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Abstract: Gout is a common inflammatory arthritis caused by the precipitation of monosodium urate (MSU) crystals.
MicroRNAs (miRNAs) are non-coding RNAs that silence genes’ expression by binding to their mRNAs. This study was
conducted to identify miRNAs implicated in the pathogenesis of gouty arthritis (GA). Acute GA was induced in rats
by injecting MSU crystal solution directly into their left ankle joint cavity. The miRNA expression patterns in ankle sy-
novial tissues of control and GA rats were analyzed with Affymetrix miRNA 4.0 microarrays. Seven miRNAs with fold
change (FC) > 1.2 and P value < 0.05 (unpaired t test) were identified. After validation via quantitative real-time PCR,
rno-miR-328b-3p, rno-miR-375-5p and rno-miR-299a-5p were confirmed as the upregulated miRNAs in GA rats,
while rno-miR-203a-3p, rno-miR-3085 and rno-miR-19b-2-5p were the downregulated ones. Target genes of the
six validated miRNAs were predicted with miRDB online database. Results of gene ontology (GO) analysis indicated
that genes targeted by the upregulated miRNAs were mainly enriched in transcriptional regulation and negative/
positive regulation of apoptotic process, while those targeted by the downregulated miRNAs were annotated into
transcriptional regulation and signal transduction. Furthermore, the most significant signaling transduction pathway
mediated by the upregulated miRNAs was p53 pathway, a well-known apoptosis related pathway. The downregu-
lated miRNA-targeted genes were enriched in several inflammation or oxidative stress related pathways, such as
MAPK and FoxO signaling pathways. Collectively, the identified differentially expressed miRNAs hold the potential to
serve as therapeutic molecules or targets for GA.
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Introduction require for further understanding on its patho-
genesis.

Gout is a crystal deposition disease, leading to

activity limitation or disability in patients if
untreated [1, 2]. The final product of purine
metabolism, uric acid, has long been recog-
nized as the cause of gouty arthritis (GA) [3].
New therapeutic agents targeting inflammation
(interleukin-1p3, IL-1B) and lowering urate are
currently under investigation [4, 5]. Colchicine
and non-steroidal anti-inflammatory drugs are
effective for GA management. However, their
adverse effects on kidney or cardiovascular
system make the treatment of GA challenging
[6, 7]. New developments in therapy for GA

MicroRNAs (miRNAs) as small non-coding RNAs
assemble with Argonaute (Ago) proteins as miR-
NA-induced silencing complexes, recognize to
their complementary mRNAs, and lead to mRNA
deadenylation, decapping and 5’-to-3’ degrada-
tion [8, 9]. Reportedly, dysregulation of miRNAs
occurs across many inflammatory conditions,
including rheumatoid arthritis (RA) [10] and
osteoarthritis (OA) [11]. Interestingly, recent
studies also reveal the implication of miRNAs
in GA. MiR-146a expression is decreased in
mouse peritoneal monocytes exposed to mono-
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sodium urate (MSU) crystals during the acute
inflammatory response, and its overexpression
can inhibit the MSU crystal-induced over-
production of proinflammatory cytokines in
monocytic THP-1 cells [12]. In contrast to
miR-146a, miR-155 is highly enriched in
peripheral blood and synovial samples derived
from GA patients, and its elevation aggravates
MSU crystal-induced inflammation [13]. These
earlier findings suggest that miRNAs may act
as regulators in GA pathogenesis in discre-
pant ways, and that targeting miRNAs may
be a promising strategy for GA treatment.
Identifying more novel miRNAs implicated in GA
pathogenesis will help to understand how GA
develops.

MSU crystals interacting with the surface of
cells trigger a variety of cellular signals involved
in GA inflammation [7]. Therefore, in this study,
MSU crystals were utilized to induce acute GA
in rats. By using miRNA microarrays, we com-
pared the miRNA expression in synovial tissues
from GA and control rats. The possible targets
of the differentially expressed miRNAs were
predicated with miRDB database, and further
subjected to bioinformatics analysis.

Materials and methods
Animals

Wistar rats (200 + 20 g) obtained from Vital
River Laboratory Animal Technology Co. Ltd
(Beijing, China) were housed under controlled
conditions (a 12-h light/dark cycle with the tem-
perature of 22 + 1°C and humidity of 40-60%),
and fed with standard laboratory diets. All ani-
mal procedures were approved by Animal Care
Ethics and Use Committee of Heilongjiang
University of Chinese Medicine.

Establishment of MSU crystal-induced GA
model in rats

MSU crystals were used to induce acute GA in
rats (n = 3 per group). In short, rats were anes-
thetized with 10% chloral hydrate (3.5 mL/kg;
intraperitoneal injection), and then 50 uL MSU
solution (20 mg/mL) was injected into their left
ankle joint cavity (GA group). Rats in control
group were given an equal volume of PBS
(Control group). Twenty-four hours later, the
blood samples were collected from these rats,
and their left ankle circumferences were mea-
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sured. Thereafter, all rats were sacrificed, and
their left ankle synovial tissues were removed
and stored in liquid nitrogen.

Total RNA extraction and raw data analysis

Total RNAs were isolated from the synovial tis-
sues and quantified on NanoDrop ND-2100
(Thermo Scientific, Pittsburgh, PA, USA). RNA
integrity of each sample was measured on
Agilent 2100 (Agilent Technologies, Santa
Clara, CA, USA). The RNAs were tailed with Poly
A and then labeled with Biotin before hybridiz-
ing onto the Affymetrix miRNA 4.0 microarrays
that containing 728 mature rat miRNAs. After
washing, the arrays were scanned by the
Affymetrix Scanner 3000 (Affymetrix) accord-
ing to the manufacturer’'s standard protocols.
Raw data were exported by analyzing array
images with Affymetrix GeneChip Command
Console software (Version 4.0).

Quantitative real-time PCR (qRT-PCR) analysis

The miRNA expression levels were further con-
firmed via qRT-PCR analysis. Samples used in
microarray analysis were also used in gRT-PCR
analysis. U6 was served as control for miRNA.
Threshold cycle method was performed to
determine the relative miRNA expression lev-
els. Where appropriate, unpaired t test was per-
formed to compare the data using SPSS
(Version 20.0).

Microarray data analysis

Microarray raw data were first normalized with
RMA, and then analyzed with Genespring soft-
ware package (Version 12.5; Agilent Techn-
ologies). MiRNAs with the absolute fold change
(FC) > 1.2 (GA vs. Control group) and P value <
0.05 (unpaired t test) were considered as dif-
ferentially expressed miRNAs. MiRDB online
prediction software was used to predict the
possible targets of miRNAs. Principal compo-
nent analysis (PCA) was performed using the
microarray data, and unsupervised hierarchical
clustering was performed to show the miRNA
expression patterns. Furthermore, gene ontol-
ogy (GO) and Kyoto encyclopedia of genes and
genomes (KEGG) pathway analysis were applied
to defining the roles of target genes in GA
pathogenesis. A GO or KEGG term with P value
< 0.05 was considered as significant (unilateral
Fisher exact test).
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Figure 1. MSU crystals successfully induced acute
GA in rat ankles. A. Images of the left ankles of rats
underwent MSU solution injection. MSU crystals in-
duced obvious ankle swelling in rats at 24 h. B. The
left ankle circumference of each rat was measured.
Data were presented as mean + SD (n = 3).

Results
Successful establishment of GA in rats

In order to evaluate the impacts of MSU crystal
injection in rats, the circumferences of their left
ankle joints were measured in both control and
GA groups at 24 h post-injection. As illustrated
in Figure 1, a marked increase in ankle joint cir-
cumference was found in GA rats (2.2 + 0.31
cm in Control group vs. 3.4 + 0.26 cm in GA
group; Figure 1). The observed ankle swelling
induced by MSU crystals indicated the suc-
cessful establishment of GA in rat ankle.

PCA of the microarray data

PCA is often utilized to decrease the dimension
of high-dimensional datasets by assessing
sample similarities as well as differences [14].
To estimate whether the six samples used for
microarray assay could be distinguished, PCA
was thus running in the obtained array data of
each sample. We found that the analyzed six
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Figure 2. PCA distinguished the experimental rats
into two groups. PCA algorithm used to analyze the
obtained microarray data. Samples from the similar
circumstance seemed to cluster into a group.

samples could be distinguished from each
other, and classified into two groups (Figure 2).

Identification of differentially expressed miR-
NAs in rat ankle synovial tissues

Microarray analysis was conducted here to
investigate how high-level urate affected
mMiRNA expression in synovial tissues. As shown
in the volcano plot image, nine out of the ana-
lyzed 728 miRNA had altered expression level
(FC > 1 and P value < 0.05, Figure 3A). Only
seven miRNAs had FC > 1.2 and P value < 0.05,
and thus they were considered as significant
differentially expressed miRNAs. Three miRNAs
(rno-miR-328b-3p, rno-miR-375-5p, rno-miR-
299a-5p) were found to be upregulated in GA
synovial tissues, while four (rno-miR-203a-3p,
rno-miR-3085, rno-miR-19b-2-5p and rno-miR-
741-3p) were downregulated. Unsupervised
hierarchical clustering analysis was performed
in the 7 differentially expressed miRNAs.
Results were shown as a heat map, revealing
that samples from the similar condition were
clustered (Figure 3B). Additionally, qRT-PCR
analysis was performed to validate the microar-
ray data. The qRT-PCR results were correspond-
ed to the prior microarray data (Figure 3C).
However, although the expression of miR-741-
3p was slightly decreased in GA synovium,
there was no statistical significance (P value =
0.889). Therefore, this miRNA was excluded
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Figure 3. Differentially expressed miRNAs were identified in synovial tissues in rats with GA. A. MiRNAs were plot-
ted in a volcano plot. A dot in blue or red represented a miRNA with the absolute FC > 1.2 and P value < 0.05.
These miRNAs were considered as differentially expressed. B. Unsupervised hierarchical clustering analysis was
performed in the 7 differentially expressed miRNAs, and the results were exhibited in a heat map. Red color in each
column indicated the miRNA expression level was higher than the median, while green indicated a lower level. C.
QRT-PCR was performed to confirm the prior microarray data. Data were presented as mean + SD (n = 3), and then
analyzed with unpaired t test. A P value less than 0.05 was considered as statistical significant.

from the subsequent target prediction analy-
sis.

GO annotation and KEGG pathway analysis of
putative target genes

MiRNAs directly bind to the 3’UTR region of
mRNAs, regulating the corresponding gene
expression. To understand the roles of the vali-
dated differentially expressed miRNAs in GA,
their targets were predicted through miRDB
online resource [15]. A GO or pathway item with
P < 0.05 was considered as significant. We
found that, within the biological process, genes
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targeted by three upregulated miRNAs were
mainly enriched in regulation of transcription
and negative/positive regulation of apoptotic
process (Table 1, Supplementary Material 1).
Although no information was available about
the biological process of 97 genes targeted by
the three downregulated miRNAs, the rest tar-
get genes were mainly annotated into regula-
tion of transcription, signal transduction, etc.
(Table 2, Supplementary Material 2). Moreover,
genes either targeted by the upregulated or
downregulated miRNAs were enriched in sev-
eral essential molecular functions, such as pro-
tein binding, sequence-specific DNA binding,
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Table 1. Representative GO items of genes targeted by the upregulated miRNAs (Biological process and Molecular function)

Term ID Term Description List Hits Representative Genes P value

Biological process
G0:0045944  Positive regulation of transcription from RNA polymerase Il promoter 27 TMPRSS6; EBF1; HOXD9; CTCF; MEN1; DDX58 0.0021
G0:0006355 Regulation of transcription, DNA-template 27 MAPKS; PIAS3; EBF1; HBP1; RSL1; HOXD9 0.0047
G0:0006351 Transcription, DNA-template 22 PIAS3; EBF1; HBP1; HOXD9; MAFG; FOXG1 0.0022
G0:0045893 Positive regulation of transcription, DNA-template 21 SFRP1; EBF1; CTCF; MEN1; TP73; MYF6 0.0001
G0:0000122 Negative regulation of transcription from RNA polymerase Il promoter 21 TMPRSS6; WDTC1; HIC1; HOXD9; FGF9; FOXG1 0.0029
G0:0045892 Negative regulation of transcription, DNA-template 16 SFRP1; TMPRSS6; FOXG1; CTCF; MEN1; MYF6 0.0060
G0:0042493 Response to drug 15 ABCD3; SFRP1; CYP27B1; TP73; PRSS8; CDK1 0.0119
G0:0008285 Negative regulation of cell proliferation 13 SFRP1; MYO16; NF2; BNIPL; MEN1; CYP27B1 0.0044
G0:0043066 Negative regulation of apoptotic process 13 MAPKS8; CCNG1; CDK1; NFKB1; IL2RB; BCL2L2 0.0455
G0:0043065 Positive regulation of apoptotic process 12 MAPKS8; TP73; CNR1; TGM2; TCF7L2; PPP2R4 0.0037

Molecular function
G0:0005515  Protein binding 32 MAPKS; ABCD3; PIAS3; GIPC1; MYO16; NF2 0.0300
G0:0005524  ATP binding 30 MAPKS; ABCD3; MY019; TESK2; KIF24; RAD51D 0.0339
G0:0046872 Metal ion binding 29 TESK2; ZFP827; HIC1; ZFP704; RSL1; ZFP46 0.0201
G0:0043565 Sequence-specific DNA binding 19 HIC1; HOXD9; MAFG; FOXG1; CTCF; MEN1 0.0008
GO0:0003700 Transcription factor activity, sequence-specific DNA binding 18 HIC1; HOXD9; MAFG; FOXG1; CTCF; TP73 0.0191
G0:0042802 Identical protein binding 15 SFRP1; ARFIP1; YWHAZ; BNIPL; SIAH1; DDX58 0.0478
G0:0003676  Nucleic acid binding 15 ZFP827; HIC1; RSL1; ZFP46; AARSD1; CPSF4 0.0297
G0:0003682 Chromatin binding 13 CTCF; MEN1; TP73; ZNF354B; MED1; SETD7 0.0159
G0:0000978 RNA polymerase Il core promoter proximal region sequence-specific DNA binding 13 CTCF; TP73; MED1; NR3C1; EBF1; MTF1 0.0020
G0:0008134  Transcription factor binding 12 YWHAZ; ABI1; TP73; MED1; NKX3-1; HDAC4 0.0031

P value is calculated by the unilateral Fisher exact test. List Hits, the number of genes targeted by the upregulated miRNAs within the GO term.
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Table 2. Representative Go items of genes targeted by the downregulated miRNAs (Biological process and Molecular function)

Term ID Term Description List Hits Representative Genes P value

Biological process
G0:0008150 Biological_process 92 CHST5; SORCS3; SLC7A7; RING1; GPN2; TBL1X 0.0227
G0:0006351 Transcription, DNA-template 42 PRKAAZL; RING1; PRKCB; MAFF; DR1; TP53INP2 0.0382
G0:0045893 Positive regulation of transcription, DNA-template 38 EGR2; ACVRL1; SFRP1; ARNT2; TBL1X; MED14 0.0036
G0:0006366 Transcription from RNA polymerase Il promoter 34 EGR2; ARNT2; SNAI3; SIX4; ATF1; STAGL 0.0020
G0:0007165 Signal transduction 31 IL6ST; ACVRL1; SPARC; ARHGAP28; PRKAB1; ARHGAP42 0.0115
G0:0043547 Positive regulation of GTPase activity 29 DOCK10; ARHGAP42; ARHGEF26; RGL1; ARAP2; MON2  0.0039
G0:0006357 Regulation of transcription from RNA polymerase Il promoter 27 ESX1; PRKCB; TBL1X; MED14; TRAK2; SNAI3 0.0364
G0:0007156 Homophilic cell adhesion via plasma membrane adhesion molecules 17 PCDHGA9; CHL1; CDH11; PCDHGBS8; PCDHGA7; PVRL1  0.0003
G0:0007264 Small GTPase mediated signal transduction 13 DOCK10; ARL6; YWHAQ; RGL1; ARL13B; NKIRAS1 0.0447
G0:0030335 Positive regulation of cell migration 13 EDN1; FGR; PTP4A1; S1PR1; IRS2; ATP8AL; CXCL12 0.0447

Molecular function
G0:0005515  Protein binding 89 PRKAR2B; INA; PRKAAL; CACNA2D1; TMPO; GABBR2 0.0023
G0:0046872 Metal ion binding 72 PRKAAZL; EGR2; COL11A1; CACNA2D1; ACVRL1; ZFP39 0.0194
G0:0044822 Poly(A) RNA binding 70 CELF1;MTPAP;DHX33;PHF6;TPR;TNRC6B;NOVAL 0.0159
G0:0003700 Transcription factor activity, sequence-specific DNA binding 41 EGR2; ZFP39; MAFF; SNAI3; SIX4; IKZF5 0.0342
G0:0019901 Protein kinase binding 30 PRKAR2B; CACNB4; SLC12A7; ACVRL1; CDC25C; EXOC2 0.0085
G0:0000978 RNA polymerase Il core promoter proximal region sequence-specific DNA binding 24 EGR2; SNAI3; SIX4; FOXP2; ONECUTZ2; DLX5 0.0141
G0:0019904 Protein domain specific binding 22 PRKAR2B; CCNG1; TBL1X; OSBP; MAP1LC3B; TJP1 0.0124
G0:0001077 Transcriptional activator activity, RNA polymerase Il core promoter proximal region sequence-specific binding 19 EGR2; SIX4; ONECUT2; BARHL1; DLX5; BCL11B 0.0180
G0:0000977 RNA polymerase Il regulatory region sequence-specific DNA binding 16 ESX1; GATAD2A; ZFP39;SNAI3; IKZF5; SOX13 0.0361
G0:0008017 Microtubule binding 14 KIF6; KIF16B; MAP1LC3B; KIF2A; SNCA; CNN3 0.0475

P value is calculated by the unilateral Fisher exact test. List Hits, the number of genes targeted by the downregulated miRNAs within the GO term.

1132

Int J Clin Exp Pathol 2016;9(2):1127-1137



MSU crystal-induced miRNA dysregulation in ankle synovial tissues

A Hypertrophic cardiomyopathy
Steroid biosynthesis
Hippo signaling pathway
Oocyte meiosis
Cholinergic synapse|
Calcium signaling pathwa
MicroRNAs in cance
Renin secretiol
Herpes simplex infection
RIG-I-like receptor signaling pathway
Influenza A
Dopaminergic synapse
Dilated cardiomyopathy
Epstein-Barr virus infection
Wht signaling pathway
Arrhythmogenic right ventricular cardiomyopathy
Retrograde endocannabinoid signaling
p53 signaling pathway

KEGG pathway

0

Glutamatergic synapse
Transcriptional misregulation in cancer
Oocyte meiosis

Glycerolipid metabolism

Protein digestion and absorption

Adipocytokine signaling pathway
MAPK signaling pathwa

Bile secretion

Insulin signaling pathway

Glucagon signaling pathway

Hypertrophic cardiomyopathy
AMPK signaling pathway
Glycerophospholipid metabolism

GABAergic synapse|

Gastric acid secretion

Oxytocin signaling pathway
FoxO signaling pathway

RNA degradation
Phosphatidylinositol signaling system
Circadian rhythm

Choline metabolism in cancer

1 15 2 25
-Log10 (P value)

KEGG pathway

0 0.5

1.5 2 25 3 3.5 4
-Log10 (P value)

Figure 4. KEGG pathway analysis of the putative targets of six validated miRNAs. MiRDB online database was used
to predict the potential targets for the upregulated and downregulated miRNAs, respectively. These target genes
were annotated into a variety of essential pathways (A for the upregulated miRNAs; B for the downregulated miR-

NAs). Bigger -log10 (P value) indicated a smaller P value.

ATP binding, metal ion binding, etc. (Tables 1
and 2, Supplementary Materials 3 and 4).

Pathways regulated by the upregulated and
downregulated miRNAs were analyzed. As indi-
cated in Figure 4, the most significant signaling
transduction pathway mediated by the upregu-
lated miRNAs was p53 pathway, a well-known
apoptosis related pathway (Figure 4A). The
downregulated miRNA-targeted genes were
found to be enriched in RNA degradation, FoxO
signaling pathway, MAPK signaling pathway,
etc. (Figure 4B).

Discussion

MSU crystals trigger an acute inflammatory
reaction in GA patients, and are detectable in
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the synovial fluids even after the inflammation
resolution [16]. MiRNA dysregulation is link to
the pathogenesis of arthritis, including RA and
OA as evidenced by plenty of previous studies
[417, 18]. However, studies on the association of
miRNAs and GA are relatively scarce. Therefore,
to gain insights into the association between
miRNAs and GA pathogenesis, miRNA array
analysis was performed to assess the miRNA
expression profile in synovial tissues of control
and MSU-induced GA rats. Genes targeted by
the validated differentially expressed miRNAs
were subjected to subsequent bioinformatics
analysis.

GA was first induced in rats by directly injecting
MSU crystals into the ankle joint cavity. An obvi-

Int J Clin Exp Pathol 2016;9(2):1127-1137
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ous ankle joint edema was observed in these
rats. Application of miRNA microarrays enabled
us to assess the expression of 728 rat miRNAs
(the complete mature rat miRNA sequences in
miRBase release 20.0) in rat synovial tissues.
The PCA and unsupervised hierarchical cluster-
ing analyses indicated a proper grouping of the
6 analyzed samples. The array data were addi-
tionally validated by qRT-PCR, and the results
showed that miR-328b-3p, miR-375-5p and
miR-299a-5p were upregulated in ankle syno-
vial tissues in response to MSU crystal injec-
tion, whereas miR-203a-3p, miR-3085 and
miR-19b-2-5p were downregulated. Finding the
correlation of these dysregulated miRNAs with
inflammation may be the key to understand the
miRNA-related GA pathogenesis.

Neutrophil activation stimulated by MSU crys-
tals leads to the overproduction of the superox-
ides and pro-inflammatory cytokines and the
formation of the neutrophil extracellular traps,
exacerbating the inflammatory process [19].
The apoptosis of neutrophils and the uptake of
MSU crystals by macrophages can promote the
resolution of gouty inflammation [19, 20]. MiR-
328b-3p is a member of miR-328a/328b-3p
family, whose expression was found to be sig-
nificantly increased in GA synovial tissues in
this study. Interestingly, antagonism of miR-
328 enhances the function of macrophages
and neutrophils to clear the pathogenic bacte-
ria in mouse lung [21]. It is likely that inhibiting
the aberrant elevation of miR-328b-3p may
promote the host defense responses against
MSU crystal stimulation. Additionally, non-
inflammatory monocytes can be recruited by
MSU crystals to differentiate into M1-like pro-
inflammatory macrophages in murines with
peritoneal gout [22]. Whether miR-328b-3p is
implicated MSU-mediated macrophage differ-
entiation requires for further investigation.

Recently, Miao and co-workers found that miR-
375-3p (previously name miR-375) was
decreased in fibroblast-like synoviocytes
derived from RA rats, and that increasing the
miR-375-3p expression could attenuate arthri-
tis in these rats [23]. This previous finding sug-
gested a protective role of miR-375-3p in
arthrophlogosis. Of note, both miR-375-3p and
miR-375-5p were generated from mir-375, but
they have different seed sequences. Although
no significant change of miR-375-3p was
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observed in GA synovium, miR-375-5p was
found to be upregulated. To our best knowl-
edge, miR-375-5p was identified as a differen-
tially expressed miRNA in synovial tissues in
response to MSU crystal stimulation for the
first time, and so was miR-299a-5p. Further
experiments using the mimics or antago-miR-
NAs of these two miRNAs will help to under-
stand their roles in GA pathogenesis.

Reportedly, miR-203a-3p (previously name
miR-203) directly targets myeloid differentia-
tion factor 88 (MyD88), and subsequently
inhibits MyD88 downstream signals, such as
nuclear factor kappa B 1 (NF-kB1), TNF-o« and
interleukin-6 (IL-6) in mouse RAW264.7 cells
[24]. Likewise, miR-203a-3p also inhibits the
inflammatory responses in microglial cells by
suppressing NF-kB signaling [25]. Contrarily,
Stanczyk and colleagues demonstrates that
miR-203a-3p promotes matrix metalloprotein-
ases 1 (MMP1) and IL-6 release in human RA
synovial fibroblasts, which is dependent on
NF-kB signaling activation [26]. However, unlike
the former two studies, no direct miR-203 tar-
gets were identified in the latter study. Besides,
NOD-like receptor (NLR) family pyrin domain-
containing 1A (NLRP21A) is a potential target of
miR-203a-3p, whose activation can drive the
formation of inflammasomes [27]. MSU crys-
tals have been found to trigger inflammation by
activating of the NLRP inflammasomes [28].
Herein, we found that miR-203a-3p was signifi-
cantly decreased in GA synovial tissues. We
thus proposed that the reduction of miR-203a-
3p was linked to the activation of NLRP inflam-
masomes, and that restoring the decreased
miR-203a-3p might inhibit NLRP-mediated
inflammation in GA. This hypothesis is currently
being tested in our lab.

MiR-3085, a newly identified chondrocyte-
selective miRNA, can directly target alpha
5-integrin (ITGA5), and thus is suggested to
affect the cartilage homeostasis and OA [29].
Bone remodeling in chronic gout is link to MSU
crystal deposits, in which beta 2-integrin
(ITGB2)-mediated neutrophil adhesion to MSU-
activated osteoblasts plays a critical role [30].
Interestingly, besides ITGA5, we found that
genes encoding other integrin subunits, such
as ITGA9 and ITGA10, were also potential tar-
gets of miR-3085. Elucidation of the interaction
between the decreased miR-3085 with its tar-
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get integrin genes may help to reveal the under-
lying mechanisms of MSU crystal-mediated
neutrophil adhesion.

MiR-19a-3p (previously name miR-19a) and
miR-19b-3p (previously name miR-19b) belong
to the same cluster and share the same seed
sequence (3’AAACGUGY’). Philippe et al. found
that miR-19a/b mimics decreased toll-like
receptor 2 (TLR2) expression level, and sup-
pressed IL-6 and MMP 3 secretion in activated
fibroblast-like synoviocytes [31]. This previous
research indicated miR-19a/b as negative reg-
ulators of inflammation. But such findings are
disproved by Gantier and co-workers latter [32].
They contrarily showed that miR-19b mimics
could exacerbate the inflammatory activation
in fibroblast-like synoviocytes by potentiating
NF-kB activity, revealing miR-19b as a contribu-
tor to the pathology of arthritis. In the present
study, although both rno-miR-19a-3p and rno-
miR-19b-3p were increased in MSU-treated
synovial tissues, no statistical significances
were observed. Nonetheless, we found that
mMiR-19b-2-5p (MiR-19b-2") was marked de-
creased in pathological synovial tissues.
Although miR-19b-5p has a different seed
sequence (3’'GUUUUG 5’) from miR-19a/b-3p,
these miRNAs are all generated from the
miR-19 precursor. As far as we know, our study
was the first to show a dysregulation of miR-
19b-5p in gout-related arthritis.

Further Go annotation and pathway analysis
were performed to investigate how the upregu-
lated and downregulated miRNAs participated
in GA. We found that the apoptotic process,
more specific, the p53 signaling might be medi-
ated by the three upregulated miRNAs. P53
promotes the pro-apoptotic pathway in
response to DNA damage stimuli, and has
gained intensive attention in the field of carci-
nogenesis [33]. Licandro and co-workers have
found that MSU crystals induce inflammatory
responses in murine dendritic cells by promot-
ing NLRP3 inflammasome-mediated p53 sig-
naling activation [34]. Furthermore, genes tar-
geted by the three downregulated miRNAs were
mainly involved in inflammation or oxidative
stress related pathway such as MAPK and FoxO
signaling pathways. Though beyond the scope
of the present study, it will be interesting to
investigate how the dysregulated miRNAs func-
tion through the above mentioned GA-related
pathways.
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In this study, a dysregulation of miRNAs has
been found in ankle synovial tissues of rats
with MSU crystal-induced GA. Three upregulat-
ed miRNAs (miR-328b-3p, miR-375-5p and
miR-299a-5p) and three downregulated miR-
NAs (miR-203a-3p, miR-3085 and miR-19b-2-
5p) were identified and validated in GA synovial
tissues. These miRNAs are promising thera-
peutic molecules or targets for GA.
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