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Long non-coding RNA HOTAIR knockdown alleviates gouty arthritis through
miR-20b upregulation and NLRP3 downregulation
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ABSTRACT

This study aimed to determine the mechanism underlying the regulation of gout by the HOX
transcript antisense RNA (HOTAIR) long non-coding RNA (IncRNA). The expression levels of
HOTAIR, miR-20b, and NIrp3 were estimated by gRT-PCR and western blotting. The methylation
level of HOTAIR was detected by methylation-specific PCR. The recruitment of DNA methyltrans-
ferase 1 (DNMT1) to the IncRNA HOTAIR promoter was confirmed by a ChIP assay. RNA immuno-
precipitation and RNA pull-down assays were used to confirm the interaction between HOTAIR
and miR-20b. LncRNA HOTAIR and Nlrp3 expression was upregulated, and that of miR-20b was
downregulated in synovial fluid mononuclear cells (SFMCs) collected from patients with gouty
arthritis and monosodium urate (MSU)-stimulated THP-1 cells. Interleukin (IL)-1B level increased
substantially upon stimulation by MSU crystals. The methylation percentage of HOTAIR was
reduced in SFMCs from patients with gouty arthritis and MSU-stimulated THP-1 cells. DNMT1
expression was downregulated in MSU-stimulated THP-1 cells, and DNMT1 knockdown increased
IncRNA HOTAIR expression. In addition, the interaction of HOTAIR with miR-20b was confirmed.
HOTAIR knockdown suppressed NIrp3 expression and the secretion of inflammatory cytokines via
miR-20b regulation. Finally, in vivo experiments showed that HOTAIR knockdown alleviated ankle
swelling in a mouse model of gouty arthritis. These findings suggest that IncRNA HOTAIR knock-
down suppresses inflammatory cytokine secretion by upregulating miR-20b and downregulating
NLRP3, thereby alleviating ankle swelling in gouty arthritis.
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Introduction levels of pro-inflammatory cytokines such as

Gouty arthritis is a type of inflammatory arthritis ~ tumor necrosis factor (TNF)-a and interleukin

caused by the precipitation of uric acid and gen- ~ (IL)-1p [5]. In vitro experiments have also shown

eration of monosodium urate (MSU) crystals in
the joints, and has shown increased incidence
recently, especially in developed countries [1,2].
MSU crystals deposited in the joints activate an
acute inflammatory response, which induces acute
gout attacks [3]. Gouty arthritis usually includes
both acute and chronic forms of inflammation.
Acute gouty arthritis is characterized by a rapid
onset of pain in the affected joints, with the onset
of pain being self-limiting and usually lasting
3-14 days [4]. Studies have shown that mono-
cytes/macrophages are involved in the regulation
of MSU-induced inflammatory response in
patients with gouty arthritis, since monocytes/
macrophages in synovial fluid of patients with
acute gout attacks are known to produce higher

that MSU stimulation activates caspase-1 and pro-
motes mature IL-1f secretion and TNF-a produc-
tion in human monocytes and macrophages [6].
Altogether, these studies indicate that monocytes/
macrophages are involved in the MSU-induced
inflammatory response in gouty arthritis.
Nucleotide-binding oligomerization domain-
like receptor pyrin domain-containing protein 3
(NLRP3) is a member of the NLR family, which
forms NLRP3 inflammasome with apoptosis-
associated speck-like protein and caspase-1 [7].
The NLRP3 inflammasome plays an important
role in regulating inflammation and immunity,
which requires NF-kB signaling and toll-like
receptor stimulation [8]. Recent studies have
shown that Nlrp3 expression is increased in

CONTACT Ya-Fei Liu Email @ yafeiliutjh@gmail.com

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-
nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built
upon in any way.


http://orcid.org/0000-0002-4141-5259
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15384101.2021.1874696&domain=pdf&date_stamp=2021-02-12

peripheral blood mononuclear cells and synovial
cells from patients with gouty arthritis, and MSU
activates the NLRP3 inflammasome in macro-
phages, which subsequently triggers IL-1( release
[9]. In a mouse model of gouty arthritis, the
NLRP3 inflammasome inhibitor OLT1177 was
found to reduce joint swelling and downregulate
NLRP3 and IL-1B expression level in synovial
samples [10]. On the contrary, NLRP3 knockdown
inhibited the activation of NLRP3 inflammasome
and reduced the secretion of IL-1p and IL-18 in
RAW?264.7 macrophages [11]. These studies indi-
cate that the NLRP3 inflammasome in macro-
phages contributes to gouty arthritis. However,
the mechanistic basis of the formation and regula-
tion of the NLRP3 inflammasome in macrophages
remains unclear.

MicroRNAs are a type of small noncoding RNA
involved in the regulation of the inflammatory
response in arthritis, such as gouty arthritis, rheu-
matoid arthritis, and osteoarthritis [12,13].
Increasing evidence indicates that microRNAs are
aberrantly expressed in MSU-induced macrophages
and joint tissues, where these act as proinflamma-
tory regulators to modulate the production of
inflammatory cytokines in gouty arthritis [14-16].
MiR-20b is an inflammation-related miRNA aber-
rantly expressed in monocytes/macrophages in
acute inflammatory lung injury and tuberculosis
[17,18]. MiR-20b is known to reduce inflammatory
gene expression in fibroblasts and T cells, thereby
inhibiting  pro-inflammatory  signaling  [19].
Importantly, NLRP3 has been reported to be
a direct target of miR-20b, and miR-20b overex-
pression reduces inflammatory response and inhi-
bits the NLRP3/caspase-1/IL-1B pathway [20].
However, whether miR-20b is involved in the reg-
ulation of Nlrp3 expression and inflammatory
response in MSU-induced macrophages is largely
unknown.

Recently, long non-coding RNAs (IncRNAs)
have been identified as important modulators
that mediate arthritis through regulating chondro-
cyte extracellular matrix degradation, inflamma-
tory signaling, migration, and invasion of
fibroblast-like synoviocytes [21,22]. The HOX
transcript antisense RNA (HOTAIR) IncRNA is
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expressed at high levels in osteoarthritis articular
chondrocytes, and blood mononuclear cells and
serum exosome of rheumatoid arthritis patients,
which leads to macrophage migration [23,24].
LncRNA HOTAIR is also upregulated in the syno-
vial fluid of temporomandibular joint osteoarthri-
tis patients and increases chondrocytes apoptosis
[25]. However, the role of IncRNA HOTAIR in
gouty arthritis is not known. Bioinformatics-based
analysis performed using the DIANA TOOLS soft-
ware has identified putative binding sites for the
interaction of HOTAIR and miR-20b. Therefore,
we hypothesized that IncRNA HOTAIR promotes
inflammatory response in gouty arthritis through
miR-20b downregulation and Nlrp3 and IL-1§
upregulation.

Materials and methods

Clinical samples and isolation of peripheral blood
mononuclear cells (PBMCs) and synovial fluid
mononuclear cells (SEMCs)

Patients with acute gouty arthritis (n = 15) and
healthy controls (n = 10) were recruited from The
First Affiliated Hospital of Zhengzhou University.
All patients provided informed consent. The clin-
ical characteristics of gout patients are shown in
Table 1. The experiments were approved by the
Ethics Committee of The First Affiliated Hospital
of Zhengzhou University. Peripheral blood and
synovial samples were collected from patients
with acute gouty arthritis, and only peripheral

Table 1. The clinical characteristics of patients with gout.

N %
Age (year) <65 years 1 733
265 years 4 26.7
Gender Female 2 13.3
Male 13 86.7
Classification Acute 15 100
Chronic 0 0
Weight =70 kg 9 60.0
<70 kg 6 40.0
Ethnicity Yes 15 100
Asian No 0 0
Comorbidities Hypertension 9 60.0
Ischemic heart disease 2 13.3
Hyperlipidemia 5 333
Chronic kidney disease 3 20.0
Diet Smoking 1 733
Alcohol 13 86.7




334 Y. LIU ET AL.

blood samples were collected from healthy con-
trols. Synovial samples were collected by needle
aspiration of actively inflamed large or medium
joints by an experienced rheumatologist.
Polarized light microscopy was used to confirm
the presence of monosodium urate (MSU) crystals
in synovial samples. Peripheral blood and synovial
samples were collected in tubes containing
heparin. PBMCs were isolated from peripheral
blood, and SFMCs were isolated from 7 to 11-mL
aliquots of synovial samples using Histopaque-
1077 (Sigma-Aldrich, USA) according to the man-
ufacturer’s instructions.

Preparation of MSU crystals

MSU crystals were prepared according to
a previous report [26]. Uric acid (1 g Sigma
Aldrich USA) was dissolved in 180 ml of 0.01 M
NaOH and heated to 70°C. The pH of the solution
was maintained at 7.2, and the solution was cooled
by continuous stirring at room temperature for
24 h. The MSU crystals were collected in a steri-
lized container, washed with ethanol, dried, and
re-suspended in PBS by sonication. The MSU
crystals prepared this way contained < 0.005 EU/
mL endotoxin, as detected by a Pierce
Chromogenic Endotoxin Quant Kit (Thermo
Fisher Scientific, USA).

Cell culture and MSU stimulation

Human monocyte THP-1 was purchased from the
American Type Culture Collection (ATCC, USA).
THP-1 cells were cultured in RPMI 1640 medium
(ThermoFisher Scientific, USA) supplemented
with 0.05 mM 2-mercaptoethanol (Sinopharm
Chemical Reagent, China) and 10% fetal bovine
serum (ThermoFisher Scientific, USA) at 37°C in
a humidified incubator containing 5% CO,.
Stimulation with MSU was performed as pre-
viously reported [26]. THP-1 cells were seeded in
6-well plates at a density of 1.5 x 10° cells/mL. The
plated cells were first treated with 100 ng/mL
Phorbol 12-myristate 13-acetate (Sigma-Aldrich,
USA) for 3 h to enhance the phagocytic properties
and induce a constitutive production of pro-IL-1p.

Then, the THP-1 cells were stimulated with
100 pg/mL MSU for 24 h [27].

Cell transfection

Adenovirus-mediated DNA methyltransferase 1
(DNMT1) overexpression (Ad-DNMTI1) and
scramble sequence set (Ad-NC; negative control),
adenovirus-mediated DNMT1 knockdown (si-
DNMT1) and scramble sequence set (si-NC), ade-
novirus-mediated HOTAIR knockdown (si-
HOTAIR) and si-control, adenovirus-mediated
miR-20b  inhibitor, and lentivirus-mediated
HOTAIR knockdown (Lenti-si-HOTAIR) and si-
control were prepared by GeneChem (Shanghai,
China). The viruses were packaged in HEK 293 T
cells according to standardized protocols. THP-1
cells were seeded into a 24-well plate at a density
of 2 x 10* cells/well until 70% confluence, and
then transfected with Ad-DNMT1, si-DNMT1, si-
HOTAIR, or negative controls for 72 h.

Quantitative real-time polymerase chain reaction
(QRT-PCR)

Total RNA was extracted from PBMCs, SEMCs, or
THP-1 cells using TRIzol reagent (ThermoFisher
Scientific, USA) according to the manufacturer’s
instructions. For the quantification of HOTAIR
and miR-20b expression, total RNA was reverse-
transcribed into cDNA using the High Capacity
cDNA Reverse Transcription Kit (Applied
Biosystems, USA) according to the manufacturer’s
instructions. qRT-PCR was performed using the
SuperScript™ III Platinum™ SYBR™ Green One-
Step qRT-PCR Kit (Invitrogen, USA) according
to the manufacturer’s instructions. The relative
expression of HOTAIR and miR-20b were quanti-
fied as a function of the threshold cycle (Ct) and
analyzed by the 27**“" method. GAPDH or U6
were used as internal controls. The primers used
are listed in Table 2.

Western blotting

Proteins from PBMCs, SFMCs, or THP-1 cells
were extracted using RIPA Lysis and Extraction



Table 2. The primer sequence.
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Gene Primer Sequence

GAPDH Forward 5'- AATGGGCAGCCGTTAGGAAA-3’
Reverse 5'- GCGCCCAATACGACCAAATC-3’

ué Forward 5'- CTCGCTTCGGCAGCACA-3'
Reverse 5'- AACGCTTCACGAATTTGCGT-3'

HOTAIR Forward 5'- AGAAGACACGCACGGAGAAA-3'
Reverse 5'- ATGACTGGTCCTCTTCCGGT-3'

miR-20b Forward 5'- CAAAGUGCUCAUAGUGCAGGUAG-3’
Reverse 5'- GGCTCATAGTGCAGGTAGAAA-3’

HOTAIR promoter Forward 5'- GGTACCCTGTGAGGAGACAGCTGCTGGACA-3’
Reverse 5'-AAGCTTAGGCTGGAACAGATCCCAAACAAAA-3'

Buffer (ThermoFisher Scientific, USA) and centri-
fuged at 12,000 x g for 10 min at 4°C. Protein
concentration was measured using the Pierce BCA
Protein Assay Kit (ThermoFisher Scientific, USA)
according to the manufacturer’s instructions.
Protein samples were mixed with sample buftfer,
boiled for 10 min, separated using 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and then transferred to PVDF mem-
branes (Invitrogen, USA). The membranes were
blocked with 5% nonfat dry milk for 1 h at 25°C,
and incubated with the primary antibodies against
NLRP3 (1:500; Abcam, USA, ab214185), DNMT1
(1:1000; Abcam, USA, ab87654), and [-actin
(1:500; Abcam, Mass, USA, ab8227) overnight at
4°C. Then, the membranes were incubated with
the horseradish peroxidase-conjugated secondary
antibodies (1:1000; Abcam, USA, ab205718) for
2 h at room temperature. Blots were visualized
using the Pierce ECL Western Blotting Substrate
(ThermoFisher Scientific,c, USA) on the Gel
Imaging System (Bio-Rad, USA).

Enzyme-linked immunosorbent assay (ELISA)

IL-1p and TNF-a secretion in the supernatants of
THP-1 cells was detected by the Human IL-1§
ELISA kit (ImmunoWay Biotechnology, USA) and
TNF alpha Human ELISA Kit (Invitrogen, USA)
according to the manufacturers’ instructions.

Analysis of methylation levels

The methylation level of the HOTAIR promoter
was detected by methylation-specific PCR.

HOTAIR DNA was isolated with the DNA
Extract All Reagents Kit (Applied Biosystems,
USA), and HOTAIR DNA methylation was per-
formed wusing the Epi]JET DNA Methylation
Analysis Kit (ThermoFisher Scientific, USA)
according to the manufacturer’s instructions.

Chromatin immunoprecipitation assay (ChIP)

A ChIP assay was conducted using the Pierce™
Agarose ChIP Kit (ThermoFisher Scientific, USA)
according to the manufacturer’s instructions.
Chromatin was extracted and DNA was cut into
0.2-1 kb fragments. THP-1 cells were cross-linked
using 1% formaldehyde, and the chromatin was
immunoprecipitated with the DNMT1 antibody
(Abcam). Isotype-specific IgG was used as
a control. DNA was re-suspended in 50 pL of TE
buffer and amplified by qRT-PCR. The primers for
the HOTAIR promoter are shown in Table 2.

RNA immunoprecipitation (RIP) and RNA
pull-down assays

RIP and RNA pull-down assays were conducted to
confirm the interaction between HOTAIR and
miR-20b. RIP assay was performed using the
Magna RIP™ RNA-Binding Protein
Immunoprecipitation Kit (Merck Millipore, USA)
according to the manufacturer’s instruction. HEK
293 T cell lysate was prepared from 1.5 x 107 cells
using 100 L of RIP lysis buffer containing 0.25 L
of RNase inhibitor and 0.5 pL of 200X protease
inhibitor cocktail. Then, the cell lysate was centri-
fuged, and the supernatant was collected and
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incubated with beads for 1.5 h at 4°C. The RNA-
protein complex generated this way was pulled-
down wusing protein A/G magnetic beads.
Western blotting was used to detect AGO2 and
qRT-PCR was used to check for IncRNA HOTAIR
and miR-20b in the precipitates. An RNA pull-
down assay was further conducted to confirm the
interaction between HOTAIR and miR-20b.
Biotin-labeled IncRNA HOTAIR was transcribed
with T7 RNA Polymerase (Invitrogen, USA) and
Biotin RNA Labeling Mix (Roche, Switzerland).
HEK 293 T cells transfected with biotin-labeled
IncRNA HOTAIR were collected and sonicated
for 48 h. Beads were added to the resultant cell
lysates and incubated for 2 h at room temperature.
Western blotting was used to check for AGO2 in
the cell lysates, and qRT-PCR was used to detect
miR-20b in the HOTAIR pull-down complex.

Animal model experiments

Ten-week-old male C57BL/6 mice were used in
this experiment according to previous literature
[28]. Mice were purchased from the Laboratory
Animal Center of Zhengzhou University and
maintained in a standard feeding environment
without limitation to food and water. The pro-
tocol for these animal experiments was approved
by the Ethics Committee of The First Affiliated
Hospital of Zhengzhou University. MSU crystals
(2 mg) suspended in 10 uL PBS were intraarti-
cularly injected into both ankle joints of the
mice to establish a mouse model of gouty arthri-
tis. After treatment with MSU crystals for 24 h,
lentivirus-mediated si-HOTAIR (Lenti-si-
HOTAIR) and si-control (Lenti-NC) (1 x 10°
plaque-forming units) were intra-articularly
injected into one ankle joint and the contralat-
eral ankle, respectively, of mice with gouty
arthritis. The extent of swelling at 8%, 12,
15™, and 19™ day after Lenti-si-HOTAIR or
Lenti-NC injection in ankles was measured
using a precision caliper. Mice were euthanized
by CO, inhalation, and ankle tissues were col-
lected 19 days after Lenti-si-HOTAIR or Lenti-
NC injection.

Hematoxylin-eosin (HE) staining

Joints were collected from mice with gouty arthri-
tis, fixed with 10% formalin, and embedded in
paraffin. The joints were then cut into 4-pm
thick sections and stained with a Hematoxylin
and Eosin Staining Kit (Beyotime Biotechnology,
China) for histological examination. Images were
acquired using a microscope (Olympus, Japan).

Statistical analysis

All data are presented as meantstandard devia-
tion. Differences between the two groups were
determined by Student’s t-test, and those among
groups were determined by one-way analysis of
variance. P< 0.05 was considered statistically
significant.

Results

Increased expression of IncRNA HOTAIR in SFMCs
from patients with acute gouty arthritis

We analyzed IncRNA HOTAIR, miR-20b, and
Nlrp3 expression levels in PBMCs and SFMCs.
LncRNA HOTAIR and miR-20b expression in
SFMCs from gout patients was significantly upre-
gulated and downregulated, respectively, com-
pared to those in PBMCs from healthy controls
and gout patients (P< 0.05; Figure 1a). There were
no significant changes in IncRNA HOTAIR and
miR-20b expression in PBMCs collected from
healthy controls and gout patients. In addition,
the NLRP3 protein levels in SFMCs from gout
patients were upregulated compared to those in
PBMCs from healthy controls and gout patients
(Figure 1b).

Increased expression of IncRNA HOTAIR in
MSU-stimulated THP-1 cells

Given our observation that IncRNA HOTAIR was
upregulated in SFMCs from gout patients, we
checked whether MSU (a key factor in gout patho-
genesis) could promote IncRNA HOTAIR expres-
sion in THP-1 cells in vitro. As shown in Figure
2a, IL-1P level increased appreciably in THP-1
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Figure 1. LncRNA HOTAIR, miR-20b, and Nlrp3 expression levels in SFMCs from patients with acute gouty arthritis. Samples were
collected from patients with acute gouty arthritis (n = 15) and healthy controls (n = 10), for which peripheral blood and synovial
samples were collected from patients with acute gouty arthritis and peripheral blood samples were collected from healthy controls.
PBMCs were isolated from peripheral blood, and SFMCs were isolated from synovial samples. A. Compared with PBMC (control) and
PBMC (Gout) groups, IncRNA HOTAIR expression was up-regulated in the SFMC (Gout) group, whereas miR-20b expression was
down-regulated in the SFMC (Gout) group. There were no significant changes in IncRNA HOTAIR and miR-20b expressions between
PBMC (control) and PBMC (Gout) groups. B. Western blot showed that the NLRP3 protein level was up-regulated in SFMC (Gout)
group than PBMC (control) and PBMC (Gout) groups. *P< 0.05, compared with PBMC (control) or PBMC (Gout).
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Figure 2. LncRNA HOTAIR, miR-20b, and NIrp3 expressions in THP-1 cells stimulated with MSU crystals. THP-1 cells were treated with
100 ng/mL PMA for 3 h, then THP-1 cells were stimulated with 100 ug/mL MSU crystals. A. Compared with the control group, the IL-
1B level was up-regulated in the MSU group. B. Compared with the control group, IncRNA HOTAIR expression was up-regulated in
the MSU group, and miR-20b expression was down-regulated in the MSU group. C. NLRP3 protein level was up-regulated in the
MSU group. *P< 0.05, compared with control. Data are pooled from three individual experiments.

cells on stimulation with MSU crystals (P< 0.05),
indicating that an in vitro gouty arthritis model
was successfully established. LncRNA HOTAIR
expression was also significantly upregulated due
to stimulation with MSU crystals (P< 0.05) (Figure
2b), whereas miR-20b expression was significantly
downregulated (P< 0.05) (Figure 2b). Further,
NLRP3 protein level was upregulated on MSU
stimulation (Figure 2c).

DNA methylation-regulated IncRNA HOTAIR
expression

The abnormal expression of DNMTI-
associated IncRNAs in colon cancer cells have
been reported to affect their clonogenic potential,
suggesting DNMT-mediated DNA methylation
can  regulate IncRNAs  associated  with

pathological processes [29]. Therefore, we
focused on the potential role of DNA methylation
in the regulation of IncRNA HOTAIR expression.
We found, using methylation-specific PCR, that
the DNA methylation level in SFMCs from gout
patients was significantly lower (P< 0.05) than
that in PBMCs from healthy controls and gout
patients (Figure 3a). This suggests that the pro-
moter region of HOTAIR was hypomethylated in
SFMCs. DNA methylation in MSU-stimulated
THP-1 cells showed a stark decrease compared
to that in control (P < 0.05) (Figure 3a), also
indicating that the promoter region of HOTAIR
was hypomethylated in MSU-stimulated THP-1
cells. To gain more insights into the role of

DNMT1 in the regulation of HOTAIR
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Figure 3. DNA methylation regulated IncRNA HOTAIR expression. A. The percent of methylation was detected in PBMC (control), PBMC
(Gout), and SFMC (Gout) groups by methylation-specific PCR. Compared with the control group, the percent of methylation was low in the
MSU group. *P< 0.05, compared with PBMC (control), PBMC (Gout), or control. B.THP-1 cells stimulated with MSU crystals were transfected
with Ad-DNMT1 (DNA methyltransferase) or adenovirus (Ad). Western blot showed that the DNMT1 protein level was up-regulated in the
Ad-DNMTT1 group than the Ad group. qRT-PCR showed that IncRNA HOTAIR expression was down-regulated in the Ad-DNMT1 group than
the Ad group. *P< 0.05, compared with Ad. C. ChIP assay showed that the recruitment of DNMT1 to IncRNA HOTAIR promoter decreased in
the THP-1 (MSU) group than the THP-1 group. **P< 0.01, compared with IgG in THP-1 group; #P< 0.05, compared with DNMT1 in THP-
1 group. D. THP-1 cells were transfected with si-DNMT1 or si-control. DNMT1 protein level was down-regulated in the si-DNMT1 group
than the si-control group. LncRNA HOTAIR expression was up-regulated in the si-DNMT1 group than the si-control group. *P< 0.05,
compared with si-control. Data are pooled from three individual experiments.

expression, MSU-stimulated THP-1 cells were
transfected with Ad-DNMT1 or Ad-NC. We
found that Ad-DNMT1 upregulated DNMT1
protein level and significantly downregulated
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IncRNA HOTAIR expression (P< 0.05) (Figure
3b). A ChIP assay showed that the recruitment
of DNMT1 to IncRNA HOTAIR promoter
decreased in MSU-stimulated THP-1 cells
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Figure 4. HOTAIR knockdown inhibited the secretion of inflammatory cytokines by monocytes. THP-1 cells stimulated with MSU
crystals were transfected with adenovirus-mediated si-HOTAIR or si-control. A. LncRNA HOTAIR expression was down-regulated in
the si-HOTAIR group than si-control. B. IL-13 and TNF-a levels were reduced in the si-HOTAIR group than si-control. *P< 0.05,
compared with si-control. Data are pooled from three individual experiments.



compared to control (P< 0.05) (Figure 3c).
Further, si-DNMT1 decreased DNMT1 protein
level and promoted IncRNA HOTAIR expression
in THP-1 cells (P< 0.05) (Figure 3d). These find-
ings suggested that DNMT-mediated DNA
methylation could regulate IncRNA HOTAIR
expression.

HOTAIR knockdown inhibited inflammatory
cytokine secretion in monocytes

MSU crystals have been earlier shown to activate the
NLRP3 inflammasome, thereby resulting in the pro-
duction of active IL-1p [6]. In addition, MSU is known
to induce TNF-a release [30]. Therefore, we investi-
gated the effect of HOTAIR on IL-1p and TNF-a

secretion in MSU-stimulated THP-1 cells. si-
HOTAIR significantly downregulated IncRNA
HOTAIR expression (P< 0.05) (Figure 4a).
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Moreover, IL-1p and TNF-a levels were significantly
decreased by si-HOTAIR treatment (P< 0.05)
(Figure 4b).

Regulation of miR-20b by IncRNA HOTAIR

Predictive analysis using the bioinformatics soft-
ware DIANA TOOLS (http://diana.imis.athena-
innovation.gr/DianaTools/index.php) showed
the presence of putative binding sites between
HOTAIR and miR-20b (Figure 5a). As shown in
Figure 5b, AGO2 could be detected in precipi-
tates using the AGO2 antibody. In addition,
HOTAIR and miR-20b were enriched in the
AGO2 complex compared to the IgG group
(P< 0.05) (Figure 5b) and miR-20b was enriched
in the HOTAIR pull-down complex (P< 0.05)
(Figure 5¢). Ad-HOTAIR was observed to upre-
gulate NLRP3 protein level in THP-1 cells, and
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Figure 5. The regulation role of IncRNA HOTAIR on miR-20b. A. Binding sites between HOTAIR and miR-20b were predicted by
bioinformatics software. B. RIP assay was used to confirm the interaction between HOTAIR and miR-20b. qRT-PCR showed that
HOTAIR and miR-20b were enriched in the AGO2 complex. *P< 0.05, compared with IgG. C. RNA pull-down was used to confirm the
interaction between HOTAIR and miR-20b. miR-20b was enriched in HOTAIR pull-down complex *P< 0.05, compared with beads.
D. The protein level of NLRP3 in THP-1 cells was detected using Western blot. Data are pooled from three individual experiments.
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Figure 6. LncRNA HOTAIR regulated Nirp3 expression and inflammatory cytokines secreted by monocytes through miR-20b. THP-1
cells stimulated with MSU crystals were divided into si-control, si-HOTAIR, si-HOTAIR+NC, and si-HOTAIR+miR-20b inhibitor groups.
A. si-HOTAIR increased miR-20b expression, and miR-20b inhibitor reversed the si-HOTAIR-induced promotion effect. B. si-HOTAIR
down-regulated NLRP3 expression and miR-20b inhibitor reversed the si-HOTAIR-induced inhibition effect. C. si-HOTAIR decreased IL-
18 and TNF-a levels, and miR-20b inhibitor reversed the si-HOTAIR-induced inhibition effect. *P< 0.05, compared with si-control;
#*P< 0.05, compared with si-HOTAIR+NC. NC: Negative control. Data are pooled from three individual experiments.

a miR-20b mimic abolished this effect of Ad-
HOTAIR (Figure 5d).

LncRNA HOTAIR regulated Nlrp3 expression
and inflammatory cytokine secretion in monocytes
through miR-20b

The above results suggest that IncRNA
HOTAIR regulated the secretion of inflamma-
tory cytokines in monocytes (Figure 4). In addi-
tion, miR-20b is known to target NLRP3 in
HEK293 cells and inhibit the activation of the
NLRP3/caspase-1/IL-1B  pathway [20]. As
shown in Figure 6a, si-HOTAIR significantly
increased miR-20b  expression in MSU-
stimulated THP-1 cells (P< 0.05), and miR-20b
inhibition reversed this trend. si-HOTAIR was
also observed to significantly downregulate
Nlrp3 expression in MSU-stimulated THP-1

cells, which was abolished in the presence of
a miR-20b inhibitor (Figure 6b). si-HOTAIR
significantly inhibited IL-13 and TNF-a expres-
sion in MSU-stimulated THP-1 cells, and
a miR-20b inhibitor could suppress this inhibi-
tory effect (P< 0.05) (Figure 6c¢).

HOTAIR knockdown suppressed ankle swelling in
a mouse model of gouty arthritis

We established an in vivo gouty arthritis mouse
model by intra-articular injection of MSU crystal
into C57BL/6 mice. Then, Lenti-si-HOTAIR and
Lenti-NC were intra-articularly injected into an
ankle joint and a contra-lateral ankle and the
mouse synovial tissues were isolated. In vivo
experiments showed that ankle swelling at 8™,
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Figure 7. HOTAIR knockdown suppressed ankle swelling in a gouty arthritis mouse model. C57BL/6 mice were intra-articularly
injected with 2 mg MSU in 10 pl PBS. After 24 h, lentivirus-mediated si-HOTAIR and si-control were intra-articularly injected into one
ankle joint and contra-lateral ankle, respectively. Ten C57BL/6 mice were randomly divided into the following two groups: Lenti-NC
group (n = 5) and Lenti-si-HOTAIR group (n = 5). A. Ankle swelling was measured at the 8, 12", 15", 19" day using a precision
caliper. B. HE staining of the joint tissue in the two groups (200X) and circles indicated the lymphocytes. C. LncRNA HOTAIR
expression was down-regulated in the Lenti-si-HOTAIR group. C. miR-20b expression was up-regulated in the Lenti-si-HOTAIR group.
D. Nlrp3 expression was down-regulated in the Lenti-si-HOTAIR group. *P< 0.05, compared with Lenti-NC.

12™ 15™ and 19" day in ankles injected with
Lenti-si-HOTAIR was significantly reduced than
that in the contra-lateral ankles injected with
Lenti-NC (P< 0.05) (Figure 7a). HE staining
showed reduced recruitment of inflammatory
cells to the joint in the Lenti-si-HOTAIR group
compared to the Lenti-NC group (Figure 7b).
LncRNA HOTAIR and miR-20b expression in
ankles injected with Lenti-si-HOTAIR was down-
regulated and upregulated, respectively, compared
to that in the contra-lateral ankles injected with
Lenti-NC (P< 0.05) (P< 0.05) (Figure 7c). Lenti-si-

HOTAIR injection also resulted in decreased
NLRP3 expression in ankles in gouty arthritis
mice (Figure 7d).

Discussion

An increasing number of studies have shown that
IncRNAs play important roles in regulating the
progression of arthritis [31,32]. In order to identify
whether IncRNA HOTAIR was aberrantly
expressed in gouty arthritis and determine its
effect on this inflammatory disease, qRT-PCR
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was used to check for the expression of IncRNA
HOTAIR in SFMCs from patients with gouty
arthritis and MSU-stimulated THP-1 cells. We
also explored the effect of IncRNA HOTAIR on
the secretion of inflammatory cytokines (IL-1P
and TNF-a) in MSU-stimulated THP-1 cells and
found that HOTAIR knockdown suppressed IL-1§
and TNF-a secretion. In vivo experiments showed
that HOTAIR knockdown reduced ankle swelling
in a mouse model of gouty arthritis. These find-
ings suggest that IncRNA HOTAIR knockdown
could inhibit the secretion of inflammatory cyto-
kines and alleviate ankle swelling in gouty arthritis
in vivo.

Recent studies have reported altered DNA
methylation during the progression of arthritis
[33,34]. DNA methylation is catalyzed by DNA
methyltransferases (DNMTs), including DNMT1
(responsible  for maintaining methylation),
DNMT3a, and DNMT3b (responsible for de novo
methylation) [35]. Genome-wide evaluation of
DNA methylation loci have shown that hyper-
methylation and hypomethylation of genes chan-
ged gene expression in fibroblast-like synoviocytes
from rheumatoid arthritis patients, suggesting that
methylated genes play critical roles in the patho-
genesis of rheumatoid arthritis [36]. DNMTI,
DNMT3a, and DNMT3b expression has been
reported to be drastically downregulated in cyto-
kine-stimulated fibroblast-like synoviocytes [33].
In the present study, we found reduced methyla-
tion level of HOTAIR in SFMCs from gouty
arthritis patients and MSU-stimulated THP-1
cells. Moreover, DNMT1 expression was remark-
ably downregulated in MSU-stimulated THP-1
cells, and DNMT1 knockdown increased IncRNA
HOTAIR expression. These findings collectively
suggest that the HOTAIR gene could be regulated
by DNA methylation, therefore affecting the
expression of IncRNA HOTAIR.

LncRNAs have been shown to regulate the pro-
gression of arthritis via competitive binding to
miRNAs, and bioinformatics software could be
used to predict these putative binding sites
[37,38]. In this study, we identified binding sites
between IncRNA HOTAIR and miR-20b using
bioinformatics-based analysis, which were then

experimentally validated using RIP and RNA pull-
down assays. In addition, HOTAIR knockdown
significantly increased miR-20b expression and
decreased IL-1p and TNF-a secretion in MSU-
stimulated THP-1 cells, which indicated that
IncRNA HOTAIR could negatively regulate miR-
20b in monocytes in gouty arthritis. To the best of
our knowledge, no other studies have investigated
the role of IncRNA HOTAIR/miR-20b in regulat-
ing the secretion of inflammatory cytokines in an
in vitro gouty arthritis model. Therefore, the pre-
sent study is expected to enrich existing literature
and provide guidance in the treatment of gouty
arthritis.

MiRNAs play vital roles in regulating the pro-
gression of gouty arthritis. For example, miR-146a
knockout mice have been observed to exhibit more
severe ankle joint swelling than wild type mice,
and miR-146a knockout is known to promote the
secretion of pro-inflammatory cytokines in MSU-
stimulated macrophages and peritoneal cells [16].
A previous study has demonstrated the suppres-
sion of IL-1B protein expression by miR-920 in
MSU-stimulated THP-1 cells, suggesting that
miR-488 and  miR-920  regulated  pro-
inflammatory cytokines in MSU-stimulated THP-
1 cells [39]. In the present study, we found miR-
20b downregulation in SEMCs from gouty arthritis
patients and MSU-stimulated THP-1 cells.
Treatment with a miR-20b inhibitor remarkably
increased NLRP3 protein level and IL-1p and
TNF-a secretion in MSU-stimulated THP-1 cells,
suggesting that miR-20b could negatively regulate
NLRP3 in an in vitro gouty arthritis model.
IncRNA HOTAIR might regulate
Nlrp3 expression and inflammatory cytokine

Therefore,

secretion in monocytes via negative regulation of
miR-20b.

Conclusion

In conclusion, this study demonstrated that
IncRNA HOTAIR and Nlrp3 were upregulated
and miR-20b was downregulated in SEFMCs from
gouty arthritis patients and MSU-stimulated THP-
1 cells. In vitro experiments showed that IncRNA



HOTAIR expression was regulated by DNA
methylation, and HOTAIR knockdown suppressed
Nlrp3 expression and inflammatory cytokine
secretion via miR-20b regulation. In vivo experi-
ments showed that HOTAIR knockdown alle-
viated ankle swelling in a mouse model of gouty
arthritis.
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