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Silencing long non-coding RNA NEAT1 attenuates rheumatoid arthritis via the
MAPK/ERK signalling pathway by downregulating microRNA-129 and microRNA-204
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ABSTRACT

The participation of long noncoding RNAs (IncRNAs) and microRNAs (miRs) in the progression of
rheumatoid arthritis (RA) is a key area of investigation. The current study aimed to investigate the
action of IncRNA nuclear paraspeckle assembly transcript 1 (NEAT1) in fibroblast-like synoviocyte (FLS)
proliferation and synovitis in RA. A rat model of RA was established. LncRNA NEAT1 expression in the
synovial tissues of patients with RA and FLSs from the RA rat model was determined using RT-qPCR.
Next, dual luciferase reporter gene assay was applied to investigate the relationship between miR-129/
204 and mitogen-activated protein kinase (MAPK)/extracellular regulated protein kinase (ERK).
A putative binding relationship between miR-204 and IncRNA NEAT1 was evaluated by RIP assay, and
miR-129 promoter methylation was determined using MSP. After the expression of IncRNA NEAT1, miR-
129 or miR-204 was altered in FLSs, the extent of ERK1/2 phosphorylation was assessed. In addition, FLS
synovitis and proliferation were determined by ELISA and EdU assay, respectively. In RA rats, IncRNA
NEAT1 was silenced and miR-129/miR-204 was overexpressed to explore their roles in vivo. LncRNA
NEAT1 was upregulated, while miR-129 and miR-204 were downregulated in RA synovial tissues and
FLSs. MAPK1 was target gene of both miR-129 and miR-204. LncRNA NEAT1 bound to miR-204 and
promoted miR-129 promoter methylation. Silencing IncRNA NEAT1 or overexpressing miR-129/miR-204
enhanced miR-129/miR-204 expression, but reduced the extent of ERK1/2 phosphorylation, proliferation
of FLSs, and synovitis in RA. Collectively, silencing IncRNA NEAT1 promoted miR-129 and miR-204 to
inhibit the MAPK/ERK signalling pathway, reducing FLS synovitis in RA.

Abbreviations: ACR: American College of Rheumatology; ELISA: Enzyme-linked immunosorbent assay;
ERK: extracellular signal-regulated kinase; FLS: fibroblast-like synoviocyte; GADPH: glyceraldehyde-
3-phosphate dehydrogenase; HRP: horseradish peroxidase; IFA: Incomplete Freund’s Adjuvant;
IncRNAs: long noncoding RNAs; MSP: Methylation-specific PCR; NC: negative control; NEAT1: nuclear
paraspeckle assembly transcript 1; OD: optical density; RA: rheumatoid arthritis; RIPA: Radio
Immunoprecipitation Assay; RLU: relative light units; RT-qPCR: reverse transcription quantitative poly-
merase chain reaction; UTR: untranslated region.
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Introduction despite advances in treatment, a considerable number of
patients with RA remain unremitted, which underscores
the necessity to study detailed molecular mechanisms
underlying RA and identify potential therapeutic tar-

gets [6].

Rheumatoid arthritis (RA) is characterized as an inflam-
matory, chronic and autoimmune disorder, which chiefly
affects the joints [1]. RA has a prevalence of about 5 per
1,000 adults worldwide and can lead to severe joint

damage, disability, inability to work, and increased mor-
tality [2]. Major risk factors for RA include age, female
gender, silica exposure, tobacco use, and obesity [3]. It has
also been proposed that a high-risk genetic background,
together with epigenetic markers and specific environmen-
tal exposures can contribute to synovitis and subsequent
destructive arthritis [4]. Synovial leukocyte infiltration and
tibroblast-like synoviocyte (FLS) expansion are implicated
in key pathological progress of RA, and elucidating their
roles has drawn significant research attention [5]. Notably,

In the past few years, accruing evidence has shown that
aberrant expression patterns of long noncoding RNAs
(IncRNAs) are implicated in the etiopathogenesis of autoim-
mune diseases, including RA [7,8]. LncRNA nuclear para-
speckle assembly transcript 1 (NEAT1), located at
chromosome 11q13.1, has six transcripts [9]. Accumulating
evidence has indicated that IncRNA NEATI is relevant to the
development of various cancers including glioma, colon can-
cer, melanoma, and human gastrointestinal stromal tumours
[10-13]. Notably, a previous study that researched IncRNA
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NEATI1 in RA found a significant upregulation of IncRNA
NEAT]1 in peripheral blood mononuclear cells in RA [14].

It has been identified that IncRNA NEATI1 can regulate
microRNA-129 (miR-129) and miR-204. LncRNA NEATI1
promotes promoter methylation of miR-129-5p and inhi-
bits its expression in breast cancer [15]. Also, IncRNA
NEATI1 can target and downregulate miR-204 in sepsis-
induced acute kidney injury [16]. In addition, miR-129-3p
has been observed to be downregulated in RA synovial
fluid [17]. The inhibitory role of miR-204 has also been
observed in RA [18]. Based on the aforementioned evi-
dence, it was hypothesized that IncRNA NEATI1 poten-
tially participated in RA progression by regulating miR-
129 and miR-204. Hence, we aimed to explore the influ-
ence of IncRNA NEATI, miR-129, and miR-204 specifi-
cally on the proliferation of FLSs and synovitis in RA.
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Results

LncRNA NEATT1 is overexpressed in patients and rats with
RA

Synovial tissues were collected from patients with RA and
healthy control subjects. The expression of IncRNA NEAT1
was measured (Fig. 1A) and it was found that as compared
with the normal synovial tissues, IncRNA NEAT1 expression
was significantly upregulated in RA synovial tissues. The RA
rat model was then established and evaluated by observing the
degree of joint swelling (Fig. 1B) and synovial inflammatory
infiltration (Fig. 1C) using haematoxylin-eosin (HE) staining.
The paw thickness of control rats was normal, the joint was
not swollen and deformed, and there was no inflammatory
infiltration in normal synovial tissues. Compared with the
normal rats, the paw thickness increased significantly, severe
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Figure 1. The patients and rats with RA show higher expression of IncRNA NEAT1. (A) LncRNA NEAT1 expression in RA and normal synovial tissues
determined by RT-qPCR. (B) Joints of RA and normal rats and paw thickness of normal and RA rats. (C) HE staining images of synovial tissues of normal and
RA rats and arthritis score of normal and RA rats (x 400). (D) ELISA to analyse the levels of inflammatory factors in normal and RA rats. (E) RT-gPCR to
determine the expression of IncRNA NEAT1 in normal and RA rats. * p < 0.05 vs. the normal rats. The data were expressed as mean * standard deviation
and analysed using unpaired t-test and repeated measures analysis of variance. The experiment was repeated three times independently.
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Figure 2. Synovial cell proliferation and synovitis are inhibited upon silencing IncRNA NEAT1 in RA. (A) RT-gPCR analysis of INCRNA NEAT1 expression in FLSs treated
with si-NC and si-NEAT1. (B) Paw thickness of rats treated with si-NC and si-NEAT1. (C) HE staining of arthritis score of rats treated with si-NC and si-NEAT1. (D) ELISA
to analyse TNF-q, IL-1B and IL-6 levels in FLSs of rats treated with si-NC and si-NEAT1. (E) FLS proliferation in rats treated with si-NC and si-NEAT1 determined by EdU
assay. H, The proportion of EdU-positive cells. * p < 0.05 vs. the si-NC treatment. The data were expressed as mean + standard deviation and analysed using unpaired
t-test and repeated measures analysis of variance. The experiment was repeated three times independently.

swelling occurred at the joint, and a large sized inflammatory
infiltrate was evident in synovial tissues of RA rats, suggesting
that RA rats were successfully modelled. FLSs were isolated,
and using enzyme-linked immunosorbent assay (ELISA) (Fig.
1D) and reverse transcription quantitative polymerase chain
reaction (RT-qPCR) (Fig. 1E), it was found that as compared
with FLSs of normal tissues, FLSs of RA tissues showed sig-
nificantly higher levels of tumour necrosis factor-a (TNF-a),
interleukin (IL)-1P and IL-6 and IncRNA NEATI.

Inhibition of IncRNA NEATT1 blocks FLS proliferation and
attenuates synovitis in RA

To study the influence of NEAT1 on RA, we isolated and
cultured FLSs (Supplementary Fig. 1A, B) and the expression
of IncRNA NEAT1 was knocked down. RT-qPCR (Fig. 2A)
indicated that the expression of IncRNA NEAT1 was reduced
after the delivery of small interfering RNA (siRNA) targeting
IncRNA NEAT]1 (si-NEAT1)-1, which was selected for subse-
quent experiments. The degree of joint swelling (Fig. 2B) was
scored and synovial inflammatory infiltration (Fig. 2C) was
observed using HE staining. Marked swelling in the soles,
severe swelling and deformity in the joints, and a large inflam-
matory infiltrate in the synovial tissue of RA rats treated with
negative control for siRNA (si-NC) were noted, while paw

thickness and degree of swelling degree in arthritis reduced in
rats treated with si-NEAT1. FLSs were isolated, and using
ELISA (Figure 2D) and Figure 5-ethynyl-20-deoxyuridine
(EdU) assay (Fig. 2E), it was evidenced that TNF-a, IL-1p
and IL-6 levels in the culture medium supernatant and cell
proliferation were significantly lowered upon treatment with
si-NEAT1. These results suggested that silencing IncRNA
NEAT]I inhibited FLS proliferation and synovitis in RA.

Silencing IncRNA NEATT1 inhibits FLS proliferation and
synovitis through inactivation of the mitogen-activated
protein kinase (MAPK)/extracellular signal-regulated
kinase (ERK) signalling pathway

To investigate the mechanisms underlying IncRNA
NEAT1-mediated regulation of RA, we decided to explore
the involvement of possible signalling pathways. In RA,
MAPK is reported to be involved in the inflammation
[19] and the MAPK/ERK signalling pathway is implicated
in mediating FLS proliferation [20]. Therefore, we
addressed the involvement of the MAPK/ERK signalling
pathway in mediating the effect of IncRNA NEAT1 on
RA. RT-qPCR and Western blot analysis (Fig. 3A, B)
showed no obvious difference in ERK1/2 and P38
MAPK expression between patients with RA and normal
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Figure 3. Inhibition of IncRNA NEAT1 suppresses FLS proliferation and synovitis through inactivation of the MAPK/ERK signalling pathway. (A) RT-gPCR analysis of
ERK1/2 expression in synovial tissues of normal control subjects and patients with RA. (B) Western blot analysis of ERK1/2 and P38 MAPK expression and
phosphorylation level of ERK1/2 and P38 MAPK normalized to GAPDH in synovial tissues of normal control subjects and patients with RA. * p < 0.05 vs. normal
synovial tissues. (C) ELISA assays for TNF-q, IL-1B and IL-6 levels in FLS upon IncRNA NEAT1 overexpression and MAPK/ERK inhibition. (D) FLS proliferation upon
IncRNA NEAT1 overexpression and MAPK/ERK inhibition determined by EdU assay. (E) RT-qPCR determination of IncRNA NEAT1 and ERK1/2 expression after IncRNA
NEAT1 overexpression and MAPK/ERK inhibition in FLSs. (F) Western blot analysis of ERK1/2 and P38 MAPK expression and extent of ERK1/2 and P38 MAPK
phosphorylation normalized to GAPDH in FLSs after IncRNA NEAT1 overexpression and MAPK/ERK inhibition. * p < 0.05 vs. the oe-NC treatment; # p < 0.05 vs. the
DMSO treatment, @ p < 0.05 vs. the phosphorylated ERK1/2 inhibitor, & p < 0.05 vs. the phosphorylated P38 inhibitor. The data were expressed as mean + standard
deviation and analysed using one-way analysis of variance. The experiment was repeated three times independently.

controls, while the extents of ERK1/2 and P38 MAPK
phosphorylation were significantly higher in synovial tis-
sues of patients with RA, suggesting an activation of the
MAPK/ERK pathway in RA. ELISA (Fig. 3C) and EdU
assay (Fig. 3D) showed that TNF-a, IL-1p and IL-6 levels
in the culture medium supernatant were significantly
raised, and FLS proliferation increased upon treatment
with oe-NEAT1. Levels of TNF-a, IL-1B, and IL-6
decreased significantly, while FLS proliferation signifi-
cantly decreased by phosphorylated ERK1/2 inhibitor
(U0126) or phosphorylated P38 inhibitor (SB203580),
the effects of which were abrogated by treatment with oe-
NEATI1. Gene expression related to IncRNA NEAT1 and
the MAPK/ERK signalling pathway was examined using
RT-qPCR and Western blot analysis (Fig. 3E, F).
Compared with FLSs treated with o0e-NC, IncRNA
NEATI1 expression was increased, while the extents of
ERK1/2 and P38 MAPK phosphorylation were also higher

in FLSs treated with oe-NEAT1, but no significant differ-
ence in ERK1/2 and P38 MAPK expression was noted.
Compared with FLSs treated with dimethylsulfoxide
(DMSO), IncRNA NEATI1 and ERK1/2 expression levels
did not differ significantly, while the extent of ERK1/2
phosphorylation was significantly lowered in FLSs treated
with U0126. In FLSs treated with oe-NEAT1 + U0126,
IncRNA NEAT1 expression was increased, while the
extent of ERK1/2 phosphorylation and the expression of
ERK1/2 did not differ significantly. Relative to treatment
with DMSO, SB2035809 treatment led to no significant
differences in IncRNA NEAT1 and P38 expression but
resulted in significantly diminished extent of P38 phos-
phorylation in FLSs; IncRNA NEATI1 expression was sig-
nificantly elevated while the extent of P38 MAPK
phosphorylation and P38 expression did not differ signif-
icantly in the presence of phosphorylated P38 MAPK
inhibitor SB2035809 + oe-NEATI1. These data indicated
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Figure 5. Silencing IncRNA NEAT1 suppresses the expression of miR-129 and miR-204 to inhibit FLS proliferation and synovitis in RA rats. (A) The thickness of rat
paws upon inhibition of miR-129 or miR-204. (B) Arthritis score of rats upon inhibition of miR-129 or miR-204. (C) Western blot analysis of ERK1/2 and P38 MAPK
expression and the extent of ERK1/2 and P38 MAPK phosphorylation normalized to GAPDH in synovial tissues upon inhibition of miR-129 or miR-204 and
overexpression of LncRNA NEAT1. * p < 0.05 vs. rats treated with inhibitor NC. The data were expressed as mean + standard deviation and analysed using one-way
analysis of variance and repeated measures analysis of variance. The experiment was repeated three times independently.

that inhibiting IncRNA NEATI1 reduced FLS proliferation
and synovitis through the MAPK/ERK signalling pathway.

LncRNA NEATT1 regulates the MAPK/ERK signalling
pathway by inhibiting the expression of miR-129 and
miR-204

Using online prediction software, we identified that miR-
129/miR-204 could target MAPK1 (Fig. 4A, B). A dual
luciferase reporter gene assay further validated the targeting
relationship between miR-129/miR-204 and MAPK1 (Fig.
4C, D). Co-transfection of miR-129 mimic or miR-204
mimic decreased luciferase activity of MAPKI-wide type
(WT), but had no influence on the luciferase activity of
MAPKI1-mutant type (MUT), suggesting the targeting reg-
ulatory relationship between miR-129/miR-204 and
MAPKI.

RNA immunoprecipitation (RIP) (Fig. 4E) revealed that
miR-129, miR-204, and IncRNA NEAT1 could be precipitated
by Argonaute 2 (AGO2) antibody. The expression of miR-129
and miR-204 in synovial tissues was determined by RT-qPCR
(Fig. 4F). Compared with normal tissues, the expression levels
of miR-129 and miR-204 in RA synovial tissues were signifi-
cantly downregulated. In addition, overexpression of IncRNA
NEAT1 in FLSs could decrease the levels of miR-129 and
miR-204 (Fig. 4G). ELISA (Fig. 4H) and EdU assay (Fig. 4I)
were conducted to verify the effects of miR-129 and miR-204
on FLS proliferation and synovitis. TNF-a, IL-1p and IL-6
levels were increased significantly, and proliferation was sig-
nificantly augmented in FLSs treated with miR-129 inhibitor
or miR-204 inhibitor. When IncRNA NEATI1 was silenced,
TNF-a, IL-1P and IL-6 levels were elevated and the number of
proliferative cells was increased in response to miR-204 inhi-
bitor or miR-129 inhibitor. Western blot analysis (Fig. 4])
showed the extents of ERKI/2 and P38 MAPK

phosphorylation were increased in rats treated with miR-129
inhibitor or miR-204 inhibitor while no significant difference
was noted in expression of ERK1/2 and P38 MAPK.

Using the online tool MethPrimer (http://www.urogene.
org/cgi-bin/methprimer/methprimer.cgi), we found that
there was a CpG island enrichment region in the promoter
region of miR-129 (Fig. 4K). The methylation status of the
promoter of miR-129 after silencing IncRNA NEAT1 (Fig.
4L, M) was determined by methylation-specific PCR
(MSP) and bisulphite sequencing PCR assays. As com-
pared with FLSs treated with sh-NC, the methylation of
the promoter region of miR-129 was significantly
decreased in FLSs treated with si-NEATI1. RT-qPCR was
performed to determine miR-129 expression after silen-
cing IncRNA NEATI1 (Fig. 4N) and results revealed sig-
nificant upregulation of miR-129 in response to silencing
IncRNA NEATI1. These findings suggested that silencing
IncRNA NEATI1 upregulated miR-129 by inhibiting pro-
moter methylation of miR-129. Thereafter, the correlation
of IncRNA NEAT1 with miR-129 and miR-204 in synovial
tissues was analysed using RT-qPCR. LncRNA NEATI1 was
negatively correlated with miR-129 and miR-204 (Fig. 40,
P). These findings together demonstrated that IncRNA
NEAT! promoted FLS proliferation and synovitis in RA
by activating MAPK/ERK signalling by promoting methy-
lation of miR-129 and downregulation of miR-204.

Silencing IncRNA NEATT1 inhibits FLS proliferation and
synovitis by enhancing the expression of miR-129 and
miR-204 in RA rats

We examined the effects of IncRNA NEAT1, miR-129 and
miR-204 on FLS proliferation and synovitis in rats. The
degree of joint swelling (Fig. 5A, Supplementary Fig. 2A)
was scored and the degree of synovial inflammatory
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infiltration (Fig. 5B, Supplementary Fig. 2B) was observed
after HE staining. The paw of rats from FLSs treated with
inhibitor NC showed obvious and severe swelling and
deformity at the joint, with a large inflammatory infiltrate
in synovial tissues. The paw thickness and degree of swel-
ling in arthritis were significantly aggravated in rats trea-
ted with miR-129 inhibitor or miR-204 inhibitor. Silencing
IncRNA NEAT1 significantly reduced the paw thickness
and swelling whereas the addition of miR-129 inhibitor or
miR-204 inhibitor reversed these results. The expression
of the MAPK/ERK signalling pathway-related factors in
synovial tissues was measured using Western blot analysis
(Fig. 5C). The results showed that the extents of ERK1/2
and P38 phosphorylation were significantly increased
upon miR-129 inhibitor or miR-204 inhibitor, along with
no significant difference in expression of ERK1/2 and P38
MAPK. In the presence of si-NEAT1, the extents of ERK1/
2 and P38 phosphorylation were restored by delivery of
miR-129 inhibitor or miR-204 inhibitor but the expression
of ERK1/2 and P38 MAPK did not differ significantly.
These results demonstrated that IncRNA NEATI1 pro-
moted RA progression by inhibiting the expression of
miR-129 and miR-204 by activating the MAPK/ERK sig-
nalling pathway.

Discussion

As an autoimmune disease, RA affects about 1.0% of the
general population, yet its aetiology remains incompletely
understood [21]. Recently, the dysregulation of IncRNAs and
their role in RA pathogenesis have attracted research focus
and could be crucial to understand and treatment for RA [22].
In this study, we investigated the role of IncRNA NEATI in
FLS proliferation and synovitis in RA. Chiefly, we demon-
strated that silencing IncRNA NEAT1 could upregulate miR-
129 and miR-204 to inactivate the MAPK/ERK signalling
pathway, and thus reduce FLS proliferation and synovitis
in RA.

Our initial findings showed IncRNA NEAT1 was over-
expressed in both RA synovial tissues and FLSs. LncRNA
NEAT1 is a considerable component of paraspeckles, which
has been regarded as a novel form of the nuclear compart-
ment [23]. Consistent with our findings, IncRNA NEAT1
has been found to be upregulated in RA blood mononuclear
cells and blood exosomes [24]. FLSs are key effector cells in
RA, which have attracted increasing attention in context of
RA pathogenesis [25]. Here, we showed that silencing
IncRNA NEATI could inhibit FLS proliferation and syno-
vitis in RA. A previous study reported that IncRNA NEAT1
expression was increased in peripheral blood mononuclear
cells in RA, and found knockdown of IncRNA NEAT1
suppressed CD4" T cell differentiation into Th17 cells
when lenti-siRNA-IncRNA NEATI1 was injected into RA
mice [14]. In addition, silencing IncRNA NEAT1 was
found to suppress cell proliferation and stimulate apoptosis
of cells in laryngeal squamous cell cancer [26]. Furthermore,
our study also identified that IncRNA NEAT1 negatively
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regulated miR-129 and miR-204, both of which were down-
regulated in RA. In agreement, a prior study noted that
IncRNA NEATI negatively targeted miR-204 in retinoblas-
toma, and thus, regulated tumour progression [27]. Negative
correlation between IncRNA NEATI1 and miR-129-5p was
also noted in hepatocellular carcinoma [28]. A study by Tsai
et al. revealed low miR-129-3p expression in RA synovial
fluid [17]. Moreover, miR-204 was found negatively regu-
lated by hsa_circ_0001859 overexpression, which stimulated
RA [18]. These reports support our conclusion that silen-
cing IncRNA NEAT1 attenuates RA by inhibiting FLS pro-
liferation and synovitis via upregulation of miR-129 and
miR-204.

Another interesting finding in our study was that MAPK1
was a target gene of both miR-129 and miR-204. A previous
study documented that miR-129 could target both MAPK1
and MAPK3, which supports our findings [29]. Others have
noted miR-129 could suppress the occurrence and progres-
sion of epilepsy via c-Fos downregulation and inactivation of
the MAPK signalling pathway [30]. These reports support the
notion that IncRNA NEAT1 could regulate the MAPK signal-
ling pathway. It has also been noted that Solamargine can
inhibit gastric cancer through the mediation of IncRNA
NEAT1_2 via the MAPK signalling pathway [31]. LncRNA
NEAT1 knockdown can also suppress the Ras-MAPK signal-
ling pathway in nasopharyngeal carcinoma cells [32]. In addi-
tion, IncRNA NEAT1 is reportedly involved in toll-like
receptor4-mediated inflammatory responses through regulat-
ing the activation of the late MAPK signalling pathway [33].
Inhibition of the ERK and P38 MAPK signalling pathway
could inhibit inflammatory responses in RA [34]. Moreover,
upon inactivation of the MAPK/nuclear factor kappa-B path-
ways, the proliferation, migration, invasion, and inflammation
of human FLSs in RA were blocked [35]. Another study
showed inhibition of the MAPK signalling pathway caused
by andrographolide suppressed synovial cell proliferation and
synovial inflammation in RA [36].

Collectively, the present study demonstrated that silencing
IncRNA NEAT1 suppressed FLS proliferation and synovitis
via the MAPK/ERK signalling pathway by increasing miR-129
and miR-204 expression. These findings indicate IncRNA
NEAT1, miR-129, miR-204, and MAPK/ERK may be candi-
date possible therapeutic targets in RA and advances our
understanding of RA pathogenesis.

Materials and methods
Ethics statement

All included patients provided signed informed consent. The
experimental protocol was implemented following the ratifi-
cation of the Ethics Committee of The Affiliated Hospital of
Southwest Medical University by conforming to the
Declaration of Helsinki. All animal experiments were aligned
with the directives announced by the Ministry of Science and
Technology of the People’s Republic of China. Care was taken
to minimize the suffering and numbers of the experimental
animals as far as possible.
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Table 1. Primer sequences for RT-gPCR.

Forward (5' - 3')

Reverse (5’ - 3)

NEAT1 CAGTTAGTTTATCAGTTCTCCCATCCA GTTGTTGTCGTCACCTTTCAACTCT
miR-129 GCGACTGACGTCTTTTTGCGGTCTGG CAGAACAGTGTCGTGACAGTGACGAT
miR-204 GCGGCGCAAAGAATTCTCCT GTGCAGGGTCCGAGGT

ERK1/2 TCAAGCCTTCCAACCTC GCAGCCCACAGACCAAA

P38 AACATCCTGTCGTCGCCTTAC ACGTGCGTGACCTTAAAGTAGA

ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

GADPH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

Note: RT-gPCR, reverse transcription quantitative polymerase chain reaction; NEAT1, nuclear paraspeckle
assembly transcript 1; miR, microRNA; ERK, extracellular signal-regulated kinase; GAPDH, glyceralde-

hyde-3-phosphate dehydrogenase.

Tissue collection

Ten patients with RA who underwent arthroscopic biopsy or
total arthroplasty from January-October 2018 to
August 2019 in The Affiliated Hospital of Southwest
Medical University were randomly selected. The 10 patients
with RA included 3 males and 7 females, aged from 48 to
66 years (mean age: 55.10 + 6.42 years). The duration of RA
in these patients ranged from 3 to 7 years. All patients with
RA had been assigned a definitive clinical diagnosis under an
arthroscope, which met the criteria of the American College
of Rheumatology for RA classification, 1987. Peripheral
blood samples of patients with RA were collected as the
experimental group. During routine arthroscopic examina-
tion or open joint surgery, 10 patients with joint trauma,
including 4 males and 6 females, provided control synovial
tissue samples. The excisional tissues were immediately pre-
served in liquid nitrogen and stored for subsequent RT-qPCR
analysis [37].

RNA isolation and quantitation

Subsequent to total RNA extraction by Trizol (15596026,
Invitrogen, Carlsbad, CA, USA), a Nano-Drop ND-1000
spectrophotometer was employed for measurement of
RNA concentration and purity. Using a PrimeScript RT
reagent kit (RR047A, Takara, Japan) according to standard
instructions, reverse transcription primers included random
primers and oligo dT primers. Based on the manuals of
TagMan® MicroRNA Reverse Transcription kit (Applied
Biosystems, Foster City, CA, USA), primers were reversely
transcribed through stem-loop. Then, RNA underwent
reverse transcription to generate cDNA. Based on the direc-
tions of EasyScript First-Strand cDNA Synthesis SuperMiX
(AE301-02, TransGen, Beijing, China), real-time PCR
(SYBR°PremixExTaqTM II, TaKaRa) was performed using
ABI7500 Fluorescence qPCR. 27**“! was used to assess the
relative expression of genes [38]. The primers of IncRNA
NEATI, miR-129, miR-204, ERK1/2, U6 and glyceralde-
hyde-3-phosphate dehydrogenase (GADPH) were designed
and synthesized by Sangon (Shanghai, China) (Table I).

Western blot analysis

FLSs were lysed using Radio Immunoprecipitation Assay
(RIPA) lysis buffer (P0013B, Beyotime, Shanghai, China)
encompassing  phenylmethylsulphonyl  fluoride  and

phosphatase inhibitor on ice for 30 min. The supernatant
was obtained by 10-min centrifugation at 12,000 rpm and
4°C. The bicinchoninic acid protein quantitative kit was
used to determine protein concentration. The compounds
(50 g protein and 2 x sodium dodecyl sulphate [SDS] load-
ing buffer) were boiled for 10 min and dispersed by SDS-
polyacrylamide gel electrophoresis. The electrophoretic buffer
was purchased from Thermo Fisher Scientific (LC2675,
Waltham, MA, USA). The separating gel was obtained by
gel electrophoresis at constant 30 mA and then allowed to
run at 40 mA at 4°C in a refrigerator. When the sample
reached the bottom, gel running was terminated. The protein
was transferred to nitrocellulose membranes with transmem-
brane solution (BT0006, Thermo Fisher Scientific) using tank
blotting at 10 V for 1 h. Then the membrane was blocked with
5% skimmed milk (Tris-buffered saline-Tween-20 formula-
tion) for 1.5 h before overnight probing with the following
primary rabbit antibodies (Abcam, Cambridge, UK) to ERK1/
2 (ab17942, 1:1000), phosphorylated ERK1/2 (ab201015,
1:1000), P38 (ab182453, 1:1000), phosphorylated P38
(ab178867, 1:1000) and GAPDH (ab9485, 1:2500) at 4°C. On
the second day, 2-h membrane incubation was then imple-
mented with the secondary antibody labelled with horseradish
peroxidase (goat anti-rabbit immunoglobulin G [IgG],
ab205718, 1:5000, Abcam). The membrane was viewed using
enhanced chemiluminescence luminous solution and photo-
graphed under a SmartView Pro 2000 (UVCI-2100, Major
Science, Saratoga, CA, USA). Gray value analysis of protein
binds was conducted using Quantity One software [39].

ELISA

The levels of IL-1B, IL-6 and TNF-a in the culture super-
natant were measured using ELISA following standard
instructions contained in the kit (RapidBio Systems, LLC,
a Tucson, AZ, USA), IL-6 kit (RapidBio Systems), and TNEF-
a kit (RapidBio Systems). Diluted samples were supplemented
into the reaction well of the enzyme label plate with 100 uL/
well. Negative and positive controls were set up. Each well was
diluted with 100 uL diluted enzyme conjugates at 37°C for
30 min. After washing and patting, the samples were added
with 100 pL horseradish peroxidase substrate solution at 37°C
for 10 to 20 min, avoiding exposure to light. When the
positive control presented evident colour change or the NC
presented mild colour change, 50 pL termination solution was
added to stop the reaction. The optical density (OD) value



was measured at 450 nm wavelength (ODyso value) using
Molecular Devices (Spectra Max M5) [40].

Establishment of a RA rat model

Animal Laboratory Centre of Southern Medical University
(Guangzhou, China) provided 132 male Wistar rats (6--
8 weeks) weighing 160-180 g. The rats were housed in a sec-
ond-class clean environment with 50-60% humidity at
22-24°C. They were given unrestricted access to water and
food with a 12 h circadian cycle. Twelve rats without treat-
ment were taken as control, and the remaining 120 rats were
used for RA model establishment. The success rate of the
model establishment was 90% (108/120). Twelve of 108 suc-
cessfully-modelled rats were selected as the model group. To
induce arthritis, the rats were administered intradermal injec-
tions of 4 mg/mL of porcine type II collagen in Incomplete
Freund’s Adjuvant for complete emulsification. The emulsion
(0.25 mL) was intracutaneously injected at the left hind sole,
caudal root, and back of the rats. A booster was given 7 days
post-induction at the right hind sole, caudal root, and back of
the rats. The degree of swelling in limbs and feet along with
the increase of ankle joint diameter was observed every
1-2 days. Severe swelling of limbs and feet, increase of ankle
joint diameter (=2 mm) and increase of hind claw volume
(=20.80 mL) were indicative of the successful establishment of
RA model, which were observed after approximately
14 days [41].

FLS culture and transfection

The synovial tissues were isolated from RA rats and sliced
into blocks (1 x 1 x 1 mm) in Dulbecco’s Modified Eagle
Medium (DMEM, Gibco, Carlsbad, CA, USA) under sterile
conditions. After being removed with sterile pipette, the
tissues were evenly spread on the bottom of a 25 cm” flask
and cultured in DMEM encompassing 20% (v/v) inactivated
foetal bovine serum (FBS, Gibco) at 37°C with 5% CO,, with
medium renewed every 2 days. The 90% confluent cells were
passaged. The following experiments were implemented
with cells at passage 3-6. FLSs were then allowed to grow
in DMEM encompassing 10% (v/v) FBS, 100 U/mL penicil-
lin, and 100 mg/mL streptomycin (Beyotime) at 37°C with
5% CO,. Morphological characteristics were observed under
an optical microscope. The expression of macrophage bio-
marker (CD68) and CD90 was determined by flow cytome-
try. Subsequent to trypsinizing and centrifugation, FLSs at
passages 3 were stained in the dark with monoclonal anti-
bodies to CD68 fluorescein-5-isothiocyanate and CD90 phy-
coerythrin (Biolegend, San Diego, CA, USA). Isotype
matched control antibodies served as methodological con-
trols. A FACSCalibur Flow Cytometer (Becton Dickinson
Biosciences, Franklin Lakes, USA) was applied for flow
cytometry analysis and FlowJo 7.6 (BD Biosciences, San
Jose, CA, USA) for data analysis [42].

After cell recovery, FLS incubation was implemented in
DMEM encompassing 10% (v/v) FBS, 100 U/mL penicillin,
and 100 mg/mL streptomycin (Beyotime) at 37°C with 5%
CO, with medium renewed every 3 days. FLSs at the
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logarithmic phase were selected for the following treatment
using si-NC, si-NEAT1, oe-NC, oe-NEAT1, DMSO, U0126
(inhibitor of phosphorylated-ERK1/2), SB203580 (inhibitor of
phosphorylated P38), oe-NEAT1 + phosphorylated ERK1/2
inhibitor, oe-NEAT1 + phosphorylated P38 inhibitor, NC
inhibitor, miR-129 inhibitor, miR-204 inhibitor, si-NEAT1
+ inhibitor NC, si-NEAT1 + miR-129 inhibitor, or si-
NEATI1 + miR-204 inhibitor. oe-NC, oe-NEATI, si-NC, si-
NEATI1, miR-129 inhibitor, miR-204 inhibitor and inhibitor
NC were synthesized by RiboBio (Guangdong, China). After
correct sequencing, plasmids were stored at —80°C for further
use. The 293 T cells were seeded in a 10 cm petri dish. When
cell confluence reached 70%, lentivirus was packaged. The
medium was renewed with complete medium 2 h before
package. Then, 10 pg core plasmid, 5 ug packaging plasmid
psPAX2 and 5 pg pMD2.G were added into a clean 1.5 mL
eppendorf tube for culture at room temperature for 5 min
with 500 pL serum-free DMEM. Then, 20 pL Lipfectamine
2000 (12566014, Thermo Fisher Scientific) was added and
allowed to stand at room temperature for 30 min. The mix-
ture was cultured in 293 T cell culture medium for 48 h. The
virus particles were purified through centrifugation at 4°C for
2 h at 25,000 rpm with the virus titre of the experimental and
control groups being approximately 1 x 10'® TU/mL and sub-
packed at —80°C. Logarithmically growing FLSs were trypsi-
nized and dispersed into cell suspension at 5 x 10* cells/mL,
which was incubation in a 6-well plate at 2 mL/well overnight
at 37°C. Subsequent to 48-h infection, expression of related
genes was detected by RT-qPCR. The experiment was
repeated 3 times.

EdU assay

FLSs (1.6 x 10° cells/well) were cultured in 96-well plates for
48 h. Next, each well was incubated with 50 mM EdU for 4
h at 37°C. An EdU assay was conducted as described in the
literature [43]. Ten images in each group were captured under
a fluorescence microscope (CX31, Olympus, Tokyo, Japan) on
a random basis. The number of EdU-positive cells (red cells)
was analysed by Image-Pro Plus 6.0 software (Media
Cybernetics, Bethesda, MD, USA). The EdU incorporation
rate was computed as the proportion of EdU-positive cells
to FLS positive cells (blue cells).

Animal experiment

The remaining modelled rats were treated with lentivirus
harbouring si-NC (lenti-siRNA-NC group), si-NEAT1 (lenti-
siRNA-NEAT1 group), inhibitor-NC (lenti -inhibitor-NC
group), miR-129 inhibitor (lenti -miR-129 inhibitor group),
miR-204 inhibitor (lenti -miR-204 inhibitor group), si-
NEATI + inhibitor NC (lenti-siRNA NEAT1 + inhibitor NC
group), si-NEAT1 + miR-129 inhibitor (lenti -siRNA NEAT1
+ miR-129 inhibitor group), and si-NEAT1 + miR-204 inhi-
bitor (lenti -siRNA NEAT1+ miR-204 inhibitor group)
(n = 12/group). NEAT1 full-length sequences, miR-129 inhi-
bitor and miR-204 inhibitor were, respectively, constructed
into lentivirus. All lentivirus and control vector lentivirus
were packaged and purified at Guangzhou FulenGen Co.,
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Ltd. (Guangzhou, Guangdong, China). Briefly, the effective
lentivirus (titre >1 x 10® TU/mL) titre was selected in vitro
and delivered into the knee and ankle joints of RA rats
through intracavitary injection (2 times every week) for
2 weeks (0.1 mL/times). The swelling of limbs and feet
along with the ankle joint diameter were observed every
3 days after injection.

Rat arthritis scoring

From the 14" d, the thickness of the hind paw of rats on the
same side was measured with a Vernier caliper every three
days and repeated three times each time and the average value
was recorded. All measurements were carried out by two
investigators independently. The degree of arthropathy was
evaluated using the 5-grade scoring method as described ear-
lier [44]. The highest score of each limb was 4 points, and the
highest score of each rat was 16 points. After anaesthesia and
euthanasia, the inferior end of the embryonic bone and the
upper edge of the lateral malleolus were removed, and fixed in
formalin solution for histopathological examination.

Histopathological analysis

The synovial tissues of RA rats were fixed in Bouin’s Fixative
(picric acid: formaldehyde: glacial acetic acid = 15:5:1) before
4-um paraffin-embedded slices were made. Subsequent to
xylene dewaxing, the tissues were hydrated with ethanol at
xylene (I) for 5 min, toluene (II) for 5 min, 100% ethanol for
2 min, 95% ethanol for 1 min, 80% ethanol for 1 min, 75%
ethanol for 1 min, and distilled water for 2 min. Subsequent to
5-min haematoxylin staining, the slices were differentiated by
ethanol hydrochloride for 30 s, soaked in tap water for 15 min
or warm water (about 50°C) for 5 min, and stained with eosin
solution for 2 min followed by routine dehydration, clearing,
and sealing. Finally, an inverted microscope (XSP-8CA,
Shanghai Optical Instrument Factory, Shanghai, China) was
utilized to observe the sections.

Dual luciferase reporter gene assay

The target genes of miR-129 and miR-204 were predicted
using a web-based resource (https://cm.jefferson.edu/
rna22/), which revealed 3259-3265 nt on MAPK1 mRNA
as binding sites to miR-204 and 6349-6459 nt as binding
sites to miR-129. To confirm whether MAPK1 was the
direct target of miR-129 and miR-204, a dual luciferase
reporter gene assay was conducted. WT sequences of 3'-
untranslated region (3’-UTR) of MAPKI1 gene, which con-
tained potential binding sites to miR-129 and miR-204,
were artificially synthesized, and the MUT sequences, in
which the binding sites were mutated, were also synthe-
sized. Following double enzyme digestion on pmiR-RB-
REPORT™ vector (PMIR1001, RiBoBio) using restriction
endonuclease HandlIII and Spel, the artificially synthesized

Table 2. Primer sequences for MSP.

Primer sequence (5' - 3')

F: GGACGGTCTGGAGAAATGGAGA

R: GATTCGCGAAGGGCAGAATATG

F: GAGTTGGGGGATTGTGGAT

R: AATATACCAACTTCTTCAATTCACCA

Note: MSP, methylation-specific polymerase chain reaction; F, forward; R,
reverse.

miR-129-methylated

miR-129-unmethylated

WT and Mut target gene fragments were, respectively,
inserted into the luciferase downstream of pmiR-RB-
REPORT™ vector. The cells transfected with empty plas-
mid served as control, and the correctly sequenced WT and
Mut luciferase reporter plasmids were used for subsequent
transfection. The Mut and WT plasmids were co-
transfected into HEK293T cells with NC mimic or miR-
129 mimic and miR-204 mimic, respectively. After 48-h
transfection, the cells were collected and lysed. The super-
natant was harvested through centrifugation for 3-5 min.
The relative light unit (RLU) was determined using a dual
luciferase detection kit (RG027, Beyotime). The relative
luciferase activity = RLU value of firefly luciferase/RLU
value of Renilla luciferase [45].

RIP assay

The binding status of IncRNA NEAT1, miR-129, and miR-
204 to AGO2 protein was checked by using a RIP kit
(Millipore Corp., Core Res. Dev., Bedford, MA, USA).
FLSs were lysed in RIPA pyrolysis solution (P0013B,
Beyotime) in an ice bath for 5 min. The supernatant was
collected after centrifugation at 14,000 rpm for 10 min.
Next, 50 pL magnetic beads were washed and resuspended
in 100 uL RIP Wash Buffer, which was incubated with
5 pg rabbit anti-AGO2 (ab186733, 1:50, Abcam) or rabbit
anti-IgG (ab109489, 1:100, Abcam) as NC. Then the mag-
netic beads-antibody complex was incubated with 100 pL
of cell extract and 900 uL RIP Wash Buffer overnight at
4°C. Samples were placed on magnetic pedestals to collect
beads-protein complexes. They were then treated with
protease K for RNA extraction and subsequent PCR
detection.

MSP

MSP was performed to determine the methylation status of
the promoter of miR-129. Genomic DNA extraction kit from
Beijing Tiangen Biochemical Technology Co., Ltd. (Beijing,
China) was used to extract genomic DNA. The concentration
and purity of DNA were determined by ultraviolet spectro-
photometry. DNA was treated with sodium sulphite in EZ
DNA Methylation kit (Zymo Research, USA), desulfurized
and purified. The purified DNA was used for subsequent
PCR. Methylation non-methylation primers were designed
based on the sequence of the CpG Island enrichment region
of the miR-129 promoter (Table 2). The PCR products were
analysed by agarose gel electrophoresis and image analysis.
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Statistical analysis

All data were analysed using the SPSS statistical software
package (SPSS 21.0, IBM, Armonk, New York, USA). All
data were tested for normality of distribution and homogene-
ity of variance. Normally distributed measurements were
summarized as mean + standard deviation. Independent sam-
ple t-test was used for comparison of data between two
groups. Comparison among multiple groups was conducted
by one-way analysis of variance followed by Tukey’s posthoc
test. Data obtained at different time points were compared
using repeated measures analysis of variance. Correlation was
assessed by applying Pearson correlation analysis. p < 0.05
indicated that the statistical difference was significant.
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