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MiR-223-3p inhibits inflammation and pyroptosis in monosodium
urate-induced rats and fibroblast-like synoviocytes by targeting
NLRP3
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Summary

Down-regulated miR-223-3p was found in rheumatoid arthritis. This study
of Northern Theater Command, Shenyang, aimed to further explore the level and role of miR-223-3p in gout arthritis
China (GA). After monosodium urate (MSU)-induced GA rat and fibroblast-like
synoviocytes (FLSs) models were established, the rat paw volume and gait
score were documented and the FLSs were transfected with miR-223-3p
mimic/inhibitor or NLR family pyrin domain containing 3 (NLRP3) over-
expression plasmids. The MiR-223-3p target was found through bioinformat-
ics and the dual-luciferase reporter. The rat joint pathological damage was
observed by hematoxylin and eosin staining. The levels of interleukin (IL)-16,
tumor necrosis factor (TNF)-a and articular elastase in rats were detected
by enzyme-linked immunosorbent assay (ELISA). The viability and pyroptosis
of FLSs were detected by methyl thiazolyl tetrazolium (MTT) and flow cy-
tometry. The expressions of miR-223-3p, NLRP3, cleaved caspase-1, IL-1f,
apoptosis-associated speck-like protein (AS) and cleaved N-terminal gasder-
min D (GSDMD) in FLSs or rat synovial tissues were detected by reverse
transcription—-quantitative polymerase chain reaction (RT-qPCR), immuno-
fluorescence, Western blot or immunohistochemistry analysis. MSU increased
the paw volume, gait score, inflammation in synovial tissues and increased
the levels of IL-1p, TNF-« and articular elastase in rats. MSU decreased the
viability and increased the pyroptosis of FLSs, up-regulated the expression
of NLRP3, ASC, cleaved caspase-1, cleaved N-terminal GSDM, and IL-1§,
and down-regulated miR-223-3p expression in synovial tissues of rat joints
and FLSs. MiR-223-3p mimic reversed the effect of MSU on lowering cell
viability, increasing pyroptosis in FLSs, while miR-223-3p inhibitor further
enhanced the effect of MSU on FLSs. NLRP3 was a target of miR-223-3p.
Also, NLRP3 over-expression reversed the effects of miR-223-3p on MSU-
induced FLSs. MiR-223-3p inhibited pyroptosis in MSU-induced rats and
FLSs by targeting NLRP3.
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Introduction related to GA are obesity, diabetes, hypertension, hyper-

.. . . . lipidemia and chronic kidney disease [5]. The current
Gout arthritis (GA) is an inflammatory reaction caused b1 Y (5]

by the deposition of monosodium urate (MSU) in the treatment strategy for GA is to relieve pain, control diet

joints and surrounding tissues and results from hyper-
uricemia [1,2]. The clinical manifestations of GA are red-
ness, swelling, heat, pain and dysfunction of the joints
and surrounding tissues [3]. Without proper treatment,
acute GA can progress to chronic GA or cause deformity
or physical disability [3,4]. The common co-morbidities

and limit purine intake [5]. At present, the pain caused
by GA can only be relieved by colchicine, non-steroidal
anti-inflammatory drugs and corticosteroids [6]. However,
these drugs have serious side effects, and long-term use
can cause serious adverse reactions such as gastrointestinal
adverse reactions, chronic renal insufficiency, restlessness
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and immunosuppression [5-7]. Therefore, finding a safe
and effective treatment is the key to treating GA.

Studies have validated that the uptake of MSU crystals
by mononuclear phagocytes triggers the activation of the
NLR family pyrin domain containing 3 (NLRP3) inflam-
masome [8,9]. Activated NLRP3 recruits and activates
the precursor of caspase-1 and further induces the pro-
duction of interleukin (IL)-1f, a key factor in inflamma-
tion [8,10]. Subsequently, the activation of neutrophils is
stimulated and proinflammatory cytokines, such as tumor
necrosis factor (ITNF)-a and inflammatory chemokines,
are generated, further resulting in the accumulation of
mononuclear phagocytes, neutrophils and other inflam-
matory cells at the site of inflammation, eventually trig-
gering the cascade of inflammation [11,12]. Therefore,
NLRP3 plays a key role in the process of GA, and explor-
ing the deeper mechanism of modulating NLRP3 in GA
may be of great significance to the treatment of GA.

It was widely reported that NLRP3 could be regulated
by miR-223-3p in different physiological and pathological
processes. For example, miR-223-3p could target NLRP3
to regulate cartilage degeneration [13]; in addition, NLRP3
inflammasome inactivation was induced by miR-223-3p
in breast cancer to inhibit the tumor growth and enhance
the anti-cancer immunity [14]; miR-223-3p was also found
to have a regulatory effect on the expression of NLRP3
in human immune cells [15]. Down-regulated miR-223-3p
was also discovered in rheumatoid arthritis, and miR-
223-3p was reported to be a biomarker for early rheu-
matoid arthritis [16]. However, few studies have been
conducted on the level of miR-223-3p in GA, and whether
NLRP3 could be regulated by miR-223-3p in GA is also
yet to be investigated.

Based on these findings, the current study attempted
to explore the level of miR-223-3p in GA and further
investigate whether there is a regulatory relationship
between miR-223-3p and NLRP3.

Methods

Rats

Twenty male Wistar rats (age = 7 weeks, weight = 200
+ 20 g) were obtained from ALF Biotechnology (Jiangsu,
China; http://www.jsalfei.com/). All the rats were raised
in a SPF room in a 12-h light/12-h dark environment
with free access to food and water. Before experiment,
the rats were acclimatized for 7 days.

Preparation of MSU crystals

MSU crystals were prepared as described in previous study
[17]. In brief, 5 g of uric acid (U820317; Macklin, Shanghai,
China) was dissolved in 1 liter of boiling water. After the
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uric acid solution was cooled to near room temperature,
0-1 mmol/l NaOH solution (S8045; Sigma-Aldrich, MO,
USA, https://www.sigmaaldrich.com) was used to adjust
the pH value of the solution to 7.4. After heating and
boiling, the solution was stirred and cooled (a small num-
ber of crystals were precipitated). The uric acid solution
was then placed in a refrigerator at 4°C for 1 h. After
the solution was filtered and dried, the coarsed-MSU
crystal was obtained. The coarsed-MSU crystal was com-
pletely dissolved in 155 ml of normal saline (S0817; Sigma-
Aldrich) under aseptic conditions. After the pH value
was adjusted to 7.0 with 1 mol/l HCl (H1758; Sigma-
Aldrich), the MSU solution was centrifuged immediately
at 4000 g for 2 min. The supernatant was collected and
the solution was centrifuged repeatedly until no crystal
precipitate was generated. The supernatant was further
centrifuged after being cooled at 4°C for 1 h, and the
final MSU crystal was collected and stored at 4°C. The
final MSU crystal was dissolved in phosphate-buffered
saline (PBS) (R30231; Yuanye, Shanghai, China) at a dose
of 20 mg/ml for further use.

Establishment of the GA model

The rats were randomly divided into three groups: the
control (n = 6), sham group (n = 6) and MSU groups
(n = 6). For the MSU group, after the rats were anes-
thetized by intraperitoneal injection of sodium pento-
barbital (50 mg/kg, B005; Jiancheng Bioengineering
Institute, Nanjing, China, http://www.njjcbio.com/), 50 pl
of MSU (20 mg/ml) were injected into the left ankle
joint cavity of the rats. For the sham group, the rats
only received intraperitoneal injection of normal saline
(10 ml/kg). For the control group, the left ankle joint
cavity of the rats was injected with 50 pl of normal
saline after the rats were anesthetized by intraperitoneal
injection of sodium pentobarbital. After injection of MSU
or normal saline for 0, 6, 12 and 24 h, the left paw
volume and gait score were measured. After injection
of MSU or normal saline for 24 h, the rats were anes-
thetized with sodium pentobarbital (50 mg/kg), and the
rat blood was collected for enzyme-linked immunosorb-
ent assay (ELISA) analysis. Subsequently, the rats were
euthanized by cervical dislocation, and the ankle joint
tissues of the rats were collected for hematoxylin and
eosin staining, immunohistochemistry analysis, reverse
transcription—quantitative polymerase chain reaction
(RT-qPCR) and Western blot.

Measurement of paw volume

After injection of MSU or normal saline for 0, 6, 12
and 24 h, the volume of the rat left hind paws was
measured using the PBC7140 plethysmometer (Ugo
Basile, Gemonio, Italy).
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Measurement of gait score

After injection of MSU or normal saline for 24 h, the
rat behavior was assessed using the gait score [17] by
three observers who had not known about the experi-
mental program. The gait score was graded on a four-point
(0-3) scale: zero points represent that the gait of rats was
normal; one point represents that the gait of rats was
slightly limp and over-flexion of the left hind limb was
visible; two points represent that the gait of rats was
moderately limp and the left hind paw only briefly touched
the floor; three points represent that the gait of rats was
severely limp, and a three-legged gait was observed [18].
The final score of the rats was determined by the averag-
ing the scores of the three observers.

Hematoxylin and eosin staining

The first step was to prepare paraffin sections of ankle
joint tissues. In brief, the tissues was fixed with 4%
paraformaldehyde (R008069; Rhawn, Shanghai, China),
dehydrated with gradient ethanol (E809057; Macklin),
transparentized with xylene (R017750; Rhawn) and then
embedded in paraffin (327204; Sigma-Aldrich). Finally,
the paraffin-embedded tissues were cut into approximately
3-5-pm-thick sections using a paraffin section machine
(KD-2508; Cossim, Beijing, China).

The last step was to stain the tissue slices. In brief,
the tissue slices were deparaffinized with xylene, dehydrated
with gradient ethanol and stained with hematoxylin
(B25380; Yuanye) for 5 min. After washing for 5 s with
tap water, the tissue slices were differentiated with 1%
hydrochloric acid alcohol (AR0038; Boster, Wuhan, China)
for 1-3 s and further stained with 0-5% eosin (E4009;
Sigma-Aldrich) for 2 min. After dehydration with gradient
ethanol, the tissue slices were transparentized with xylene
again and further sealed with neutral gum (D054-1-1;
Jiancheng Bioengineering Institute). Finally, the images of
the tissue slices were documented under a microscope
(DMLA, Leica, Solms, Germany).

ELISA

The levels of IL-1p, TNF-a and articular elastase in serum
of the rats were analyzed by ELISA using ELISA kits for
IL-1pB (ml037361), TNF-a (ml002859) and articular elastase
(ml059396), which were purchased from Enzyme-linked
Biotechnology (Shanghai, China). In brief, 50 pl of serum
and standard samples were added to the wells. Then 50 pl
of biotin-labeled antibody was placed into the wells and
incubated for 1 h at 37°C in the dark. Affinity chain
enzyme horseradish peroxidase (HRP) (80 pl) was further
added to each well and incubated at 37°C for 30 min.
Next, solution I (50 pl) and solution II (50 pl) were suc-
cessively added to the wells for 20 min incubation. After
stop buffer (50 pl) was finally added to the wells, the

absorbance of the samples was measured using a microplate
reader (Imark; Bio-Rad, Hercules, CA, USA) at 450 nm.

Immunohistochemistry analysis

First, paraffin sections of ankle joint tissues were prepared.
In brief, the tissues was fixed with 4% paraformaldehyde,
dehydrated with gradient ethanol, transparentized with
xylene and then paraffin-embedded. Next, the embedded
tissues were cut into approximately 3-5-pum-thick sections
using the paraffin section machine. The prepared tissue
slices were then repaired with citrate antigen repair solu-
tion (AR0024; Boster) via heating in a microwave oven
for 6 min; the tissues were incubated with primary anti-
bodies NLRP3 (1 : 500, ab214185; abcam, Cambridge,
MA, USA), cleaved caspase-1 (1 : 100, 4199; Cell Signaling
Technology, Danvers, MA, USA) and IL-1p (1 : 250,
ab2105; abcam) overnight at 4°C. The next day, the tissue
slices were incubated with goat-anti-rabbit IgG (1 : 20000,
ab205718; abcam) for 1 h. The tissue slices were further
stained with the dolichos biflorus agglutinin (DBA) reagent
(SFQO004; 4A Biotech, Beijing, China) for 25 min and
hematoxylin for 4 min. After dehydration with gradient
ethanol, the tissue slices were transparentized with xylene
again and further sealed with neutral gum. Finally, the
images of the tissue slices were documented under the
microscope (DMLA; Leica, Solms, Germany) at a mag-
nification of x200.

Isolation and culture of rat fibroblast-like synoviocytes
(FLSs)

FLSs were isolated from synovium tissues of the ankle
joint of two healthy rats. In brief, all synovium tissues
were chopped and incubated in 0-25% ethylenediamine
tetraacetic acid (EDTA)-trypsin (25200056; GiBco,
Carlsbad, CA, USA) containing 10% fetal bovine serum
(FBS) (16140071; GiBco) and 7-5% sodium bicarbonate
(037163; Thermo Fisher, Waltham, MA, USA) for 20 min.
The solution containing synovium tissues was immediately
added into Dulbecco’s modified Eagle’s medium (DMEM)
medium (11965092; GiBco) containing 25% FBS in a
sterile culture dish. After monolayer cells formed in the
culture dish and cell confluence reached 70%, the medium
was replaced by DMEM medium containing 10% FBS
(complete medium) and the cells were further cultured
in a humidified atmosphere at 37°C with 5% CO,.

MSU treatment of FLSs

The isolated FLSs were administered with MSU alone or
additionally transfected with miRNA mimic, miRNA inhibi-
tor or plasmids. For the former situation, the FLSs were
separately incubated with 60, 75, 80 and 100 pg/ml MSU
for 24 h for use in subsequent experiments. For the latter
situation, the cells were first transfected with miRNA
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mimic, miRNA inhibitor or plasmids, then incubated with
75 pg/ml MSU for 24 h for further analysis.

Transfection

MiR-223-3p mimic (5'-UGUCAGUUUGUCAAAUACCC
CA-3’), miR-223-3p inhibitor (5'-UGGGGUAUUUGACA
AACUGACA-3’) and miRNA scramble, which was used
as a negative control (siG141112151635-1-5), were syn-
thesized by Ribobio (Guangzhou, China). Plasmids over-
expressing NLRP3 were synthesized by GenePharma
(Shanghai, China) and ligated into the pcDNA3.1 vector.
The primer used to obtain the sequences of the NLRP3
over-expressing plasmid was as follows: forward: 5'-CTC
ACCTCACACTCCTGCTG-3', reverse: 5-AGAACCTCA
CAGAGCGTCAC-3’; Plasmids without any target sequence
were used as negative control (NC).

Before transfection, 2 ml of complete medium with
1.0 x 10% FLSs were placed into each well of a six-well
plate. After the cell confluence reached approximately 70%,
the complete medium in each well was replaced by 1-8 ml
of basic medium without FBS. Then 2 pg of mimic, inhibi-
tor or plasmids were separately diluted with 100 pl of Opti-
MEM (31985070; Gibco); 2 pl of lipo 3000 (BMB1385, Bomei
Biotechnology, Hefei, China) was also diluted with 100 pl
of Opti-MEM. The diluted mimic, inhibitor or plasmids
and the diluted lipo 3000 were mixed thoroughly. After
incubation for 10 min, the mixed solution was finally added
to each well and the cells were further cultured for 48 h.

Dual-luciferase reporter assay

The sequence of NLRP3 wild-type (NLRP3-WT), which
contained the binding site for miR-223-3p (5-CGCTAT
CTTTCTATTAACTGACC-3’), and the sequence of NLRP3
mutant (NLRP3-MUT; 5'-CGCTATCTTTCTATT
GGAGTCTC-3’) were separately cloned into the pGL3-
basic vectors (60908-3961y), which were purchased from
Tiandz (Beijing, China). Then, 300 pl of complete medium
with 3:0 x 10* cells were placed into each well of a 48-
well plate. After the cell confluence reached approximately
70%, the complete medium in each well was replaced by
1.8 ml of basic medium without FBS. The NLRP3-WT-
pGL3-basic vectors and NLRP3-MUT-basic vectors with
miR-223-3p mimic or mimic control (MC; miR1N0000001-
1-5; Ribbio) were separately transfected into the cells using
lipo 3000. After transfection, the cells were lysed and
treated using the luciferase reporter assays substrate kit
(ab228530; abcam), and further placed under the
SpectraMax reader (Molecular Devices, Shanghai, China)
for the detection of luciferase activity.

Immunofluorescence

After administration of MSU or transfection, FLSs were
collected and fixed with paraformaldehyde (P804537;
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Macklin) and permeabilized with 0-5% Triton X-100 (T8787;
Merck, Kenilworth, NJ, USA). The cells were incubated with
10 pg/ml NLPR3 antibody (ab4207; abcam) overnight at
4°C. The second day, after washing with PBS, the cells were
further incubated with Alexa Fluor 488 donkey anti-goat
IgG (1 : 500, ab150129; abcam) for 1 h. Finally, the cells
were counterstained with 4',6-diamidino-2-phenylindole
(DAPI) (D9542; Merck) and the images of the cells were
observed and documented using a BSF-40 fluorescence
microscope (Batuo Instrument, Shanghai, China).

Methyl thiazolyl tetrazolium (MTT) assays

After administration of MSU or transfection, FLSs were
collected and adjusted to a concentration of 1.0 x 10°
cells/ml and 100 pl of FLSs were placed into each well
of a 96-well plate and cultured for 24 h. The medium in
each well was replaced by 100 pul of PBS containing 0-5 mg/
ml MTT (88417; Merck). After the cells were further
incubated with the MTT solution for 4 h, the MTT solu-
tion was removed and replaced by 100 pl of dimethyl-
sulfoxide (DMSO) (D2650; Merck). Finally, the absorbance
of the solution in each well was measured using a micro-
plate reader (Imark; Bio-Rad) at 572 nm.

Flow cytometry

Cell pyroptosis was detected by flow cytometry using a
FAM-FLICA caspase-1 assay kit (#98; ImmunoChemistry,
Bloomington, MN, USA), which mainly contained the
caspase-1-FLICA reagent and propidium iodide (PI). In
brief, after administration of MSU or transfection, 1.0 x 10°
FLSs in 100 pl of complete medium were collected and
added to 10 pl of caspase-1-FLICA reagent for 15 min.
The cells were further incubated with 100 pl of complete
medium containing PI (2 pg/ml) for 25 min in the dark.
Finally, the fluorescence intensity in the cells was assessed
using a FACSCalibur II flow cytometer and the CellQuest
software (BD Biosciences, San Jose, CA, USA).

RNA extraction and RT-qPCR

MiRNAs were extracted from the rat ankle joint tissues
and FLSs using an isolation regent kit (DP501; Tiangen,
Beijing, China) and were used to analyze the expression
of miR-223-3p. Total RNAs were extracted from FLSs
using TRIzol (15596; Invitrogen, Carlsbad, MA, USA) and
were used for the expression analyses of a series of mRNAs.
The extracted RNAs were reverse-transcribed into cDNAs
using a ¢cDNA synthesis kit (AE301-02), which was pur-
chased from TransGen (Shanghai, China). The amplification
reaction was conducted using an amplification kit
(AQ601-01; TransGen) which contained RT-qPCR super-
mix. In brief, 1 pl of ¢cDNA and 2 pl of primers of
targeted genes (Table 1) were diluted with 2 pl of RNase-
free H,O (RF001) obtained from Real-Times (Beijing,
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Table 1. RT-qPCR primers

Target gene Forward primers, 5'-3’ Reverse primers, 5’3’

miR-223-3p CCCGTCGTATCCAGTGCAAT GTCGTATCCAGTGCGTGTCG
NLRP3 TCTGTGTGGACCTAAGCCCC GGGATACAGCCTTTCTCGGG
ASC GACAGTGCAACTGCGAGAAG CGACTCCAGATAGTAGCTGACAA
IL-1p ACCTGGGCTGTCCTGATGAGAG TGTTGATGTGCTGCTGCGAGAT
f-actin GTGACGTTGACATCCGTAAAGA GCCGGACTCATCGTACTCC

U6 GACCTCTATGCCAACACAGT AGTACTTGCGCTCAGGAGGA

RT-qPCR = reverse transcription-quantitative polymerase chain reaction.

China). Then the diluted cDNA and primers were further
mixed with 5 pl of RT-qPCR supermix for amplification.
The condition of amplification was as follows: 94°C for
30 s, 94°C for 30 s for 40 cycles and 60°C for 30 s for
40 cycles. The process of amplification was documented
under the Q6 system (Applied Biosystems, Waltham, MA,
USA) and the RNA expression level was quantified using
the 27**CT method.

Western blot assay

Total protein was extracted from the rat ankle joint tis-
sues and FLSs for the analysis of some target protein.
After the tissues and cells were lysed with NP-40 (N8031;
Solarbio, Beijing, China), the total protein was collected
and its concentration was determined using a QuantiPro
BCA kit (QPBCA; Merck). Then, 30 pg of the total protein
and 4 pl of marker (PR1910; Solarbio) were separated by
electrophoresis using a tricine-sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel kit
(CW2384; CWBIO, Beijing, China) and subsequently trans-
ferred to 0-22 pm NC membranes (W015-2; Jiancheng-Bio,
Nanjing, China). After blocking with 5% non-fat milk,
the membranes were incubated with the following relative
primary antibodies at 4°C for 16 h: ASC (1 : 2000, 50 kDa,
ab188865; abcam), NLRP3 (1 : 1000, 118 kDa, ab263899;
abcam), cleaved caspase-1 (1 : 1000, 20 kD, 4199; Cell
Signaling Technology), cleaved N-terminal GSDMD
(1 : 1000, 31 kDa, ab215203; abcam), IL-1f (1 : 1000,
31 kDa, ab9722; abcam) and f-actin (1 : 3000, 42 kDa,
ab8226; abcam). After 2 h incubation with rabbit second-
ary antibody (1 : 10000, ab205718; abcam) or mouse
secondary antibody (1 : 10000, ab205719; abcam), the
membranes were further covered with 200 pl of detection
solution (P0019; Beyotime, Shanghai, Chian). Finally, the
signal image was detected and analyzed using the Image
Lab version 3.0 Software (Bio-Rad).

Statistical analysis

All data were analyzed by one-way analysis of variance
(ANOVA) using spss version 20.0 software. Least squares
difference (LSD) and Dunnet’s t-test were applied as

post-hoc  tests. Statistical data are presented as
mean + standard deviation (s.d.). P < 0-05 indicates that
the data were statistically significant.

Results

Paw volume, gait score and the damage of synovial
tissue were increased in MSU-induced GA rats

After establishing the MSU-induced GA rat model, we
first measured the paw volume of the rats to evaluate
the limb swelling extent (Fig. la,b), and the data show
that MSU treatment significantly increased the paw volume
compared with the sham group (P < 0-001), which indi-
cated that MSU treatment induced limb swelling in rats.
We documented the gait score of the rats to evaluate
joint dysfunction (Fig. 1c), and found that the gait score
in the MSU group was higher than that in the sham
group (P < 0-001), which indicated that MSU treatment
induced joint dysfunction in rats. We further observed
the pathological damage of rat joint by hematoxylin and
eosin staining (Fig. 1d). The staining images in the control
and sham groups show that the joint tissue was healthy
and normal, while in the MSU group, neutrophil and
inflammatory infiltration, hyperemia, synovial hyperplasia
and necrosis were found in the staining images of rat
knee joint.

Pyroptosis-related factors, inflammation-related
factors and miR-223-3p were abnormally expressed in
MSU-induced GA rats

We further analyzed the secretion levels of IL-1p, TNF-«
and articular elastase in the rat serum. The data show
that the serum levels of IL-1f, TNF-a and articular
elastase in the MSU group were clearly up-regulated
compared with those in the sham group (P < 0-001,
Fig. 2a-c). Immunohistochemistry analysis and Western
blot were also performed to further evaluate the expres-
sion of IL-1B, NLRP3 and cleaved caspase-1 in the rat
joint tissues. The results demonstrate that the expression
of these factors in the MSU group were still higher
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Fig. 1. Paw volume, gait score and the damage of synovial tissue were increased in monosodium urate (MSU)-induced gout arthritis (GA) rats after
injection of MSU or normal saline for 24 h. (a) Pictures of rat paws are shown; (b) volume of rat paws was measured using a PBC7140 plethysmometer
at 0,6, 12 and 24 h; (c) gait score was documented by three observers; (d) pathological damage of rat joint was observed by hematoxylin and eosin

staining (""P < 0-001 versus sham).

than those in the sham group (P < 0-001; Figs. 2d,3a,b,d,f).
Similarly, the protein expressions of ASC and cleaved
N-terminal GSDMD in the rat joint tissues were increased
in the MSU group compared to the sham group
(P < 0-001; Fig. 3c,e). The expression of miR-223-3p
was also detected, and we found that miR-223-3p expres-
sion was down-regulated in MSU-induced GA rats com-
pared to that in the rats of the sham group (P < 0-001,

Fig. 3g).

MiR-223-3p regulated the viability, pyroptosis and the
expression of miR-223-3p and NLRP3 in MSU-induced
FLSs

FLSs isolated from healthy rats were treated with dif-
ferent doses (60, 75, 80 and 100 pg/ml) of MSU. FLS

viability and the expression of miR-223-3p in MSU-
induced FLSs were detected; we found that MSU decreased
FLS viability and the expression of miR-223-3p in FLSs
(Fig. 4a,b). In order to further verify the effect of miR-
223-3p on GA, we transfected miR-223-3p mimic and
inhibitor into the FLSs. As shown in Fig. 4c,d, after the
cells were transfected with miR-223-3p mimic or inhibi-
tor and simultaneously treated with 75 pg/ml MSU
(MSU + M group and MSU + I groups), the decreased
cell viability and miR-223-3p expression induced by MSU
were reversed by miR-223-3p mimic (P < 0-05) and
further decreased by miR-223-3p inhibitor (P < 0-05)
compared to the MSU + scramble group. We also detected
the pyroptosis of the cells (Fig. 4e), and found that
MSU increased the relative pyroptosis rate of FLSs com-
pared with the control group (P < 0-001), while in the
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Fig. 2. Inflammation-related factors were abnormally expressed in monosodium urate (MSU)-induced gout arthritis (GA) rats. After injection of
MSU or normal saline for 24 h. (a-c) Secretion levels of interleukin (IL)-1p, tumor necrosis factor (INF)-a and articular elastase in the serum of the
rats were detected by enzyme-linked immunosorbent assay (ELISA); (d) expression levels of IL-1f, NLRP3 and cleaved caspase-1 in the joint tissues

*ohk

of the rats were detected by immunohistochemistry analysis (" P < 0-001 versus sham).

MSU + M and the MSU + I groups the increased pyrop-
tosis rate induced by MSU was reversed by miR-223-3p
mimic (P < 0-01) and further increased by miR-223-3p
inhibitor (P < 0-01) compared to the MSU + scramble
group. Regarding the expression of NLRP3 (Fig. 4f), the
results of immunofluorescence showed that MSU
increased the expression of NLRP3 while in the MSU + M
and MSU + I groups the increased NLRP3 expression

induced by MSU was reversed by miR-223-3p mimic
and further up-regulated by miR-223-3p inhibitor.

MiR-223-3p regulated the expressions of NLRP3, ASC,
caspase-1, cleaved N-terminal GSDMD and IL-1f in
MSU-induced FLSs

We further detected the expression of NLRP3, ASC, cleaved
caspase-1, cleaved N-terminal GSDMD and IL-1f in FLSs.
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Fig. 3. Pyroptosis-related factors, inflammation-related factors and miR-223-3p were abnormally expressed in monosodium urate (MSU)-induced

gout arthritis (GA) rats. (a—f) The expression levels of NLR family pyrin domain containing 3 (NLRP3), apoptosis-associated speck-like protein
(ASC), cleaved caspase-1, cleaved N-terminal gasdermin D (GSDMD) and interleukin (IL)-1p in the joint tissues of the rats were detected by Western
blot; f-actin was used as an internal control; (g) The expression of miR-223-3p in the serum of the rat joint tissues was detected by reverse

transcription-quantitative polymerase chain reaction (RT-qPCR) (""P < 0-001 versus sham).

As shown in Fig. 5a-i, the mRNA and protein levels of
NLRP3 and ASC in FLSs were up-regulated by MSU com-
pared to the control group (P < 0-001), while after the
FLSs were transfected with miR-223-3p mimic and simul-
taneously treated with MSU (the MSU + M group), the
up-regulated expressions of NLRP3 and ASC induced by
MSU were reversed by miR-223-3p mimic compared to
the MSU + scramble group (P < 0-01). The mRNA and
protein levels of cleaved caspase-3, cleaved N-terminal

© 2021 British Society for Immunology, Clinical and Experimental Inmunology, 204: 396-410

GSDMD and IL-1p in FLSs (Fig. 5a,d-i) were also up-
regulated by MSU compared to the control group (P < 0-001),
while after the FLSs were transfected with miR-223-3p mimic
or inhibitor and simultaneously treated with MSU
(MSU + M and MSU + I groups), the up-regulated levels
of these factors induced by MSU were reversed by miR-
223-3p mimic and further increased by miR-223-3p inhibitor
compared to the MSU + scramble group (P < 0-05).

403



J. Tian et al.

(@) _ (b) (€)_ (d)
x 150 1.5+ X 120 1.5
> 3 > &3
a a2 i el *% a2 Hith
_g 100 L. 9_181'0 g 80 " ‘5510
= *x Eg o = Eg
8 *kk [ *kk o 0?2
50 2 £ 0.54 fi 40 > 205 *kk
£ 2% B g 35
3 2 s 2
x 0 0.0- x 0 0.0
> N N ) N N e \
& & & & & & & & L& F S €& SE NS
FTLLSE FLeLSsLe & VL § & VS
(N FON NN [N JUS SN N < &0 o &7
QS A7 O S A7 & O 0,@ 0"6
_— _ @6 @6
MSU MSU
- 40 ##
(e) g
Control i MSU EMSU+scrambIe . e 30 e
= (1]1!6% 574%3 & (3]125% 24, B%Zo F;?_’n% 2548’/3 ; E
% o % ")
2 B < - 20 ##
o
[ ae [ 2
© 10
° ° ° >
N N © a
2oz ” Q4 2oz Q4 2z Q4 2oz o) Gl o Q4
‘_10” 10" 102 10° 10* ’1 P 10" 102 10° 10* F‘\ﬂu 10" 10? 10° 10* F10D 10" 102 10° 10* —1 0 10" 102 10° 10* \
Caspase-1 FLICA Caspase-1 FLICA Caspase-1 FLICA Caspase-1 FLICA Caspase-1 FLICA X

(f) Control

b o
4 o
5 <
= x
o 8
< <
=] x
()

o
< o
[ <
E x

Fig. 4. (a) The viability of the rat fibroblast-like synoviocytes (FLSs) after treatment with different doses of monosodium urate (MSU) was detected by
methyl thiazolyl tetrazolium (MTT); (b) the expression of miR-223-3p in the rat fibroblast-like synoviocytes (FLSs) after treatment with different
doses of MSU was detected by reverse transcription—-quantitative polymerase chain reaction (RT-qPCR); U6 was used as an internal control; (c) the
viability of the rat FLSs after treatment with MSU and transfection with miR-223-3p mimic or inhibitor was detected by MTT; (d) the expression of
miR-223-3p in the rat FLSs after treatment with MSU and transfection with miR-223-3p mimic or inhibitor was detected by RT-qPCR; U6 was used
as an internal control; (e) the pyroptosis of the rat FLSs after treatment with MSU and transfection with miR-223-3p mimic or inhibitor was detected
by flow cytometry; (f) the expression of NLR family pyrin domain containing 3 (NLRP3) in the rat FLSs after treatment with MSU and transfection
with miR-223-3p mimic or inhibitor was detected by immunofluorescence ("P < 0-05, P < 0-01, ""P < 0-001 versus control; P < 0-05, **P < 0-01 versus
MSU + scramble). M: miR-223-3p mimic; I: miR-223-3p inhibitor.

MiR-223-3p specially targeted NLRP3 in FLSs this prediction, a dual-luciferase reporter assay was con-
We then predicted that NLRP3 was a target of miR-223-3p, ducted. As shown in Fig. 6b, the relative luciferase activity
noting that the sequence of NLRP3-WT had the binding of FLSs, which were transfected with NLRP3-WT and
site for miR-223-3p (Fig. 6a). In order to further verify miR-223-3p mimic, was significantly decreased compared

404 © 2021 British Society for Immunology, Clinical and Experimental Inmunology, 204: 396-410
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of NLRP3, ASC and IL-1p in the rat FLSs after treatment with MSU and transfection with miR-223-3p mimic or inhibitor was detected by reverse

ok

transcription—quantitative polymerase chain reaction (RT-qPCR); B-actin was used as an internal control (™" P < 0-001, versus control; “P < 0-05,
#P <001, P < 0-001, versus MSU + scramble). M: miR-223-3p mimic; I: miR-223-3p inhibitor.

with that in the cells transfected with NLRP3-WT and
mimic control (P < 0-001), while no difference was found
in the relative luciferase activity in the FLSs which were
transfected with NLRP3-MUT and miR-223-3p mimic
compared with that in the cells transfected with NLRP3-
MUT and mimic control. These results further confirmed
that NLRP3 was targeted by miR-223-3p in FLSs.

© 2021 British Society for Immunology, Clinical and Experimental Inmunology, 204: 396-410

NLRP3 over-expression reversed the effect of
miR-223-3p mimic on the viability, pyroptosis and
expression of NLRP3, ASC, cleaved caspase-1, cleaved
N-terminal GSDMD and IL-1f in MSU-induced FLSs

After over-expressing NLRP3, we further detected the
changes of NLRP3 expression, cell viability and pyroptosis
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in MSU-induced FLSs. As shown in Fig. 7a,b, the expres-
sion of NLRP3 in the MSU + M group was decreased
by the miR-223-3p mimic when compared with the MSU
group (P < 0-001), while in the MSU + M + NLRP3
group the lowered NLRP3 expression induced by miR-
223-3p mimic was reversed by NLRP3 over-expression
compared to the MSU + M + NC group (P < 0-01).
Regarding cell viability (Fig. 7c), in the MSU + M group
the cell viability was increased by miR-223-3p mimic when
compared with the MSU group (P < 0-05), while in the
MSU + M + NLRP3 group the enhanced cell viability
induced by miR-223-3p mimic was reversed by NLRP3
over-expression compared to the MSU + M + NC group
(P < 0-05). Also, the pyroptosis rate in the MSU + M
group was reduced by miR-223-3p mimic when compared
with the MSU group (P < 0-001, Fig. 7d), while in the
MSU + M + NLRP3 group the lowered pyroptosis rate
induced by miR-223-3p mimic was reversed by NLRP3
over-expression compared to the MSU + M + NC group
(P < 0-01, Fig. 7d). Mechanically, we detected the tran-
scription and translation levels of ASC, cleaved caspase-1,
cleaved N-terminal GSDMD and IL-1f in MSU-induced
FLSs. We found that in the MSU + M group, the tran-
scription (Fig. 8f,g) and translation (Fig. 8a-e) levels of
these factors were all decreased by miR-223-3p mimic
when compared with the MSU group (P < 0-01), while
in the MSU + M + NLRP3 group the lowered levels of
these factors induced by miR-223-3p mimic was reversed
by NLRP3 over-expression compared to the MSU + M
+ NC group (P < 0-01).

Discussion

In the current study, we found that NLRP3 was a target
of miR-223-3p and miR-223-3p was down-regulated, while
NLRP3 was up-regulated in MSU-induced GA rats and
FLSs. After transfecting miR-223-3p mimic, miR-223-3p
inhibitor and NLRP3 over-expression plasmids into MSU-
induced FLSs, we found that miR-223-3p mimic reversed
the lowered cell viability, increased pyroptosis and down-
regulated levels of pyroptosis and inflammation-related
factors in MSU-induced FLSs, and miR-223-3p inhibitor
further enhanced the performance of MSU-induced FLSs.
Also, NLRP3 over-expression reversed the effect of miR-
223-3p mimic on MSU-induced FLSs. Our findings revealed
that miR-223-3p inhibited the inflammation and pyroptosis
of MSU-induced FLSs by targeting NLRP3, which indicated
that miR-223-3p could be used as a biomarker for the
treatment of GA.

The onset of GA is triggered by the accumulation of
excessive uric acid and MSU crystal formation in the
joints and surrounding tissues [1,4]. Therefore, MSU crystals
were prepared and used to establish the GA rat model.
The main clinical features of GA attack are inflammatory
cell infiltration, joint swelling, severe pain and obvious
hindered mobility of affected joints [1,4,7]. In the present
study, we discovered that the paw volume and gait score
were increased and the joint dysfunction was enhanced
by MSU, which indicated that the MSU-induced GA rat
model was successfully established.

The main link of MSU crystal-induced inflammation
is the recognition and response of the mononuclear

406 © 2021 British Society for Immunology, Clinical and Experimental Inmunology, 204: 396-410
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reaction (RT-qPCR); B-actin was used as an internal control; (b) the expression of NLRP3 in the rat FLSs after treatment with MSU and transfection
with miR-223-3p mimic or NLRP3 was detected by immunofluorescence; (c) the viability of the rat FLSs after treatment with MSU and transfection
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phagocyte system [6,19,20]. In this system, MSU crystal
was mainly identified by Toll-like receptors (TLRs) on
mononuclear macrophages [20-22]. TLRs are the main
cell receptors of the host’s innate defense system and
are an important part of the body’s innate immune
system [22]. After MSU was identified by TLRs, NLRP3
was further activated, which could further trigger a series
of inflammatory responses [23-25]. In this study, we
also found that the expression of NLRP3 in synovial
tissue of MSU-induced GA rats and FLSs was up-
regulated. NLRP3, a member of the NOD-like receptor
family and a cytoplasmic protein in inflammatory
response, was also reported to exert a regulatory effect
on breast cancer cells, human immune cells and cartilage
cells as well as GA [13-15], and the effect of NLRP3
on these cells was regulated by miR-223-3p [13-15].
The targeting relationship between miR-223-3p and
NLRP3 was further verified in this study. It is worth
noting that miR-223-3p was reported to be a biomarker
for early rheumatoid arthritis, as down-regulation of
miR-223-3p was found in early rheumatoid arthritis [16].
In this study, down-regulated miR-223-3p was also dis-
covered in MSU-induced GA rats and FLSs for the first
time, which made us wonder whether miR-223-3p had
a modulatory effect on GA by targeting NLRP3.

After NLRP3 was activated, its effector domain would
recruit ASC (an apoptosis-associated speck-like protein)
and further reacted with caspase-1 [26]. Our results
also showed that the expression of ASC and cleaved
caspase-1 were up-regulated in MSU-induced GA rats
and FLSs and the up-regulated levels were reversed by
miR-223-3p mimic and enhanced by miR-223-3p inhibi-
tor. In addition, the effects of miR-223-3p mimic on
the expression of ASC and cleaved caspase-1 in MSU-
induced FLSs were further reversed by NLRP3 over-
expression. Caspase-1, also called IL-1B-converting
enzyme, could cleave the inactive IL-1p precursors in
the cell and promote the formation of mature IL-1p
[26,27]. After binding to the IL-1 receptor, IL-1p acti-
vates the IL-1 signal transduction pathway, resulting in
the expression of a large number of proinflammatory
factors, such as IL-1f and TNF-a, and the amplification
of inflammation cascade [27-29]. Therefore, we further
detected the expression of IL-1p and TNF-a in MSU-
induced GA rats and FLSs, and found that the expres-
sion of IL-1p and TNF-a were up-regulated; also, these
up-regulated levels were reversed by miR-223-3p mimic
and enhanced by miR-223-3p inhibitor. In addition, the
effects of miR-223-3p mimic on the expressions of IL-1p
and TNF-a in MSU-induced FLSs were further reversed
by NLRP3 over-expression. Inflammation and the forma-
tion of mature IL-1Pp and cleaved caspase-1 together
contributed to pyroptosis according to the report [30].
The study illustrated that activated NLRP3 recruited the

Effect of miR-223-3p on gout arthritis

adaptor protein ASC and aggregated to form an inflam-
masome complex. The precursor of caspase-1 was
recruited and activated, and pro-IL-1p was processed
to form mature IL-1f miR-223-3p regulating NLRP3
activation to recruit ASC, forming an inflammasome
complex for further progression.

In this study, our results exhibited that the high levels
of cleaved N-terminal GSDMD (a key factor of pyroptosis)
and pyroptosis in MSU-induced GA rats and FLSs were
reversed by miR-223-3p mimic and enhanced by miR-
223-3p inhibitor, and the effect of miR-223-3p mimic was
still reversed by NLRP3 over-expression. These results
further verified that miR-223-3p had the ability to regulate
the inflammation and pyroptosis in MSU-induced GA rats
and FLSs by regulating NLRP3.

The effects of MiR-223-3p on MSU mode in vivo
would be more reliable than in-vitro results, which was
a limitation of this research and should be studied in
future.

In conclusion, our study revealed that miR-223-3p
inhibited the inflammation and pyroptosis in MSU-induced
rats and FLSs by targeting NLRP3, which could be used
as a biomarker for the treatment of GA.
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