to become hyperplastic and form a pannus-like structure (5). The early phase
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Wang et al. LncRNA NEAT1 in RA FLSs

FIGURE 4 | NEAT1 competitively binds miR-410-3p to regulate YY1 levels in HFLS-RA cells (A) Binding sites of miR-410-3p in NEAT1 was predicted by ENCORI. (B)
Interaction between NEAT1 and miR-410-3p was analyzed by dual-luciferase reporter assays. (C,D) The relative expression of miR-410-3p in HFLS-RA cells
transfected with the pcDNA-NEAT1 or siRNAs against NEAT1. (E-G) The relative mRNA and protein levels of YY1 in HFLS-RA cells transfected with the
pPcDNA-NEATT or pcDNA-NEAT1 and miR-410-3p mimics. (H=J) The relative mRNA and protein levels of YY1 in HFLS-RA cells transfected with siRNAs against
(Continued)
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FIGURE 4 | NEAT1 or siRNAs and miR-410-3p inhibitor. All the experiments were independently performed in triplicates. *p < 0.05, **p < 0.01, and ***p < 0.001,
compared with the relative NC groups.
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FIGURE 5 | NEAT1 promotes the proliferation of HFLS-RA cells via the miR-410-3p/YY1 axis (A,B) The proliferation of HFLS-RA cells transfected with NEAT1
siRNAs, NEAT1 siRNAs, and miR-410-3p inhibitor, or NEAT1 siRNAs and pcDNA-YY1 for O, 24, 48, 72, and 96 h. (C,D) EdU staining intensities showing the
proliferation of HFLS-RA cells transfected with NEAT1 siRNAs, NEAT1 siRNAs, and miR-410-3p inhibitor, or NEAT1 siRNAs and pcDNA-YY1 for 48 h. All the

experiments were independently performed in triplicates. **p < 0.01, and ****p < 0.0001, compared with the relative NC groups.

and invasion of HFLS-RA cells (both p < 0.0001), while
downregulation of NETA1 suppressed migration and invasion of
HFLS-RA cells (p < 0.0001 and p < 0.001, respectively).

Subsequently, we determined inflammatory cytokines
secretion from HFLS-RA cells. The data showed that
upregulation of NEAT1 promoted TNF-a and MMP-9 secretion
from HFLS-RAs, whereas downregulation of NETA1 suppressed
TNF-a and MMP-9 secretion from HFLS-RAs (all p < 0.05,
Figures 7D,E).

Conclusively, these data demonstrated that, besides
promoting cell viability, NEAT1 promotes cell migration,
invasion, and inflammatory cytokines secretion of
HFLS-RA cells.

DISCUSSION

Patients with RA commonly manifest consistent radiographic
progression in the synovial tissues. LncRNAs have recently been
implicated in regulating cell proliferation, apoptosis, invasion,
migration, and secretion of proinflammatory cytokines from
FLSs in patients with RA (7, 20, 21). In this study, NEAT1 acted
as a ceRNA for miR-410-3p that resulted in the upregulation of
YY1 and exacerbated RA progression.

We first demonstrated that NEAT1 was upregulated in
synovial tissues and FLSs in RA, indicating its involvement in the
pathogenesis of RA; this was in accordance with the upregulation
of NEAT1 in peripheral blood mononuclear cells in patients
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FIGURE 6 | NEAT1 regulates apoptosis and cell cycle of HFLS-RA cells via the miR-410-3p/YY1 axis (A,B) Flow cytometric analysis showing the rates of apoptosis
(%) in HFLS-RA cells transfected with NEAT1 siRNAs, NEAT1 siRNAs and miR-410-3p inhibitor, or NEAT1 siRNAs and pcDNA-YY1 for 48 h. (C,D) Flow cytometric
analysis showing the percentage (%) of HFLS-RA cells transfected with NEAT1 siRNAs, NEAT1 siRNAs, and miR-410-3p inhibitor, or NEAT1 siRNAs and pcDNA-YY1
for 48 h in different phases. All the experiments were independently performed in triplicates. ***p< 0.001, and ****p < 0.0001, compared with the relative NC groups.

with RA (16). Previous studies have reported the oncogenic role
of NEAT1 in tumorigenesis. NEAT1 overexpression promotes
non-small cell lung cancer proliferation and invasion in
vitro (22). In hepatocellular carcinoma, inhibition of NEAT1
suppresses tumor growth, migration and invasion in vitro
(23). In high-grade serous ovarian cancer, NEAT1 promotes
cell proliferation and invasion in vitro and enhanced tumor
growth in vivo (24). However, the roles of NEATI in FLSs
from patients with RA have not been clarified. Our data
indicated that NEAT1 promotes cell proliferation, induces the

S-to-G2/M phase transition, and suppresses apoptosis in RA
FLSs in vitro.

LncRNAs exert their effects by mediating functional
modification, histone modification and chromatin remodeling
(25). Moreover, IncRNAs modulate mRNA transcription by
sponging specific miRNAs like ceRNAs (26). We have previously
demonstrated low expression of miR-410-3p in patients with
RA; miR-410-3p exerted its protective roles by suppressing cell
proliferation, reducing proinflammatory cytokines production,
and inducing apoptosis in RA FLSs (17, 27). This study confirmed
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FIGURE 7 | Effect of NEAT1 on migration, invasion, and inflammatory cytokines secresion of HFLS-RA (A-C) HFLS-RA cells were transfected with pcDNA-NEAT1 or
siRNAs against NETA1, digested with trypsin, and seeded in the upper chamber of a 24-well transwell insert or Matrigel transwell insert. The cells were then incubated
for 24 h for the migration and invasion assays, respectively. (D,E) The culture supernatants of HFLS-RA cells after transfection for 48 h were collected. The levels of
TNF-a (D) and MMP-9 (E) were measured using a sandwish ELISA. All the experiments were independently performed in triplicates. *p < 0.05, ***p < 0.001, and
**+rn < 0.0001, compared with the relative NC groups.

that NEAT1 directly bound miR-410-3p using the bioinformatics
tool ENCORI and luciferase reporter assays. Furthermore, the
expression of miR-410-3p was negatively correlated with the
expression of NEAT1 in RA FLSs. Therefore, we hypothesized
that NEAT1 functions in RA FLSs by directly regulating miR-
410-3p. As expected, suppression of cell proliferation, a low
proportion of G2/M phase cells, and induction of apoptosis
mediated by NEAT1 knockdown was partially restored by
inhibiting miR-410-3p levels, confirming that NEAT1 is an
oncogene in RA FLSs and targets miR-410-3p.

As a direct target of miR-410-3p, YY1 has been confirmed to
be highly upregulated in RA (17). In addition, YY1 promotes
cell proliferation, migration and inflammation in RA (28-
30). Since NEAT1 can bind to miR-410-3p, we determined
the expression of YY1 and demonstrated that YY1 levels
positively correlated with the expression of NEAT1. Notably,
upregulation of YY1 induced by NEAT1 overexpression was
partially restored by overexpressing miR-410-3p; downregulation
of YY1 induced by NEAT1 knockdown was partially restored
by inhibiting miR-410-3p, indicating that NEAT1 modulates
the expression of YY1 by targeting miR-410-3p. Similarly,
we evaluated the effects of YY1 on the biological functions
of NEAT1 in RA. The suppressed cell proliferation and

induction of apoptosis mediated by the depletion of NEAT1
was partially restored by YY1 overexpression. Unlike miR-
410-3p, YY1 was involved more during the G0/G1-to-S phase
transition; therefore, the proportion of G2/M phase RA FLSs was
relatively high.

Besides pro-proliferative and anti-apoptotic roles, we further
explored the effects of NETA1 on other aggressive phenotypes
of RA FLSs. Our data demonstrated that NEAT1 promotes
cell migration and invasion of RA FLSs in vitro. MMPs
play irreplaceable roles in cell migration and invasion (31).
Therefore, we further examined whether NEAT1 regulated
MMPs secretion from RA FLSs. As expected, upregulation
of NEAT1 promotes MMP-9 production of RA FLSs,
suggesting that NEAT1 might promote cell migration and
invasion via regulating MMP-9 levels. Furthermore, we
found that NEAT1 promotes TNF-a secretion in RA FLSs,
indicating that NEAT1 exerts pro-inflammatory roles in
RA FLSs.

Our studies have some limitations. The expression of NEAT1
in synovial tissues was performed in a relatively small group
of patients with RA. In addition, animal experiments validating
the effects and mechanism of NEAT1 should be conducted in
future study.
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Overall, our results showed that NEAT1 negatively regulates
miR-410-3p activity by binding to it like a ceRNA, thereby
upregulating YY1. NEAT1 promotes cell proliferation,
migration, invasion and inflammatory cytokines secretion,
induces high S-to-G2/M phase transition, and suppresses
apoptosis in RA FLSs. Thus, the NEAT1 may serve as an
efficient diagnostic and therapeutic target for patients with RA.
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